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Preface 

This document comprises the engineering manual for the computer pro-

gram called the National Bureau of Standards Load Determination Program 

hereafter referred to as NBSLD •. Presented herein are the algprithms for 

the exact calculation methodology that was developed in the Thermal En-

gineering Section of the National Bureau of Standards to determine accu-

rate heating and cooling loads for the thermal design of buildings. NBSLD, 

which is based upon the methodologies presented in this publication, has 

been available for some time for the purpose of evaluating various build-

ing constructions and systems. The program was originally developed as 

a research tool because none of the commercially available programs had 

features or the sophistication to enable the evaluation of unconventional 

designs. NBSLD has been an indispensable tool for studies of numerous 

BUD housing systems, constructions of the Defense Department and the Gen-

eral Services Administration where non-conventional design conditions 

had to be evaluated. 

As the existence and the capability of NBSLD became known, numerous 

requests were made to NBS to release the program for public use. This 

publication is in response to that request. Hopefully, engineers will 

be able to adopt some of the computational schemes described in this pub-

lication to their own programs. A complete Fortran program is attached, 

although NBS does not claim that the program is optimum from the stand-

point of the computer memory allocation or computational economy. It 

will take additional improvements before the program becomes optimum from 

those viewpoints. The program documentation is being made available at 
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this time so engineers can use it for accurate load determination as they 

seek to conserve energy through improved thermal design of buildings. 

The author would appreciate receiving reader's comments with respect to 

the accuracy of this text. 

It should be mentioned that some of the subroutine algorithms listed 

in this publication have already been published in the well known ASHRAE 

booklet entitled "Procedure for Determining Heating and Cooling Loads for 

Computerized Energy Calculations". These subroutines were compiled by 

the author who served as the chairman of the Subcommittee on Heating and 

Cooling Load Calculations of the ASHRAE Task Group on Energy Requirements 

for Heating and Cooling of Buildings. The ASHRAE publication, however, 

contains several critical errors, which have been corrected for use in 

this volume. 

The author is greatly indebted to Dr. J. E. Hill and Mr. J. P. Barnett 

for their thorough editing of the text, to Mrs. Sharon D. Crampton for 

her skill and patience in typing the manuscript and to Mr. F. J. Powell 

for his encouragement ~o produce the document. 
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National Bureau of Standards Heating and Cooling 
Load Determination Program 

T. Kusuda 
Thermal Engineering Section 

Building Environment Division 
Center for Building Technology 

Institute for Applied Technology 

A comprehensive computer program called NBSLD, the National Bureau 

of Standards Load Determination program, has been developed at NBS to re-

flect the time change of the many building parameters which are pertinent 

to accurate estimation of energy usage for heating and cooling. Current 

status of heating and cooling load techniques is reviewed. Of general 

interest are unique features of NBSLD which are not available in exist-

ing computer programs. A summary of various subroutines of NBSLD is giv-

en along with the detailed procedures for them. These subroutines con-

stitute the recommended subroutine algorithms of the ASHRAE Task Group 

on Energy Requirements. Complete Fortran listing of NBSLD and data prep-

aration forms are given for those who wish to use the program., The NBSLD 

computation is on the basis of the detailed solution of simultaneous heat 

balance equations at all the interior surfaces of a room or space. Tran-

sient heat conduction through exterior walls and the interior structures 

is handled by using conduction transfe~ ~unctions. The use of heat bal-

ance equations, although ti~ consuming in calculation, can avoid the 

vagueness and uncertainties inherent in the more popularly used weighting 

'. 
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factor approach. In addition, it is more accurate for a specific build­

design. 

Key words: ASHRAE Task Group on Energy Requirements; conduc­

ion transfer functions; heating and cooling load; National Bureau of 

Standards Heating and Cooling Load Computer Program. 
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1. Introduction 

Numerous studies in recent years on the matter of ene~gy shortage 

lead one to believe that the U. S. demand for energy will very shortly 

outstrip her power generating capacity and fossil fuel supply. Accord-
1/ . 

ing to a recent report of the Stanford Research Institute- , space heat-

ing and cooling for residential and commercial buildings amounts to ap-

proximately 20% of the total energy consumed in the United States, which 

was 60 trillion Btu per year in 1968. MoreOVer, recent and frequent black-

outs and brownouts in the east coast region of the United States are good 

indications that the electric power demand for summer air conditioning 

exceeds for certain times, the capability of supply and distribution by 

the power companies. 

It is in this context that new and accurate methodology for energy 

calculations is most crucial for the design and analysis of the perfor-

mance of space heating and cooling systems. This is especially true in 

view of the fact that the current load calculation procedures could lead 

to the oVer-design of heating and cooling equipment and imprudent use of 

energy. 

It is generally accepted that buildings can be designed to be energy 

effective if their thermal insulation is increased; window size, air leak-

age, and lighting levels decreased; shading devices properly installed; 

heating and cooling systems adequately designed, installed, and maintained; 

and their heat storage capability most fully utilized. These energy sav-

ing features, however, must be considered with reference to numerous con-

straints, such as added costs for material, construction and maintenance, 
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conformance to local building codes, occupancy life sty aesthetics, 

construction practices, and availability of equipment. 

In spite of these constraints, there is sufficient engineering in­

formation and technical basis that exist today to warrant extensive stud-

ies on various design alternatives for heating and cooling the building 

to minimize the wasteful use of energy. Design and operation of heating 

and cooling systems based upon conventional steady-state calculations, 

for example, usually result in oversizing of equipment and overheating 

or cooling of the space to be controlled. An over-design system usually 

operates at lower efficiency and needs more material (consequently more 

energy) to produce it, thus creating a vicious cycle. 

One effective way to design the heating and cooling systems which 

is optimum from the standpoint of energy consumption, peak power demand 

and many practical constraints mentioned above, is to study the building 

thermal performance by using accurate simulations. Because of the use 

of computer simulations make it possible to evaluate the sensitivity of 

various design alternatives on the net energy usage, they can be a very 

effective tool in the design process. In order for such design studies 

to be conducted on the computer however, the computer program to be used 

should be very comprehensive and should indicate the proper response to 

the change of the many parameters which are pertinent to energy usage. 

The intent of this document is to present a more detailed calculation 

methodology than is generally used to make it possible for engineers to 

reduce the area of approximation, where this is considered desirable, by 

a rigorous computer simulation of building systems, which consider and 

take into account most of the variables that affect the building and 
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system operation. 

Refined and sophisticated calculation procedures unfortunately are 

both time consuming and expensive. Without the use of advanced computer 
-, 

methods, they are literally impossible. The development of such calcuJa-

tion procedures can only be justified on the basis that the more accurate 

calculation will result in overall savings in energy usage and owning and 

operating costs and consequently in total life cycle cost due to better 

design of the building systems, more precise sizing of the equipment, and 

more carefully controlled operation of the heating and cooling system. 

There are mallY indications that such a justification is well warranted. 

2. Fundamentals of Heating and Cooling Load Calculation 

Calculation of the energy requirements of the heating and cooling 

system of a building involves three major steps which may be carried out 

simply to achieve approximate results, or with increasing degrees of com-

plexity and sophistication as more accurate and more refined determination 

of system performance is required. First, is the calculation of heat loss 

or heat gain to the space which is heated or cooled. Second, is the de­

termination of the heating and cooling load imposed on the system. Third, 

is the calculation of the energy input to all of the system components to 

satisfy that load. 

The ASHRAE Handbook of Fundamentals~1 contains the basic information 

whereby the heating and cooling load of a building may be calculated. Cus­

tomarily such load calculations are made for the so-called "design condi­

tions" for sizing the equipment and developing the design of the heating 

and cooling system. However, the "design conditions" normally exist only 
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for a very few hours, if at .all, during a heating or co. eng season, 

Consequently~ the actual day-by-day and hour-by-hour heating and cooling 

load for energy consumption is quite different from that for the design 

condition. Thus the heating and cooling load calculation for the pur-

pose of estimating "energy requirements" must reflect the actual weather 

conditions rather than a design condition. 

Various methods have been developed in the past such as the "degree 

day" method or "bin" method for proportioning the design load, to obtain 

approximate monthly, daily, or hourly loads and consequently provide a 

basis for determining energy requirements. Insofar as such methods are 

based on valid approximation procedures and checked against actual oper-

ating experience, they provide the base for simplified determination of 

energy requirements acceptable for the needs of most engineers. 

In this section a review of the rigorous methods of calculating 

heating and cooling loads by means of solving heat balance equations at 

all the interior surfaces of a room or space is given. Also described 

are approximate methods in which weighting factors are developed after 

the heat balance equations have been solved for one set of conditions. 

The NBSLD calculations follow the rigorous method while the ASHRAE Task 

Group procedures use the weighting factor method. 

In NBSLD the transient heat conduction through exterior walls of 

the room or space is handled by using conduction transfer functions. 

The use of heat balance equations at the interior surfaces, although 

more time consuming, can avoid the vagueness and uncertainties inherent 

in the weighting factor approach. In addition, it is more accurate for 

a specific building design. 

4 

2.1 A Rigorouc .;ethod of Calculating Heating and Cooling Loads 

A cooling (heating) load is of course the amount of energy that is 

transferred to (from) the room and simultaneously removed (added) by the 

conditioning equipment at any given time of interest. To calculate this 

quantity directly requires a rather laborious solution of energy balance 

equations involving the room air, surrounding walls, infiltrating and 

ventilation air, and internal energy sources. The principle of calcula-

tion can be demonstrated by considering a fictitious space that is en-

closed by 4 walls, a ceiling and floor, and having infiltration air as 

well as normal internal energy sources. The six equations that govern 

energy exchange at each inside surface at a given time tare: 

m 

qi,t h . (t - t. ) + t g. (t. - t ) + RS. + RL. + RE. 
Cl. j a,t l.,t j=l l.j J,t iot l.'t l.,t l.,t 

jli 

for i 1, 2, 3, 4, 5, 6 

where 

m number of surfaces in the space 

·qi rate of heat conducted into surface i at the inside 
,t 

surface at time t 

hci convective heat transfer coefficient at interior 

surface i 

gij radiation heat transfer factor between interior 

surface i and interior surface j 

ta,t inside air temperature at time t 
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t. l.,t 

tj ,t 

RSi,t 

RL. 
l.,t 

REi,t 

average temperature of interior surface i, ~ime 

average temperature of interior surface j at time 

rate of solar energy coming through the windows and 

absorbed by surface i at time t 

rate of heat radiated from the lights and absorbed 

by surface i at time t 

rate of heat radiated from equipment and occupants 

and absorbed by surface i at time t 

The equations governing conduction within the six slabs cannot be solved 

independent of the above equations since the energy exchanges occurring 

within the room affect the inside surface conditions which in turn affect 

the internal conduction. Consequently, one is faced with solving six 

equations simultaneously with the governing equations of conduction with-

in six slabs in order to calculate the cooling load at time of interest 

(QL ) which would be given by: 
,t 

where 

QL,t 

p 

C 

GL,t 

t 
O,t 

6 
l: h. (t. - t ) + p C G (t - t ) 
i=l Cl. l.,t a,t L,t O,t a,t 

+ p C G (t - t ) + RS + RL + RE 
V,t V,t a,t a,t a,t a,t 

air density 

air specific heat 

mass flow rate of outdoor air infiltrating into the 

space at time t 

outdoor air temperature at time t 

6 

GV,t 

tVst 

RSa,t 

RL 
a,t 

REa,t 

mass rate of flow of ventilation air at time t 

ventilation air temperature at time t 

rate of solar heat coming through the windows and 

convected into the room air at time t 

rate of heat from the lights convected into the room 

air at time t 

rate of heat from equipment and occupants and con-

vected into the room air at time t 

A rigorous approach such as this for calculating cooling load would be 

practically:impossible if it were not for the speed at which such compu-

tat ions can be done by modern digital computers. Even so, there are very 

few computer programs in use today where instantaneous cooling loads are 

calculated in this exact manner. The concept, however, has been presented 

. ' 3/ 4/ prevl.ously by Stephenson and Mitalas- , and by Buchberg- • 

Not to be ignored is the effect of air temperature deviation from 

some prescribed set point. This set point is the temperature for which 

the cooling (heating) load calculation is made and for which the design 

. capacity of the cooling (heating) apparatus is usually selected. A re­

S/ cent study by Mitalas and Stephenson- shows that actual heat extracted 

from the space is considerably smaller than the cooling load calculated 

on the basis of a constant space temperature. This is due to the thermal 

storage effect of the building structure and internal furnishings. Fig-

ure 1 shows a result from that study and as can be seen, the calculated 

cooling load peaks at values considerably higher than the measured heat 

extraction rate. 
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2.2 Approximate hethods of Calculating Heating and COoling Loads 

Since the exact solution technique is extremely time consuming espe-

cially for the calculations done for a period of 8760 hours (one year), 

the ASHRAE Task Group on Energy Requirements recommends a transfer f~nc-

tion concept to simplify the calculation procedure. The transfer func­

tion concept was first introduced by Mitalas and Stephenso~/ using what 

they called room thermal response factors. Their procedure is as follows: 

the room surface temperatures and cooling or heating load are first cal-

culated by a rigorous method as described in the previous section fo~ sev-

eral typical constructions representing offices, schools'and dwellings of 

heavy, medium and lightweight construction. In these calculations, the 

components such as solar heat gain, conduction heat gain, or the heat gain 

from the lighting, equipment, and occupants are simulated by pulses Qf 

unit strength. The· transfer functions are then calculated as numerical 

constants which represent the cooling load (or heating) corresponding to 

the input excitation pulses. Once these transfer functions are determined 

for a number of typical constructions, they·are assumed to be independent 

of input pulses and the determination of cooling loads (or heating) ~ 

possible without resorting to the rigorous calculations. The calculat:ion 

required is, instead, simple multiplication of the transfer functioO$Dy 

a time-series representation of heat gain and the subsequent summatiPncof 

these products, which can be carried out on a small computer with lLttie 

effort. 
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Another way to shorten the computational effort f energy calcula-

tions is to determine regression parameters by fitting a simple algebraic 

equation to the results of rigorous calculations, which had been obtained 

not for an entire year but for a limited period in the year, such as for (f) 
(f) 

the months of January and/or July. Once this regression equation is de-
a: 
-1 
~ 

termined with sufficient accuracy, an energy estimate is made by superim- (f) 
I 

posing the weather conditions of the other months onto the relationships [L 

=:l ") 

just determined. 0 
'-....... Z 

An example of this approach is illustrated in Figure 2, which depicts =:l 
U >-

the daily total heating and cooling load plotted against the daily aVer- 0::: 
I-
0--1 

ID U 
age outdoor air temperature. This plot is a result of a lengthy rigorous 

calculation performed on a typical apartment in Jersey City using the an-

"¢ 

I >-
N W 
N (f) . 0::: 

nual hourly weather conditions that occurred in 1949. The straight lines L: W 
0::: J 

superimposed on the figures were the least square regression lines that I 
....... en 

..q 
best fit the calculated loads for January and July. It was clear from >- (J) 

W ...... 
this figure that the exact calculations for other months would not be nec- --1 

--1 
W 

essary, at least for the purpose of determining daily loads, since the I 
(f) 

regression relationship determined from the January and July calculations 

were sufficiently accurate that they could be extrapolated to the remain-
./ 

der of the year. 

Depending upon the type of building and its heating and cooling sys-

tem, a good correlation such as illustrated in Figure 2 may not be possi-

ble. Figure 3 shows, for example, a similar plot for a test office build-

ing whose heating and cooling load were measured in a research project 

conducted by Ohio State University. The scatter appears considerably 

larger than the calculated relationship obtained in the Jersey City study. 
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[t is obvious that the thermal performance of cOIllIJlercial buildings are 

lffected in a large way by the manner in which internal heat is generated 

Ln addition to the normal dependence on outdoor temperature. The inclu-

lion of one or more additional statistical parameters dealing with these 

Lnternal heat gains should improve the correlation. 

Recently one additional method of predicting the heating and/or cool-

Lng load or the indoor temperature as a result of the excitation parame-

ters such as outdoor temperature, solar radiation and internal heat gen-
. . 6/ 

aration has been demonstrated by Kusuda and Tsuchiya- and further expanded 
. 7/ 

~y Kimura and lshino-. The method uses the concept of equivalent ther-

Dal mass of a building and attempts to fit the observed input and output 

data into a linear differential equation. The initial results are prom-

ising. Figure 4 shows a comparison of predicted and measured room tem-

perature and heat extraction rate for a simple one room test building 

studied by Kimura and lshino • 

calculated room temperature in Figure 4 is obtained by the transfer 

functions derived from the measured data of August 19, while the heat ex-

traction was calculated by the transfer functions derived from the mea-

sured values of August 13. The good agreement indicated in Figure 4 im-

plies that the detailed calculation is needed only for a limited number 

of days to derive accurate transfer functions based upon the equivalent 

thermal mass of the particular building under consideration. 

,. 
Private communication with Professor C. F. Sepsey and J. Jones of the 
Ohio State University; 
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3. Unique Feaf...:es of NBS Load Calculation Computer Program 

A comprehensive yet easy-to-use computer program for determining 

heating and cooling loads has been developed in the Thermal Engineering 

Section of the Center for Building Technology at the National Bureau of 

Standards. This computer program is based upon extensive information ac-

cumulated over the past decades in various phases of building heat trans-

fer problems, and is intended to be used for the design of equipment and 

air conditioning systems as well as for estimates of building energy re-

quirements. 

The major reason why NBS developed this comprehensive program is 

that despite the existence of numerous load calculation programs current-

ly available, most of them are not suitable for the analysis of building 

designs where non-conventional or innovative ideas on structures, heat-

ing and cooling systems and controls are employed. Some of the unique 

aspects of building and system design and operation that can be handled 

by or studied by using NBSLD are: 

1. Inside-out construction of exterior walls where the ther-

mal insulation is placed on the outside of the building 

shell as opposed to conventional walls having insulation 

on the inside. (These two walls could have the same U-

value and yet their thermal response would be quite dif-

ferent.) 

2. Effect of interior partition walls or floor-ceiling sand-

wich structures on the heat storage characteristics of 

the room, 
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3. Off-peak heating or cooling of buildings to shave the peak 

heating or cooling demand, 

. 4. Evaluation of intentionally undersized heating and cooling 

equipment by calculating the room temperature and humidity 

deviations from a design set pOint. (The results would in-

dicate whether or not the indoor conditions would remain 

within acceptable limits.) 

5. Evaluation of indoor thermal environment of various zones 

during the intermediate season, such as spring and autumn, 

when the heating or cooling requirements for these zones 

may not be in phase with that of the building as a whole. 

(This would apply to a case where a two-pipe system would 

be installed for example. The central system for the en-

tire building might be switched to heating in late autumn 

and yet some zones, particularly those facing south may 

still require cooling. NBSLD can be used to determine the 

indoor thermal conditions of unheated or uncooled rooms.) 

6. Use of solar energy for heating and cooling buildings as 

it relates to the thermal storage characteristics of the 

building, 

7. Use of attic ventilation to reduce the cooling load since 

NBSLD can accurately predict attic temperatures, 

8. Accurate determination of the need for heating and air con-

ditioning in basement rooms, 

16 

9. Design of he~,.ng and cooling systems and equipment on the 

basis of intermittent operation, such as the shutdown of 

air conditioning facilities during the nighttime or week-

ends, 

10. Effective use of natural air conditioning such as ventila-

tion, shading, increased ceiling insulation and the subse-

quent determination of the requirements for mechanical 

cooling, 

11. !l=ffect.~ve use of planned Ventilation to minimize a build-

ing heating load during the winter season, 

12. Accurate evaluation of indoor comfort conditions based 

upon air temperature, humidity and mean-radiant tempera-

ture, 

13. Determination of the condition whereby moisture condensa-

!iQn takes place along interior surfaces of a building. 

Figure 5 depicts an overall calculation sequence to attain the hour 

by hour heating and cooling load of buildings. Shown in the double lined 

boxes are input data to be supplied whereas those in single lined boxes 

indicate calculations to be performed. The cycle indicators show the 

iteration cycles for the number of buildings, the number of rooms in a 

given building and the number of days for which the calculations are per­

formed. More specific identification of the types of input data needed 

are listed in Figures 6, 7 and 8. The exact way the input data is put 

into the program is specified in Appendix C. 
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INTERNAL LOAD AND OPERATING SCHEDJLE 1 
WALLS, ROOF AND FLOOR DATA 

building cycle CONDUCTION TRANSFER FUNCTIONS 

r- ................ - ........... 
room cycle OUIL..UII~'" u" I" 

I ~~~~ _ .. ___ _ ~ i -----_._------

nuur ;:'Ut(I"Al,;1:. UATA 

INTERIOR SURFACE HEAT TRANSFER COEFFICIENTS 

.•. _-_._- -,,--- -- - -_. --'ON EXCHANGE FACTORS day cycle 1I'l11:.t(IUt( ;:'Ut(~,,~1:. t(f<LJI"lll 

I ~1 
YYI:." 1 HI:.t'< UAfA 

HOLIDAY, WEEKENDS DETERMINATION 

DAYLIGHT SAVING TIME INDICATOR 

hour cycle ;:'UN-L..II At(I:.A LJI:. 11:.t(1VI1 NA 1 

I ~, 
/""1 1"'\J1t"\ ,...,... •• ,... ....... -_. 
VL.\JVLJ vUVI:.t( IVlUUII"Il,;ATION 
ON SOLAR HEAT GAIN AND SOLAR INTENSITY 

AIR INFILTRATION 

OUTSIDE SURFACE HEAT TRANSFER COEFFICIENT 

OUTSIDE SURFACE TEMPERATURE AND HEAT FLOW 

ATTIC TEMPERATURE 

INSIDE SURFACE TEMPERATURE AND HEAT FLOW 

COOLING LOAD OR THE ROOM TEMPERATURE 

OUTPUT TABLE 

r--------------~-------------~ L~~~~Y~~~~~~ _________________ J 

Figure 5 Calculation Sequence of NBSLD 
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INPUT - OPERATING DATA 

o ELECTRIC POWER TO LIGHTS, WATTS PER SQUARE FOOT OF FLOOR 
(QLITY) 

o HOUR BY HOUR LIGHTING SCHEDULE (QLITX) 

o ELECTRIC POWER TO ~UIPMENT, WATTS PER SQUARE FOOT OF 
FLOOR (Q~PX) 

o HOUR BY HOUR ~UIPMENT SCHEDULE (Q~UX) 

o SUPPLY AIR RATE (CFMS) 

o AIR LEAKAGE RATE (CFML) 

o SUPPLY AIR TEMPERATURE (TS) 

Figure 6 
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INPUT - BUILDING DATA 

• ROOM NUMBER (ROOMNO) 

• CEILING HEIGHT (H) 

• ROOM LENGTH (L) 

• ROOM WIDTH (W) 

• NUMBER OF OCCUPANTS (QCU) 

• OCCUPANT SCHEDULE (QOCUP) 

• WINTER WINDOW OVERALL HEAT TRANSFER COEFFICIENT (UGLAS) 

• GROUND FLOOR HEAT TRANSFER COEFFICIENT (UG) 

• SUMMER INFILTRATION, AIR CHANGES PER HOUR (ARCHGS) 

• WINTER INFILTRATION, AIR CHANGES PER HOUR (ARCHGW) 

• TYPE OF HEAT TRANSFER EXPOSURES (ITYPE) 
-ROOFS-WALLS-WINDOWS-DOORS-FLOORS 

• TYPE OF RESPONSE FACTORS TO BE USED (IRF) 
-HEAVY/LIGHT: ROOF, EXTERIOR WALLS, CEILING/FLOOR 
PARTITION 

• U VALUE OF THE EXPOSURE (U) (ONLY WHEN RESPONSE FACTOR 
IS NOT CALCULATED) 

• AREA OF THE EXPOSURE (A) 

• ORIENTATION OF THE EXPOSURE (AZW) -N,E,S,W (ONLY FOR 
EXTERNALLY EXPOSED SURFACES) 

• WINDOW SHADING COEFFICIENT (SHADE) 

• SOLAR HEAT ABSORPTION COEFFICIENT FOR THE EXTERIOR SURFACE 
(ABSP) 

o TIME INCREMENT OF TEMPERATURE DATA USED 

• PROPERTIES OF BUILDING MATERIALS - THICKNESS - THERMAL 
CONDUCTIVITY - DENSITY - SPECIFIC HEAT 

• NUMBER OF SURFACES IN EACH WALL (NS,NW,NN,NE) 

Figure 7 
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INPUT - WEATHER DATA 

• LATITUDE (LAT) 

o LONGITuDE (LONG) 

o TIME ZONE NUMBER (TZN) 

o MONTH (MONTH) 

o DAY (DAY) 

o ELAPSED DAYS SINCE JANUARY 1 (ELAPS) 

o MAXIMUM TEMPERATURE OF THE DESIGN DAY (DBMAX) 

o DAILY TEMPERATURE RANGE OF THE DESIGN DAY (RANGE) 

o DESIGN INDOOR TEMFERATURE CONDITION (DBIN) 

o DESIGN OUTDOOR WET-BULB TEMPERATURE (WBMAX) 

o DESIGN INDOOR WET-BULB TEMPERATURE (WBID) 

o DESIGN WINTER OUTDOOR TEMPERATURE (DBMfr) 

o DESIGN SUMMER GROUND TEMFERATURE (TG) 

o DESIGN WINTER GROUND TEMPERATURE (TGW) 

Figure 8 
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4. General Description of NBSLD Subroutines 

In order to perform the chain of calculations depicted in Figure 5, 

a number of subroutines were developed at the National Bureau of Stan­

dards, the algorithms of which have already been published through the 

ASHRAE Task Group booklet entitled "Procedure for Determining Heating 

and Cooling Loads for the Computerized Energy Calculations". This book­

let, however, contained several errors which have been corrected and is 

attached to this report as Appendix A. NBSLD incorporates most of the 

revised ASHRAE algorithms as they are written; however, some of them 

have been combined or split to fit the overall computational scheme in 

NBSLD. Listed below is a brief description of the NBSLD subroutines 

with their specific reference to the ASHRAE algorithms in parentheses. 

1. ABCD, ABCDP, ABCD2, ABCDP2, DERVT, GPF, MULT, RESF, 

RESFX, RESPTK: These routines are parts of the con­

duction transfer functions calculation package and 

are needed for the accurate evaluation of thermal 

time lag, damping, heat storage in exterior facing 

surfaces as well as the internal furnishings. (XYZ) 

2. AIRCON: This routine is used to determine instanta­

neous values of the physiological indices for the 

space being studied such as ASHRAE's New Effective 

Temperature, Predicted Mean Vote (Fanger), Heat 

Stress Index, KSU Index, Resultant Temperature, Op­

erative Temperature, and Index of Thermal Stress 

(Givoni). - not included in the text 

22 

3. ATTIC: Attic space temperature and heat conduction through 

the ceiling into the room below are calculated by this rou­

tine for the vented or non-vented attics. (ATTIC) 

4. CCM: This routine modifies the solar radiation computed 

for a cloudless sky by instantaneous cloud cover data. 

(CCF) 

5. DPF: This routine calculates dew point temperature of at­

mospheric air when the partial vapor pressure is known. 

(PSY) 

6. DST: This routine determines whether a given data is in 

a daylight saving time zone. The information is needed 

for the proper assignment of the energy usage schedule. 

(DST) 

7. FCTR: This routine determines radiation exchange factors 

between any two surfaces which are part of a given room. 

For the room of six interior surfaces, for example, thirty 

radiation exchange factors are calculated. These factors 

are used in turn to determine the rate of heat exchange by 

radiation between all the interior surfaces. (FIJ) 

8. F: This routine calculates radiation heat exchange fac­

tors (form factors) between two adjacent rectangular sur­

faces which are normal to each other, such as that between 

the floor and wall. (FIJ) 
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9. FO: This routine calculates the surface heaL transfer co­

efficients for externally exposed surfaces from weather 

data. (FO) 

10. GLASS: This routine calculates solar heat gain through 

glass when the shading coefficient, orientation, and type 

of glass are given. (SHG) 

11. HOLDAY: This routine identifies the national holidays in 

the United States so that the proper holiday schedule can 

be used for the energy calculation. (HOLIDAY) 

12. OurSID: This routine calculates the outside surface tem­

perature and heat gain into the wall or roof by taking into 

account solar heating, back radiation to the sky, convec­

tive heat loss to the ambient air and transient heat con­

duction within the wall or roof. (HEATW) 

13. PSYl: This is a psychrometric routine that Q~~~~ID~~es the 

thermodynamic properties of moist air when the dry-bulb 

temperature, wet-bulb temperature and barometric pressures 

are given. (PSY) 

14. PSY2: This routine is similar to PSYI except that the dew 

point temperature is required instead of the wet-bulb tem­

perature. (PSY) 

15. PVSF: This routine determines the saturated vapor pres­

sure of atmospheric air as a function of temperature. 

(pSY) 
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16. RMTMP: Th~s ~s the single most important subroutine of 

NBSLD since it determines the room temperature by solving 

matrix equations expressing a balance of heat gains, heat 

storage at the room surfaces, and cooling capacity of an 

air conditioning unit. However, the room temperature can 

be prescribed, in which case the routine will calculate 

the heating/cooling requirements to satisfy that prescribed 

temperature. (RMTMP) 

17. ROOM: This routine reads in all the data required for the 

room heat transfer calculation such as dimensions, surface 

orientations, shading coefficients, surface solar absorp­

tivity, etc. 

18. SHG: This is the routine that calculates solar heat gain 

through glass. (SHG) 

19. SOLVP: This routine solves the simultaneous linear alge­

braic equations that appear in RMTMP. (RMTMP) 

20. SUN: Basic sun data such as solar angles, cloud cover, 

direct and diffuse radiation needed for solar heat gain 

and solar heating of the building exterior surfaces are 

calculated. in this routine. (SUN, SOLAD) 

21. TAR: This routine calculates transmission and absorption 

characteristics of glass. (TAR) 

22. WBF: This is another psychrometric routine that calcu­

lates the wet-bulb temperature when the enthalpy of moist 

air and the barometric pressure are specified. (PSY) 
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23. WKDAY: This subroutine determines the day ot w~~k when­

the date and year are given. The information is needed 

for the proper selection of energy usage schedules which 

are dependent upon whether the day is a weekday or not. 

(WKDAY) 

24. WD, WDX, DECODE, ERROR, WEATHE: The weather data tape 

1440 supplied by the National Climatic Center, Asheville, 

N. C. is prepared in a format which cannot be readily ap­

plicable in most of the Fortran programs. These routines 

are therefore necessary to read the 1440 tapes and decode 

them into meaningful weather parameters, which in turn 

can be used by UNIVAC 1108 Fortran of the National Bureau 

of Standards. If there are some data which are unreason­

able, the data will be replaced by the arithmetic average 

of two adjacent data by the ERROR routine. (CLIMAT) 

All the subroutines in the program may be used to forma separate 

main program for a specific job. Following are sample usages of some 

of the subroutines. 
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1. PsychrometrtCalculation 

CALL PSYl (DB, WB, PB, DP, PV, W, H, V, RH) 

where inputs are DB = dry-bulb temperature 

WB = wet-bulb temperature 

PB barometric pressure 

outputs are DP dew point temperature 

PV vapor pressure 

W humidity ratio 

H = enthalpy 

V = volume 

RH = relative humidity 

There is also a routine called PSY2 (DB, DP, PB, WB, PV, 

W, H, V, RH) in which the inputs are DB, DP and PB in­

stead of DB, WB and PB. In many cases DB and RH are the 

inputs and the vapor pressure and dew point temperature 

or~the wet-bulb temperature at standard barometric pres­

sure are the outputs. A possible algorithm that could be 

desired, for example, might be: 

PVS = PVSF (DB) 

PV PVS*RH/100 

DP DPF (PV) 

Call PSY2 (DB, DP. PB, WB, PV, W, H, V, RH) 
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2. Solar Radiation 

Recently there has been increased interest in the applica-

tion of solar energy for heating of hot water. SUN and 

GLASS routines should be valuable for evaluating various 

solar collectors at different locations in the United 

States at different times of the year. A sample use of 

these routines may be shown for a solar collector having 

the following characteristics (Figure 9) 

location: latitude 45°, lnngitude 73° 

azimuth angle 0° south 

tilt angle = 30° from horizontal surface 

area =, 500 ft
2 

date July 21 

time 4 :00 p.m. 

glass cover double sheet - clear glass 

U
R 

overall heat transfer coefficient between the col­

lector surface and the ambient, Btu/hr ft2 0F* 

~ overall heat transfer coefficient between the col­

lector surface and water, which is being circulated 

2 under the collector plate, Btu/hr ft of 

TWI water temperature entering the collector, OF 

TWL water temperature leaving the collector, of 

GPM = water circulation rate in gallons per minute 

When the collector temperature is less than 150 of, the typical value 
of UR for a flat black collector with double glass cover may be 0.75. 
The value increases to as much as 1.5 when the collector temperature 
is in the neighborhood of 300 of. A special computer program is avail­
able for estimating the value of UR for various types of collectors. 
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It is assumed that the collector is well insu~~ted around 

the edges and its bottom. 

The algorithm for the use of SUN and GLASS routines would 

then be: 

S(l) = LATITUDE = 30 

S(2) = LONGITUDE = 73 

S(3) Time zone number 5 

S(4) Elapsed days since January 1 = 202 

S(5) Time = 16 

S(6) = IDST = daylight saving time index 

S(7) = Ground reflectivity = 0.2 

S(8) Clearness number 1.0 

S(33) Cloud cover modifier 1 

S(9) = Azimuth angle of the collector = 0° 

S(lO) = Tilt angle of the collector = 30° 

Call SUN 

1 

Call GLASS (SHOW, SHADE, GLASTP, GLAZE, SHG) 

note: SHOW sunlit area factor 1 

SHADE = shading coefficient = not applicable 

GLASTP = 1/8" double strength glass (1) 

GLAZE = double glazing (2) 

SHG = solar heat gain - output 

30 

note: SUN ana GLASS have S in common using the solar 

heat gain through the glass plate. When the' 

edge heat loss is small, the following calcula­

tion may be used to estimate TS, collector sur­

face and TWL, leaving water temperature from the 

collector: 

TS = A* (SHG + UR*DB) + 500*GPM*TWI*Y 
UR*A + 500*GPM*Y 

-x 
where Y = 1 - e 

l1w*A 
where X = 500kGPM 

5. NBSLD Logic Diagram 

Figure 10 shows the way in which the various subroutines of NBSLD 

fit together in the usage of the program. 
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A Procedure for Obtaining Climatic Weather Data 

Climatic parameters needed for the hourly load calculations are: 

DB: Dry-bulb temperature, F 

DP or WB: Dew point or wet-bulb temperature, F 

CT: Cloud type 

TC: Total cloud amount 

V: Wind speed, knots 

DIR: Wind direction (clockw:i.se from North), degrees 

PB: Barometric Pressure, in. Hg 

ID: Direct Solar Radiation, Btu per (hr) (sq ft) 

Id k Sky diffuse radiation, Btu per (hr) (sq ft) ,s y 

Id d: Ground diffuse radiation, Btu per (hr) (sq ft) ,groun 

Rain, Snowfall: Precipitation data (Optional) 

Hourly observations of these weather parameters for past years are 

available from the National Climatic Center either on magnetic tape or 

in card deck form. The hourly solar radiation data has been recorded 

for only approximately fifty stations throughout the United States (Ta-

ble A-I). These data are, moreover, limited in their durations and com­

pleteness, and scarcely useful for the comprehensive energy analysis. 

On the other hand. the data series 144 includes the hourly observations 

of all of the parameters listed above except the solar radiation for more 

than 300 weather stations (Table A-2) covering a period of from ten to 

thirty years. Since the 144 series data are very much complete. it is 
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recommended that hour by hour energy calculations be maIL .lith this series 

of data supplemented by simulated solar radiation data. A method for sim-

ulating solar radiation will be described later in this booklet. 

Because of the specific coding scheme employed by the National Cli-

matic Center for storing the hourly weather data onto the magnetic tapes, 

the 144 series is not directly usable by the standard Fortran programs. 

Different computing systems such as IBM 370, CDC 6600 and UNIVAC 1108 

have their own decoding routines to read these tapes. Included in this 

section is a listing of a Fortran program which illustrates a decoding 

scheme required to make use of the weather tapes. This listing was pre-

pared by Mr. MCKay, Data Reduction Section, of the National Climatic Cen-

ter, Asheville, North Carolina. 

For further information on the procurement of weather tapes and pos-

sible assistance in decoding, the following office may be contacted: 

Mr. G. MCKay or D. Calloway 
National Climatic Center 
Applied Climatology Division 
Federal Building 
Asheville, North Carolina 28801 
Tel. (704) 254-0961 x203 
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Table A-l Solar Radiation Data 

Albuquerque, New Mexico 
Apalachicola, Florida 
Barrow, Alaska 
Bethel, Alaska 

Bismark, NOrth Dakota 
Blue Hill/Milton, Massachusetts 
Boston,·Massachusetts 
Brownsville, Texas 

Canton Island 
Cape Hatteras, North Carolina 
Caribou, Maine 
Charleston, South Carolina 

Cleveland, Ohio 
columbia, Missouri 
Dodge City, Kansas 
El Paso, Texas 

Ely, Nevada 
Fairbanks, Alaska 
Fort Worth, Texas 
Fort Worth, Texas 

Fresno, California 
Grand Lake/Granby, Colorado 
Great Falls, Montana 
Hatteras, North Carolina 
Inyokern, California 
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Lake Char les, Louis iana 
Lake Charles, Louisiana 
Lincoln, Nebraska 
Lincoln, Nebraska 

Los Angeles, California 
Madison, Wisconsin 
Matanuska, Alaska 
Medford, Oregon 

Miami, Florida 
Nashville, Tennessee 
New york, New York 
Oak Ridge, Tennessee 

Omaha, Nebraska (North Omaha) 
Phoenix, Arizona 
Riverside, California 
Santa Maria, California 

Santa Maria, california 
Sault Ste. Marie, Michigan 
Seattle, Washington 
Sterling, Virginia 

Tucson, Arizona 
Upton, New York 
Wake Island 
Washington. D. C. 



Table A-2 

u.s. DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

ENVIRONMENTAL DATA SERVICE 

Stations for which Local Climatological Data are issued, as of January 1, 1972 

.1>< 

.'" 

.1>< 
• 1>< 

.1>< 

.1>< 

.1>< 

.1>< 
.1>< 

• 1>< 
.1>< 
.1>< 
.1>< 

.1>< 

.'" 

.'" • 1>< 

.'" 'b, 

" .b, 

.'" 
Ab, 

. '" 

Bino1ncbM 
tlUnt .... Ule 
Mobile 
Montl_ry 

.u.s .. 
Anchor.~ 
Annette 
&arrow 
8nterhlah(l 
klMl 
lettl •• 
11, ~lt. 
Cold a.,. 
F.irbanks 
euu.:ana -, 
.Juneau 
U.n,5.1_ 
lCoUebu& 
ttcGratll -St. Paul bland ,_ . 
5_1t 
TaI_tllol 
UnillaUeet 

Al!.l.Z0M 
'}.putt 
Phoen~ 
Tu.caoh 

........... 
Fort S.ith 
LittleRock 
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Sk JUIINE SIGNCK(IFLD,ISGN) 

THIS SUBROUIINE WILL TEST ANY PSYCHROMETRIC WITH A SIGN 

OVER UNITS POSITION READ AS A1 AND THE HIGH ORDER POSITION 

AS AN I SPEC OF PROPER WIDTH. 

THE SIGN SHOULD ENTER THE PARAMETER LIST AS ISGN, 

THE REMA.INING PORTION AS IFLD. 

UPON RETURN FROM THIS ROUIINE. THE VALUE OF THE FIELD 

WILL BE AN INTEGER WITH PROPER SIGN. 

IT WILL BE THE USER RESPONSIBILITY TO CONVERT THIS TO REAL 

FORM WITH PROPER DECIMAL ALIGNMENT. 

INVALID CONDITION CAUSED IFLD TO BE SET TO 9999 

DIMENSION IP(10).MIN(10),NUM(10) 
+ 

DATA IP/'A', 'B'. 'C'. 'D'. 'E'. 'F'. 'G'. 'H'. 'I', 'I/J~/ 
DATA MIN/'J', 'K', 'L'. 'M'. 'N', '0', 'P', 'Q'. 'R'. '1" / 
DATA NUM/1.2.3.4.5.6,7.8.9. I/J /.IAST/'*'/ 

IF (ISGN.EQ.IAST) GO TO 16 

DO 14 K=1.10 

IF (ISGN.EQ. IP (K» GO TO 2 0 

IF(ISGN.EQ.MIN(K» GO TO 22 

CONTINUE 

IFLD=9999 

RETURN 

IFLD= IFLD* 1 OffiUM (K) 

RETURN 

IFLD= - (IFLD* 1OffiUM(K» 

RETURN 
END 
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An Algorithm to Find Solar Position, and Intensity of Direct 
Normal and Diffuse Radiation 
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Figure A-I Solar Angles for Tilted and Horizontal Surfaces 
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Figure A-2 
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t
NORMAL TO 
HORIZONTAL SURFACE 
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Schematic Showing Apparent Path of Sun and Hour Angle 
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Figure A-3 Time Zones in the United States 

Table A-3 Time Zone Numbers in U. S. for Standard Time 

TIME ZONE I TZN 

Atlantic 
Eastern 
Central 
Mountain 
Pacific 

4 
5 
6 
7 
8 

Figure A-4 Clearness Numbers of Non-Industrial Atmosphere in United States 
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Table A-4 lists, as function of date, five variables related to so- Calculation Sequence: 

lar radiation. These variables are declination angle, 5; the equation 1. Determine 5, ET, A, B, and C from Table A-4 

of time, ET; the apparent solar constant, A; the atmospheric extinction 2. h' = COS- l (-TAN(L)*TAN(5» (see Figure A-2) 

coefficient, B; the sky diffuse factor, C. 3. Y = h'*12/TT 

4. Sunrise time (SRT) and sunset time (SST) in hr 

TABLE A-4 VALUES OF Ii, ET. A, B AND C* SRT = 12-Y-ET-TZN + 1,/15 

SST = 24-SRT 

A B C 

5 ET Btu Per Air 
Date Degrees Hours (hr) (sq ft) Mass- l 

Jan. 21 -20.0 -.190 390 0.142 0.058 

Feb. 21 -10.8 -.230 385 0.144 0.060 

Mar. 21 0.0 -.123 376 0.156 0.071 

Apr. 21 11.6 .020 360 0.180 0.097 

May 21 20.0 .060 350 0.196 0.121 

June 21 23.45 -.025 345 0.205 0.134 

July 21 20.6 -.103 344 0.207 0.136 

Aug. 21 12.3 -.051 351 0.201 0.122 

Sept. 21 0.0 .113 365 0.177 0.092 

Oct. 21 -10.5 .255 378 0.160 0.073 

Nov. 21 -19.8 .235 387 0.l49 0.063 

Dec. 21 -23.45 .033 391 0.l42 0.057 

* Derived from the 1972 ASHRAE Handbook of Fundamentals, Table 1, p. 387, 
Chapter 22. 

lOa 

5. Hour angle h in degrees 

h = 15* (t-12-1'rZN+ET) - t 

If Ihl > Ih'l skip all the remaining calculations in this 

sequence and set 

IDN = 0 

BS 0 

BG = 0 

6. Direction cosines of direct solar beam 

COS(Z) = SIN(L>*SIN(Ii) + COS(L)*COS(Ii)*COS(h) 

COSon = COS(5)*SIN(h) 

COS(S) = (1-(COS(Z»**2 - (COS(W)>**2>**0.5 

If Cos (h) > TAN(5}/TAN(L), COS(S) is positive 

7. Solar altitude angle in radians 

SALT = SIN- l (COS (Z» . 

8. Solar azimuth angle in radians 

SAZM = SIN- l (COS (W)/COS (SALT», if COS(S) > 0 

SAZM = TT-SIN- l (COs(W)/COS(SALT», if COS(S) < 0 

9. Intensity of direct solar radiation for a cloudless condition 

IDN = A*CN*Exp(-B/cos(z» 

11a 



10. Diffuse sky radiation (sky brightness) for a cloudless condi 

tion 

BS = ClrIDN/(CN}k*2 

11. Ground reflected radiation for a cloudless condition (ground 

brightness) 

BG = P * (BS + IDN*COS(Z» g 

Calculation Modification for Southern Hemisphere: 

The preceding algorithm is applicable to the northern hemisphere 

only. For buildings in the southern hemisphere. the following modifi' 

cations are required. 

1. Shift values of Band C in Table A-4 by six months. 

Values of 5. ET. A. Band C for the southern hemi-

sphere are shown in Table A-5. 

12a 

TABLE A-5 VALUES OF Ii. ET. A. Band C FOR SOtrrHERN HEMISPHERE 

Date 

Jan. 21 

Feb. 21 

Mar. 21 

Apr. 21 

May 21 

June 21 

July 21 

Aug. 21 

Sept. 21 

Oct. 21 

Nov. 21 

Dec. 21 

5 
Degrees 

-20.0 

-10.8 

0.0 

11.6 

20.0 

23.45 

20.6 

12.3 

0.0 

-10.5 

-1~.8 

-23.45 

ET 
Hours 

-.190 

-.230 

-.123 

.020 

.060 

-.025 

-.103 

-.051 

.113 

.255 

.235 

.033 

l3a 

A 

Btu per 
(hr) (sq ft) 

390 

385 

376 

360 

350 

345 

344 

351 

365 

378 

387 

391 

B 

Air_ l Mass 

0.207 

0.201 

0.177 

0.160 

0.149 

0.142 

0.142 

0.144 

0.156 

0.180 

0.196 

0.205 

C 

0.136 

0.122 

0.092 

0.073 

0.063 

0.057 

0.058 

0.060 

0.071 

0.097 

0.121 

0.134 



If L ~ 0 and if Cos(h) > (Tan(6)/Tan(L», Cos(s) is positive, .Q.QE 

and if Cos(h) ~. (Tan(6)/Tan(L», Cos(s) is negative. An Algorithm for the Calculation of Cloudy Day Solar Radiation 

If L < 0 and if Cos (h) ~ (Tan(6)/Tan(L», Cos(s) is positive, This routine estimates the factor called CCF to modify the total 

if Cos (h) > (Tan(6)/Tan(L», Cos(s) is negative. solar radiation on a horizontal surface with the observed cloud cover 

data for a cloudy sky condition. The cloud cover observations are made 

every hour at major weather stations by experienced observers who est i-

mate the amount of cloud on a scale of 0 to 10 and indicate the type of 

cloud in four different layers. Kimura and Stephenson1/ analyzed 1967 

Canadian data for observed solar radiation with respect to the cloud 

cover data, type of cloud, and the calculated solar radiation. under a 

cloudless condition at the same solar time. Based upon their analysis, 

a comprehensive methodology was developed for calculating the cloudy 

day solar radiation. The value of CCF, Cloud Cover Factor, is first 

defined as follows: 

CCF = ITHC/ITH 

where 

ITHC: Total solar radiation on a horizontal surface 

under a cloudy sky of given cloud amount and 

types of· cloud 

ITH: Total solar radiation calculated for a hori-

zontal surface under a cloudless sky at the 

same solar hour as of ITHC 
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Data: 

IS: Season index 

CA.: Cloud amount at the j-th layer, where j = 1,2, 3, and 4 
J 

TOC.: Type of cloud at the j-th layer, where j = 1, 2, 3, and 4 
J 

TCA: Total cloud amount 

Calculation Sequence: 

1. X = (I:CA ) + (I;CA ) + (I;CA ) 
j cirrus j cirrostratus j cirrocumulus 

2. Cloud cover 

CC = TCA - 0.5*X 

3. Cloud cover factor 

CCF = P + «kCC + R*CC**2 

where P, Q, and R are found in the following table. 

Table A-6 

Season P Q R 

spring 1.06 0.012 -0.0084 

summer 0.96 0.033 -0.0106 

autumn 0.95 0.030 -0.0108 

winter 1.14 0.003 -0.0082 

The value of P, which i~ essentially the cloudless sky factor, de­

pends upon the proportion of direct to diffuse sky radiation in reference 

to the standard ASHRAE values published in the 1972 Handbook of Fundamen-

tals. If the value of P is unity, this proportion of direct to diffuse 

solar radiation is such that the solar radiation evaluated for a hori-

16a 

1 surface under a cloudless sky should be equal to the value obtained 

the method described in the 1972 ASHRAE Handbook of Fundamentals. If 

value of P is different from unity, the direct to diffuse proportion 

from the standard values. 

l7~ . 



~ cos (Z ), cos (W), aND COS (S) : 

Direction cosines of direct radiation (calculated 
An Algorithm for Determining Diffuse and 
Direct Radiation Falling Onto a Surface in SUN) 

IDN: Intensity of the direct normal solar radiation for 
This routine determines the total as well as the diffuse and direc 

a cloudless condition in Btu per (hr) (sq ft) (Cal­
components of solar radiation incident on a given surface under either 

culated in SUN) 
clear or cloudy sky by using the cloudless sky data calculated in the 

BS and BG: Diffuse radiation from the cloudless sky and that 

SUN routine and the cloud cover factor CCF calculated as de~cribed in from ground in Btu per (hr) (sq ft) (Calculated in 

the previous section. SUN) 

lllita.: 

P: Cloudless sky factor shown in Table (A-6) in the 

CCF routine 

C: Standard diffuse sky factor shown in Table A-4 in 

the SUN routine 

CC: Cloud cover calculated in the CCF routine 

CCF: Cloud cover factor determined by the CCF routine 

WA: Azimuth angle of the surface under consideration 

in radians from south; + if west and - if east 

of south 

WT: Tilt angle of the surface under consideration 

in radians from the horizontal surface; zero 

for the horizontal surface and n/2 for the 

vertical walls 

18a 

SALT: Solar altitude angle in radians (Calculated in SUN) 

'Calculation Sequence: 

1. Let X = SIN (SALT) 

2. 

3. 

4. 

5. 

6. 

7. 

Y = 0.309 - 0.137*X + 0.394*X**2 

K = X/(c+x) + (P-l)/(l-Y) 

Direct radiation on a horizontal surface under a cloud-

less sky 

IDH = IDN*COS (Z ) 

Diffuse radiation on a horizontal surface under a cloud-

less sky 

IdH = BS 

Total radiation on a horizontal surface under a cloud-

less sky 

ITH = IDH + IdH 

Direct radiation on a horizontal surface under a cloudy 

sky 

IDHC ITH*K*(l - CC/10) 
19a 



* 

8. Direction cosines of normal to the surface under consid-

eration (the surface has an azimuth angle of WA and a tilt 

angle of WT) 

ex = COS(WT) 

13 = SIN(WA)*SIN(WT) 

y = COS(WA>*SIN(WT) 

9. Cosine of the incident radiation on the surface under con-

sideration 

COS('ll) = ex COS(Z) + 13 COS(W) + y COS(S) 

10. Direct radiation on a surface under consideration under a 

cloudless sky 

ID = IDN*COS('ll) 

o if COS('ll) ~ 0 

11. Direct radiation on a surface under a cloudy sky 

IDC = ID*IDHC/IDH 

12. Diffuse radiation for a cloudless sky 

Id BS for the horizontal surface 

Id = BS*Y + BG/2 for the vertical surfaces* 

where Y = 0.55 + 0.437*U + 0.3l3*U**2 

U = COS('ll) 

if U s: -0.2, Y = 0.45 

13. Diffuse radiation upon a horizontal surface under a cloudy 

sky 

IdHC = ITH*(CCF-K*(l - CC/lO» 

Diffuse radiation data for surfaces other than vertical and horizontal 
ones have not been analyzed sufficiently to date to provide a calcula­
tion procedure. 

20a 

14. Diffuse radiation on a surface under consideration 

IdC = Id*IdHC/IdH 

15. Total radiation upon a surface under a cloudy sky 

ITC = mc + IdC 

When the cloud cover CC is zero, 

ITC=IT=m+Id 

2la 
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An Algorithm for Calculating Transmission, Absorption and 
Reflection Factors for Windows 

Cos('I\): Cosine of angle of incidence of direct solar 

radiation (Calculated in SUN) 

kkL: Extinction coefficient [inches-I] * thickness 

[inches] 

NOTE: In some cases, glass manufacturers provide 
---- the value of transmission at normal inci­

dence. In this case, using the curve given 
in Figure A-5, it is possible to obtain the 
value of kkt. The data for the curve are 
taken from reference 2. 

Calculation Sequence: 

A. Single-Pane Glass 

1. Cosine of refraction angle 

COS(s) = SQRT (1 - (l-COS('I\) ** 2)/n) 

where n = 1.520, which is the index of refraction for ordinary 

glass 

2. The fraction of radiation that is absorbed in a single pass 

through a sheet of glass of extinction coefficient kkL 

a = I - Exp (-kkLICOS(s» 

22a 

~. Single glass air-glass interface reflectivity by the Fresnel's 

formula 

vibration in parallel to the plane of glass 

r = (TAN ('1\ - s» ** 2/TAN ('1\ + s) 

vibration in normal to the plane of glass 

r' = (SIN ('1\ - 0) ** 2/(SIN ('1\ + s» ** 2 

~. Absorptivity for direct radiation 

5. 

A = 0.5 * (x + x') 
'1\ 

where x = a * (1 - r) * (1 + r * (1 - a»/(l - r * r * (1 - a) * (1 - a» 

x' = a * (1 - r') (1 + r' * (1 - a»/(l - r' * r' * (1 - a) * 

(1 - a» 

Transmissivity for direct radiation 

T'I\=0.5* (y+y') 

where y= (l-r)* (l-r)* (l-a)/(l-r*r* (l-a)* (l-a» 

y' = (1 - r') * (1 - r') * (1 - a)/(l - r' * r' * (1 - a) * 

(1 - a» 

6. Absorptivity and transmissivity for diffuse radiation 

Tl/2 

, 
r 
fr 
~. 
~ • " r r 

;; 

~ 
§, 
f 

Ad = J ~ SIN (2'1\> d'l\ 
o 
Tl/2 

Td = J T'I\ SIN (2'1\) d'l\ 
o 
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B. Double-Pane Glass 

For the double-pane window, transmissivity and absorptivity 

for the outer and inner panes can be calculated separately first 

by using the single-pane procedure described above. Those calcu-

lated single glass properties can be designated here as follows: 

AI: Absorptivity of inner pane for direct radiation 

~: Absorptivity of outer pane for direct radiation 

Tl : Transmissivity of inner pane for direct radiation 

T2 : Transmissivity of outer pane for direct radiation 

AId: Absorptivity of inner pane for diffuse radiation 

Azd: Absorptivity of outer pane for diffuse radiation 

TId: Transmissivity of inner pane for diffuse radiation 

T2d : Transmissivity of outer pane for diffuse radiation 

1. Reflectivity of inner and outer panes 

RI'l] = I - Al'l] - TI'l] 

Rz'l] = 1 - ~'I] - T2'1] 

RId = 1 - AId - TId 

Rzd = 1 - ~d - T2d 

2. Absorptivity of the double-glazed system 

a. Direct radiation 

A'I],outer = ~ll * (1 + RIll * T2,,'(1 - RIll * Rzll» 

A'I],inner = Alll * T2'1]/(1 - RIll * Rzll> 
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b. Diffuse radiation 

Ad ,outer = ~d * (1 + RId * T2i (1 - RId * Rzd» 

Ad ,inner = AId * T2i (1 - RId * Rzd) 

3. Transmissivity of the double 

a. Direct radiation 

T'I] = Tl'l] * T2'1]/(1 - Rl'l] * Rz'l]) 

b. Diffuse radiation 

Td = TId * T2d/(1 - RId * Rzd) 

Since the calculation of transmissivity and absorptivity are 

quite involved, they have been precalculated ~y Stephenson~/ for 

various values of COS ('I]) and expressed as polynomial functions of 

COS ('1]). The polynomial coefficients are shown in Table A-3 for 

single and double glazed windows and the equations are as follows: 

Single-pane, direct radi~tion transmission 

5 
T'I\ = 1:: tj * (Cos ('I]) ** j) 

'I j=O 

Single-pane, diffuse radiation transmission 

5 
Td = 2 * t tj/ (j + 2) 

j=O 
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Polynomial representations of absorption factors.fo: 

and diffuse radiation. 

Double-pane, direct radiation transmission 

5 
A - 1: ~,outer - j=O aj,outer * «Cos (~) ** j) 
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0 ...... 
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A 5 ~,inner = I: aj,inner * «Cos (~) ** j) 
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Table A-7 Polynomial Coefficients for Use in Calcula, n of 
Transmittance and Absorptance of Glass 

Single Glazing Double f;1azinc 
1 

k* .t.. j a. t. a.i , outer a j , inner 
t. 

! J J J 

0 0.01154 -0.00885 0.01407 0.00228 -0.00401 
1 0.77674 2.71235 1.06226 0.34559 0.74050 

0.05 2 -3.94657 -0.62062 -5.59131 -1.199013 7.20350 
3 8.57881 -7.07329 12.15034 2.22366 -20.11763 

1/8" Sheet 4 -8.38135 9.75995 -11.78092 -2.05287 19.68824 
5 3.01188 -3.89922 4.20070 0.72376 -6.74585 

0 0.01636 -0.01114 0.01819 0.00123 -0.00438 
1 1.40783 2.39371 1.86277 0.29788 0.57818 
2 -6.79030 0.42978 -9.24831 -0.92256 7.42065 

0.10 3 14.37378 -8.98262 19.49443 1.58171 -20.26848,1 
4 -13.83357 11.51798 -18.56094 -1.40040 19.79706 
5 4.92439 -4.52064 6.53940 0.48316 -6.79619 
0 0.01837 -0.01200 0.01905 0.00067 -0.00428 

0.15 1 1.92497 2.13036 2.47900 0.26017 0.45797 
2 -8.89134 1.13833 -11.74226 -0.72713 7.41367 

1/4" Reg. 3 18.40197 -10.07925 24.14037 1.14950 -19.92004 
Plate 4 -17.48648 12.44161 -22.64299 -0.97138 19.40969 

5 6.17544 -4.83285 7.89954 0.32705 -6.66603 ! 

0 0.01902 -0.01218 0.01862 0.00035 -0.00401 
1 2.35417 1.90950 2.96400 0.22974 0.36698 
2 -10.47151 1.61391 -13.48701 -0.58381 7.27324 

0.20 3 21.24322 -10.64872 27.13020 0.84626 -19.29364 
4 -19.95978 12.83698 -25.11877 -0.67666 18.75408 
5 6.99964 -4.95199 8.68895 0.22102 -6.43968 , 
0 0.01712 -0.01056 0.01423 -0.00009 -0.00279 ! 

1 3.50839 1.29711 4.14384 0.15049 0.16468 ! 

2 -13.86390 2.28615 -16.66709 -0.27590 6.17715 ' 
0.40 3 26.34330 -10.37132 31. 30484 0.25618 -15.84811 

4 -23.84846 11.95884 -27.81955 -0.12919 15.28302 
5 8.17372 -4.54880 9.36959 0.02859 -5.23666 
0 0.01406 -0.00835 0.01056 -0.00016 -0.00192 
1 4.15958 0.92766 4.71447 0.10579 0.08180 
2 -15.06279 2.15721 -17.33454 -0.15035 4.94753 

0.60 3 27.18492 -8.71429 30.91781 0.06487 -12.43481 
4 -23.88518 9.87152 -26.63898 0.02759 11.92495 
5 8.03650 -3.73328 8.79495 -0.02317 -4.07787 
0 0.01l53 -0.00646 0.00819 -0.00015 -0.00136 

0.80 1 4.55946 0.68256 5.01768 0.07717 0.04419 
2 -15.43294 1.82449 -17.21228 -0.09059 3.87529 

50i Trans. 3 26.70568 -6.95325 29.46388 0.00050 -9.59069 
H.A. Plate 4 -22.87993 7.80647 -24.76915 0.06711 9.16022 

5 7.57795 -2.94454 8.05040 -0.03394 -3.12776 
0 0.00962 -0.00496 0.00670 -0.00012 -0.00098 
1 4. 81911 0.51403 5.18781 0.05746 0.02576 
2 -15.47137 1.47607 -16.84820 -0.05878 3.00400 

1.00 3 25.86516 -5.41985 27.90292 -0.01855 -7.33834 
4 -21.69106 6.05546 -22.99619 0.06837 6.98747 
5 7.08714 -2.28162 7.38140 -0.03191 -2.38328 

------
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SHG 

An Algorithm for Calculating Solar Heat Gain Through Windows 

IDN: Intensity of direct normal solar radiation, 

Btu per (hr) (sq ft), (Calculated in SUN) 

BS: Sky brightness, Btu per (hr) (sq ft), (Cal-

culated in SUN) 

BG: Ground brightness, Btu per (hr) (sq ft), 

(Calculated in SUN) 

Cos(~): Cosine of the angle of incidence of direct 

solar radiation, (Calculated in SUN) 

FWS: Form factor between the window and the 

sky* 

FWG: Form factor between the window and the 

ground* 

RO, RA, RI: Thermal resistances at outside surface, 

air space, and inside surface respectively, 

(sq ft) (hr) (F) per Btu 

SLA: Sunlit area factor (Calculated in SHADOW) 

SC: Shading coefficient if the window is shaded 

by drapes or blinds or if it has an inter­

pane separation of more than linch 

* If more accurate data are not available, use FWS FWG 0.5. 
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TTl' Td: 

NOTE: When the value of SC is gi'll~." these 
transmission and absorption factors 
should be for the standard 1/8" thick 
double strength glass (or k*t = 0.05 
of TAR) regardless of the type of 
glass used. 

Transmission factors for direct and diffuse 

solar radiation for windows (Calculated in 

TAR) 

A A A A . TI·.puter' TI,inner' d,outer' d,Lnner 

Absorption factors for direct and diffuse 

solar radiation through outer and inner 

window panes (Calculated in TAR), respec-

tively 

Calculation Sequence: 

1. Inward flowing fraction of the radiation absorbed by the 

inner and the outer pane, respectively 

NI = (RO + RA)/(RO + RA + RI) 

NO = RO/(RO + RA + RI) 

2. Let 

D SLA*IDN*COS(TI)*(TTI + NO*A- t + NI*A- i ) lj,ou erlj, nner 

d = (BS*FWS + BG*FWG>* (Td + NO*Ad t + NI*A
d

. ) ,ou er ,Lnner 

3. Solar heat gain through window 

If SC 0, SHG = D + d 

If SC F 0, SHG = (SC>*(D + d)k*t=0.05 

30a 

~ 

A Brief Description of the Procedures for Calculating External 
Shadows on a Building 

A major portion of the air conditioning load on modern commercial 

buildings comes from solar radiation. To improve the accuracy of load 

assessment, it is necessary to know how much of a building is shaded and 

how much lies exposed to the sun's rays. 

A new technique developed by Groth and Lokmanheki~1 employs the 

representation of all architectural forms as a series of plane polygons. 

Even curved surfaces can be so represented. For example, a sphere may 

be approximated by the 20 sides of a regular icosohedron. This approx­

imation gives a maximum error of only 3% in the shadow area cast by the 

sphere. 

The output of the algorithm is not only the sunlit area, but also 

a pictorial display of the shadows and the surface upon which they are 

cast. 

Coordinate Transformation: 

Designate the polygons which cast shadows as shading polygons (SP) 

and those upon which shadows are cast as receiving polygons (RP). The 

vertex coordinates of each RP, and its relevant SP's, are transformed 

from a base coordinate system, xyz, to a new coordinate system, x'y'z', 

with origin 0 attached to the plane of the RP. The first three vertices, 
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VI' V2 , and V3 , of the RP being examined are used to define this new co­

ordinate system. The x' axis passes through V2 and V
3

, while the y' axis 

passes through VI' In order that the z' axis point outward from the sur-

face, angle Vl V2V3 must be convex and the vertices must be numbered coun-

terclockwise. The equation of transformation is written in matrix form 

as 

~, A (~-~ ) o 
where 

X'o = ;; + Y(~3 -X*z) 

y, A Scaler (~ -X'..) • (~-~)I (~ -i:.) • (~-i:.) 
1" 323" 3" 

...... I ...... ' 1st row of A = (x3-xO)1 x3-xO 

-+ -+ -+ 11-+ -+ 1 2nd row of A = (xl-xO) xl-xO 

3rd row of A = 1st row of A x 2nd rOW of A 

Solar altitude, a, and azimuth, S, must also be transformed, into 

the solar direction vector, as 

Clipping Transformation: 

x s (
SinS • COSa) 

Sina 
CosS • Cosa 

Any part of an SP whose z' is negative cannot cast a shadow on the 

RP. These" submerged" portions of the SP' s must be clipped off, prior 

to projection, lest they project "false" shadows (see Figure A-6). This 

is done by finding, through linear interpolation, the points A and B, 

on the perimeter of the SP, which pierce the plane of the RP, and taking 

This these points as new vertices. All submerged vertices are deleted. 

results in a new polygon with line AB as a side, which will project only 

real shadows. 

I 

if! 
~-<k> ~--_ &L._ APTW" C~'P _ 

Figure A-6 Clipping 

Projection Transformation: 

To simulate the actual casting of a shadow, the following transfor­

mation projects, along the sun's rays, all the vertex points of the trans-

formed and clipped RP's. 

'1.-."-' 

x' 
X x' -....!!.. z, z' . 

s 

y' 
y y,_:J!..z' 

z' s 

~a ~a 



Enclosure Test: 

The coordinate, clipping and projection transformation have converted 

all RP and SP's in space into two dimensional figures in the RP plane. 

It remains only to find the points in the RP plane which lie inside the 

RP and inside one or more of the SP prOjections, i.e., points of the RP 

which are shaded. At this point, the two-space XY is divided into a grid 

and the center of each element of this grid is tested for enclosure by 

the RP and the SP projections. 

is inside of polygon V
l

, V
2

, 

A point, P, whose coordinates are ~Yp' 

Vn if the following inequality holds. 

n 

1: ~9i '" 0 
i=l 

The angular change, ~9i' subtended at P by the ith side, and counted 

positive counterclockwise, is given by the following formulae. 

~9i 
9j - 9i if I 9j - 9

i 
I < 2 

(9i - 9 j}(4 - I 9, - 9
i 
I ) 

I 9
j 

- 9
i 
I if I 9j - 9i I .? 2 

j i + 1 if i < n 

1 ifi=n 
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Yi-Yp in 1st ~-X in 2nd 1 + i 
Xi-~+Yi-YP quadrant ~-Xi+Yi-YP quadrant 

9
i 
~ 

Yp-Yi 
X -X 

in 3rd 3 + i P in 4th 2 + quadrant quadrant ~-Xi+YP-Yi Xi-~+YP-Yi 

These approximate formulae, which e~ress ~9i in right angles, re­

place the time-consuming square root and are cosine computer library rou-

tines. They have, by set theory, been proved adequate for the purpose. 

Display Matrix and Sample Problem: 

An alphameric matrix is created corresponding to the grid elements 

in the RP plane. A blank component represents a grid element either out-

side the RP or exposed to the sun. An asterisk component represents a 

shaded grid element or one on the RP's boundary. Grid elements shaded 

by a transmissive structure are randomly asterisked with a probability 

equal to the fraction of incident light stopped by the shading structure. 

Figure A-7 shows the solution of a typical problem involving a transmis-

sive structure. 
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Rt:Ce-lV'NG 
SU~PAc.e 

%0 SUN 

/1/\\ 

ADJACEtJT 
e.U'LDI~ 

Figure A-7 The Computer Output of a Typical Problem 
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SHADOW 1* 

An Algorithm to Find the Ratio of the Sunlit and Shaded Area 
of a Given Window Where the Shadows are Cast by Various 

Combinations of Overhang and Side Fins 

pata: (Variable names corresponding to the FORTRAN listing 

* 

included in this section. Right and left is determined 

facing the window from outside - see Figure A-B). 

HI: Wiriaow height 

FL: Window width 

FP: Depth of the overhang 

AW: Distance from top of the window to the overhang 

BWL: Distance of the overhang extended beyond the left edge 

of the window 

BWR: Distance of the overhang extended beyond the right edge 

of the window 

D: Depth of vertical projection at the end of the overhang 

FPl: Depth of the left fin 

Al: Distance of the left fin extended above the top of the: 

window 

Bl: Distance from the left edge of the window to the left: 

fin 

Cl: Distance of the left fin stop short above the bottom: 

of the window 

FP2: Depth of the right fin 

This section was contributed by Tseng-Yao Sun; Ayres and Hayakawa, 
Los Angeles, California. 
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LEFT 
SIDE 
FIN 

Figure A-8 Shadow 1 Input Data 
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A2 : Distance of the right fin extended above the top of 

the window 

B2 : Distance from the right edge of the window to the 

right fin 

C2: Distance of the right fin stop short above the bottom 

of the window 

PHI: Solar azimuth angle 

WAZI: Window azimuth angle 

OOSZ: Cosine of solar zenith angle 

Calculation Sequence: 

The principle calculation sequence of this subroutine is described 

in reference 5 and the principle output of the subroutine is the variable 

SHRAT--the shade ratio or ratio of sunlit area to the total window area. 

The treatment of shadow overlapping cast by various shading devices is 

not discussed in the reference but is included in the FORTRAN listing. 
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SUBROUTINE SHADOWISHDX.PHI.COSZ.SHRATI 
DIMENSION SHDXI201 
FLzSIIDX(l) 
Irl'-SIIDX(2) 
F'P=SHDXI31 
AW=SHDXI41 
BWL=StlDXI51 
BWR=SHDX(6) 
D=SHDX(7) 
F'P1=SHDX(8) 
A1=SHDX(91 
Bl=SHDX (10) 
Cl=SHDX (111 
F'P2=SHDX (12) 
A2=SHDX (13) 
B2=SHDX (14) 
C2=SHDX (15) 
WAZI=SHDX (16) 

~ THIS PROGRAM CALCULATES SHADOW CAST BY OVERHANG AND SIDE FINS 
$ PHI •••• SOLAR AZIMUTH ANGLE 
~ COSl ••• COSINE OF' SOLAR lENITH ANGLE 
% SHRAT •• SHADE RATIO:RATIO OF' THE SUNLIT AREA TO THE TOTAL WINDOw AREA 
$ HT ••••• WI~OOW HEIGHT 
$ FL ••••• WINDOW WIDTH 
$ FP ••••• DEPTH OF THE OVERHUNG 
$ AW ••••• DISTANCE FROM TOP OF' THE WINDOW TO THE OVERHUNG 
$ BWL •••• DISTANCE OF THE OVERHUNG EXTENDED BEYONO THE LEFT EDGE OF THE WIMXM 
$ aWR •••• DISTANCE OF THE OVERHUNG EXTENDED BEYOND THE RIGHT EDGE OF THE W~ 
$ O •••••• DEPTH OF VERTICAL PROJECTION AT THE END OF THE OVERHUNG 
$ FP1 •••• DEPTH OF THE LEfT fIN 
% A1 ••••• DISTANCE OF THE LEFT FIN EXTENDED ABOVE THE TOP OF THE WINDOW 
% Bl ••••• DISTANCE FROM THE LEFT EDGE OF THE WINDOW TO THE LEFT FIN 
% Cl ••••• DISTANCE OF THE LEFT FIN STOP SHORT ABOVE THE BOTTOM OF THE wINDOW 
~ fP2 •••• DEPTH OF THE RIGHT FIN 
~ A2 ••••• DISTANCF OF THE RIGHT FIN EXTENDED ABOVE THE TOP OF THE WINDOW 
~ B2 ••••• DISTANCE FROM TH£ RIGHT EDGE OF THE WINDOW TO THE RIGHT FIN 
~ C~ ••••• DISTANCE OF THE RIGHT FIN STOP SHORT ABOVE THE BOTTOM OF THE WINDOW 
$ WAlI ••• WINDOW AZIMUTH ANGLE 

SHRAT=l. 
1103 A=AW 

H=HT 
GAI4MA=PHI-WAlI 
COSG=COS(GAMMAI 
IF(COSG)100.100.104 

100 SHRAT=O. 
GO TO 2000 

104 CONTINUE 
SBETA=COSZ 
IF(SBETA)100.100~152 

152 .$ING=SIN(GAMMAI 
VERT=SBETA/SQRT(l.-SBETA*SBETAI/COSG 
HORIZ=ARS(SING1/COSG 
TCETA=VERT/HORIZ 
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IFIGAMMAI 155.154.154 
$ -------SUN ON LEFT 
154 B=BWL 

GO TO 156 
$ -------SUN ON RIGHT 
155 B=AWR 
156 ARSHF=O. 

AREAV=O. 
ARSIF=O. 
AREAO=O. 
AREAl=O. 
ARSHl=O. 
FL3=O. 
H3=0. 
Hl=H 
FL1=FL 
K=l 
L=l 
T1=FP*VERT 
FM1=FP*HORtZ 
tFlFPl37.37.153 

153 T=Tl 
FM=FM1 
AA=B*TCETA 
UG= (FL+B) *TCETA 
DE=(H+AI/TCETA 

$ -------HORIZONTAL OVERHUNG "AREAO" 
IFI1-A)27.27.2 

2 tF(AB-AI14.14.3 
3 tFIDE-Bl 12.12.4 
4 IFIFM-Blll.ll.5 
5 tF(DE-(FL+SllB.B.6 
6 tFIFM-(FL+BI19.7.7 
$ -------HORtZ 9 
7 AREAO=FL*(0.5*(AB+UGI-Al 

GO TO 37 
B IF(T-(H+A))9.10.10 
$ -------HORIl 7 
9 AREAO=(T-AI*FL-«FM-B)**2)*TCETA*0.5 

L=2 
GO TO 21 

$ -------HORIZ 8 
10 AREAO=H*FL-(DE-B)**2*TCETA*0.5 

GO TO 37 
$ -------HORIZ 3 
11 AREAO=FL*(T-A) 

L=2 
GO TO 24 

12 IF(T-(H+Al) 11.13.13 
$ -------HORIZ 2 
13 AREAO=H*FL 

GO TO 68 
14 IF(UG-A)27.27.15 
15 IF(DE-lfL+BI)18.18.16 
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16 

" 17 

18 

" 19 

" 20 

" 21 

III 
22 

III 
23 

24 

III 
25 

III 
26 

27 
28 
29 
31 

III 
32 

" 33 

34 
III 
35 

III 
36 

3700 
III 
III 
37 
74 

I'I,M-I'L+8»20.17.17 
-------HORIZ 6 
AQEAO=IUG-A)**2/TCETA*0.5 
GO TO 37 
I'IT-IH+A»20.19.19 
-------HORIZ 5 
AREAO=H+I,L-IA+0.5*H)/TCETA+8) 
GO TO 37 
-------HORIZ 4 
AREAO=IT-A)*I'L+8-fM*ll.+A/T)*0.5) 
L=2 
-------VERT PROJ "AREAV" 
,L3=,L+B-,"1 
I'IT+0-IH+A»22.22.23 
-------VEPT 8 
H3=0 
GO TO 3700 
-------VERT 9 
H3=H+A-T 
GO TO 3700 
,L3=,L 
IfIT+0-IH+A»26.26.25 
-------VERT 7 
H3=H+A-T 
AREAV=H3*,L3 
GO TO 68 
-------VERT 6 
H3=0 
GO TO 3700 
IfIT+0-A)37.37.28 
I'lfM-B)34.34.29 
I'I'M-I'L+B»31,37.37 
,L3=,L+8-,M 
I'IT+O-IH+A»3~,33,32 
-------VERT 5 
H3=H 
GO TO 3700 
-------VERT 4 
H3=T+0-A 
GO TO 3700 
I,IT+0-IH+A»36.35.35 
------VERT 2 
AREAV=H*fL 
GO TO 68 
VERT 3 
H3=T+D-A 
,L3=,L 
AREAV=,L3*H3 
-------SIDE fIN AND SHORT SIDE ,IN 
-------SIDE ,IN "AREAl" "ARSIf" 
I,IGAMMA)66.68.74 
,Pf=,Pl 
A,=Al 
8,=Bl 
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66 

84 
67 

III 
88 

III 
711 
'l. 
712 
III 
III 
621 

III 
'l\ 

622 

" 
III 
73 

38 
39 
40 
41 
42 
III 
80 

44 
III 
89 

" 91 

48 
'l. 
47-

CX=Cl 
GO TO 84 
,Pf=fP2 
A,=A2 
8'=82 
CX=C2 
IflfPfl68.68.67 
T=,P,*VERT 
,M=fPf"HORIZ 
An=Af 
I'IAREAO)73.73.88 
-------TEST fOR OVERLAP 0, fIN AND OVERHUNG SHADOW 
AT=A+IB,-B)*TCETA 
IfIAT-Af)711.73.73 
------OVfRLAP EXISTS •• L=2 I, OVERHUNG SHADOW HAS HORIZ EDGE IN WINDOW 
GO TOI621.7121.L 
------TEST fOR TYPE Of OVERLAP 
Ifll'M-Bfl-IfM1-B»621,622.622 
------5ET L=l,SHADOW INTERSECT ON INCLINED EDGE 0, OVERHUNG SHADOW 
-------fIN SHADOW IS 8ELOW INCLINED EDGE 0, OVERHUNG SHADOW 
A,=AT 
L=1 
GO TO 73 
-------L IS 2. HORIZ EDGE Of OVERHUNG SHADOW-PORTION A80VE HORIZ EDGE 
-------NOT IN OVERHUNG SHADOW IS ,IN SHADOW 
AREA1=,L*IT1-A)-AREAO 
-------RE5ET TO CALC fIN SHADOW BELOW HORIZ EDGE Of OVHNG SHADOW 
Af=T1-A+Afl 
H=H+A,1-Af 
------SHADOW 0, fIN IK=l ON GLASS K=2 ON VERT PROJ SHADOW) 
A8=8f*TCETA 
UG=I,L+8f)"TCETA 
DE=IH+Afl/TCETA 
DJ=CXlTCETA 
1,lfM-8f)69.69.38 
IfIA8-Af)39.50.50 
If(UG-AfI48.48.40 
If (T-Afl 47.47.41 
IfIUG-IH+Af»44.44.42 
I,(T-IH+A,1191.80.80 
-----fIN 9 
AREA1=H*IIAF+H*0.S)/TCETA-8')+AREAl 
GO TO 58 
Ifl'M-IfL+B,»91.89.89 
-------fIN8 
AREAl=H*fL-IUG-A')**2/TCETA*0.S+AREAl 
GO TO 58 
-------FIN 7 
AREAl=lfM-8f)*H-IT-A,)**Z/TCETA*O.S+AREA1 
GO TO 63 
Ifl'M-('L+S,»47.47.49 
-------FIN 3 
AREAl=H*lf~-B')+AREA1 
GO TO 63 
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~ -------FIN 2 
49 AREA1=H*FL+AREAl 

GO TO 58 
50 IF (OE-BF) 69.69.51 
51 IF(UG-(H+AF))55.55.52 
52 IF(T-(H+AF))93.94.94 
~ ------FIN 6 
94 AREA1= (DE-BF) **2*TCETA*O.5+AREAl 

GO TO 58 
~ ------FI~ 4 
93 AREA1=(FH-BF)*(H+AF-(T+AB)*0.S)+AREAl 

GO TO 63 
55 IF(FH-(FL+BF))93.99.99 
~ -----FIN 5 
99 AREA1=FL* (H-(BF+FL*0.51*TCETA+AFI +AREAl 
~ ------SHORT SIDE FIN "ARSHl","ARSHF" 
5B IF(OJ-BF)69.69.59 
59 IF(OJ-(FL+8F))61.61.60 
~ -------SHOPT 3 
60 ARSH1=-FL*(CX-(BF+FL/2.I *TCETAI 

GO TO 69 
~ -------SHORT 4 
61 ARSH1=-(CX-ABI**2/TCETA*O.5 

GO TO 69 
63 IF(OJ-BFI69.69.64 
64 IF(DJ-FMI61.61.65 
~ ------~S~ORT 2 
65 ARSHl=-(FH-BFI*(CX-(T+ABI*O.SI 
69 GO TO (77.761.K 
76 ARSH1=-ARSHl 

AREA1=-AREAl 
77 ARSHF=ARSHF+ARSHI 

ARSIF=ARSIF+AREAI 
GO TO(78.681.K 

78 IF(AREAYI68.68.72 
~ ------RESET PARAMETERS TO DEDUCT FIN SHAIXM OVERLAP ON VERT PROJ SIIADOil 
72 K=2 

AREA1=O. 
ARSH1=O. 
BBF=BF 
BF=FHI-B+BF 
IF(BFI186.185.185 

186 BF=BBF 
185 IF(HT+A-TI-DI87.87.188 
188 CX=CX-(HT+A-TI-DI 

IFlCXI85.87.87 
85 CX=O. 
87 AF=TI-A+AF 

H=H3 
FL=FL3 
GO TO 73 

~ ------- SHADEO AREA "ARSHA" 
68 ARSHA=AREAO+AREAY+ARSHF+ARSIF 

SHRAT=(FLl*Hl-ARSHAI/(FLl*Hll 
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FL=FLI 
2000 CONTINUE 

RETURN 
END 
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SHADOW 2* 

An Algorithm to Determine Whether or Not a Given Window is 
Shaded by a Remote Object Such as an Adjacent Building 

This algorithm is approximate and is applicable only where the win-

dow is relatively small in comparison to the shading object. Large win-

dows may be subdivided into smaller segments for this consideration. The 

window is considered either completely shaded or completely in sun. Par-

tially shaded window can be considered in either case depending on the 

location of the window reference point. Figure A-9 shows a typical win-

dow-shading object relationship. 

N 

PLAN 

SHADING 
OBJECT 

ELEVATION 

Figure A-9 A Typical Window-Shading Object Relationship 

Note that the reference point can be located at any point on the window. 

Locating the reference point at the top of the window as shown in the 

elevation in Figure A-9 is slightly conservative as compared to if the 

reference point is located at the center of the window. 

* This section was contributed by Tseng-Yao Sun; Ayres, Cohen and 
Hayakawa, Los Angeles, California. 
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~t:a: 

011, 0'2: Azimuth shadow limit angles. Right +, Left -

~l, ~2: Altitude shadow limit angles 

WAZI: Window azimuth angle 

PHI: Solar azimuth angle 

BETA: Solar altitude angle 

F 
~lculation Sequence: 

This subroutine determines whether the window is sunlit or shaded 

cor the given position of the sun. 

1. Wall-solar azimuth angle 

GAMMA = PHI - WAZI 

2. If GAMMA < 011 or GAMMA > 0'2, the window is in sun 

3. If 02 > GAMMA > aI, 

A = GAMMA - 0'1 

B = ~l + A* (~2 - ~l) 

4. If BETA> B, the window is in sun. Otherwise, the window 

is in shade. 
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* 

~ 

An Algorithm for Calculating Radiation Shape Factors 
Between Inside Surfaces of a Room 

Definition of Room 

WINDOW 

I· 16 -v.: r. T~ -
4' (7) (5) 
i'----! i --6'-a"~ ~-a" 

SIDE SIDE 
WALL FLOOR WALL 
(6) (2) (4) 

T 
12' 

1 
OPPOSITE WALL 

(3) 

CEILING 
(I) 

Figure A-IO Room Layout 

This section was contributed by D. M. Burch and B. A. Peavy; Thermal 
Engineering Section, Center for Building Technology, National Bureau 
of Standards, Washington, D.C. 
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Data: 

L: Length of room 

W: Width of room 

H: Height of room 

A: Height of windows or doors 

B: Width of windows or doors 

C: Distance of left edge of window from left wall 

D: Height of lower edge of window from floor 

The primary variables determined by this subroutine are: 

F : m-n An array giving radiation shape factors between the 

various inside surfaces of a room 

m,n = 1 Ceiling 

2 Floor 

3 Wall No. 1 (length by height) 

4 Wall No.2 (side wall) 

5 Wall No. 3 (opposite wall) 

6 Wall No. 4 (side wall) 

7-14 Provision for windows and doors in walls 
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I 
1 

gl Ir 

N2 

,',' ~ 2 2 . ,.. ",/ (Y.-Y2) +(X,-X2) 
........ < < .. X2 

~ b2 

Figure A-II Radiation Heat Exchange Between 
Ceiling and Floor Surfaces 

Radiation shape factor, F
l

-
2

, between two parallel room surfaces 

2TT(b
i 
-a l )(dl-cl)F 1-2 = [P (b

2 
-bl )+P(az -al )] [Q (c2 -cl)-tQ (d2 -dl)-Q (c2 -dl)-Q (d2 -c 

+ [P (b
2 
-a

l
)+P(a

2 
-b

l
)] [Q (c

2 
-dl)-tQ (d

2 
-cl)-Q (c

2 
-cl)-Q (d2 -c 

where 

-1 -1 2 +Z 2 
P(Zl)Q(Z2) = ZlW tan Zl + Z2V tan Z2 - L In (; 1) 

W V 2 i 

2 2 2 2 2 2 
V- g +Zl ,W = g +Z2 
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d, 

~ ~ X"X2 
,,1 \ , , '*_ i L.. .... 

I n I 

Figure A-12 Radiation Heat Exchange Between 
Wall and Floor Surfaces 

Radiation Shape Factor, Fl - 2 , between two perpendicular room sur­

~aces 

1(",-,,) (d, -o, )'1_2°[R<>'-',)+R(,,-,I»['('2+0 ,)+8(,,+<,)-, (o2+< 1)-S(,,+o,)1 

Eere 

+[R(b2 -al )+R.(az.-bl)] [S (ez +dl )+8 (dz +cl )-S (ez :cl )-S (dz +dl )] 

-1 2 2 2 2 
R(Zl)S(Y2+Yl) = TZI tan Zl +! (Zc T ) In (T +Zl ) 

T 4 

T2 = y 2+y 2 
2 1 
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Calculation Sequence: 

1. Determine areas of ceiling, floor, and walls (no windows 

or doors), 

Am' m = 1, 2, 3, 4, 5, 6 

2. Calculate radiation shape factor Fm-n for these surfaces 

using equations, and reciprocal relation 

A 
F ..Jl F m-n A n-m 

m 

3. Determine area of windows and doors and subtract from perti-

nent wall areas to give net wall areas 

4. Calculate radiation shape factors from windows and/or doors 

to ceiling and/or floor using the above shape factor equa-

tions and the reciprocal relation. The radiation shape 

factors from a ceiling or floor surface to a window, ~:or, 

or a wall area is given by 

Fm_~ F m-n - F m-nl 
F 
m-~ 

where k denotes the surface which is applicable for a re-

ceiving surface. An that has been subdivided into 2 or 

more surfaces. 

5. Calculate radiation shape factors from windows and doors 

to walls using equations. above defined angle factor al-

gebra and 

A F = A F 
~ ~-n m m-n 

- A F - A F 
ml ~-n ~ ~-n 
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", 

which is apt "able for a transmitting surface A that has 
m 

been'subdivided into 2 or more surfaces. 

6. The resulting array Fm-n must be satisfied by the identity 

p 
t F - 1 
k=l m-k-

where p is the number of surfaces visible to the transmit-

ting surface Am 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

THIS PROGRAV DETERMI~ES THE RADIATION SHAPE FACTUMS. FOR A ROO~ 
OF ARBITRARY DI~ENSIONS WITH THE PROVISION FO~ T· r ',INDOwS OR 
DOORS OF ANY SIZE AND POSITION ON EACH OF THE FOu, ilL.L.S 
INPUT TO THE PROGRA~ IS R(AD I~ FIELDS OF NINE ANU FIRST CARD 15 

L.ENGTtI WIDTH HEIGHT 

THIS CARD IS FOL.LOWED BY FOUR CARDS GIVING PERTINE~I DIMENSIONS 
FOR WINDOWS AND DOORS - FIRST CARD IS FOR WINDOW~ ON DOORS UN A 
WALL DEFINE" ON THE L.ENGTH OF ROOM - SECOND CAHD ON WIDTH, ETC. 
LEAVE SPACES BLANK IF THERE IS NO WINDOW OR DOOR 

A 
A 
A 
A 

B 
B 
B 
B 

C 
C 
C 
C 

o 
o 
D 
D 

A 
A 
A 
A 

B 
B 
B 
B 

C 
C 
C 
C 

o 
D 
D 
o 

C WHERE A=HEIGHT OF WIND~w, C=CORNER OF ~ALL TO LEFT EUGE OF WINDOw 
C B=WIDTH OF WINDOW, ~=HEIGHT FROM FLOOR TO L.OwER EDGE OF WIND0W 
C OUTpUT CONSISTS OF ASSIGNMENT OF NUMBERS TO THE vAHIOUS SURFACES 
C OF THE ROOM 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1 
.3;-:1 

4(,3 
31)2 
.3C3 
.304 

'+0 1 
4'J2 

1 
2 
3 
4 
5 
6 

7_14 

CEILING 
FL.OOR 
WALL NO.1 
WAL.L NO.2 
WALL. NO.3 
WAL.L NO.4 
lOINDOW OR 

L.ENGTH X WIDTH 
LENGTH X WIDTH 
LENGTI-l X HEIGHT 
WIDTH X HEIGHT 
LENGTH X HEIGHT 
WIDTH X HEIGHT 

DOOR ON WALL NO.X 

THIS IS FOLLOWED AY A PRINTOUT OF AN APRAy OF RADIATION SHAPE FACTORS 
DIMENSION SFCI4'14)'AC8),aCA)'CCA)'DC~),SC14)'XC5) 
DIMENSION IFILC!4),VFCI4'141 
REAL L 
READI5'11L,W,H 
READ I5'IIIBIII,DIII,AIII,CIII,I=I'81 
FORMATI8F9.21 
FORMAT 16X,28H LEGEN~ FOR ROOM ARRANGEMtNT/40HUAS~UME wALL ;~O. 1 I 

IS ON THE ROOM LENGTH/7HOM OR N/4H 1'6~,10H CEILING ,F6.2,4H BY 
2,Fb.2/4H 2,bX,!OH FLOOR ,F6.2,4H BY ,F6.2/4H 3,6X,lOH wALL. 
3NO.l.F6.2,4H BY ,F6.2/4H 4.6X,10H WALL NO.2,F6.2,4H BY ,Fb.2/4H 
4 5,6X'lOH WALL NO.3,F6.2,41-l BY ,F6.2/4H 6'hX,lUH WALL NO.4,F6.2 
5,4H BY ,F6.21 

FORMATII4,6X,15H DOOR ON WALL,I2,4Fl1.2) 
FORMATII4,bX,15H WINDOW ON WALL,I2,4Fl1.21 
FORMATI6X,17H 'INDO~S OR DOORS,13X,2H A,9X'2H B,YX,2H C,9X,2H D) 
FORMAT I IH IOX,18H A - WINDOW HEIGHT/AX,17H ~ _ WINDOW WIDTH/9X,4RH 

lC - DISTANCE OF LEFT EDGE OF WINDOw TO LEFT WALL/HX,4bH D _ HEIGHT 
2 FROM FLOOR TO LO~ER ~DGE OF WINDOw) 

WRITE C6,.301) L,W,L,W,L,H,W,H,L,H,w,H 
WRITE 16,3031 
K=7 
DO 305 I=1,e 
IFIDCI).LT.1.E-S) GO TO 305 
J=II+l)/2 
IC=CCI)*lOO. 
IF1IC.EG.0)GO TO 401 
WRITEI6.302IK,J,DII),BII',AII),CIII 
GO TO 402 
WRITEI6,403)K,J,OIII,BIJI,ACI),CII) 
CONTINUE 
K=K+l 
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.305 

26 

Ib 

14 

25 

2 

250 

CONTINUE 
WR I TE 16,304} .~ .. 
DO 26 1=1,8:. 
B C I I =A I I 1 +B i!l 
o I I I =C I I ) +0 ( I ) 
SI1I=I1I*L 
5(2)=511) 
DO 15 1=1,6 
SCl+6)=IBIII-AII»*IOI1)-CII» 
lA=SII+61 
IFIIA.EG.0ISII+6)=1.0E-0~ 
CONTINUE 
DO 14 1=1,5 
VAR:L 
IFII.EG.2.0R.I.EG.4IVAR=W 
XII)=VAR 
DO 25 1=1,4 
IW=II-11*2+7 
SI1+2)=xlll*H 
DO 2 1=101'+ 
DO 2 J=1014 
SFll,J)=O.O 
SFll,21=PFI0.O,L,O.O,w,O.O'L,O.O,W,H) 
SFI1,31:AFIO.0.L,O.O'W,O.O,L,O.O,H) 
SFll,4):AFI0.O,W,O.O,L,n.O,W,O.O,H) 
SF(I,5)=SFll,3) 
SF I I, 61 =SF I 1 , 41 
SFI2,l)=SFC1,2)*SClI/S12) 
SFI2,3)=SFIl,3) 
SFI2,4)=SFIl,4) 
SFI2,5)=SFC2,3) 
SFI2,61=SFI2,4) 
SFI3,11=SFll,31*Sll'/S(3) 
SFI3,2):SFI2.31*SI2)/SC31 
SFI3''+):AFIO.O,H,O.0'L'O.O'~,O.O,W) 
SFI3,51=PFIO.O,L,O.Q'H,O.O,L,O.O,H,W) 
SFI3,6):SFI3,4) 
SFI,+,11=SFll,4)*Sll)/SI41 
SFI4'2)=SFI2,'+)*SI21/SI~) 
SFI4,3):SFI3,4)*SI3'/SI4) 
SF(4,5)=SFI,+,3) 
SF(4,6)=PFIO.O.W,O.O,H,O.O,W,O.O,H,Ll 
SFI5,ll=SFll,51*Sll)/SI5) 
SFI5,2):SFI2,5)*SI2)/SIS) 
SFI5'3)=SFI3'51*SC3)/SI~) 
SFI5,4)=SFI4,51*SI4)/SI5) 
SFI5,6)=SFI5,4) 
SFI6,11=SFll,6)*Sll)/SI61 
SFI6,21=SFI2,6)*SI2)/SI6) 
SFI6,3)=SF(3,6)*SI31/S16) 
SFI6,41=SFI4,6)*SI4)/S(6) 
SFI6,51=SFI5,6)*SC51/S161 
DO 250 1=1,4 
tW=ll-ll*2+7 
SCI+21=SII+21-SIIW)-SIIW+ll 
DO 3 K=104 
J=(K-1h2 
DO 5 1=1.2 
N=l+J 
N6=111+6 
SFI~6'2)=AFIA(NI'BI~),CI~I,DINI,O.O,XIK),O.n'XIK+111 
SFIN6,II=AFIA(NI'BIN),H-DIN)'H-CINI.0.O,XCK)'O.O,XI~+111 
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~ 

:5 

6 

7 

8 

10 

11 

SFI2.N61=SFIN6.21·S(N61/S121 
SFCl.N61=SF(N6·11·S(~61/SCl1 
SFI2'2+KI=SFI2.2+KI-S~12.J+71-SF(2.J+~ 
SFll.2+KI=SFll.2+KI-SFCl.J+71-SFll.J+P.1 
SFI2+K·21=SFI2.2+KI.S(21/S12+KI 
SFC2+K·II=SFIl.2+KI*SllI/SI2+KI 
DO 8 K=I.2 
N=IK-l,*2 
SUM=O.O 
DO 6 J=I.2 
NJ=N+J 
NJ6=NJ+6 
SFINJ6'K+41=PF(ACNJI,gINJI,CINJI,DINJI.O.O,XIK),O.O,H,XIK+l» 
SUM=SUM+SINJ61*SFINJ6,K+41 
DO 6 1=1'2 
NI=N+I+4 
NI6=NI+6 
SFCNJ6.NI6)=PFIAINJ),8INJI,CINJ).DCNJ),XIK)-BINI),X(K)-AINI),C(NT) 

I,DCNI),XIK+ll) 
SFINI6,NJ6)=SFINJ6,NI6)*SINJ6)/S(NI6) 
DO 7 1=1,2 
NI=N+l+4 
NI6=NI+6 
SFINI6'K+21=P~(A(NII,BCNII.CINII'DCNI),O.0'VIK)'O.0,H,XCK+111 
SFIN+7'K+4)=SFIN+7'K+4)-SF(~+7.N+11)-SFIN+7,N+12) 
SFIN+8'K+41=SFIN+B,K+4)-SFIN+B,N+111-SFIN+8,N+12) 
S~IN+ll,K+21=S~IN+ll,K+21-SF(N+l1'N+7)-SFIN+11'N+8) 
SFIN+12,K+21=SFIN+12,K+21-SFIN+12,N+7)-SF(N+12,N+8) 
SFIK+4,N+71=SF(N+7,K+41*SIN+71/SIK+41 
SFIK+4.N+BI=S~IN+8'K+41*S(N+8)/S(K+4) 
SFIK+2'N+lll=S~IN+l1.K+21*SIN+ll)/SIK+2) 
SFIK+2,N+121=SFIN+12,K+2).SIN+121/sIK+2) 
SFIK+2'K+q)=IXIKI*H*SFIK+2,K+4)-SUM)/SIK+21 
SFIK+2,K+41=SFIK+2,K+QI-SFIK+2,N+11)-SFIK+2,N+12) 
SFIK+Q,K+2)=SFIK+2,K+41·SIK+2)/SIK+41 
DO 9 K=1,4 
IT=K+3 
IFIK.EG.4IlT=3 
IW=IK-ll*2 
SUM=O.O 
DO 10 1=102 
IK=IW+I 
lK6=IK+6 
SFII K6,ITI=AFICIIKI,ryIIKI,XIK)-BlrKI,XIKI-AIIKI,O.O,H,O.O,XIK+11) 
SUM=SUM+SIIK61*SFIIK6.ITI 
DO 10 J=I,2 
I~=J+IW+2 
IFIK.EG.41!M=J 
11.16=11.1+6 
SFIIK6'IM61=A~ICIIKI'DIJK)'XIKI-BCIKI'XIKI-AIIKI,C(IMI,D(IM),AIIMI 

I,B(IMI) 
SFII M6,IK61=SFIIK6,IM6)·SCIK61/SIIM6) 
DO 11 1=1,2 
IL=Iw+2+1 
IFIK.EG.4IIL=I 
IL6=Il+6 
SF(IL6,K+21=AFIC(!LI ,01 III ,AIILl 'RIILl ,O.O'H,II.O,XI,O) 
11'17=11'1+7 
IAC=Iw7+2 
IwL=K+3 
IFIK.NE.4)GO TO 12 
Iwl.=3 
IAC=7 

56a 

IK::K+2 
,SFII~7'I~L)=SFIIW7'T~ SFIIW7,IACI-SFIIW7'TAC+11 
'SF 111'17"'1.1 wLl =SF I 11'17+1' IWL) -SF I 11'17+1' lAC) -SF ( 1 «7+1' 'AC+1) 
SFIIAC.IKI=SF(IAC,IKI-SFIIAC,IW7)-SF(IAC,IW7+11 
SFIIAC+1.IKI=SFIIAC+1.IKI-SFIIAC+I,IW7)-SFIIAC+I.lw7+1) 
SFIIWl..IW71=SF(IW7.IWLI.SIIW7)/SCIWLI 
SFtIWL.IW7+11=SFllw7+1.IWLI.SllW7+11/SllWLI 
SFIIK.IACI=SFIIAC,IKI.SIIACI/SIIK) 
SFIIK,IAC+l)=SFIIAC+l.IKI.SIIAC+lI/S(IK) 
KAC=IK+l 
IFtK.EG.4IKAC=3 
SFIIK'KAC)=IXIK).H*SFIIK'KAC)-SU~)/SIIKI 
SFIIK,KACI=SFIIK,KACI-SFIIK.IACI-SFIIK.IAC+I) 
SFIKAC,IKI=SFIIK.KACI.SIIKI/SIKAC) 
NP=O 
DO 52 1=1.14 
IB=SFtI,l)·lOOO. 
IFII.EG.llHI=1 

,IFIIB.EG.OIr.O TO 52 
'NP=NP+l 
; IFILlNPI=I 
, CONTINUE 

DO 16 I=I.NP 
DO 16 J=1rNP 

. Nl=IFILt II 
NJ=IFILtJI 
VFII.JI::SFINI.NJI 
WRITE16.3071 
FOR~ATIIH 14X,44H ARRAY FOR SHAPE FACTORS FqOM Su~FACE M TO N/IH I 
WRITEI6,171II.I=I.NP) 
FORMATI4H M/N,15,1317) 
DO 18 1=I.NP 
WRITEI6.191II,IVFII.JI.J=1.NP») 
FORV,ATIIX,I2,IX.14F7.5) 
STOP 
END 

FUNCTION PFIAl,Bl,Cl,Dl,A2,ij2,C2,D2,GI 
THIS FUNCTION SUBPROGRAM CALCULATES THE SHAPE FACTOR FROM A 
PLANE RECTANGULAR SURFACE TO ANOTHER PAPALLEL PLANE 
RECTANGULAR SURFACE. 
S=IBI-All*ID1-C11 
IP=S*10. 
IFIIP.NE.OIGO TO 1 
PF=O.O 
RETURN 
F=FI161.Dl'~2.D2'GI-F1IRl.Dl.B2.C2.GI 

1-F1IBl.Dl.A2.D2.G)+FIIBl,Dl,A2,C2,GI 
2-FIIBl.Cl,62.D2.GI+FIIB1,C1.B2.C2,G) 
3+FIIB1.Cl.A2.D2.G)-FIIBI.Cl.A2,C2,GI 
4-FIIAl.Dl'B2.D2.GI+~IIAl.DI.B2.C2.G) 
5+FIIAl.Dl.A2.D2.GI-FlIA1,Dl,A2.C2,G) 
6+FIIAl.CI.B2.D2,G)-FIIAI,C1,B2,C2,GI 
7-FIIAl.Cl.A2,D2,GI+FlIAI,Cl,A2,C2,G) 

PF=F/13.1415927*SI 
RETURN 
END 
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FUNCTION FIIXl.Yl.X2·Y2.GI 
U=X2-Xl 
V=Y2-Yl 
UU=SGRTI G*G+U*UI 
VV=SGRTlG*G+V*VI 
ww=IG*G+u*U+V*VI/IG*G+V*VI 
FI=U*VV*ATANIU/VVI+V*UU*ATANIV/UUI-G*G*LOGlwWI/2. 
F1::FI/2. 
RETURN 
END 

FUNCTION AFIA1.Bl.Cl.Dl.A2.B2.C2.D21 
C THIS FUNCTION SUBPROGRA~ CALCULATES THE SHAPE FACTOR FROM A 
C PLANE RECTANGULAR SURFACE OF A ROOM TO ANOT~ER PERPENDICULAR 
C PLANE RECTANGULAR SURFACE. 

S=IBI-All*IDI-CI1 
IP=S*10. 
IFIIP.NE.OI GO TO 1 
AF=O.O 
RETURN 

1 F=F2(Al.Cl.A2.C21+F2(Bl.Dl.B2.D21 
I-F2IAl.Dl.B2.D21-F21~I.Dl.92.C21 
2+F2IAl.Dl.B2.C21-F2191.Dl.A2.D21 
3+F2IAl.Dl.A2.D21+F2IBl.Dl.A2.C21 
~-F2IAl.Dl.A2.C21-F2Ial.Cl.B2.D21 
5+F2IAl.Cl.B2.D21+F2IQl.Cl.B2.C21 
6-F2IAl.Cl.B2.C21+F2191.Cl.A2.D21 
7-F2IAl.Cl.A2.D21-F2IBl.Cl.A2.C21 
AF=F/13.1~15927*SI 
RETURN 
END 

FUNCTION F2IXl.Yl.X2.Y21 
U=X2-Xl 
V=Y1 **2+V2**2 
IFIABSIU**2+VI.LE.1.0E-71 GO TO 1 
GO TO 2 

1 F2=0.0 
GO TO 3 

2 IFIV.LE.l.0E-71 GO TO 4 
GO TO 5 

~ F2=.5*U**2*LOGIU**21 
GO TO 3 

5 F2=.S*IU**2-VI*LOGIU**2+VI+2*U*SGRTIVI*ATANIU/SGRT(VII 
3 F2=F2/~. 

RETURN 
END 
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LEGE"ID FOR RJ ;RRANGEMENT 

ASSUME WALL NO. 1 IS eN THE ROOM LENGTH 

M OR N 
1 CEILING 16.00 BY 12.00 
2 FLOOR 16.00 BY 12.00 
.3 WALL NO'1 16.00 BY 8.00 
~ WALL NO,2 12.00 BY 8.00 
5 WALL NO'3 16.00 BY 8.00 
6 WALL NO.~ 12.00 BY 8.00 

WINLJOWS OR DoORS A 13 C LJ 
7 WINDOW ON WALL 2 ~.oo 2.67 6.67 ',67 
8 WINDOw ON WALL 3 4.00 2.67 6.67 2.&7 

A - WINDOw HEIGHT 
B - WINDO~ wIDTH 
C - DISTANCE OF LEFT EDGE OF WINDOW TO LEFT WALL 
D - HEIGHT FROM FLOOR TO LOWER EDGE OF wINDOW 

ARRAY FOR SHAPE FACTORS FROM SURFACE M TO N 

MIN 1 2 .3 4 5 6 7 ~ 
1 .00000 .36~05 .18.326 .11766 .16504 .1.3~72 .01706 .01822 
2 • .36~05 .00000 .18~26 .12078 .1682~ .1.3~72 .01.39~ .01501 
3 .27~88 .27488 .00000 .12759 .15887 .1.3715 .00956 .01706 
~ .26~73 .27176 .19139 .00000 .16715 .09~6~ .00000 .0103.3 
5 .27006 .275.31 .17332 .12157 .onooo .1~066 .01909 .00000 
6 .269~4 .269~4 .18286 .08412 .17192 .00000 .01127 .01095 
7 .30709 .2~OB6 .11~68 .00000 .21001 .10144 .00000 .01592 
8 • .3279.3 .27026 .2047~ .08261 .00000 .09A53 .01592 .onoon 
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FIJ 1* 

An Algorithm for Calculating Radiation Shape Factors Between 
Attic Surfaces Where the Attic Has a Gabled Room 

ATTIC T 
ROOF FLOOR ROOF L 

(3) (I) (2 ) 1 
1--5 --1"" GABLE II-R-1 

Figure A-13 Definitions of Attic Enclosure 

~: 

* 

L = Length of attic floor 

W = Width of attic 

This section was contributed by B. A. Peavy and D. M. Burch, Thermal 
Engineering Systems Section, Center for Building Technology, National 
Bureau of Standards, Washington, D. C. 20234. 
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'The primary variables determined by this subroutine are: 
~. 

F
m

_
n 

An array giving radiation shape factors between 

the various inside surfaces of an attic with a 

gabled roof 

m, n = 1 attic floor (1) 

'. 

2 roof area (2) 

3 roof area (3) 

4 front gable (4) 

5 rear gable (5) 

Figure A-14 Radiation Heat Ex­
change Between Two 
Adjacent Surfaces 

a c 22 2 
X = b' Y = b' Z = X- + y- - 2XY cos ~ 
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'Ii Y Fl -2 = - sin42p {XY sin41 + (J - 41) cl- +;) 

+ ; -1 (X -Y COSP') + ~ -1 (Y -X cos$)l 
tan Y sin41 tan X sin~ J 

+ sin2~ {( 2 _ 1') In [(1 + ~) (1 + y2 n 
4 sin2~ 1 + Z2 J 

. _2 ry2 (1 + z2 ~~ 2 [1 + X
2

l 2 X} 
+ r 1n L (1 + y2) z J + X cos2~ln "i""+ZZ j + 2X- 1nzJ 

-1 (1) -1 (1) -1 (1) + Y tan y + X tan X - Z tan \Z 

2 ·2 
r--~-~ r -1 [Y (1 + A sin ~n sinP sin 2p X j 1 + X2 sin~ "I tan 1 + Xi _ xy cos~JJ + 2 , 

2 2) , Y j 2 2 r -1 rx (1 +" sin m .., I. d
A + cos~ J 1 + A sin ~ Ltan L1 + A2 - AX cos~_J o 

A is area of surface m m 

S 
L: F 
m=1 n-m 1 

Fn -m 

A F 
!L...!!l:!l 

An 
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(1) 

(2 ) 

(3) 

Calculation Sequence: 

1. X = R/L, Y = W/L, ~1 = cos -1 (~ +2~ - ;.) 

Compute F
l
_
2

, F
2

_
1 

[Equations (1) and (3)] 

2. If S = R, $2 ~1' Fl -3 = Fl -2 , F3- 1 = F2- 1 , skip stage 3 

-1 + S- - R • r:£ 
2 2, 

3. X = S/L, Y = W/L, 412 = cos 2WS) 

Compute F
l
-
3

, F
3

_1 [Equations (1) and (3)] 

4. X = S/L, Y = R/L, ~3 = n - ~1 - 412 

Compute F
2

-
3

, F
3

_
2 

[Equations (1) and (3)} 

S. F
m

-
4

, Fm-S' m = 1, 2, 3 [Equation (2)] 

6. F
4

-
m

, FS-m' m = 1, 2, 3 [Equation (3)] 

7. F4-S' FS-4 [Equation (2)] 
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Data: 

.t! 

An Algorithm for Approximating Inside Surface Heat Transfer 
Coefficients Tabulated in Table 1, Page 357 of the 1972 

ASlffiAE Handbook of Fundamentals 

IDIR: Heat flow direction index 

1 Upward 

2 45° upward 

IDIR = 3 Horizontal 

4 45 0 downward 

5 Downward 

e: Emittance of the surface 

IV: Moving air index (IV 0 corresponds to still air) 

Calculation Sequence: 

1. If IV = 0, FI = hc + 1.02*e 

where 

.712 _ 1 

• 682 2 

h .542 for IDIR = 3 c 

.402- 4 

.162 5 

2. If IV '" 0, FI = 2.0 Btu per (hr) (sq ft) (F) 
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Data: 

EQ 

An A1gorithm for Determining Outside Surface Heat Transfer 
Coefficient As a Function of Air Velocity and the Type 

of Surface Constructions 

V: Wind velocity, knots (Determined in CLIMATE) 

Wind direction (Determined in CLIMATE) : DIR: 

IS: Outside surface index 

1 Stucco 

2 Brick and rough plaster 

3 Concrete 
IS 

4 Clear pine 

5 - Smooth plaster 

6 Glass, white paint on pine 

WA: Wall azimuth angle, degree 

calculation Sequence: 

1 • Conversion of the unit of wind velocity from knots into mph 

V' = 1.15~V 

2. Outside surface heat transfer coefficient 

FO = A*(V'**2) + B*V' + C 

where A, B and C are given in Table A-8 
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Table A-B 

Value of Coefficients For Calculation 
of Outside Heat Transfer Coefficient 

IS A B C 

1 0.0 0.464 2.04 

2 0.001 0.320 2.20 

3 0.0 0.330 1.90 

4 -0.002 0.315 1.45 

5 0.0 0.244 1.BO 

6 -0.00l25 0.262 1.45 

3. Relative wind direction to the wall surface 

RWD = WA + lBO - DIR 

If I RWD I > lBO, RWD = 360 - RWD 

4. Conversion of the unit of wind velocity into m per sec 

VV = 0.51479*V 

5. Air velocity close to wall surface 

If I RWD I < 90 (windward) 

VC = 0.25*VV for VV > 2 

VC = 0.5 for VV ~ 2 

If I RWD I ? 90 (leeward) 

·VC = 0.3 + 0.05*VV 
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6. Convection component of the outside surface heat transfer 

coefficient 

FOC = 3.2 &k «VC)-k.kO.605)* 

rhis equation was derived by K. Kimura based upon the recent data pub­
lished in Reference 6. 
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Data: 

ACR* 

An Algorithm for Determining Thermal Resistance 
Across the Air Cavity in Walls and Roofs 

DT: Temperature difference across the air space, F 

L: Thickness of the air space, in. 

IDIR: Heat flow direction index 

1 upward 

2 45° upward 

IDIR = 3 horizontal 

4 45° downward 

5 downward 

E1 , Ea: Emittance of the surfaces facing the air cavity 

ATC: Average temperature of the air cavity, F 

Calculation Sequence: 

* 

1. Let x = Log (DT1r (1M-3 » 
Then using the values for AO' A1, ~, A

3
, and A4 which are 

given in Table A-9,ca1culate 

*/ y = AO + A1 * x + ~ * (x ** 2) + A3 * (x ** 3) + A4 * (x ** 4 r 

This polynomial has been derived to represent experimental data pre­
sented in Figure 6 of Reference 7 and shown here in Figure A-15. 
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Table A-9 VALUES of AO' A1, ~, A3, and A4 FOR CALCULATION OF 

RESISTANCE ACROSS THE AIR SPACE 

Range of DT* (1.**3) 

All the range 

1 -::: DT* (1.**3) S 10 
10 < DT* (1.**3) s 100 
00 < DT* (1.**3) 

1 S DT*(1.**3) S 10 
10 < DT* (1.**3) S 100 
00 < DT* (L**3) 

1 < DT*(1.**3} S 10 
10 < DT* (1.**3) S 100 
00 < DT* (1.**3) 

1 < DT*(1.**3} S 10 
10 < DT* (1.**3) 

2. Let z = Exp (y) 

If z > 0.3 

If 0.2 S z S 0.3 

If z < 0.2 

AO A1 ~ A3 A4 

-1.5904 0.2824 0.0 0.0 0.0 

-1.7125 0.0875 0.2437 -0.0420 0.0 
-1.8546 0.3124 0.0 0.0 0.0 
-1.7380 0.2910 0.0 0.0 0.0 

-1.7410 0.0331 0.0198 -0.0146 0.0 
1.0460 3.4660 1.5482 -0.2669 0.01673 

-0.2141 0.6577 0.1693 -0.0095 0.0 

-1.7420 0.0163 -0.0409 0.0204 0.0 
-6.5410 5.5710 -2.3690 0.4467 -0.0300 
-0.1914 6.1610 -1.3390 0.1339 -0.0050 

-1.770 0.0 0.0 0.0 0.0 
-1.745 . 0.0028 0.0029 0.0008 0.0 

h = z * (1 - 0.001 * (DT-50»/L c 

h = z * (1 + 0.00035 * (DT-50})/L c 

h = z * (1 + 0.0017 * (DT-50»/L 
c 

3. hr = 0.00686 * «(ATC + 460)/100) ** 3)* 

4. RES = l/(hc + (l/(l/El + l/Ea - 1)} * hr } 

This polynomial has been derived to represent the curve presented in 
Figure 5 of Reference 7 and shown here in Figure A-16. 

69a 



2 
" I-o 
'6 
.... 
p 

" 

.5 2.' 

2. .0 

5 

,9 o 
o 
o. 
.0 
o. 

B 

1.6 

1.5 

o . .4 

O. 3 "" 

DIRE _ ...... _ .. -.~ ..... ..... ~ .. .. - =, 
U 

i,~ 
~ l~ 

u 

VI..; d5~ 
V 

..... 

" I 

3 
D 

>. 02 ~5 ~~ 

G: 
0> ... 
:s 

(\J ... ... 
.c. 
"­
::I 

iD ... .c. 

~O _ i.oo' 5 
CONDUCTION 

ClflLY, 
I 

" 
0.21 

O. 

°1 
II 

23456810 20 304050 80100 200 400 1000 2000 6 C 
0.1 

DT*L**3 

Figure A-15 Convection-Conduction Coefficient for Heat 
Transfer Across an Air Space for Five Ori­
entations of the Air Space and Directions 
of Heat Flow 
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Figure A-16 Linear Radiation Coefficient for Heat Transfer 
Across an Air Space for a Radiation Interchange 
Factor 
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A Description of the Calculation Procedure for Transient 
Heat Conduction Using Conduction Transfer Functions 

Conduction transfer functions are used widely and considered as a 

convenient and effective tool for the evaluation of transient heat trans-

fer in building construction components. The conventional steady state 

heat transfer equation for calculating heat loss: 

Q = U * (Ta - To) (1) 

where 

U: overall heat transfer coefficient of roof or wall 

Ta: inside air temperature 

To: outside air temperature 

is not sufficient for evaluating transient heat transfer. This equation 

becomes invalid because the outdoor temperature To usually varies as af­

fected by solar radiation, cloud cover and wind effect. The effect of 

the rapid change of the outdoor temperature will not be accounted for un-

less the structure is extremely lightweight, such as galvanized steel • 

Approximate calculation for a more accurate determination of the in-

stantaneous heat transfer can be made by replacing Ta - To of equation 

(1) by a Total Equivalent Temperature Difference (TETD) which is usually 

precalculated for typical building construction components and takes into 

account the thermal storage effect. Although very useful, the TETD con-

cept is only valid when the outside temperature To undergoes steady peri­

odic changes. The TETD concept is therefore especially useful computing 

design heat transfer rates for the building wh'ere very warm or very cold 
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conditions are assumed to occur for several successive .,ys. 

A more accurate formulation for conduction heat transfer from a ro~ 

to randomly fluctuating outdoor conditions is to use the hourly history 

of temperatures in conjunction with Conduction Transfer Functions (CTF). 

For example, in calculating the energy transfer from a room at an inside 

surface, the equation would be: 

N N 
Q E X.*T - E Y.*T . + fu!rQ 
i,t '-0 J a,t-J '-0 J o,t-J t-l J- J-

(2 ) 

where X
j

, Y
j 

(for j = 0, 1, 2 ••• N), and R are the Conduction Transfer 

Functions. In equation (2), T t . and T t . represent outdoor and room 
0, -J a, -J 

air temperatures respectively at jth hour prior to the time for which the 

value of Qt is needed. And Qt-l is the heat loss Qt' from the room at 

the previous hour. By having a record of To,t-l' To ,t-2' To ,t-3 

T t .; and Ttl' T t 2 ••• T .; it is possible to determine the 
0, -J a, - a, - a,t-J 

instantaneous conduction transfer, provided that the values for X. and 
J 

Y., and R are available. 
J 

The number of terms involved for the calculation of Qt (or the value 

of N in equation (2» depends upon the type of roof or wall construction. 

Generally heavy. constructions require a large value, although for most 

conventional constructions, it seldom exceeds 20. Stephenson amd Mitalas! 

have shown that the value of N can be further decreased by employing more 

than one past record of Qt (or Qt-j with j being more than 1) in the fol­

lowing manner: 
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N' N' 

Qi,t E A *T - E B *T . 0 j a,t-j . 0 j o,t-j 
J= J= 

N 

E DtQi,t-j 
j=l 

(3) 

where A., B., and D. are the Modified Conduction Transfer Functions ac-
J J J 

8/ cording to Stephenson and Mitalas-. Table A-lO gives values of Conduc-

tion Transfer Functions calculated for a brick wall having an overall heat 

transfer coefficient of 0.418. In this table, the factors designated by 

Zj and C
j 

are the additional transfer function to be used for evaluating 

the instantaneous heat loss Q t at the exterior side of the structure. 
0, . 

The applicable equations for this side of the structure are then: 

N N 
Q = E Y.*T - E Z .*T + R*Q . 
o,t '-0 J a,t-j '-0 J o,t-j o,t-l 

J- J-

(4) 

or 
N' N' N' 
E B *T - E C *T . - E D .*Q (5) 
j=O j a,t-j j=O j o,t-J j=l J o,t-j Qo,t 

The table also shows that for the calculation of Q t the use of Stephen-0, 

son type transfer functions would permit the reduction of N from 10 to 

N' 4 with a corresponding increase of three terms in the past record 

of Qo,t" 
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Table A-10 

Construction Data Thermal 
Thermal Specific Resistance 

Thickness Conductivity Density Heat sq ft hr 
(f) Btuh/ft lb/ft3 Btu/lb of F/Btu Inside 

Surface 

4-in com­
mon brick 

4-in face 
brick 

Outside 
surface 

0.000 

0.333 

0.333 

0.000 

Time increment: 1 hour 

.420 100.42 

.770 125.00 

Overall heat transfer coefficient U = 0.418 

.830 

.220 .793 

.220 0.432 

.330 

2.385 

~: 
NL: Number of layers to be considered for the analysis 

of a given structure: the number of layers should 

include surface resistance or air cavity resistance 

if they contribute significantly to the overall heat 

transfer of that particular structure 

Ki : Thermal conductivity of i-th layer in Btu per (hr) 

(ft) (F). This value is not needed for air cavi-

ties or for the surface resistance layers. 

Pi: Density of i-th layer in Ib per (cu. ft). This 

value is not needed for air cavities or for the 

Conduction Transfer Functions (CTF) surface resistance layers. 

j x. Y
j 

z. 
J J 

0 .9194 .0001 1.9833 
1 -.9391 .0080 -2.1785 
2 • 0606 .0243 .1983 
3 .0153 .0186 .0387 
4 .006l .0090 .0144 
5 .0026 .0039 .0060 
6 .0011 .0017 .0026 
7 .0005 .0007 .0011 
8 • 0002 .0003 . .0005 
9 .0001 .0001 .0002 

10 .0000 .0001 .0001 

Stephenson Type Transfer Functions 

j Aj B
j 

C. 
J 

0 0.9194 0.0001 1.9833 
1 -1.4128 0.0079 -3.2002 
2 0.5785 0.0202 1.3942 
3 -0.0511 0.0064 -0.1448 
4 0.0007 0.0002 0.0024 
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R 

0.8398 

D
j 

1.000 
-1.3552 

0.4699 
0.0315 
0.0002 

Ci : Specific heat of i-th layer material in Btu per 

(lb) (F). This value is not needed for air cavi-

ties or for the surface resistance layers • 

Li : Thickness of the i-th layer in ft.· This value 

is not needed for the air cavities or for the 

surface resistance layers • 

RES.: Thermal resistance of air cavities and surface 
1. 

resistance layers in (hr) (sq ft) (F) per Btu. 

This value is not needed whenever all of the 

remaining values such as Ki , Pi' Ci and Li are 

given. 
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DT: Time increment for the conduction transfer runctions 

in hr (usually one hour for the building heat trans-

fer calcu~ations) 

Subscript i refers to i-th layer and it'varies from 1 

to NL. 

The sequence of inputing the above property values for each layer 

is very important and must be consistent with the particular convention 

adopted for the specific calculation routine. The sequence must follow 

in order from the inside layer to the outside layer or vice versa. It 

should be noted that the inclusion of the surface thermal resistance as 

independenc layers is optional depending upon the end use of the conduc-

tion transfer functions. If the inside surface temperature is to be com-

puted as a balance of all the heat flow involved at that surface, the 

thermal resistance of the inside surface should not be included in the 

calculation of the conduction transfer functions. The same comment ap-

plies for the outside surface. 

An algorithm for the calculation of the conduction heat transfer 

functions will not be given here, since it involves lengthy mathematical 

solutions to the standard transient heat conduction differential equa-

tion. 

tion. 

Reference (9) provides an excellent background for this calcula-

10 111 Several computer programs~ are available for the calculatior 

of conduction transfer functions for multi-layer walls, roofs and floor 

constructions. The program developed by the National Research Council 

of Canada lOI requires the layer input to be placed in order from outside 

toward inside. It calculates the Stephenson type conduction transfer 
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• '. . 111 
Eunctions directly. The .Jgram of the National Bureau of Standards-
, 
~ ~~uiresthe input to be placed from the inside layer first and calcu-

~ w • iates the conductio~transfer functions of plane, cylindrical and spheri-

Cal walls •. It also calculates the transfer functions for solid objects 

~ of plane, cylindrical and spherical shapes as well as the heat conduction 

.systems involving semi-infinite solids, approximated by basement floors 

and underground constructions. 

Under non-steady heat conduction, the heat lost from one side of a 

surface is not equal to the rate of heat entry at another side. Equations 
cY0 

(2) and (3), however, must be valid also for the steady state heat trans­
~: 

fer problems. 
One of the best ways to check the consistency of the con-

duction transfer functions is to use them in the solution of steady state 

problems and see if the following criteria is met: The room side surface 

temperature and the outdoor side surface temperature are maintained con-

stant for many hours so that 

TOS
t 

= TOS
t

_l = ...... TOS
t

_
N 

TIS
t 

= TIS
t

_l = ...... TIS
t

_
N 

QIt = QOt = QOt-l = QIt - l 

Thus 
Ii N 

QOt TlSt*t Y j - TOSt*t Z j + R*Q0t 

N N 
QI

t 
= TlSt*t Xj - TOSt*t Yj + R*QIt 

In order to satisfy these two equations simultaneously, it is necessary 

that 
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N N N 
I: Xj I:Yj=t Zj Uk (1 - R) 

In fact, the conduction transfer functions of the sample wall shown in 

Table A-10 can be shown to satisfy this requirement 

t Xj t Y
j t Zj 0.0668 

and 

Uk (1 - R) 0.418*(1 - 0.8398) 0.0669 
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An Algorithm for Calculating Transient Heat Conduction 
_. ______ Through Opaque Walls or Roofs Using Conduction Transfer Functions 

~: 

x., Y. and Z. got j = 0, 1,2, ••• N: 
J J J 

Conduction trans-

fer functions in Btu per (hr) (sq ft), (Calculated 

as outlined in XYZ for the system that excludes the 

inside and outside heat resistance layers) 

R: Common ratio of the response factors X', y' and Z'* 

(Calculated as outlined in XYZ), 

x' Y~ Z! 
= j+l = -1±l = -1±l for j ~ N 

R X' y' Z~ 
j j J 

N: Number of the significant terms to be used for the 

conduction heat transfer calculation, (Calculated 

as outlined in XYZ) 

FOt : Outside surface heat transfer coefficient at time 

t, Btu per (hr) (sq ft) (F) 

ITt: Total solar radiation intensity on the outside sur­

face at. time t, Btu per (hr) (sq ft), (Calculated 

in SOLAD) 

x = X, - R*X. 
j j J-l 

Y. = Y! - R*Y! 
J J J-l 

~ Zj = Zj - R*Zj_l 
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TISt _j : History of inside surface temperature at times t-I, 

t-2, ••• and (t-N)th hour, F 

TOSt _j : History of outside surface temperature at times t-l, 

t-2, t-3, ••• and (t-N)th hour, F 

DBt : Outdoor air dry-bulb temperature at time t, F 

REATt _l : Heat loss at the interior surface to the outdoor en-

vironment at the previous hour, Btu per (hr) (~ ft) 

QO~_l: Heat loss at the exterior surface to the outdoor en-

vironment at the previous hour, Btu per (hr)(sq ft) 

a: Solar absorption coefficient at the exterior surface 

a: Cosine of the angle subtended by a vertical line and 

the surface normal (Calculated in SUN) 

TCt : Total cloud amount (Calculated in CLIMATE) 

TM: A reference temperature (usually the inside design 

temperature), F 

Calculation Sequence: 

A. Exterior walls and roof 

1. The heat balance equation at the exterior surface is given by 

QR' + QA + QO - QS = 0 t· t t t 

where 

a) Incident solar radiation 

.QRt = a*ITt 

b) Convection heat transfer from the outdoor air 

QAt = FOt*(DBt - TOSt ) 
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c) Conductiohneat flow from the inside surface 

N N 
QOt = I: Y.*(TISt .-TM) - I: Z.*(TOS -TM) 

j=O J -J j=O J t-j 

+ R:kQOt_t 

d) Heat loss to the sky 

QS = 2*CJIk (lO-TC )** 
t t 

2. Let 
N 

SUMI = I: Y.*(TISt_·-TM) + CR~Ot_l 
j=O J J 

N 
SUM2 = I: Z.* (TOS . -TN) 

j=l J t-J 

3. Outside surface temperature 

TOSt = (QRt - QSt + FOt*DBt + SUMl - SUM2 + ZO*TM)/(FOt + ZO) 

4. Using this new TOS
t

, the heat loss at the interior surface is 

then determined as follows: 

N N 
REAT

t 
= t X.*(TISt _. - TM) - I: Yj*(TOSt _. - TM) 

j=O J J j=O J 

+ R*REAT
t

_l 

Throughout this discussion a value of TM is always subtracted from 
the interior surface and exterior surface temperatures. This sub­
traction usually helps to minimize the digital errors which occur 
and are sometimes significant when a large number of numerical data 
are multiplied and added. Since N N • the net effect of 
the subtraction is zero. I: X. = t Yj j=O J j=O 

This expression was developed to yield a roof sky radiation of 20 Btu 
per (hr) (sq ft) for a cloudless condition, which was reported in Ref­
erence (12). 
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Figure A-17 Transient Heat Transfer in a Typical Roof 
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w yer 
No. L(I) 

1 o. 

2 .167 

3 .333 

4 .031 

5 • 042 

j 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Table A-11 

Description 
K(I) p (I) C(I) RES (I) of Layers 

o. O. O. 2.04 Suspended Ceiling 

• 025 13 . • 320 O • 2-in. Insulation 

1.000 140. • 200 O • 4-in. Concrete 

• 110 70 . • 400 O • 3/4-in. Felt 

.830 55 • • 400 O • 1/2-in. Pitch Slag 

Time Increment DT = 1. 

Conduction Transfer Functions 

Xj Y. Zj R 
J 

.21934 .00011 3.30513 .78793 

-.25485 .00501+ -4.27082 

.04650 .01060 .97885 

.00857 .00493 .00808 

.00224 .00140 .00104 

.00059 .00037 .00024 

.00016 .00010 .00006 

.00004 .00003 .00002 

.00001 .00001 .00000 

.00000 .00000 .00000 
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Figure A-17 shows the energy balance that is l. .. .rolyed in the 

above calculation sequence and the results of a typical calcu-

lation. Table A-II gives the conduction transfer functions 

for the roof used in the calculations. 

B. Interior walls and floor/ceiling sandwich 

The calculation sequence for the partition wall and floor/ceiling 

sandwich is completely different from that of the exterior wall or 

roof. The difference is due to the fact that the air temperature at 

the exterior side of the construction can be assumed the same as at 

the interior side, at least for a climate controlled building. In 

order to take advantage of this fact, conduction transfer functions 

should be determined with the surface thermal resistance layer added 

at the exterior side of the structure. The heat loss through a par­

tition wall is then calculated by 

N N 
HEATt I: Xj* (TIt _ 0 - TM) - I: Yj* (TA

t
_ 0 - TM) + R*HEAT

t
_

l j=O J j=O J 

where TA
t

_
j room temperature at time (t-j)th hour 

If the room temperature were maintained constant at TM, which is usu-

ally the case, the terms involving the Yo's would then drop out of 
J 

the equation. 

C. Slab on grade floor 

The heat loss to the ground through the floor on grade can be 

calculated by using conduction transfer functions determined on the 

basis of flooring, concrete, and 12 inches of ground layer 
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N N 
HEATt I: Xo*(Tlt _j - TM) - I: Yj*(TG - TM) + R*HEAT

t
_

l j=O J j=O 

Since usually TG is constant and 

then 

N 

N 
I: Y 
j=O j 

U
G
* (1 - R), 

HEATt = I: Xo*(TIt _j - TM) - UG*(l - R)*(TG-TM) + R*HEATt _l j=O J ' 

The same method is applicable to a floor with a crawl space as long 

as the space is not vented. The conduction transfer functions for 

the floor with an unvented crawl space simply has an additional air 

resistance layer to account for the dead air space between the floor 

and the ground. In many cases it is safe to assume that TG TM, 

and then the term involving UG would drop out of the equation. 

D. Floor over the vented crawl space 

The floor over a vented crawl space can be treated in the same 

manner as an exterior wall or roof except that the solar radiation 

and sky radiation terms would not be included in the energy balance 

and that the outside surface heat transfer coefficient is replaced 

by a value similar in magnitude to the inside surface heat transfer 

coefficient. If the conduction transfer functions include the out-

side surface heat transfer resistance, the calculation is simply 

N N 
HEATt I: Xj* (TIt _ 0 - TM) - I: Yj* (DBt _ 0 - TM) + ~HEATt_'l 

j=O J j=O J 
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~: 

SCHEDULE 

An Algorithm to Determine Heat Gains From Lighting, 
Equipment, Occupancy and Ventilation 

1. Normalized 24 hour profiles (j = 1, 2, 3 '" 24) of opera­

tional schedules for weekdays (i = 1) and weekends and hol­

idays (i = 2) are given for lighting, equipment use, occu-

2. 

pancy, ventilation, indoor ~emperature setting, and humidity 

setting as follows: 

QLITEi .: Lighting schedules (fraction of some maxi­,J 

mum) 

QEQUPi .: Equipment use schedules (fraction of some ,J 

maximum) 

QOCUP .. : Occupancy schedule (fraction of some maxi­L,J 

mum) 

QVENTi .: Ventilation fan operating schedule (frac­,J 

tion of some maximum) 

ROOMDB. j: Space thermostat setting schedule L, . 

ROOMRH. j: Space humidistat setting schedule L, 

Maximum values of the parameters to be used with the sched­

ules 

QLITX: Maximum electric power demand for lighting 

for the 24 hour period 

QEQUPX: Maximum electric power demand for appli-

ances for the 24 hour period, KW 
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QOCUPX: Maximum number of equivalent sedentary 

adult occupants during the 24 hour peri-

od 

QVENTX: Maximum amount of ventilation air supply 

during the 24 hour period, cu. ft per min. 

QHl'WTX: Maximum amount of hot water demand during 

the 24 hour period, gallons per hour 

3. YEAR, MONTH AND DAY 

4. 

These data are needed to determine whether the day is a week-

day, weekend, or holiday, and whether the day falls within day-

light savings time. 

QOS(TA): Sensible heat loss of a sedentary adult at 

the room temperature TA, Btu per (hr) (oc-

cupant) 

QOL(TA): Latent heat loss of a sedentary adult at 

the room temperature TA, Btu per (hr) (oc-

cupant) 

WO(DB,WB): Humidity ratio of the outdoor air for a 

given outdoor air dry-bulb and wet-bulb 

temperature, Ib of water vapor per (lb of 

dry air) 

WI(TA,WGA): Humidity ratio of the indoor air for a 

given dry-bulb temperature and wet-bulb 

temperature, Ib of water vapor per (lb of 

dry air) 
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QWT: Heat needed to generate one gallon of hot 

water, Btu per gallon of water 

Calculation Sequence: 

1. 

2. 

3. 

4. 

5. 

6. 

Determine the weekday indicator IWK from WKDAY 

Determine the holiday indicator IHOL from HOLDAY 

If IWK = I or 7 i = 2 

If IHOL = I i 2 

Otherwise i = 1 

Heat generated from lights (for j 

QS .. = QLITX*34l3*QLITE
i 

. 
~,J ,J 

1 ••• 24), Btu per hr 

Heat generated from equipment and occupants, Btu per hr 

(for j = l, 2 '" 24) 

Sensible heat 

QS. '. = QEQUPX*3413*QEQUPi j + QOCUPX*QOS (TA}*QOCUP
i 

. 
~,J , ,J 

Latent heat 

QL. j = QOCUPX*QOL(TA)*QOCUP .. * 
~, ~,J 

Heat gain due to ventilation air, Btu per hr 

Sensible heat 

LEAK .. = QVENTX*C *60ir(DB. - ROOMDB .. )*QVENT
i 

.*p 
~,J P J ~,J ,J 

Latent heat 

Determine WI. from PSY using ROOMDB
i 

. and ROOMRH. j 
- J ,J~, 

LEAK. ~ = QVENTX**6Ok(WO
j 

- WI.>*1060irQVENT
i 

j*P 
~,J J, 

C and p on this page depict specific heat and density of P 

air in the English units. 
-*------------.----- . 

It has been assumed that there is no latent portion of the equipment 
heat gain. There can be exceptions to this. 
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Fundament~ of Room Temperature and Cooling 
(Heating) Load Calculations 

The basic energy transfer process that occurs in a room can best be 

iilustrated by an electrical circuit network as shown in Figure A-18. 

%he figure represents the phenomenon in a typical room qaving two exte­

¥ior walls, each of which contains a window, and two interior partition 

walls, in addition to the roof and floor (see Figure A-l9). Heat conduc­

:~ion paths through the walls, roof, and floor are depicted by resistance 

w-
'and capacitance circuits and these through windows are represented by re­
~ 
~ 

~~stance circuits, implying that the windows do not have significant ther-· 

mal mass. Points TSl through TS8 in Figure A-lS indicate interior sur­

faces of the walls, roof, floor and windows, all of which receive con­

duction heat through solid material, solar radiation (represented by 

~ q) through transparent surface and long wavelength radiation from 

'other solid surfaces indicated by solid lines connecting the surface 

nodes; and they lose heat to the room air (represented by a point called 

TA) by the convection process (dashed lines). 

At the top of Figure A-1S, the radiation heat exchange between the 

-room surfaces, the surfaces of lighting fixtures, equipment such as busi­

.-ness machines, and occupants is depicted. Also indicated in this same 

location is the convective heat exchange betWeen these items and the 

_room air. Actual heat or power input to these internal heat sources are 

indicated by SQ. Although not indicated in this figure, it is possi­

" ble to represent the conduction heat gain from the inner core of light-

:, ing fixtures and equipment if they have sufficient thermal mass. This 

equipment could of course include the unit heaters or air conditioners 
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Figure A-IS Analogous Electric Circuit for Heat Exchange 
Process in a Room 
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if they are the part of the room heat exchange system. .. room air 

changes energy with outdoor air or with the conditioned air from the 

central climate control system (or the forced ventilation system) and 

is depicted in this figure by lines TsTa and ToTa. The heat exchange 

at the exterior surfaces with outdoor air, sky and sun (except for the 

partition walls and floor on grade) are also indicated using a normal 

design calculation procedure, the temperature or heat flow at the ex-

terior sides of the room surfaces are usually available either by cal-

culation or as input data. The exception occurs when two or more rooms 

adjacent one another are treated simultaneously. This latter case is 

commonly referred to as a "multi-room problem" and is very complex. 

No satisfactory solution for this case is presently available. 

This electrical network problem can be solved and the correspond-

ing calculation algorithm is called RMTMP (given in the following sec-

tion). The solution can be obtained in two different modes: room tem-

perature calculation mode or the room load calculation mode. The room 

temperature calculation mode requires the simultaneous solution of heat 

balance equations in order to determine all the surface temperatures to-

gether with the air temperature. On the other hand, the room cooling 

load calculation mode requires that the room temperature be prescribed 

and only the room surface temperatures are solved for. The convective 

heat exchange between the room air and the heat emitting surfaces is 

then the cooling load (or the heating load if the heat is lost to the 

surfaces). These two modes of computation can be combined to simulate 

the actual thermal behavior of a room and its environment where the 

temperature fluctuates. The floating temperature would. be calculated 
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~as long as it remained ~ ~een prescribed limits. A heating load would 
~ . 

tbe computed when the room temperature fell to the lower limit and a cool-
~ 
~; ring load would be calculated when the temperature rose to the upper limit. 
~~ 

.' !In this manner, the calculation of load and subsequent energy requirement 

~, !would more closely correspond to actual building and system operation. , 
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~ 

An Algorithm to Calculate Thermal Load or Room Temperature 

This routine calculates heating and cooling loads or room tempera-

ture by solving heat balance equations involving each of the room sUr-

faces. A room surface receives conduction heat flow through the solid 

wall, roof or floor material from behind, convection heat flow from the 

air and radiation heat flow from other surfaces and internal heat source 

such as occupants, equipment and lighting fixtures. 

~: 

NS: Total number of heat transfer surfaces contributing 

to the room heat balance 

Si: Area of i-th heat transfer surface, sq ft, where 

i = 1, 2, 3, •.• NS 

x .. , Y •• and Z •• : 
~,J ~,J ~,J 

Where i 1, 2, 3, ••• NS 

j 1, 2, Ni 

Conduction transfer functions of i-th surface in 

Btu per (hr) (sq ft) ••• (Calculated in XYZ). 

These conduction transfer functions are usually 

evaluated without the interior or room side sur-

face thermal resistance. The thermal resistance 

layer of exterior surface is also omitted if the 

exterior surface temperature" is to be computed as 

a result of a heat balance involving solar radia-
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* 

N. : 
~ 

R. : 
~ 

TOS *. i,t-j • 

TISi,t_j: 

TAt: 

tion, sky radiation and convective loss to the 

outdoor air. 

Number of conduction transfer function terms to 

be used for the calculation of the i-th surface 

donduction heat gain 

Common ratio for the conduction transfer function 

of the i-th surface 

for i = 1, 2, 3, ••• NS and j = 0, 1, 2, ••• Ni 

Outside surface temperature history from present 

hour to that of Ni hours ago for i-th surface, F. 

(This information is available from HEATW routine.) 

for i = 1, 2, 3, ••• NS and j = 1, 2, 3, ••• Ni 

Inside surface temperature history from one hour 

ago to Ni hours ago for i-th surface, F. The 

present value (for j = 0) will be computed in 

this routine and stored for future use. 

Air temperature of the room at time t, F 

DB
t

: Outdoor air temperature at time t, F 

TS
t

: 
Supply air temperature from the central system 

at time t, F 

Hi: 
Inside surface convection heat transfer coeffi-

cient for i-th surface, Btu per (hr) (sq ft) (F) 

Subscript t refers to the present time t and t-j refers to the present 

time minus j hours. 
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F. k: Radiation heat exchange view factor betweeI •• ne i-th 
1, 

surface and k-th surface 

Fi k Fk it = 0 , , 

Ei : Emissivity of the i-th surface 

Ri,t Radiant heat flux impinging upon i-th surface at time 

t from various sources, which include solar radiation, 

radiation from lights, occupants and equipment, Btu 

per (hr) (sq ft) 

Qi,t: Heat conducted into i-th surface at time t, Btu per 

(hr) (sq ft) 

GL
t

: Mass air flow rate due to air leakage at time t, lb per 

hr 

GS
t

: Mass air flow rate of the supply air from the central 

system at time t, lb per hr 

QEQUP: Internal heat generated from equipment such as business 

machines and computers, Btu per hr 

QOCPS: Internal heat (sensible) generated from occupants, (a 

function of room air temperature}, Btu per hr 

QLITE: Heat from lights, Btu per hr 

RE: Fraction of internal heat gain from equipment that can 

be assumed to be convective 

RO: Fraction of internal heat gain from occupants that, can 

be assumed to be convective 

RL: Fraction of heat gain from lights that can be assumed 

to be convective 
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SHGi,t Solar inc dnt radiation on i-th surface at time t, 

Btu per (hr) (sq ft) 

~lculation Sequence: 

1. Heat balance equation at the i-th surface at time t 

Qi,t 

where 

Ri,t 

Ni 
~ X • * TIS. -
j=O i,] 1,t-j 

Ni 
~ y 
j=O i,j 

NS 

* TOSi,t_j + lii * Qi,t-l 

H. * (TAt - TISi t) + ~ Gi k * (TlSk t - TISi t) + Ri t 
1 • k=l' , , , 

Gi,k = 4 * Ei * Fi,k * (TAt + 460)** 3 * 0.1714 * 10 ** -8 

SHGi + 
,t 

«l-RE}kgB)UP + (l-RO}kQOCPS + (l-RL}k9LITE) 
N 

s 
~ Si 
i=l 

2. Heat balance for the room air 

N 
s 
~ 
i=l 

Si * (TISi,t - TAt) + GLt * Cp * (DB - TAt) + GSt * Cp * 

(TS
t 

- TAt) + QEQUP * RE + QOCPS * RO + QLITE * RL = 0 

where C is the specific heat of air in Btu per (lb) (F) p , 

The values of GS
t 

and TS
t

, supply air flow rate and its tempera­

ture, are the link between the load calculation and the system 

simulation. (More detailed explanation of this aspect is given 

in the final portion of this section.) 
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3. Assigning matrix elements for i 1,2,3, ••• __ and for 

k 1, 2, 3, ••• NS 

NS 
Ai i = Xi 1 + Hi + 1: Gi k 

, , k=l' 

A -G = A. =-G i,k i,k -K,i k,i 

Ai,NS+l = -Hi 

Ni Ni 
B = -1: X * TIS + 1: Y • * TOS - R * Q + R. 

i j=l i,j i,t-j j=O i,J i,t-j i,t-l L, 

~S+l,k = Sk * ~ 

NS 
~S+l NS+l = -(GLt + GSt ) * C - 1: ~ * Sk 

, P ~l 

BNS+l = -QEQUP*RE + -QOCPS*RO - QLITE*RL - GLt*Cp*DBt - GSt*Cp*TSt 

4. Using these matrix elements, the following NS+l equation 

should be solved simultaneously for TISi,t (i 1, 2, ••• 

NS) and for TAt 

Al,l 

~,l 

~S,l 

~S+l,l 

5. 

Al,l 

~,l 

~S,l 

* 

/ TIS." l - -. 
Al ,2 Al,NS+l I Bl 

~,2 ~,NS+l TIS2 B2 ,t 

* 

~S,2 ,""S,NS+' J l TI~S"J ~S 

~S+l,2 ~S+l,NS+l TAt BNS+l 

When the value of TAt has been specified, as in the case of 

a controlled condition, the following NS equations should be 

solved instead of the NS+l equations given above 

Al 2 Al,NS 

1 
TIS1,t , 

~,2 ~,NS TIS2 ,t 

* 

~S,2 ~S,NS T~S,t 

where 

B'i Bi - Ai,NS+l * TAt 

.... 
B' 

1 

B' 2 

, 
BNS ....I 

Remark: The matrix type solution is not required if it is assumed 
that 

NS 
~=l Gi,k * (TISk,t - TISi,t) HR.* (TAt - TISi,t) 

or 

98& Ai,k 0 when i '" k 
99& 

* 
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6. calculate the sensible load by 

N 
s 

QLS = t Si * (TISi t - TAt) + GLt * C * (DBt - TAt) 
t i=l' P 

+ Q~UP * RE + QOCPS * RO + QLITE * RL 

In this expression, QL is a cooling load if positive and 

it is a heating load if negative. This is the heat picked 

up by the room air (or that lost by the room air) which 

has to be removed (or added) by the central air condition-

ing system. 

Note that for ordinary load calculations, GSt and TSt are 

not used as long as the following condition is satisfied: 

I QLSt I ~ I GSt * Cp * (TAt - TSt ) I ... Maximum capacity 

of the heating or cooling system 

In other words, the desired or prescribed room temperature 

can be maintained as long as the calculated load is less 

than the maximum capacity of the central system. When the 

above condition is not satisfied because of the inadequate 

values for either the air supply rate or the supply air 

temperature, the room temperature used for the load calcu-

lation is no longer valid. The calculation must then be 

revised, first calculating the room temperature as outlined 

in 3 above. 
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7. Latent Load 

If moisture condensation and absorption by room walls, 

or drying of the wall panels can be neglected, the la-

tent load is the same as the latent heat gain or loss, 

provided the following condition is met: 

QLLt ~ GSt * "* (WA - WS), where>.. = latent heat 

of vaporization ~ 1061 Btu per lb of water 

In other words, the desired mo'isture level can be main-

tained as long as the latent load of the room or the 

building is less than the capacity of the central sys-

tem to remove (add) wa~er vapor. When the above con-

dition is not satisfied because of the inadequate air 

flow rate of the air supply system or the value of WS, 

the room humidity ratio would change according to 

WI 
GSt * WS + GLt * WA + QLLh 

GSt + GLt 

This equation becomes inderminate when there is no air 

supply or air leakage to or from the room. Theoreti-

cally the room relative humidity would reach 100% soon 

after the air supply or air leakage is stopped pro-

vided normal internal sources were still present. Un-

der those conditions, seasonal value of WI to be used 

would be that corresponding to the dew point tempera-

ture which would be approximately equal to the average 
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wall surface temperature of the space. 

The most important application of RMTMP is for taking 

into account some of the performance characteristics 

of the room's (or space's) heating and cooling sys-

tems where the evaluation of heating and cooling load 

i~ lin~d to the system capacity. Presented in this . . 
section is a sample algorithm to illustrate how RMTMP 

can be used to account for the type of occupancy, tem-

perature control scheme, and the system capacity. In 

this illustration, the heating/cooling load will be 

set equal to the maximum capacity of the system when 

the calculated load at a given time is greater than 

the maximum system capacity. The space or room tem-

perature is then calculated on the basis of net load, 

which is the difference between the calculated load 

at a given· design temperature and the maximum system 

capacity. If, on the other hand, the space tempera-

ture falls within the prescribed upper and the lower 

limits, the load is set equal to zero. The same pro-

cedure is applied to the latent load calculation. The 

details of the algorithm is depicted in the flow dia-

gram (Figure A-20). The nomenclature for the figure 

is given in Table A-12. 
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RELATIONSHIP BETWEEN 
TA,TLL,TUL,QLS, QCLDS,QHLDS 

TA 

T A TUL 

I.. f I I I • 1\ TLL 

I I" TIme 

I l .1 I 1 r QHLDS 

I : \ ~ 1 : \ \ :c~:: 

TA 
(RMTMP) 

QHLS 
QHLL 
(RMTMP) 

QCLS 
QCLL 
(RMTMP) 

TA 
(RMTMP) 

TA 
(RMTMP) 

Figure A-20 Flow Diagram of the Room Temperature and the 
Room Thermal Load Calculation Steps 
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Symbols used in the flow diagram, Figure A-20 

o Selling of !he variables 

o Calculalion by RMTMP 

11=0 Calculation of WA 

~ Testing of "yes"or "nol 

IYEs 

Table A-f2 

Nomenclature for Figure A-20 

ioccup : Occupancy index 

1 if during the occupied period 

o if during the unoccupied period 

,~SIML: System capacity consideration index 

1 if the calculated load is to be compared with the maximum 

capacity of the system 

o if the load is to be estimated without regard to the in-

stalled system capacity 

[THST: Room temperature control index 

1 if a space temperature is prescribed at a given level and 

the heating and cooling load is to be calculated to meet 

this prescribed condition 

o if the space temperature is to be determined as a balance 

between the required load and ~he available capacity of 

the system 

TLL: The lower limit of temperature, below which heating must be 

supplied 

TLLO: The lower limit of temperature during the occupied period 

TLLN: The lower limit of temperature during the unoccupied period 

TUL: The upper limit of temperature, above which cooling must be 

provided 
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TULO: The upper limit of temperature during the occup_ ~ period 

TULN: The upper limit of temperature during the unoccupied period 

WIL: The lower limit of humidity ratio, below which the room re-

quires humidification 

WILO: The lower limit of humidity ratio during the occupied period 

WILN: The lower limit of humidity ratio during the unoccupied period 

WIU: The upper limit of humidity ratio, above which the room re-

quires dehumidification 

WIUO: The upper limit of humidity ratio during the occupied period 

WIUN: The upper limit of humidity ratio during the unoccupied period 

GS: Mass flow rate of air from the supply system 

GSH: Maximum mass flow rate of air from the supply system during 

heating 

GSC: Maximum mass flow rate of air from the supply system during 

cooling 

TS: Air temperature of the supply air system 

TSH: Maximum temperature of air from the supply system during heat-

ing 

TSC: Minimum temperature of air from the supply system during cool-

ing 

WS: Humidity ratio of the air from the supply system 

WSH: Maximum humidity ratio of air from the supply system during a 

period when heating and humidification occur 

WSC: Minimum humidity ratio of air from the supply system during a 

period when cooling and dehumidification occur 

Cp : Specific heat of air 
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1: Latent heat of ~rization 

QHLDS: Maximum system capacity for heating, Btu per hr 

QHLDS = GSH * C * (TSH - TA) 
P 

QHLDL: Maximum system capacity for humidification 

i:- QHLDL = GSH * 1 * (WSH - WA) 

QCLDS: Maximum system capacity for cooling, Btu per hr 
~ 

QCLDS = GSC * C * (TA - TSC) 
P 

·QCLDL: Maximum system capacity for dehumidification 
t 

QCLDL = GSC * A * (WA - WSC) 

The primary variables that are determined by this mode of calculation 

are: 

QHLS: Sensible heating load of the space 

QHLL: Latent heating load of the space 

QCLS: Sensible cooling load of the space 

QCLL: Latent cooling load of the space 

TA: Space temperature 

WA: Space humidity ratio 
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A Description of the Load Calculation for an Attic Space 

In many cases the heating and cooling load in an attic space is af-

fected strongly by the manner in which the attic conditions are maintained. 

The non-ventilated attic space may be treated as a simple air space within 

a roof structure and accounted for in the calculation of the conduction 

transfer functions. Where the attic space is ventilated during the summer 

to take advantage of the resulting natural cooling effect of the outdoor 

air, it has to be treated somewhat differently. Since it is reasonable 

to assume that the radiation heat exchange between the underside of the 

roof surface and the attic is as significant as the ventilation air rate 

in determining the attic thermal condition, RMTMP should be used. No ad-

ditional algorithms are then required since all aspects covered in RMTMP 

apply directly to the attic heat transfer calculation. Of course, the so-

lar radiation through windows, and internal heat gain from lighting and 

occupants would most likely be omitted. The floor should be treated as 

having its exterior surface exposed to the environmental conditions of 

the room below. The heat loss at the "exterior" surface of the floor then 

becomes the heat gain to the room beneath the ceiling. 

FIJ 1 outlines the calculation procedure for obtaining the necessary 

shape factors where the attic has a gabled roof, 
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~ta: 

!!ill. 

An Algorithm to calculate Instantaneous Heat Gain of 
a Space at Time t 

Windows: 

NY: Number of windows 

AYk : Area of each window, sq ft 

UY
k

: Overall heat transfer coefficient for each 

window, Btu per (hr) (sq ft) (f) 

SHG
k

: Solar heat gain through each window, Btu per 

(hr) (sq ft) (Calculated in SHG) 

Exterior Walls and Roofs: 

NX: Number of exterior walls and roofs 

AXk : Area of each exterior wall and roof, sq ft 

HEAT
k

: Heat gain through each exterior wall and roof, 

Btu per (hr) (sq ft) (Calculated in HEATW) 

where k I, 2, ••• NX 

Lights: 

NS: Number of different types of lights 

QSk: Power input to each type of light, Btu per hr 

where k = I, 2, ••• NS 
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Internal Heat Source Other than Lights: 

NS': Number of different types of internal sensible 

heat sources other than lights 

QSk: Heat generation from each internal sensible heat 

source, where k = 1, 2, ••• NS' 

NL: Number of different types of internal latent heat 

sources 

Q~: Latent heat gain from each internal latent heat 

source, Btu per hr, where k 1, 2, ••• NL 

Inside Doors: 

NO: Number of inside doors 

ADk : Area 0 f each inside door, sq ft 

UDk : Overall heat transfer coefficient of each inside 

door, where k 1, 2, .•• NO' 

Outside Doors: 

NO': Number of outside doors 

AD ' • k· Area of each outside door, sq ft 

UD ' • k· Overall heat transfer coefficient of each outside 

door, Btu per (hr) (sq ft) (F), where k = I, 2, 

••• NO' 

1104 

Partitions: 

NP: Number of partitions which separate the space from 

other spaces at different temperatures 

APk : Area of each of these partitions, sq ft 

UPk : Overall heat transfer coefficient for each of these 

partition walls, Btu per (hr) (sq ft) (F), where k = 

I, 2, ••• NP 

Underground Walls: 

NG: Number of underground walls 

AGk : Area of each underground wall, sq ft 

UG
k

: Overall heat transfer coefficient of each underground 

wall, Btu per (hr) (sq ft) (F), where k = I, 2, ••• 

NG 

Underground Floors: 

NGF: Number of underground floors 

AGF
k

: Area of each underground floor, sq ft 

UGFk : Overall heat transfer coefficient of each underground 

floor ,Btu per (hr) (sq ft ) (F), where k = I, 2, ••• 

NGF 

Internal Infiltration 

NLK: Number of internal air leakage sources 

L~: Air leakage from each source, cfm (Calculated in 

INFIL), where k = I, 2, ••• NLK 
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External Infiltration: 

NLK': Number of external air leakage sources 

LEAI<k: Air leakage from each external source, cfm 

(Calculated in INFIL), where k = 1, 2, 

~ The following heat gaii ~re calculated in this subroutine: 

HEATG 
or 

HEATG' 

Total hourly solar heat gain through windows, Btu 

per hr 

HEATX: Total hourly heat gain through exterior walls and 

NLK' roofs, Btu per hr 

Temperatures: 

T~: Dry-bulb temperature of each adjacent space, 

F, where k = 1 .. 2, ••• ND, NP or NLK 

DB: Outside air dry-bulb temperature, F (Obtained 

from CLIMATE) 

TG: Average ground water temperature at half under-

ground basement depth, F 

TGW: Ground water temperature, F 

TZ: Space dry-bulb temperature, F 

Humidity Ratios: 

W~: Humidity ratio of adjacent space, lb water per 

1b dry air·, where k = 1, 2, ••• ND, NP or NLK 

WO: Outside air humidity ratio, 1b water per lb 

dry air (Calculated in PSY) 

WZ: Space humidity ratio, lb water per 1b dry air 

. 112a 

HEATIS: Total power input to lights, Btu per hr 

HEATDP ~ Total sensible heat gain due to heat transfer through 

doors, partitions, underground walls and floors, and 

internal heat sources other than lights, Btu per hr 

HEATVS: Total hourly sensible heat gain due to infiltration, 

Btu per hr 

HEATL: Total hourly latent heat gain due to infiltration and 

internal heat sources, Btu per hr 

Calculation Sequence: 

1. HEATG 
or 

REATG' 

NY 
t . AYk*SHGk k=l 

NX 
2. HEATX = t AX. *HEAT 

k=l --It k 

3. HEATIS 
NS 
t QSk 
k=l 

ND ND' 
4. HEATDP =t ADk*UDk*(T~-TZ) + t ADk*UKk(DB-TZ) 

k=l k=l 
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* 

** 

m ~ * 
+ L: AYk*UYk* (DB-TZ) + L: AGk*UGk* (TG-TZ) 

k=l k=l 

NGF NP 
+ L: AGFk*UGFk*(TGW-TZ) + I: APk*UPk*(T~-TZ) 

k=l k=l 

NS' 
+ I: QSk 

k=l 

5. HEATVS 
NLK NLK' ** 

1.08k(I: ~*(T~-TZ) + I: LEAKk*(DB-TZ» 
k=l k=l 

NLK NLK' 
6. HEATL = 4775* (L: ~ * (W~ -WZ) + I: LEAKk* (WO-WZ» 

k=l k=l 

NL **/ 
+ E· Q~-

k=l 

The values of UG given in the 1972 ASHRAE Handbook of Fundamentals 
are based on TGW. A program for calculating basement wall losses 
using Te has been developed at the National Bureau of Standards. 
When using pre.sent ASHRAE values for UG, use TGW instead of TG. 

The coefficients 1.08 and 4775 in these equations are valid for 
the standard air density. If desired, they can be adjusted to 
actual conditions by multiplying both of them by ___ P __ , where P 
is the actual density of the air expressed in 0.075 
lb per cu ft. 
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HLC 

A Simplified Procedure for Obtaining Approximate Cooling Load 
by the Use of Weighting Factors 

The procedure presented here was developed by Mitalas and Stephenson 

13 14/ of Canada~ in order to expedite the Elf National Research Council 

F.herwise complex and time-consuming solution of the heat balance simul­

aneous equations. The rigorous solution similar to that described in 

RMTMP was first obtained for typical rooms in commercial buildings with 
'"' ~. 

l~lse type excitations that simulate various heat gains. The solution 

~r these pulse excitations were then converted into new types of trans­
i),-
I!' 
fer functions called Weighting Factors. Weighting Fac'tors developed for 
~ 
iii 

" typical office spaces of light, medium, and heavy constructions are shown 
& 
~ 
in Tables A-13, A-14, and A-IS for solar heat gain with no internal shad-

~ 
ing devices; heat gain conduction through interior and exterior structure 
t 
~omponents, solar heat gain with interior shading devices and all internal 

lources except lighting; and the heat gain due to lighting. By multiply­
~ 
i' 
~ng these Weighting Factors to the history of respective heat gains in a 
~. 

convolution scheme, similar to the way the conduction transfer functions 
~ >i 
~re multiplied to the temperature history, it is possible to calculate an 

lpproximate cooling load. 

r'"' 
I 

AG. for j 0, 1, 2 ... MG 
J 

and BG j for j 1, 2, 3 ••• MG' 

Weighting Factors for the solar heat gain HEATG 
(no internal shading devices) 
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AXj for j 0, 1,2 ••• MX and BXj for j 1, 2 .,. MX' 

Weighting factors for 

HEATX: Conduction heat gain 

HEATG: Solar heat gain where there are internal shading devices 

HEATDP: Heat gain due to air leakage and internal sources except 

lighting 

AIS j for j 0, 1, 2 ••• MIX and BIS. for j 1, 2, 3 ••• MIS' 
J 

Weighting factors for the heat gain from lighting HEATIS 

In order to make use of the weighting factor concept, it is necessary 

to have previous values of heat gains as well as values of cooling loads. 

By denoting the cooling load due to HEATG as HLCG, due to HEATX, HEATG', 

and HEATDP as HLCX and that due to HEATIS as HLCIS, the following set of 

the previous data are needed: 

HEATG
t

_
j for j 0, 1, 2 MG 

HEATXt _j ; HEATG't_j; HEATDPt _j 
for j 0, 1, 2 MX 

HEATIS
t

_
j 

for j 0, 1, 2, 3 ••• MIS 

HLCG
t

_j 
for j 1, 2, 3 MG' 

HLCX
t

_
j 

for j 1, 2, 3 MX' 

HLCIS
t

_
j 

for j 1, 2, 3 MIS' 

Calculation Sequence: 

* 

1. Using the Weighting Factors* given in Tables A-13, A-14, and 

The Weighting Factors given in Tables A-13, A-14, and A-15 are for 
typical office construction. They are obtained using the method 
described in Appendix B. 
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A-15 and factor' defined by equation "d", calculate load com-

ponents corresponding to the heat gains 

a. HLCGt 

b. HLCX
t 

c. HLCISt 

MG MG' 
Fc t AGj*HEATGt _j - t BGj*HLCGt _j j=O j=l 

MX 
Fc ~-O AXj*(HEATXt _j + HEATG't_j + HEATDPt _j ) 

J-

MX' 
- t BXj*HLCXt _j 

j=l 

MIS MIS' 
Fc t AISj*HEATISt __ 

j=O J 
t BISj*HLCIS_ 
j=l t-J 

The coefficients given in Tables A-13, A-14, and A-15 

are for the case where all the heat gain energy appears even-

tual1y as cooling load. In most cases, a fraction of the in-

put is lost to the surroundings. This fraction depends on the 

thermal conductance between the room air and the surroundings. 

One estimate of this fraction Fc, is given by 

d. Fc = 1 - 0~02 ~ ••• 

for the range 1.0 > Fc > 0.7 

1 
where ~ ~ (Uwindow Awindow 

+ Uexterior wall Aexterior wa1l* 

+ Ucorridor wall Acorridor wall) 

A U*A product should also be included for walls that adjoin uncondi-
tioned spaces even though the walls are not exterior ones. 
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LF Length of room exterior perimeter 

U U value of the room enclosure element 

A Area of the room enclosure element 

2. Hourly load 

a. Sensible load 

SCLt = HLCGt + HLCXt + HLCISt + HEATVSt 

b. Latent load 

HEATLt 

Table A-13 

WEIGHTING FACTORS FOR HEATG 

Weighting 
Factor Heavy* Medium* Light* 
Symbol Structure Structure Structure 

0.187 0.197 0.224 
MG = 1 

AGO 

AG1 -0.097 -0.067 -0.044 

1.00 1.00 1.00 
MG' 1 

BGO 

* 

BG1 -0.91 -0.87 -0.82 

Heavy Structure 6" concrete floor slab, 6" concrete exterior wall, 
approximately 130 1b of building material per sq 
ft of floor area. 

Medium Structure - 4" concrete floor slab, 4" concrete exterior wall, 
approximately 70 Ib of building material per sq ft 
of floor area. 

Light Structure 2" concrete floor slab, exterior frame wall approx­
imately 30 Ib of building material per sq ft of 
floor area. 
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Table A-14 

NORMALIZED WEIGHTING FACTORS FOR HEATX + HEATG' + HEATDP 

Weighting 
Factor Heavy Medium Light 

Symbol Structure Structure Structure 

AXO 0.676 0.681 0.703 

MX = 1 
AXl -0.586 -0.551 -0.523 

BXO 1.00 1.00 1.00 

MX' 1 
BXl 

-0.91 -0.87 -0.82 
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MIS = 2 

MIS = 2 

MIS = 2 

Weighting 
Factor 
Symbol 

Table A-15 

WEIGHTING FACTORS FOR HEATIS 

Heavy 
Structure 

Medium 
Structure 

Light 
Structure 

Fluorescent fixtures recessed into a suspended ceiling, ceil­
ing plenum not vented. 

* 

AlSO 

AIS l 

AIS2 

0.00 

0.53 

-0.44 

0.00 

0.53 

-0.40 

0.00 

0.53 

-0.35 

Fluorescent fixtures recessed into a suspended ceiling, 
return air through ceiling plenum. 

AlSO 0.00 0.00 0.00 

AISl 0.59 0.59 0.59 

AIS2 -0.50 -0.46 -0.41 

Fluorescent fixtures recessed into a suspended ceiling, supply 
and return air through fixtures. 

AlSO 

AIS l 

AIS2 

0.00 

0.87 

-0.78 

0.00 

0.87 

-0.74 

0.00 

0.87 

-0.69 

* Manufacturer's data sheet must be consulted to obtain the fractions of 
light input energy that are picked up by the room air and by ventila­
tion air in the ceiling plenum. 
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!lIS 2 

MIS' 

Table A-15 continued 

Weighting 
Factor Heavy Medium Light 

Symbol Structure Structure Structure 

Incandescent lights exposed in the room air. 

AlSO 0.00 0.00 0.00 

AIS l 
0.50 0.50 0.50 

AIS2 
-0.41 -0.37 -0.32 

The "BIS" Coefficients. 

BISO 
1.00 1.00 1.00 

1 
BIS 1 

-0.91 -0.87 -0.82 
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~ 

An Algorithm for calculating Weighting 
Factors for Space Air Temperature 

This algorithm provides a sample calculation method for obtaining 

the weighting factors for deviation of space temperature for the design 

value; the value at which the space heating/cooling loads are obtained 

for by the HLC routine. 

This general algorithm illustrated here is for a space enclosure 

surrounded with spaces on both sides as well as above and below that are 

thermally at the same conditions. The space enclosure consists of an ex· 

ternal wall, interior partition walls, corridor partition wall, ceiling, 

floor, furnishings, an outside door and a window. 

Data: 

AF: Floor area, sq ft 

AC: Ceiling area, sq ft 

AP: Interior partition wall area, sq ft 

AK: Corridor wall area, sq ft 

AW: Exterior wall area, sq ft 

AG: Window glass area, sq ft 

AD: Door area, sq ft 

AFN: Internal furnishings area, sq ft 

BF. Transfer functions for floor, Btu per (hr) (sq ft) 
J 

CF j : (F), (Calculated in XYZ) 
DF

j 
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BC
j 

CC/ 
DC

j 

Transfer funct~ons for ceiling, Btu per (hr) (sq ft) 

BK. 
J. 

DK • 
j 

BP
j 

CP j: 

DP j 

CWo 
J. 

DW .• 
J 

CD. 
l. 

DD .• 
J 

CFN. 
J. 

DFN .• 
J 

(F), (calculated in XYZ) 

Transfer functions for corridor wall, Btu per (hr) 

(sq ft) (F), (Calculated in XYZ) 

Transfer functions for interior partition walls, 
Btu 

per (hr) (sq ft) (F), (Calculated in XYZ) 

Transfer functions for exterior walls, Btu per (hr) 

(sq ft) (F), (Calculated in XYZ) 

Transfer functions for outside door, Btu per (hr) 

(sq ft) (F), (Calculated in XYZ) 

Transfer functions for internal furnishings, Btu per 

(hr) (sq ft) (F), (Calculated in XYZ) 

where j 0, 1, ••• , M 

UG: 

CFM: 

Heat transmission coefficient of window glass, Btu 

per (hr) (sq ft) (F) 

Rate of air flow through the room, cu. ft per min. 

(Ventilation rate) 
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Calculation Sequence: 

* 

1. Conversion of the given transfer functions into single series 

X., y., and z .• This calculation is a polynomial division*, 
J.J J 

i.e., 

o _1 _2 _s 
Xoz + Xl Z + XIIZ + XSZ + ••• 

o _1 
aoz + a1 z 

_liI 

+ a:;z + ... 
_1 _:; _s 

1 + blz + b:;z + bsz + 

where 

xo ' ~, x:; '" single series response factor set 

ao ' al , a:; and 

bl , b:;, bs coefficient of the given numerator 

and denominator series respectively 

For example, using given notation in this section for the 

outside wall, the XiS, a's and b's are 

x '" sCW a "'CW b '" 1.0 o 0 0 0 0 

Xl sCWl a 1 '" CWl b1 '" DW1 

~ sCW:; a 2 '" CW:; b:; = DW2 

bs '" DWs 

The rules of polynomial division can be obtained from any standard 
textbooks on numerical" analysis. 
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* 

2. 

where the lettez: 
JI in front of CW. denotes coefficients of 

J 

the single series 

Calculation of the single series of Room Air Response Factors, 

sRMRT. The factors in this series are given by 

sRMRT. '" AF [SBFj' + sCF.l 
J J 

+ AC[sDCj + sCCjl 

+AP[sBP j + sCP j ] 

+ AW[SCWj ] 

+ AD[sCD.] 
J 

+AFN[sCFN .1 
J 

+AG[UGj ] * 

+1.08[CFM.t 
J 

where j > 10 calculate the ratio R. J 

sRMRT '+1 
R '" 1 

j sRMRT. 
J 

and when I R
j 

- Rj+ll ~ 0.001 terminate sRMRT j calculations. 

3. calculation of RMRT 

The calculation of RMRT as a ratio of two series consists of 

three steps: 

(a) Calculation of denominator, D(z), 
-1 

D(z) '" 1.0 - Rz 

where R is the last value of the ratio calculated in the 

sRMRT
j 

calculations 

Note that UGj=l = UG, CFMj=l = CFM, UGj>l = 0.0 and CFMj>l = 0.0. 
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(b) 

(c) 

Calculation of numerator, N(z), 

0 
N(z) = SRMRToz + (sRMRT1 - (R)sRMRT

o
) Z 

_1 

+ (sRMRT2 - (R)sRMRT
1

) z 
_2 

+ (sRMRTa - (R)sRMRT2 ) z 
~ 

The RMRT's are then evaluated by equating the following 

equation to the one in (b) above 
-1 _2 

Xo + Xl z .+ X2 z 
N(z) _1 

Yo + Yl Z 

Typical values are shown in Table A-16. 
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* 

Table A-16 

WEIGlITING FACTORS FOR THE DEVIAT}ON OF SPACE 
TEMPERATURE. RMRT' s'!. 

Weighting 
Factor Heavy Medium Light 
Symbol Structure Structure Structure 

Xo -1.S5 -l.Sl -1.6S 

Xl +1.95 +1.S9 +1.73 

MX = 2 ~ -0.10 -O.OS -0.05 

YO 1.00 1.00 1.00 

MY = 1 Yl -0.91 -0.S7 -0.S2 

The X coefficients given in this Table are for a room with zero heat 
conductance to surrounding spaces and are normalized to unit floor 
area. To get the Xi coefficients for a room with a total conductance 
K between room air ~nd surroundings, ventilation rate Vt and infil­
tration rate Vlt it is necessary to multiply each Xj value by room 
floor area and then add [K + (Vt + Vlt ) 1.0S) (1.00 - Y ) to the re­
sulting Xo value (where Vt and Vlt are in cfm and K is in Btu/hr OF. 

Note: That Xo value changes with the changes of Vt and Vlt values. 
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Data: 

RElIT 

An Algorithm for Calculating the Rate at Which 
Sensible Heat is Extracted From the Space 

SCLt : Sensible cooling load at time t, which is calculated for 

Xj 
Y : 

j 

a constant space design temperature of TM, Btu per hr 

(Calculated in HCL) 

Weighting factors for use with 9t ., for j = 0, 1, ••• , , -J 

(Calculated in RMRT with typical values shown in Table 

A-16) 

9t _j : History of hourly space air temperature deviation from 

the assumed constant value TM, for j = 1, 2 ••• , F 

C: Average heat extraction rate of the apparatus in a space 

when the space air temperature is TM·, Btu per hr 

D: Change in the rate of heat extraction of the apparatus 

caused by one degree chan&e in space air temperature, 

Btu per (hr) (F) 

HEt _j : History of heat extracted from the space, for j 1, 2 

••• , Btu per hr 
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INFIL 

An Algorithm for Calculating Air Infiltration 

It is well recognized that the air infiltration constitutes as much 

as 30% of home heating load and a significant part of the load of non­

pressurized commercial buildings. The air leakage of a building depends 

upon the tightness of its exterior walls, windows, and doors; the wind 

characteristics and temperature difference "between the inside and out-

side, and to some extent how the building is operated with respect to 

the opening and closing of its door. 

The rate of air infiltration can be empirically expressed by 

Q CkA*LlP**N 

where 

Q: air flow rate 

C: flow coefficient 

A: flow opening area 

N: pressure exponent 

&: pressure difference 

Unfortunately it is very difficult to determine accurate values of flow 

opening area and pressure difference for actual buildings. which consist 

of complex air leakage passages. A limited amount of data are given in 

the 1972 ASHRAE Handbook of Fundamentals for equivalent opening area of 

typical windows. doors and walls. The pressure difference depends upon 

the wind characteristics around the building and the temperature differ-
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ence between the inside and the outside of the building. 

Compiled in this section is a methodology to approximately calculate 

the pressure difference between a given space and its adjacent space in-

cluding the outdoor. The basic mathematical principle involved is to at-

tain a solution to a set of pressure difference equations of the follow-

ing type: 

where 

Qi = 1: Qi,k = 0 

Qi,k = 1: Ai,k*Ci,k*<Pi-Pk>**Ni,k 

Qi: net air flow out of space i 

Qi,k: air exchange between space i and space k 

Ai,k: flow opening area between space i and k 

Ci,k: flow coefficient applicable to the air 

flow between the spaces i and k 

Ni,k: pressure exponent applicable to the flow 

between the spaces i and k 

A special computational routine is required to solve this set of simul-

taneous, non-linear equations. 

As mentioned previously, air leakage through various openings such 

as doors, windows, window frames, pinholes in the wall and service shafts 

may be approximated by an equation of the following type: 

l30a 

LE&.= 4000 * A * K * (DP) ** N 

= C * (DP) ** N 

where 

LEAK = air leakage in cu. ft per min. 

A = opening area, sq ft 

K = flow coefficient, dimensionless 

DP;= pres~ure difference across the opening, inches of water 

. N pressure exponent, dimensionless 

C equivalent flow coefficient (EFC) 

The values of K and N vary depending upon the type of opening. Moreover, 

the exact value of A is not well known for many types of openings, such 

as wall pinholes or cracks around the windows. 
Table A-17 lists the val-

ues of Equivalent Flow Coefficient C and the flow exponent N for various 

types of openings common to many buildings. These values are derived from 

the air leakage data compiled in Chapter 19 "Infiltration and Natural Ven­

tilation" of the 1972 ASHRAE Handbook of Fundamentals. 
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* 

** 

1. 

2. 

3. 

4. 

Table A-17 

Double-hung wooden windows (locked)* 

non-weathers tripped loose fit 

aVerage fit 
weathers tripped loose fit 

aVerage fit 

Window frames* 

masonry frame with no caulking 

masonry frame with caulking 
wooden frame 

Swinging doors* 1/2" crack 

1/4" crack 

l/S" crack 

Walls** S" plain brick 

S" brick and plaster 

13" brick 

13" brick and plaster 

plaster 13" brick, furring, lath and 

frame wall, lath and plaster 

24" shingles on 1 x 6 boards 
center on 14" 

16" shingles on 1 x 4 boards on 5" 
center 

24" shingles on shiplap 

16" shingles on shiplap 

.£ 

6 

2 

2 

1 

1.2 

0.2 

1 

160 

SO 

40 

I 

0.01 

O.S 

0.004 

0.03 

0.01 

9 

5 

3.6 

1.2 

Ii 

0.66 

0.66 

0.66 

0.66 

0.66 

0.66 

0.66 

0.5 

0.5 

0.5 

O.S 

O.S 

O.S 

0.7 

0.9 

0.55 

0.66 

0.66 

0.7 

0.66 

Values of C listed for these openings are per ft of linear crack length. 

Values of C listed for the walls are per unit area of the wall Sur­face. 
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In many instances, d~,"~-:i,led information of air leakage characteris­

rics is not available, but it is still possible to make a calculation • 

~ For a modern office building of 120 ft x 120 ft plan dimension with the 

I u! floor height of 12 ft, Tamura--- lumped together all the leakage area 
~ 
~' 
ior a given floor as follows: 

Table A-IS 

outside wall 2.5 sq. ft per story 

4 elevator shaft doors 4.5 " " " II 

2 stair shaft doors 0.5 " II II II 

floor 3.7 " " II II 

brench perimeter and interior air duct 7.0 II II II II 

return duct 14.0: " tt II " 
vertical shafts (elevator or stairwell) 1/3 of the cross-sectional 

area* 

The value of C corresponding to these data can be obtained by multiplying 

them by 2400 which corresponds to K = 0.6. 

~: 

* 

V: Wind speed measured at a 40 ft elevation as taken from 

the weather tape, knots 

DIR: Wind direction measured clockwise from North, degrees 

(see Figure A-2l) 

This particular data were derived from a recent and unpublished exper­
iment of the National Bureau of Standards conducted on two high-rise 
buildings-. 
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WIND 
DIRECTION 

N 

I· I .. E 

Figure A-2l Definition of Wind Direction Angle 

BUILDING SURFACE 
UNDER CONSIDERATION 

NORMAL TO THE 
SURFACE 

N 

,", t .. E 

WA' 

DB: Outdoor airaty-bulb temperature, F 

PB: Barometric pressure, in. Hg. 

NF: Number of above-grade floors 

lITT: Total height of building (from above-grade), ft 

TZ: Indoor air temperature, F 

TS: Elevator and service shaft temperature 

WAI: Direction angle of the building as defined with respect 

HT
k

: 

CFMSPk : 

~: 

to North and the normal of the principal surface of the· 

building (see Figure A-22) 

Height of the floor, ft, for k = 1, 2, 3, •••• NF 

Ventilation air supplied to the floor, cu ft per min, 
for k = 1, 2, 3, ... NF 

Ventilation air exhausted from the floor, cu ft per min, 
for k = 1, 2, 3, ••• NF 

~lculation Sequence: 

1. Vi 1.153 * V 

TO = 460 + DB 

TI = 460 + TZ 

PO = 0.4910 * PB 

x DIR - WA I 

2. Wind velocity, VH, at height HT on the building, mph 

VH = Vi * 0.117 * (1 + 2.81 * Log (0.305 * HT + 4.75}) 

3. Theoretical wind velocity pressure, PTWV on the building, 

Figure A-22 Definition of the Angle Between North in. ~O 
and Normal of the surface Under 
Consideration PTWV = 0.000482 * (V ** 2) 

134a l35a 



4. Wind direction, BWD, relative to building surfaces 

BWD 1 surface on windward side if, 

-45· < x < + 45· 

BWD = 2 surface on leeward side if, 

90· < x < 270· 

or, -90· < x < -270· 

BWD 3 surface on side if, 

45· < x < 90· 

or, -45· < x < 90· 

5. Using Table A-19, determine the normal wind velocity pressure 

correction factor, PTKN 

Table A-19 Values of PTKN 

TB = 1 TB = 2 TB = 3 

BWD BWD BWD BWD BWD BWD BWD BWD BWD 
NSB = 1 = 2 = 3 = 1 = 2 = 3 = 1 = 2 . = 3 

0.5 .1 -.3 -.8 -.5 -.25 -.45 .5 .45 .45 

1.0 -.1 -.25 -.5 -.5 -.2 -.3 .45 .3 .3 

2.0 .1 -.25 -.4 .0 -.2 -.3 .45 .1 .1 

3.0 .1 -.25 -.4 .1 -.2 -.35 .45 .0 .0 

5.0 .25 -.35 -.6 .25 -.25 -.45 .5 -.1 -.1 

co .6 -.35 -.7 .6 -.35 -.7 .6 -.35 -.7 

where 

TB = 1: Shorter building on windward side 

TB = 2: Equals taller building on windward side 

TB = 3: Taller building on leeward side 
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NSB: Ratio of the distance between the adjacent 

buildings and the width of the building in 

the direction of wind 

6. Wind velocity pressure correction factor, PTKO, for winds 

obliquely to the wall surface 

If BWD = 1 (windward side of building) 

(PTKO) = Cos (I x I ) 
m 

If BWD = 2 (leeward side of building) 

IfBWD=3 

(PTKO) = 1.0 
1 

(side of building) 

(PTKO) = Cos (I xl) 
s 

Example: 

N DIR = 110· 

WAi = 45· 

WAZ 135· 

WAj = 225· 

WA4 = 315 0 

Figure A-23 DIR and WA' Angles of Example 
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Side 1, DIR-WAi = 110° - 45° = 65° (therefore, BWD = 3) 

Side 2, DIR-WAi 110° - 135° -25° (therefore, BWD = 1) 

Side 3, DIR-WAj 110° - 225° 115° (therefore, BWD = 2) 

Side 4, DIR-WA4 = 110° - 205° = 205° (therefore, BWD = 2) 

Side 1, (PTKO)s = Cos (+65°) 

Side 2, (PTKO)m = Cos (+25°) 

Side 3, (PTKO)l = 1.0 

Side 4, (PTKO)l = 1.0 

7. Actual wind pressure on the building at height (HT) corresponding 

to floor (k): (PAWV)k 

(PAWV)k = (PTKO)k * (PTKN)k * (PTWV), 

S. Stack effect pressure (PSE) on the outside of the building at 

building height (HT) and floor (k), in. ~O 

(PSE)k = -0.52 * PO * HT/TO 

9. Total pressure on the outside of the building (PCO) at floor (k), 

~.~O 

(PCO)k = (PAWV)k + (PSE)k 

10. Pressure in the elevator and serve shafts (PSE) at height (HT) 

corresponding to floor (k), in. ~O 

(PSE)k = -0.52 * PO * HT/TI + (PSE)l 

11. Choose appropriate flow coefficients and pressure exponents for 

air leakage paths of each floor as follows: 

Flow coefficients 

CWD: Value of C for appropriate window in Table A-17 

multiplied by the total crack length of all the 

windows 
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CFM: Value of C for appropriate window frame in Table A-17 

multiplied by the total crack length of all the win­

dow frames 

CDR: Value of C for appropriate door in Table A-17 multi-

plied by the total crack length of all the doors 

CWL: Value of C for appropriate walls in Table A-17 multi-

plied by the total wall area 

CCL: Value of A for the ceiling from Table A-IS multiplied 

by 2400 

CFL: Value of A for the floor from Table A-IS multiplied 

by 2400 

CEL: Value of C for elevator doors 

css: Value of C for the'doors to the service shaft 

CFS and CES: Value of the cross section of the shaft mUltiplied by 

SOO 

Pressure exponent 

NWD: Value of N for the appropriate window in Table A-17 

NFM: Value of N for the appropriate window frame in Table 

A-17 

NDR: Value of N for the appropriate door in Table A-17 

NWL: Value of N for the appropriate wall in Table A-17 

NCL: 0.5 

NFL: 0.5 
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NEL: 0.5 

NSS: 0.5 

NFS: 0.5 

NSE: 0.5 

12. Solution of 2 * NF equations 

Outdoor air leakage to k-th floor rooms* (see Figure A-23) 

Window k leakage 

-~EAKWDk,j = CWDk,j * (PCOk,j - Pl1t) ** NWDk,j (1) 

Window frame leakage 

LEA.KF1\,j = C~,j * (PCOk,j - Pl1t) ** ~,j (2) 

Door leakage 

LEAKDR. . = CDlit . * (PCOk j - Pl1t) ** NDR. j -Ie,J . ,J, -Ie, (3) 

Wall leakage 

L~ j = CWL. j * (PCOk . - PIk) ** NWL. • (4) ,---g, ,J ----g.J 

Cei ling leakage 

LEAKC~ = CC~ * (PIk+l - PIk) ** NC~ (5) 

Floor leakage 

L~ = CF~ * (PIk- l - Pl1t) ** NF~ (6) 

In all of above expressions, subscript k refers to the k-th floor and 
subscript j refers to the j-th side of the building where the conven­
tion is j = 1 (south), 2 (west), 3 (north), and 4 (east). 
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k= NF 

(PCOk,j) 

LEAKCL 

i 
LEAKES 

L'Ali 
(PSEk ) 

" I ~ I 

, 
LEAKWL 

(P1k) 

LEAKFL LEAKF5 

/ 
Figure A-23 Air Leakage Pattern of a High-Rise Building 
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Leakage from the elevator and service shafts~ 

LEAKE~ = C~ * (PSEk - PIk ) ** N~ 

LEAKSS
k 

= CSSk * (PSEk - PIk ) ** NSSk 

(7) 

(8) 

Air leakage between the floor levels within the shafts~/ 

LEAKFS
k 

= CFSk * (PS~_l - PSEk ) ** NFSk 

LEAKESk = CESk * (PS~_l - PS~) ** NSEk · 

(9) 

(10) 

In the previous equations, unknowns are P~ for k = 1, 2, 3, 

••• NF and PSE
k 

for k-l, 2, 3 ••• NF provided that the pres­

sures in all the shafts are assumed equal at a given floor 

level. 

Flow balance equations at the k-th floor (the individual 

quantities come from equations 1-10 abo~e) 

Rooms 

LEAKWDk . + L~ j + LEAKD~ . + LEAKW~ . + LEAKC!.. ,J , ,J ,J -k 

+ LEAKF~ + LEAKE~ + LEAKSSk + CFMSP k - C~ = 0 

In all of above expressions, subscript k refers to the k-th floor and 
subscript j refers to the j-th side of the building where the conven­
tion is j = 1 (south), 2 (west), 3 (north), and 4 (east). 
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Elevator Shaft or Service Shaft 

LEAKFSk + LEAKESk - LEAKE~* + CFMSPSk - CFMEXSk = 0 

where CFMSPSk : ventilation air supplied at the 

k-th floor in the shaft 

CFMEXSk : air exhausted from the shaft at 

the k-th floor 

These 2 * NF sets of flow balance equations must be solved 

by an appropriate iteration technique to obtain the pressure 

profiles in the building and in the shafts. Then the calcu-

lated pressure values are used to determine the air leakage 

of the building. 

Recently a comprehensive computer program that embodies the basic 

algorithm described in this section was published by D. M. Sander and 

G. T. Tamura of the National Research Council of Canada. The details 

Df the program are given in an NRC booklet entitled "A Fortran IV Pro-

gram to Simulate Air Movement in Multi-Storey Buildings", DBR Computer 

~rogram No. 35, (March 1973). 

If this equation were for a service shaft, LEAKE~ would be replaced 
by LEAKESk • 
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DST 

An Algorithm for Determining the Dates of the Daylight Savings Time 

~: 

YR:. Year AD 

Moi Month of the year 

DAY: Day of the month 

The main variables calculated in this subroutine are: 

DSTX: The day when daylight savings time commences 

DSTY: The day when standard time resumes 

DST: The daylight savings time indicator 

o during the standard time period 
DST = 

1 during the daylight savings time period 

Calculation Sequence: 

1. If MO is less than 4 or greater than 10, DST 0 

If MO is greater than 4 and less than 10, DST 1 

2. If.MO = 4, DAY is less than 25, DST = 0 

If DAY is greater than 23, call WKDAY subroutine 

If DAY is Sunday, DSTX = DAY 

If DAY is less than DSTX, DST 0, otherwise DST 1 

3. If MO 10, DAY is less than 25, DST 1 

If DAY is greater than 24, call WKDAY subroutine 

If DAY is Sunday, DSTY = DAY 

If DAY is less than DSTY, DST = 1, otherwise DST = 0 
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An Algorithm Used to Identify the Day of the Week for Any Given 
Date of the Year From 1901 to 2000 

~: 

YR: Year AD 

MO: Month of the year 

DAY: Day of the month 

~ne variable calculated in this subroutine is WKDAY, the weekday indica­

fOr. 
!!>o... 

1 if Sunday 

2 if Monday 

3 if Tuesday 

WKDAY = 4 if Wednesday 

5 if Thursday 

6 if Friday 

7 if Saturday 

calculation SeQuence: 

1. Let FSTDAY(l) = 31, FSTDAY(2) = 59, FSTDAY(3) = 90. FSTDAY(4) 120 

FSTDAY(5) = 151, FSTDAY(6) = 181, FSTDAY(7) = 212, FSTDAY(8) = 243 

FSTDAY(9) = 273, FSTDAY(lO) = 304,. FSTDAY(ll) = 334, FSTDAY(12 = 365 

2. Let N = Integer part of YR/4 

ND = N - 485 

IY=2, IADD=2 

If ND = 0, Go to (4) 

If ND is less than 0, ND = -ND and IADD = -2 
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3. Repeat the following steps for ND times 

IY = IY - IADD 

If IY is greater than 7, IY = IY - 7 

If IY is equal to 0, IY =7 

If IY is less than 0, IY=IY+7 

4. Let MD = YR - N * 4 

If MD is equal to 0 IWK = IY 

If MD is equal to 1 IWK = IY + 2 

If MD is equal to 2 IWK = IY + 3 

If MD is equal to 3 IWK = IY + 4 

If IWK is greater than 7, IWK = IWK - 7 

If MO is not equal to 1 go to 5 

TDAY = DAY - 1 

Go to 7 

5. Repeat the following for j = 2 through l2 

If MO is equal to j, let TDAY = FSTDAY (j-l) + Day - 1 

Otherwise Go to 6 

6. If MD is equal to 0 and MO is greater than 2, TDAY = TDAY + 1 

7. Let NTX = Integer part of TDAY/7 

NDX = TDAY - 7 :!< NTX + IWK 

If NDX is greater than 7, let NDX = NDX - 7 

8. Let WKDAY = NDX 

9. If this routine is going to be applied for the period outside 

1901-2000, the following additional algorithms must be added 

KV = First two digits of YR 
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KTEST Last "two digits of YR 

If MO ~ 2 or KTEST = 0, KV = KV - 1 

LTEST = Remainder of KV/4 

KV = 4*LV + LTEST 

If LTEST = 2, WKDAY = WKDAY + 1 

1, WKDAY = WKDAY + 2 

0, WKDAY = WKDAY + 3 

Otherwise WKDAY = WKDAY - 3*(LV - 4) 

If WKDAY < 0, WKDAY = WKDAY + 7 

If WKDAY > 7, WKDAY = WKDAY - 7 

An alternate calculation sequence for WKDAY has been suggested* 

***** ALL INTEGER ARITHMETIC ***** 

1 MDAY=3~ (MO-l)+(MO-2 )*58/UI0-l 
IF(MO.LE.2) MDAY=MDAY+MO 

2 NIVC=IYR-(IYR/400)*400 
NLYR=NIVC/4 
NCEN=NIVC/100 
NIC=NIVC-10~NCEN 

3 IY=6-2*NLYR 

4 MD=NIVC-NLYR*4 
IF(MD·GE·l) IY=IY+l+MD 
IY=IY-NCEN 
IF(NIC.EQ.0.ANDoNIVC.GT.0) IY=IY+l 

5 IDAYR=MDAY+IDA 

6 IF(NIC'EQ·I1·AND·NCEN.GE·l) GO TO 7 
IF (MD'EQ .0.AND.MO.GT·2) IDAYR=IDAYR+l 

* This was contributed by A. W. Courtney, Scientific Programming, 
Box 508, Bloomfield Hills, Michigan 48013. 
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7 JWK=IDAYR+IY 
NDX=JWK-(JWK/7)*7 
IF(NDX.LE.0) NDX=NDX+7 

8 WKDAY=NDX 

NOTE: IDA FORMERLY CALLED "DAY" 
IYR FORMERLY CALLED "YR" 
IDAYR = NUMBER OF THE DAY OF THE YEAR 
o = NUMERICAL ZERO 
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An Algorithm to Identify the National Holidays of the 
United States of America 

Simple modifications ~llow the identification of any holidays or any 

special days in any country as long as the Gregorian Calendar system is 

employed. 

~: 

YR: Year AD 

MO: Month 

DAY: Day of the month 

The primary variable calculated in this subroutine is HOL, the 

holiday indicator; it is 1 if the date is a holiday and zero if 

it is a non-holiday. 

Calculation Sequence: 

HOL = 1 

If MO = 1 and DAY = 1 
MO = 12, DAY = 31 and WKDAY = 6 
MO = 1, DAY = 2 and WKDAY = 2 
MO = 2, 22 > DAY ~ 15 and WKDAY = 2 
MO = 5, DAY> 25 and WKDAY = 2 
MO = 7 and DAY = 4 
MO = 7, DAY = 3 and WKDAY = 6 
MO = 7, DAY = 5 and WKDAY = 2 
MO = 9, 7 > DAY and WKDAY· = 2 
MO = 10, 15 > DAY ~ 8 and WKDAY = 2 
MO ':' 10, 29 > DAY> 22 and WKDAY = 2 
MO = 11, 29 > DAY; 21 and WKDAY = 5 
MO = 12, DAY = 24 and WKDAY = 6 
MO = 12, DAY = 26 and WKDAY = 2 

otherwise HOL = 0 
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PSY* 

Various Algorithms for Approximate Psychrometric Calculations 

The following symbols are used throughout the PSY subroutines: 

DB: Dry-bulb temperature, F (determined in CLIMATE) 

DP: Dewpoint temperature, F (determined in CLIMATE) . 
WB: Wet-bulb temperature, F (determined in CLIMATE) 

t: Temperature, either DB, WB, or DP, F 

PB: Barometric pressure, in. Hg (determined in CLIMATE) 

H: Enthalpy of moist air, Btu per lb of dry air 

HS: Enthalpy of moist air saturated with water vapor, 

Btu per lb of dry air 

PV: Partial pressure of water vapor in moist air, in. Hg 

PVS: Partial pressure of water vapor in moisture saturated 

air, in. Hg 

V: Volume of moist air, cu ft per lb of dry air 

W: Humidity ratio of moist air, lb of water vapor per 

lb dry air 

log(x): Natural logarithm of x 

loglO(x): Common logarithm of x 

When the exact Goff-Gratch method is required, algorithms described 
in Reference 17 should be used. Tables A-19 and A-20 taken from that 
reference list that the psychrometric properties calculated by the PSY 
routines and the exact Goff-Gratch method, respectively. From exami­
nation of these tables it can be seen that the values calculated by 
the PSY subroutines are in very good agreement with the values calcu­
lated by the exact Goff-Gratch method. 
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The following algor~Lhms are used for calculating the psychrometric 

properties of moist air. All of these are not required for load calcu­

lations but are presented here in a package and can be applied in a vari-

ety of engineering applications. 

a. PVS (t) 

1 • Let A(l) = -7.90298 B(l) = -9.09718 
A(2) = 5.02808 B(2) = -3.56654 
A(3) = -1.3816 E-7 B(3) = 0.876793 
A(4) = 11.344 B(4) = 0.0060273 
A(5) = 8.1328 E-3 
A(6) = -3.49149 

2. Let T = (t + 459.688)/1.8 
if T is less than 273.16, go to 3 

Otherwise 

Let z = 373.l6/T 
PI = A(l) * (z-l) 
P2 = A(2) * loglO (z) 
P3 = A(3) * (lOk*(A(4) * (l-l/z»-l) 
P4 = A(5) * (lOk*(A(6) * (z-l»-l) 

Go to 4. 

3. Let z = 273.l6/T 
PI = B(l) * (z-l) 
P2 = B(2) * loglO (z) 
P3 = B(3) * (l-l/z) 
P4 = loglO (B(4) 

4. PVS = 29.921 * (l~(Pl + P2 + P3 + P4» 
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b. PV (DB, WB. PB) 

1. PVP = PVS (WB) 
WS = 0.622 * PVP/(PB - pvp) 
IF (WB ~ 32) go to 3 
HL = 1093.049 + 0.441 * DB - WB 
CH = 0.24 + 0.441 * WS 
WH = WS - CH * (DB - WB)/HL 

2. PV = PB * WH/ (0.622 + WH) 

3. PV = PVP - 5.704 * 10-4 * PB * (DB - WB)/1.8 

c. W (DB, WB. PB) 

1. VP = PV (DB, WB, PB) 

2. W = 0.622 +VP/(PB - vp) 

d. H (DB. WB. PB) 

H = 0.24 * DB + (1061 + 0.444 * DB) * W (DB, WB, PB) 

e. V (DB, WB, PB) 

1. WV = W (DB, WB, PB) 

2. V = 0.754 * (DB + 459.7) * (1 + 7000 * WV/4360)/PB 

f. H (DB, DP. PB) 

1. W = 0.622.* PVS(DP)/(PB-PVS(DP» 

2. H = 0.24 * DB + (1061 + 0.444 * DB) * W 

g. WB (R, PB) 

1. If PB = 29.92 and H> 0 

Let Y = log (H) 

For H < 11.758 

152a. 

WB = 0.6040 + 3;~041 * Y + 1.3601 * (Y**2) + 0.9731 * (Y**3) 

For H > 11. 758 

WB = 30.9185 - 39.682 * Y + 20.5841 * (Y**2) - 1.758 * (Y**3) 

If PB f 29.92, or H ~ 0 solve the following equation by iter­
ating WB 

H = 0.24 * WB + (1061 + 0.444 * WB) * W (WB, WB, PB) 

h. DP (PV) 

1. Let Y = Log(PV) 

If PV is less than 0.18036 

DP = 71.98 + 24.873 * Y + 0.8927 * (Y**2) 

Otherwise 

DP = 79.047 + 20.579 * Y + 1.8893 * (Y**2) 

Attached to this section are the Fortran listings of subroutines de-

ve10ped at the National Bureau of Standards which incorporate the psychro-

metric algorithms described above. 

PVSF(X) 

DPF(PV) 

corresponds to PVS (t) 

corresponds to DP (PV) 

WBSF(H,PB) corresponds to WB (H, PB) 

The routine entitled PSYI generates dewpoint temperature, vapor pres-

sure, humidity ratio, enthalpy, specific volume, and relative humidity when 

the dry-bulb temperature, Wet-bulb temperature and the barometric pressure 

are provided as input. This subroutine essentially combines all the algo-

rithms described in this section. PSY2 is similar to PSYI except that the 

dewpoint temperature is given in lieu of the wet-bulb temperature. 
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SUeROUTINE PSYllOe,WS,PR,OP,PV,W,H,V,RHI 
THIS SUBROUTI~E CALCULATES VAPOR PRESSUREIPVI,HU~IOITY RATIO I~I 
ENTHALPYIH1,VOLU~EIV1,RELATlvE HUMIOITYIRHI AND DOEW-POINT 
T~MPERATURE ~HEN THE DRY-BULB TEMPfRATURFIOS1,wET-BULB TEMPERATUR 
CWBI AND BAROMETIlIC PRESSIJREIPSI ARE GIVEN 

PVP-PVSfcwlll 
IfIDS-WB1'f,'f,S 

5 ~STAIl-0.622oPVP/IPB-PVPI 
IFIWB-32.1I,I,2 
PV-PVP-S.70'fE-'foPB O IOB-WB1/1.8 
GO TO 3 

'f PV-PvP 
GO TO 3 

2 (OB-,OB-32.1/1.9 
CiiS-cwR-32.1/1.1! 
HL-S97.31+0.'fqn90(OB-C~R 

(HaO.2'fn2+0.'f'fn9 0 ASTAR 
EX_CWSTAR- CHo ICDB_(WB1/HLI/n.6?2 
PV-P8.EX/II.+EX, 

3 w-0.622.PV/CPB-PVI 
V~n.7S'f"DB+qS9.7"CI+7DOO.t/q3601/PB 
H-O.2q·DB+Cln61+0.'fq'f.DB1'~ 

DP.OPFIPV, 
RH.PV/pvSfCDRl 
RETURtl 
END 

SUBROUTINE PSY21DB,DP,PR,WB,PV,iI,H,V,IlHl 
THIS SUBROUTINE CALCULATES THE FOLLOWI~GS WHEN DRY-BULB TEMPERATURE 
CORI,OEW-POINT TEMPERATURECOPI,ANO BAROM[TPI( PRESSURECP~) ARE GIVEN 
We WET-BULB TEMPERATURE 
W HUMIDITY RATIO 

H ENTHALPY 
V VOLUHE 

PV VAPOR pRESSUpE 
RH RELATIvE HUMIOITY 

PV.PVSF'CDPI 
PVS-PVSfCDBl 
RH .. PV/PVS 
Wa O.622,PV/CPB-PVl 
V-0.7Sq'IDB+'fS9.71.CI+7000.W/'f3601/PR 
H-O.2'f·DB+CI061+0.'f'f'f.OAI·W 
wB_WBfCH,PBI 
RETURN 
END 
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fUNCTION WBFIH,pBI 
[HIS PROGRAM APPROxiMATES THE NET-BULB Tt~PERATURE WHEN 
1:NTHALPY AND BAROMETRIC PRESSURE ARE GIVEN 

IfCPB.Nf.29.92) GO TO 2 
Y-LOGI") 
IfCH.~T.II.7SB) GO TO 3 
~Bf.D.60~1+3.q8.I'Y+I.3bDI.Y.Y+O.97307.Y'Y.Y 

GO TO .; 
3 ~BF·30.918S-39'A8200.Y+20.SB'fI.Y.Y-I.75B.Y.Y.Y 

GO TO ~ 

'2 wBI=ISO. 
PVI=PVSfUiBIl 
WI.D.622.PVI/IP~-PVII 
XI=O.2~.w61+lln61+0.q~'f.WBI)·WI 

YI",H-XI 
9 "'B2~""!l1-1 

PV2"'PVSF(WB21 
w2=O.622*PV2/I PR-PV2) 
X2=O.2.*WB2+lln61+0.q~q.WR21·w2 

Y2",H-X2 
IFIYI*Y21 6,7,'" 

B .... SI·W82 
yl-Y2 
GO TO 9 

7 IFIYI) 10,1101 0 
I WBF_~BI 

GO TO • 
~O W8F"~;B2 

GO TO 'I 

6 Z=ABSIYl/Y21 
WBFaIWB2'Z+IIBI 1/1 I+ZI 

'f RETURN 
END 

FUNCTION OPFIPVI 
THIS SUBROUTINE CALCULATES DEW-POI~T TEMPERATURE fOR GIVEN VAPOR PRESSURE 

Y-LOGCPVI 
IFCPV.GT.O.18361 GO TO I 
OPf=71.98+2'1.8 7 3 0 Y+0.8927'Y.Y 
GO TO 2 

I OPF'=79.0'f7+30.S7 9 .Y+I.se93.Y'Y 
2 RETURN 

END 
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rU'IICTlON PVSF"(XI Table A-19 
DIMENSION AI61/_7.90298,S.OZ80~'-1.3BI6F.-7'11.3~~'8.13ZBE_3'_3.~9 
1~9/,BI~I/-9.0971B,-3.S66S~,~.876793,O.006nZ731 PI~I I 
T·IX+~;9.6881/1.8 ' 'A ?9.9? in. Hg. 

,FIT.LT,Z73.161 GO TO 3 
Z-373.16/T 
PIII,./>,III.IZ-Il DR ,"q OP RH I'v 

'" 
H V PIZlc AI21.LOGI OIZI (%) 

ZlaAl~I.Il-I/7I 
PI31,./>'131.IIOooZI_11 AO.n 'lO.O 1'\0.0 100.0 1.0323 .022;;>3 43.51 14.09 II-AI61oCZ-I I AO.O 19.0 1R.1 9<:'.1 .98B3 .021;>S 42.50 14.06 PlqlCAISloIIOo'ZI_II 80.0 7R.O 77.3 91.6 .9453 .02029 41.4S 14.04 GO TO ~ flO.n 17.n 7f..n 1>,1.5 .9031 .01936 40.43 14.02 3 Z-Z73.16/T 80.0 76.0 14.S '13.'5 .R"19 .0184'5 39.43 14.00 PIII-81IleIZ-1I 
PIZI.aIZI.LOGIOIZI 80.0 70:;.n 7~.1 79.f. .~<'15 .011S(' 1e.4~ 13.91< PI31.S131oll-I/ZI 80.0 74.0 71 • ., 75.H .71:\20 .01669 31.50 13.97 
PI~I.LOGIOIBlqll 80.0 73.0 7/).1 77.0 .7431 .0151'\4 3".57 13.95 q SUM_n 

8fl.n 72.0 (,1'\.6 hR.3 .7054 .0150? 35.67 13.93 DO 5 I-I ,~ 8n.0 71.0 ':'7.n h4.1 .h682 .01421 34. '78 13.91 5 SUM"SUM+PI" 
pvsr.Z9.9Zl o IO' oSUM An.n 70.n "C;.4 F, 1. <' .h31Q .01342 33.92 13.89 RETURN 80.n F,9.O n~.7 ~7." .5963 .012h5 33.01 13.88 END 

80.0 61'\.n 6?0 <;4.4 .<,615 .01190 32.24 13.86 
AO.O 67.n M.3 <;1.1 .5211 .01l1f> 31.44 13.84 
AO.O 66 .11 <;1'\.4 41.K .4939 .01044 30.65 13.83 

AO.O F,c;.1' <;F,.S 44.7 .4611 .00914 29.88 13.81 
RO.O F,4.n 54.5 41.6 .4290 .009'1<; 29.12 13.80 
AO.O F,1.0 <;.?S 3'l.5 .391£, .00811>, 28.39 13.78 
80.0 6?0 50.3 3<;.5 .3668 .00772 27.06 13.77 
80.0 "l.o 4R.O 1<'.6 .3366 .0070'l 26.9£' 13.76 

110.0 F,O.n 4<;.6 ;>9.7 .3010 .00645 26.27 13.74 
FlO.O <;9,0 4~.0 76.9 .;>7so .005A3 25.60 13.13 
flO.O SR.O 40.;> ;>4.2 .2495 .005?3 24.94 13.11 
80.0 <;7.0 :n.3 21.5 .2216 .00464 24.29 13.10 
AO.O S6.O 34.0 IM.A .1943 .00407 23.66 13.69 

1'10.0 S5.0 3n.4 If-.2 .1615 .00350 <'3.04 13.b8 
PO.o <;4.0 76.7 13.7 .141? .00295 22.43 13.67 
AI).O 53.0 ?::>.4 11.2 .1154 .00?41 21.1:14 13.65 
80.0 5;>." 17.3 A.7 .0900 .001111'1 21.26 13.64 
80.0 SI.n In.7 t=..3 .0652 .00136 20.69 13.63 

80.0 <;n.1' 1. " 4.0 .1l40~ .OOORS cO .13 13.62 
RO.O 49.0 -14." 1.6 .n16Q .00035 19.59 13.61 
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Table A-20 

Moist Air Properties Calculated by the 
Exact Goff-Gratch Method 

PB = 29.92 in. Hg 

DB 

80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 

80.0 
80.0 
80.0 
80.0 
80.0 

80.0 

WE 

80.0 
79.0 
78.0 
77.0 
76.0 

75.0 
74.0 
73.0 
72.0 
71.0 

70.0 
69.0 
68.0 
67.0 
66.0 

65.0 
64.0 
63.0 
62.0 
61.0 

60.0 
59.0 
58.0 
57.0 
56.-0 

55.0 
54.0 
53.0 
52.0 
51.0 

50.0 

DP 

80.0 
78.7 
77.3 
76.0 
74.6 

73.1 
71. 7 
70.2 
68.6 
67.1 

65.5 
63.8 
62.1 
60.3 
58.5 

56.6 
54.6 
52.5 
50.4 
48.1 

45.6 
43.1 
40.3 
37.3 
34.0 

30.5 
26.8 
22.6 
17.5 
11.0 

2.0 

RH 
(%) 

100.0 
95.7 
91.6 
87.5 
83.5 

79.6 
75.8 
72.0 
68.4 
64.8 

61.2 
57.8 
54.4 
51.1 
47.9 

44.7 
41.6 
38.6 
35.6 
32.7 

29.8 
27.0 
24.2 
21.5 
18.9 

16.3 
13.a 
11.,? 
8.8 

.6.4 

4.1 

PV 

1.0323 
.9883 
.9453 
.9032 
.8620 
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.8217 

.7822 

.7435 

.7057 

.6686 

.6323 

.5967 
• 5619 
.5278 
.4944 

.4617 

.4296 

.3982 

.3674 

.3372 

.3077 

.2787 

.2503 

.2224 

.1951 

.1683 

.1420 

.1162 

.0910 

.0662 

.0418 

W 

.02233 

.02135 

.02039 

.01945 

.01854 

.01764 

.01677 

.01592 

.01509 

.01428 

.01349 

.01271 

.01196 

.01122 

.01050 

.00979 

.00910 

.00843 

.00777 

.00712 

• 00649 
.00587 
.00527 
.00468 
.00410 

.00353 

.00293 

.00244 

.00191 

.00138 

H 

43.69 
42.61 
41.56 
40.53 
39.53 

38.55 
37.60 
36.67 
35.76 
34.87 

34.00 
33.15 
32.32 
31.51 
30.72 

29.95 
29.19 
28.45 
27.73 
27.02 

26.33 
25.66 
24.99 
24.35 
23.71 

23.09 
22.49 
21.89 
21.31 
20-.74 

.00087 20.18 

S 

.0864 

.0843 

.0822 

.0802 

.0783 

.0764 

.0745 

.0727 

.0709 

.0692 

.0675 

.0658 

.0642 . 

.0626 

.0610 

.0595 

.0581 

.0566 

.0552 

.0538 

.0525 

.0511 

.0498 

.0486 

.0473 

.0461 

.0449 

.0438 

.0426 

.0415 

v 

14.09 
14.07 
14.05 
14.03 
14.01 

13.99 
13.97 
13.95 
13.93 
13.91 

13.90 
13.88 
13.86 
13.85 
13.83 

13.81 
13.80 
13.78 
13.77 
13.76 

13.74 
13,..13 
13.72 
13.70 
13.69 

13.68 
13.67 
13.65 
13.64 
13.63 

.0404 13.62 
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8. Appendix B 

Weighting Factor Method of Calculating 

Heating and Cooling Loads and Space Temperature* 

This section was prepared by D. G. Stephenson and G. Mitalas of the 
National Research Council of Canada for the ASHRAE Task Group on En­
ergy aequirements for Heating and Cooling. 



The weighting taccor me~noa LS based on the assumption that the heat 

Iransfer processes occurring in a room can be described by linear equations; 

~nd thus that the superposition principle can be used for the calculation 

~f cooling load and space temperature. This means that the relationship 

~etween any excitation (e.g., power input to lights) and the corresponding 

tcomponent of the cooling load can be expressed in the form of a character-

~stic transfer function. Once all the transfer functions have been deter­

.. ined for a room, they can be used to calculate the response to any exci­

~ation. The weighting factors are a convenient way of representing these 

~aracteristic transfer functions for a room: they relate the Z-transforms 

,rPf the excitations to the Z-transforms of the corresponding cooling load 

~components. 

; 1 2/ 
(The Z-transfo~ 

When a continuous signal, f(t), is sampled at regular intervals of ~, 

~the output of the sampling device is a train of pulses as shown in Figure 

81. The Laplace transform of this output signal is 

f(o) + f~)e-s~ + f(2~)e-2s~ + (1) 

If Z is substituted for eS~, the transform of the output from the sampler 

is 

::" -1 -2 
f(o) + f~)Z + f(2~)Z + ..... (2) 

:c 
-1 

This polynomial in Z is-the Z-transform of the function f(t). The chief 

~dvantage of this type of transform is that it can be obtained just by sam-

pling the function at regular intervals: the successive outputs being the 

coefficients of successive powers of Z-l in the Z-transform. 
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/ 
/ 

Signal Supplied 
to Sampler 

t~ 
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Sampler 

2/j. 3/j. 4/j. 56 6/j. 7/j. t~ 

Figure B-1 Pulse Representation of a Continuous Function 
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If both the input art. ,utput of a system are expressed in terms of 

[heir Z-transforms. the ratio of the output/input is a Z-transfer function 

• for the system. Assuming that such a transfer function. K(Z). can be found. t 

and that it can be expressed as the ratio of two polynomials in _Z-l 

K(Z) 

-1 -2 
a O + alZ + ~Z + 

i.e. , -1 -2 
bO + blZ + b2Z + 

(3) 

it follows that O(Z). the Z-transform of the output that results from an 

'nl?ut represented by I (Z) is . 

O(Z) = K(Z) • I(Z) (4) 

:Both sides of this equation are polynomials so the coefficients of the 

'various powers of Z-l must be the same on the two sides of the equation. 

-n 
.Thus. equating the coefficients of Z gives 

On b
o 

= In • ao + I n- l • a l + I n-2 • ~ + ... 

- (On-l • b l + 0n-2 • b2 + •.. J (5) 

where the subscript non 0 and I indicates the value of the function at 

t = n6. i.e •• 0 is the coefficient of Z-n in the Z-transform O(Z). This 
n 

expression relates the output at any time t = n6 to the input at that time 

and the values of the input and output at earlier times. The coefficients 

aO' a
l 
•••• and boo b

l 
•••• contain all the characteristics of the system. 
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Cooling Load. Heat Extraction and Room Temperature 

Using the Z-transfer functions approach, the cooling load is the 

output that results from the input, which is the heat gain. The weight_ 

ing factor sets are the transfer functions relating the cooling loads to 

heat gains. The procedure for calculating cooling load is, therefore, 

first to calculate the various components of the he.at gain, and then to 

combine them with the appropriate weighting factor sets to obtain the 

cooling load. An expression like equation (5) is used to compute each 

component of the cooling load. 

The cooling load of a space depends on both the magnitude and the 

nature of its excitations (i.e., outside air temperature, direct and 

diffuse solar radiation, electric energy input to lights, etc.). The 

resulting cooling load also depends on the location of the element that 

absorbs the energy of the excitation. For example, the cooling load pro­

file resulting from one unit of solar radiation absorbed by the window 

glass is quite different from that of one unit of solar radiation ab-

sorbed by the floor surface. To shorten the computation of cooling load, 

the heat gain must be subdivided into a limited number of components. 

For example, the total heat gain by a space can be represented by the 

following components: 
, 

(1) Heat gain through window. (REATG and REATG) 

(2) Heat gain through exterior walls and roofs. (REATX) 

(3) Total power input to lights. (REATIS) 

(4) Heat gain through doors,partitions, underground walls 

and floors, and due to internal heat sources other than 

lights. (REATDP) 
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".~-" 

(5) Sensible heat 'n due to infiltration. (REATVS) 

Each of these heat gain components is calculated on the basis of a 

constant air temperature in the space. The actual air temperature gener-

ally deviates from this reference value, and consequently the rate of 

heat extraction from the space, HE, differs from the cooling load. The 

calculation of actual room air temperature and heat extraction rate is 

the final step in the sequence of calculation: in this case, the previ-

ously calculated cooling load is the input along with the characteristics 

of the air conditioning unit; and heat extraction rate and air tempera-

ture are the outputs. If this transfer function is expressed in the form 

or 

HE 
n 

HE - CL 
5 

v 

v . w 
~ x. z-J/l + ~ Yj 
o J 1 

w 

z 
-j 

CL + ~ x. * 5 • 
n 0 J n-J 

~Yj*(HE .-CL.) 
1 n-J n-J 

(6) 

where 5 is the deviation of actual air temperature from the reference 

value used to calculate the heat gains. 

The heat extraction rate given by equation (6) must match the rate 

given by the characteristic of the air conditioning unit. For example, 

a cooling unit with a simple proportional control system has a charac-

teristic of the form 

HE C+D*6 n n 
(7) 

where 

C heat extraction rate of the unit operating in a room 

at the reference temperature 
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D change in the rate of heat extraction caused t jne 

degree rise in room air temperature 

Equations (6) and (7) can be combined to give an explicit expression 

for 6n 
v w 

6n 

CL - C + 1: x. * 6 • - 1: y. * (HE . - CL .) 
n 1 J n-J 1 J n-J n-J 

D - x 
(8) 

o 

and then equation (7) can be used to evaluate HEn' 

Equation (8) can be used to calculate 6
n 

even if the cooling equip­

ment is off: when the equipment is not operating, C and D are both zero. 

Calculation of Room Weighting Factors 

The calculation of the room weighting factors is based on the solu­

tion of a se~ of heat balance equations for all the room air~1 (RMTMP) 

A computer program for evaluating weighting factors has been developed by 

the National Research Council of canada2/ , based on the procedure given 

in Reference 4. 

Three different groups of room weighting factor sets are computed by 

this program: 

(1) The first group is very large, consisting of a set of 

factors for each excitation at each surface. 

(2) The second group combines all of the sets in group 1 

that pertain to diffuse solar radiation into a single 

set; it combines all of the sets for direct solar radi-

ation incident on the room surfaces other than inside 

window pane, floor, and furniture into another com-

bined set; and lastly, it combines all the sets that 

6b 

pertain to exc"~ "'tion by the pOwer supplied to the 

lights into a single set. 

(3) The third group of factors carry the consolidation 

of the various sets of the limit: there is just one 

set of factors for each component of heat gain. 

It is not intended that the first group should be use'd directly for 

room cooling or heating load calculations, as the second group give es­

sentially the same results with considerably less computation~/. The 

further simplication provided by the use of the third group' require that 

the following assumptions be made: 

(1) That the heat gain through room envelope components 

can be calculated with sufficient accuracy using com-

bined inside surface heat transfer coefficient and 

that the room weighting factors are the same for heat 

gain through window, opaque outside wall, corridor 

wall and a roof. 

(2) That the fraction of the solar radiation absorbed 

by the window glass and shade, and transmitted di-

rectly into the room as well as the portions absorbed 

by various room surfaces and furniture are constant 

during the day. 

It is probable that the first assumption will not introduce signifi-

cant errors; however, the second assumption is questionable. At this 

time, research information is lacking to establish the possible magni-

tude of the error introduced by this assumption. 
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The procedures given in this report to convert roo~ excitation to 

cooling load and heat extraction are based on the third group of room 

weighting factors, i.e., RMRG, RMRX, RMRT and RMRTS. In addition, sim­

plified procedures are given for the calculation of the RMRT and RMRTS 

sets. If the highest possible precision is important, weighting factors 

in the second group should be used. 
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NB :in a Time-Sharing System 

Recently, the General Services Administration of the federal govern­

ment has subscribed to a time-sharing system called INFONET, which has 

in turn made the use of NBSLD practical on a time-sharing system (see 

figure on page 3c). 

Entire subroutines and several main programs, which are parts of 

NBSLD, have all been placed into INFONET and are now accessible to the 

various government agencies through teletype terminals. 

Some of the attractive features of the INFONET system are: 

1. Data files for input and output can be created separately 

from the execution of a main program such that computer 

time does not have to be sacrificed by the slowness of 

handling these data. (This"is a common problem for heat­

ing/cooling load calculation programs.) An input data 

file can be created, edited and stored for use by a main 

program, while an output file of intermediate and detailed 

results can be created in mass storage for later inspec­

tion without prolonging the computation time. When a fi­

nal output is questionable, the analyst can ex~ine the 

input as well as the intermediate output in detail simply 

by calling these data files independently. 

2. After the execution of a program, the analyst can call 

for specific values of variables without adding special 

instructions in the main program to type out these vari­

ables. 
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3. The editing of a program as well as the data riles can 

be made in such a manner that the deletion, addition, 

or alteration of statements or lines can be made with-

out retyping the entire line. 

4. All sub-programs are independently filed, compiled and 

available to any main program in the same library by an 

elaborate linking routine. Psychrometric routines, so-

lar heat gain routines, transient heat conduction rou-

tines and weather data decoding routines can thus be 

used by many different main programs. 

This time-sharing system is therefore very well suited for design 

calculations where many different alternatives for building construction 

such as the area of glass, shading of the windows and thermal mass of 

the internal structures are to be evaluated as to how they affect heat-

ing/cooling loads or energy requirements. 
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NBSLD on INFONET 
WEATHER 

DATA TAPE 
INPUT 

DATA FILES 

NBSLD 

r--------, 
, I 

/HABITABILITY: 
.ANALYSIS I , , .. _------_.1 

r----------.. 
• t 
: SYSTEM I 

: SIMULATION: 
I I 

I...----r ----.J 
r---- ----~ I , 

:ENERGY : 
:cALCULATION I L ____ ( ____ J 
r-- -- ----" 

! ECONOMIC : 
! ANALYSIS : , , L. __________ , 

3c 

OUTPUT 
DATA FILES 



A copy of the NBSLD subroutines and main program 

through the INFONET system as follows: 

!U$TDEF,SAVE~RTOI05 

!DEVICES,QUEUE~l 

(~: space) 

be obtain 

(Wait for allocation if REQUEST QUEUED by periodically typing 

!DEVICES) 

!COPy,IN,EVERY~RTOI05~-PNC,-REL,-XQT 

RTOI05 is the transportable tape containing all the subroutin4 

and the NBSLD main program, sample data, and sample output. 

Sample data file: NBSBLI 

Output file: RESULT 

The tape also contains the weather decoding routines. 

4c 

Introduction 

This manual contains the input data forms with instructions for 

preparing data needed to perform heating and cooling load ca~culations 

using NBSLD. 

In addition, the manual contains engineering data needed for the 

computations so that the use of other handbooks or references are gen­

erally unnecessary. The required numerical data are to be filled into 

blank spaces provided on each DATA SHEET and then each sheet can be used 

directly at a computer terminal or to produce a data card if the program 

is being run in "batch mode" at a central facility. 
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General Instruction 

Figure C-I shows the flow diagram or sequence for the data prepara_ 

tion. 

Schedule Profile data sheets A, B, C and D are prepared for a build-

ing and are assumed the same for all zones or rooms within the building. 

DATA SHEETS I through 3 are prepared for each different building, 

thus need not be repeated for the analysis of rooms within the same build-

ing. 

DATA SHEETS 6 and 7 usually need to be prepared only for the first 

room of the building, because other rooms that follow in the same build-

ing usually employ the same wall, roof, and floor constructions. 

When two rooms have identical shape and construction and differ only 

in orientation, the second room is considered to be rotated with respect 

to the first room and requires only DATA SHEETS 4 and 5. 

6c 

DATA SHEET PREPARATION GUIDE 

Are the sc·neJu1es different froll 
those used in the previous building 
calculation? 

Is the rooll different from the previous room 
except its orientationl 

Are the Wall/Roof/Floor daU used in the 
previous calculations differe"t froa: those to 
be uud for this room? 

Are .11 the Wall/Roof/Floor data prepared? 

II. 

Are all 

Is this the Desig" Day Calculation? 

N. 

" + 
Are all the roolls in the building eompl;;;;;;-T\ .. ~- .---
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Operational Data 

RUNID: Index for the calculation of Conduction Transfer Functions: 

RUNID 1 if the load calculation being made for this par-

ticular run requires the generation of Conduction Transfer 

Functions for the walls, roof, ceilings and floors in the 

building. The Conduction Transfer Functions generated dur­

ing the run will be stored in tape unit 8 for the future 

rerun. 

RUNID = 2 if the Conduction Transfer Functions have already 

been calculated and stored in tape unit 8 and this particu­

lar run does not require the generation of new Conduction 

Transfer Functions. 

RUNTYP: Index for the types of calculations to be performed: 

RUNTYP = 1 if the calculation is for the hour by hour de­

termination of heating and cooling load for a specified 

period by making use of weather data tape (unit 7). 

RUNTYP = 2 if the calculation is for the design heating and 

cooling load. A weather data tape is Eel required for this 

run. 

ASHRAE: Index for the weighting factor usage: 

ASHRAE = 0 if the Weighting Factor Method of the ASHRAE 

Task Group is replaced by a more exact calculation proce­

dure developed at the National Bureau of Standards. 

8c 

ASHRAE = 1 i \e Weighting Factor Method of the ASHRAE 

Task Group is used to convert the heat gains and losses 

to loads. (incomplete) 

IDETAL: Index for the output specification: 

IDETAL = 0 if output of the run is only the daily maximum 

and the daily total heating and cooling loads. 

IDETAL = 1, output of the run will display input data and 

details of intermediate results such as Conduction Trans­

fer Functions, Radiation heat exchange factors, solar ra­

diation and solar heat gain. 

METHOD: Index for the treatment of room surface radiation heat 

exchange calculation: 

METHOD = 0 if the radiation exchange among the room sur­

faces are treated individually on room by room basis. 

METHOD = 1 if a building zone is treated as a box and all 

the interior partition walls and floor/ceiling sandwich 

constructions are treated as a single slab to be distrib­

uted uniformly on the floor of the box as an extra layer 

for that floor. (incomplete) 

RFMTAP: Tape drive unit number for the tape to be used by the sys­

tem simulation program of Ross F. Meriwether. If no tape 

is needed, RFMTAP = O. 

9c 



(integer variables) 

I RUNID RUNTYP ASH RAE IDETAL METHOD 

IOe 

RFMTAP l 

Building Name 

NAMEBD 

Identification of the job, name of the building, address or other 

pertinent information may be used within the limit of 34 alphabetical! 

numerical characters. 

NAMEBD 

He 



Schedule Profile-A 

QLITX: Normalized* daily schedule (24-hour profile) or power input 

for lighting during the weekdays. 

QEQUX: Normalized* daily schedule (24-hour profile) of power input 

for electrical appliances and other equipment (other than 

those involved for heating/cooling equipment) during the 

weekdays. 

QOCUP: Normalized* daily schedule (24-hour profile) of occupancy 

(number of adults) during the weekdays. 

QLlTX 

r;--j-, '--I ,-

QEQUX 

t J;--J-- ];--} I --1- t I -;;q 

* Having a value between 0 and 1. 

lZe 

Q.. 
:J 
U 
o o 

Be 



Schedule Profile-B* 

QLITX', QEQUX', QOCUP' are the same as QLITX, QEQUX and QOCUP re­

spectively except that these data are for the weekends. 

QUTX' 

c;>J----1 I. 

QEQUX' 

t I J---l· J;- j- ±-~ 1 ;r;-ru -5] 

QOCUP' 

[--I. 'I--- U I r 

* These data should be all zero for the design day calculation. 

14c 

Schedule Profile-C* 

QLITX" , QEQUX" , QOCUPl1 are the same as QLITX, QEQUX, and QOCUP re-

spectively except that these data are for the holidays. 

QUTX" 

I 1- l 
QEQUX" 

1----' 

QOCUP" 

I . I j 

* These data should be all zero for the design day calculations. 

l5c 



Schedule Profile-D 

Room Temperature and Humidity Schedule 

RMDBS: 24 hour profile of room thermostat setting during the occu-

pied cooling day, OF. 

RMDBW: 24 hour profile of room thermostat setting during the occu-

pied heating day, OF. 

RMDBWO: Lower limit on room thermostat setting during the unoccu-

pied heating day, OF. (See Figure C4 in Data Sheet 11.) 

RMDBSO: Upper limit on room thermostat setting during the unoccu-

pied cooling day, OF. (See Figure C4 in Data Sheet 11.) 

RHW: Lower limit on room relative humidity setting during the 

heating days, %. 

RHS: Upper limit on room relative humidity setting during the 

cooling days, %. 

l6c 
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NDAY: 

NSKIP: 

Data Sheet 1* 

Number of days for which the calculations are to be per­

formed. 

Number of days to be skipped in case the computation does 

not start from the first day of the weather tape, which 

is usually 00 hour, of January 1 if standard Nee 1440 

tape is used. 

TAPE 2: Tape unit or file number for the output tape, if 0 an 

output tape or file is not produced. The output tape 

or file contains the hourly load and weather data needed 

for the system simulation. 

I "DAY I _,P ITAF£21 I r I I I I J 

* 

(integer data) 

For the design calculation or when RUNTYP is 2, all three variabl 
listed here can be input as O. 

l8c 

Data Sheet 2* 

Month: Month for which the calculation is to be done. 

Day: Day of the month on which the calculation is to be done. 

ELAPS: Number of days elapsed from January 1 to reach the de-

sign day. For example, it is 201 for July 21 of a non-

leap year. 

DBMAX: Maximum outdoor temperature of the design day for cool-

ing (see Table el which has been taken from the 1972 

ASHRAE Handbook of Fundamentals). 

RANGE: Daily range of the outdoor temperature during the design 

day, of, (see Table el). 

WBMAX: Summer design wet-bulb temperature, OF, (see Table el). 

DBMWT: Design outdoor air temperature for the heating load cal-

* 

culation, of, (see Table el). 

TGS: Summer design ground temperature, OF, (see Table el). 

TGW: Winter design ground temperature, OF, (see Table el). 

If a weather tape is being used and a conventional design calculation 
is not being done, all variables listed here can be input as 0 except 
TGS, TGW and UG. 

19c 



* 

UG: Ground heat transfer coefficient for design heating load 

calculations based upon Chapter 21, 1972 ASHRAE Handbook 

of Fundamentals, Btuh*, (use 0.1 if uncertain). 

Btuh = Btu per (hr) (sq. ft.) (OF). 

ZOc 

Data Sheet 3 

LONG: Longitude of the building 1ocation, degrees. 

LAT: Latitude of the building location, degrees (see Table Cl) • 

. ~ TZN: Time zone number: 

5 Eastern Standard time zone. 

6 Central Standard time zone. 

7 Mountain Standard time zone. 

S Pacific Standard time zone. 

ZLF: Building exterior wall perimeter, ft.* 

RHOW: Outdoor air relative humidity for a design heating load 

calculation, %. 

(real variable) 

I LONG I L~ I TZN I ZLF I .HOW I -r -I I I 

* For interior space, use the perimeter bounded by non-air conditioned 
spaces. 

The value of ZLF is needed only when ASHRAE = 1. If the value is un­
known use ZLF =. 10. For the case ASHRAE = 0 use ZLF = O. 

2lc 



Data Sheet 4 

NAMERM 

After this card, the data that follow will refer to this specific 

room or space in the building. 

(Alphanumeric data; 34 columns maximum) 

22c 

Data Sheet 5 

IROT: Room rotation index: 

0: if the room load is to be calculated without ref-

erence to any previously described room. 

number of degrees: if this room is to be the same as 

the previous room except for rotation clockwise a 

specified number of integer degrees. 

ISKIP: Wall/Roof/Floor construction data skip: 

0: if the room requires a new set of wall/roof/floor 

construction data. 

1: if the wall/roof/floor data used by the previous 

room is reused for this room. If ISKIP 1, data 

sheets 6 and 7 should be omitted. 

INCLUD: Space load summation index: 

1: space load not included in the summation. 

0: space load included in a summation of the space 

load of the previous room. 

(integer variables) 

IIROT ! ~IP IINCUD II I I \ I II 
23c 



~ata Sheet 6 

Wall/Roof/Floor-A 

N: 
Number of layers of composition in a given wall/roof/floor construc_ 

tion. 

By referring to the data of Table C3 (taken from the 1972 ASHRAE 

Handbook of Fundamentals). give the follOWing information for each of 

the layers ~tarting from the innermost layer to the Nth layer. which is 

the outer~st layer. 

L: Thickness of the layer. ft. 

K: Thermal conductivity of the layer. Btuh per (hr) (ft) (OF). 

P: Density of the layer material. lb per cu. ft. 

C: Specific heat of the layer material, Btu per (lb) (OF). 

R: Thermal resistance value of the layer in (hr) (sq. ft.) (OF) per 

Btu. 

For the calculation where the ASHRAE weighting factor method is used 

(ASHRAE = 1). the innermost laYer is always the inside surface thermal 

resistance. If ASHRAE O. omit the inside surface thermal resistance. 

Outside surface thermal resistance'is never used in all cases. 

" The value of R is to be given only when the layer has no apparent 

thermal mass. If t"he value of L. K, p. and C are given, R should be zero. 

If R is given. L, K, p. and C should all be zero. in particular, L should 

be zero even if it is physically non-zero. For the ground floor. add a 

finite thickness slab consisting of a 12" thick earth layer. 

24c 

(Note: (1) At least on~ { the N layers should have non-zero values 

(2 ) 

(3) 

(4) 

( lllteger) 

of L, K, P, and C. 

If two or more consecutive layers have no thermal mass, 

their thermal resistance values should be combined. 

If a particular wall is considered to have no apprecia­

ble thermal mass, or if it is desired not to consider 

the thermal mass effect, data for this particular wall 

should not be included in the data sheets. 

If roof is over attic space the innermost (first) layer 

should be inside thermal resistance in all cases. 

I N If,., In _ L ___ J ==r- ,-n--r-----'·····,· 
,-- --

L K P C ,R 

1st LAYER - innermost 
2nd LAYER 
3rd LAYER 
4th LAYER 

'Nth I dy,:oR 

* ' IRF is not the input data in this data sheet. It is the identifier 
of the particular wall in the sheet. 

25c 

IRF* 
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Data Sheet 7 Data Sheet 6 

Wall/Roof/Floor-B EI] 
Twenty-four characters are allowed for the brief description of each 

layer, such as "common brick" or "1/2" plaster board", etc. 

The description should identify the corresponding layer given on 
~ Nil 1 I 1 1-[ H r I 

Data Sheet 6. L K P C R 

The set of wall/roof/floor data and accompanying description will be 1st LAYER- innermost 

repeated as many times as there are number of different wall/roof/floor 
2nd LAYER 
31'0 LAYER 

constructions (with an upper limit of 9) pertinent to the room under con-
4th LAYER 

sideration. Each new set of wall/roof/floor construction will be identi-
: 

fied by the IRF number on DATA SHEET 6 (upper right hand corner). 

After the last wall/roof/floor has been given, provide a line with 
Nth LAYER 

o or a blank card to indicate that fact. 

Data Sheet 7 
DESCRIPTION FOR LAYER I THROUGH LAYER N 

DESCRIPTION FOR LAYER I THROUGH LAYER N 

11 1 
i : 1 
11 I +-

I i_ 

Blank card if this is the last wall/roof/floor 

I 11 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I II 
(Alphanumeric information) Blank card if this is the last wall/roof/floor 

[JJIJ I I I I I I I I I I I I I [ I I I I I I I I I I I f I I I I I I 
(Alphanumeric inforrhation) 
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Data Sheet 6 Data Sheet 6 

ETI II~I 

[N I I I I I I· I I I : I_~J . ___ '-_J ____ L __ I __ l=-~]~~J 
I _~~ _ .. 1 _ . _. [ ~_ _ _ -r:-_~=-~--=------.J 

--

L K P C R L K P C R 

1'SIt LAMEIIII - ·i!I1lfIer111OSt I~t LAYER - innermost 
2nnIlIlLAM81!! 2!11dLAYER 
3I!IdI.LAM81!! 3,d LAYER 
41111il LAlrtER 4tll1 LAYER 

Nth lAYER Nth LAYER 

Data Sheet 7 Data Sheet 7 

DESCRIPTION FOR LAYER I THROUGH LAYER N DESCRIPTION FOR LAYER I THROUGH LAYER N 

I I J 
. I I i I ! -

I I 
I -

I I I I -

-

-' 
I 

j 

Blank card if this is the last wall/roof/floor 

I I I I I II I I I I I I I I I 1·1 I I I I I I I I I I I I I I I I I I I 
Blank card if this is the lost Wall/roof/floor 

[I I I I I I I I I I I I ITDTITTIT [[[IJ-J] TTl [ r ,-, 
(Alphanumeric information) (Alphanumeric information) 
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Data Sheet 6 
Data Sheet 6 

IIR!I 
~ 

[TTl I =r--]-]-r-I- I : I N I I I 
L K P C R 

L K P C R 1st LAYER- innermost 
2nd LAYER 

1st LAYER - ilooermost 
2nd LAYER 

3rd LAYER 
4th LAYER 

3rd LAYER 
4th LAYER 

Nth-LAYER 

Nth LAYER 

Data Sheet 7 

Data Sheet 7 

DESCRIPTION FOR LAYER I THROUGH LAYER N 

DESCRIPTION FOR LAYER I THROUGH LAYER N 

I 

I 

Blank card if this is the last wall/roof/floor 

Blank card if thi!': i!': th~ lad wall/roof/floor 
I I I I I l I I I r r fl Clul I I I I I I l I I I I I I I I 0- I I I I 

I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I 1 (Alphanumeric information) 

lAlphanumeric information) 

30c 
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Data Sheet 6 Data Sheet 6 

EIJ Wall/Roof/Floor-A II~I 

[J I I I I I I I I ~ I N I I I I I I I I l 
L K P C R 

L K P C R 
1st LAYER - innermost 
2ndiLAYER 
3rd LAYER 
4t1th LAYER 

1st LAlliER - innermost 
2ndLA:YER 
3rd LAYER 
41th LAYER 

Nth lAYER 

Nth lAYER 

Data Sheet 7 Data Sheet. 7 

DESCRIPTION FOR LAYER I THROUGH LAYER N 
DESCRIPTION FOR LAYER I THROUGH LAYER N 

. ! I 
I 

Blank cord if this is the lost wall/roof/floor 
Blank cord if this is the lost wali/roof/floOL 

I rrI I I I I. I I I I I I I I I I I I I I I I I I I I I I ! I I I I I I I I I I I I I I I I I I I I I I I I II I ;1 1 I I n-rl· n III J I J 
(Alphanumeric information) 

(Alphanumeric information) 
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Data Sheet 6 

~ 

r N T-r-CI I II I I ~ 
L K P C R 

1st LAYER- innermost 
2nd LAYER 
3rd LAYER 
4th LAYER 

Nth t AYER 

Data Sheet 7 

DESCRIPTION FOR LAYER I THROUGH LAYER N 

I 

I 
Blank card if this is the lost wall/roof/floor 

n-CIT" , , , , , I-IT1U-rTTmTTT I I I I I I I I II 

* 

(Alphanumeric information) 

IRF should not exceed 9 since IRF = 10 is reserved for very lightweight 
walls, doors and windows in Data Sheet 11. 

~c 

Data Sheet 8 

ROOMNO: Room identification number. 

QLITY: Maximum lighting power input to the room, expressed as watts 

per sq. ft. of floor area (see Table 04). 

QEQPX: Maximum electric power input for the appliances and other 

equipment in the room exclusive of the heating and air con-

ditioning equipment, expressed as watts per sq. ft. of floor 

area (see Table 04). 

QCU: Maximum number of adult occupants in the room during the 

day (count a child as 0.5). 

FLCG: Fraction of electric power for lighting which can be assumed 

to go directly to the return air. 

FRAS: Fraction of internal heat gains which can be assumed to be 

absorbed by the room surfaces instantaneously (as a result 

of radiation). 

TS: Upper temperature limit on outdoor air which can be brought 

in during the occupied period to reduce the cooling load 

(NVENT = 1). (See Data Sheet 16.) 

CFMS: Flow rate of outdoor air introduced for natural cooling 

purposes, cu. ft. per minute. when ambient temperature is 

less than TS (NVENT 1). This data should be zero when 

RUNTYP (page 8c) = 1. (See Data Sheet 16.) 
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ARCHGS: Infiltration in terms of number of air chal )er hour Data Sheet 9 

during the summer* months. 
IW: Building weight index: 

ARCHGW: Infiltration in terms of number of air changes per hour IW = 1 Heavy structure (approximately 70 lb per sq. ft. 

during the winter** months. of floor use or above). 

ARCHGM: Minimum infiltration in terms of air changes per hour 
IW 2 Medium weight structure (between 30 and 70 lb per 

sq. ft. of floor area). 
when ARCHGS = 0 and ARCHGW = O. 

IW 3 Lightweight structure (below 30 lb per sq. ft. of 

ZNORM: Number of rooms of the same type being described in the floor area). 

building. 
IL: Lighting fixture index. 

* June through September. ISTART: Starting hour of occupancy. 

** October through May. ILEAVE: Ending hour of occupancy. 

ROOM1\( QLlTY QEQPX QCU FLCG FRAS TS CFMS !ARcHGS !ARcHGW 

ARCHGM ZNORM 

I 
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Data Sheet 10 

Temperature Control Data 

TUL: Upper limit of thermostat, above which the room requires 
I-

.. I 

Z 
W 

II~ 
V 

U 
In I-

II 
wJ: 

~ 
OC> z-
ct..J 

cooling, of, during occupied period. 

TLL: Lower limit of thermostat, below which the room requires 
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heating, of, during occupied period. 

QCMAX: Maximum sensible cooling capacity of the room air supply 

system, Btu per hour (for the design load calculation 

this data should be sufficiently large so that it will 

not be exceeded by the peak cooling load ••• non-nega -

tive value when ITHST 0 and ITK = 0 on Sheet 11). 

QHMAX: Maximum sensible heating capacity of the room air supply 

system, Btu per hour (for the design load calculation 

this data should be sufficiently large so that it will 

not be exceeded by the peak heating load ••• non-nega -

tive value when ITHST 0 and ITK = 0 on Sheet 11). 

4 QI 0: 
<i 

0 
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l-

I I :J 
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w > 

u 
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II 

Z 
I- ..J 

W ~ Q. 
In 
~ 
In 

:::! 

~ 

DBVMAX: Maximum outdoor temperature when the natural cooling by 

ventilation is used. 

DBVMIN: Minimum outdoor temperature, below which the natural 

cooling cycle is disengaged. 
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Data Sheet 11 

I WL I m I~MAX IQ"~xl_MA+VMIN I I I I ~~lT~ 
Temperature Control Indices, ITHST and ITK 

1, ITK = 0: The hourly profile of rOom temperature, either 

constant or night setback, is prescribed ••• 

Figure C2. 

ITHST 
0, ITK = 1: The room temperature is to be calculated for 

the room which is neither heated nor cooled 

Figure C3. 

ITHST 
1, ITK = 1: The upper and lower limit of the room tempera-

ture are given. The rOom will be heated if 

the room temperature falls below the lower 

limit TLL and the room is cooled if the room 

temperature rises above the upper limit TUL. 

As long as the room temperature is between 

these two limits, the room is neither heated 

nor cooled ••• Figure c4. 

ITHST 
0, ITK = 0: The same as above except that the maximum ca-

pacities of heating and cooling systems are 

introduced. If the room heating and cooling 

loads exceed the system heating and cooling 

capacities respectively, the room temperature 

drift from the set points TLL and TUL is ca1-

culated ••• Figure C5. 
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lITH~ /'T. I I I I I ~ 
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Figure C2 

\2J FLOATING TEMPERATURE MODE 
(lTHST=O 
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TIME 

Figure C3 
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RMDBWO 

Figure C4 
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Figure C5 
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Data Sheet 12 

NS: 
Number of different type heat transfer surfaces in the south wall. 

NW: 
Number of different type heat transfer surfaces in the west wall. 

NN: Number of different type heat transfer surfaces in the north wall. 

NE: Number of different type heat transfer surfaces in the east wall. 

L: Length of the room along the south wall, ft. 

W: Width of the room along the west wall, ft • 

H: Height of the room ft. 

m 
r windows 

door 

West 
Wan 

H-\ 
Ceillnv 

South Wall 

Note: Number of heat transfer surfaces should not exceed 1 for the 
ceiling and for the floor. 

4Sc 



(integers )* 

ITYPE 
NS NW NN NE 

L W H 

(real values) 

* NS + NW + NN + NE should not exceed 28. 

* 
46c 
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2 

3 

4 

5 

6 

7 

Data Sheet 13* 

Exposure surface type index: 

if roof. 

if exterior wall. 

if window or glass door. 

if door. 

if floor on ground or basement wall. 

if partition walls, party walls, floor/ceiling, furnish-

ings and other internal mass. 

if completely open. 

8 if the adjacent space is not air conditioned and will be 

considered as having a temperature the same as the out-

doors. 

IRF: Roof/wall/floor construction identifier index shown in 

the upper right corner of the roof/wall/floor data sheet 

6. If not applicable (such as the cases for lightweight 

walls, doors and windoWS), which are not specified in 

data sheets 6 and 7. lRF = 10. 

A: Area of the surface, sq. ft. 

AZW: Surface orientation angle, degrees clockwise from south: 

o for south facing surface, roof/ceiling or floor. 

45 for southwest facing surface. 

See note on data sheet 14. 
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90 for west facing surface. 

135 for northwest facing surface. 

ISO for north facing surface. 

-135 for northeast facing surface. 
integer real variable 

-90 for east facing surface. ~ I ITYPE I'RF I A I AZW I u I SHAD"j'BSP I SHD r--TJ 
U: Overall heat transfer coefficient of a surface (Btuh) for 

which the data for roof/wall/floor are not provided (IRF 

10). For the surface for which roof/wall/floor data are 

provided (IRF I 10), U should be zero because it will be 

computed in the program. 

SHADE: Shading coefficient for the ITYPE 3 surface (window or 

glass door) (see Table C5 which has been taken from the 

1972 ASHRAE Handbook of Fundamentals). For all other 

types of surfaces, this parameter should be zero. 

ABSP: Solar absorption coefficient for the exterior surface 

(see Table C6 which has been taken from Thermal Radia-

tion Properties Survey, G. G. Gubareff, J. E. Jansen, 

and R. H. Torborg, Honeywell Research Center, 1960). 

This value should be zero for the surfaces of ITYPE 

3, 5, 6 and 7, and S. 

SHOW: Shadow parameter 1 if completely shaded by an adjacent 

building or an external shading device; 0 if otherwise. 

4Sc 
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Data Sheet 14* 

Room Surfaces-B 

(Exterior Shading Device Data) 

Data are given in ft. and as dictated by the figure below. 

D 

~ 

r:1r 
LEFT 
SIDE 
FIN 

SHADOW I. 
INPUT DATA 

SOc 

I FL I HT I Fo I AW 16WL I ~R I 0 I--r-rl 
[;o~ r" I 61 1 CI 1 '"'I A2 r~T~21 r -] 

* The sequence of input should be roof/ceiling, south facing surfaces, 
west facing surfaces, north facing surfaces, east facing surfaces and 
floor. While each vertical exposure can accommodate more than one type 
of surface such as wall, door and window, only one surface should be 
given for floor and roof/ceiling. 

Data Sheets 13 and 14 are to be repeated for each of all the surfaces 
of the room. 
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Repetition of Data Sheets 13 and 14 

I ITYPE I IBF I A I AZW I u I SHADE I .. stHDW T-TJ 
I FL I HT I FP I AW I awL I 'WB I D I I -IJ 
I FPI I AI I el I CI I FP21 ~ I e2 I C2 I U 1 ] 

I ITYPE I IRF I A I AZW I u I SHADE I ABSP I SHOW I I ] 

I FL I~Tnl-~;r;T;w1;;;1-D J -lUll 
r-F~;r' I el I CI I FP21 ~ I e2 I ~ I I I 

I ITYPE I~Fur -;-r-;.-zwr ~ISHADEI ASSP ISHDW I 1
U l 

I Fe I ~T 1- FP I-~~ le~T ~w~r~l I r -l 
I FPIT~IT~-r CI I F~ I~T e2 I C2 I I I 
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Repet n of Data Sheets 13 and 14 

~ ITYPE \ IBF \ A \ AZW \ u \ ~ADE \ Ae~ \ SHDW \ \ I 
\ FL \ HT I FP I AW \ awL I eWB I D I I I I 
I FPI I AI I el I CI I FP21 ~ I e2 I C2 \ II I 
I ITYPE \ IRF \ A I AZW \ u \ SHA~ I ASSP \ SHOW I I 1 

I FL I HT \ FP \ AW \ eWL I eOR \ D I I I I 
I FPI I AI I el I CI I F~ I A2 I ~ \ ~ I I I 
\ITYPE \ IRF \ 

A AZW\ U I SHADE I ABSP \ SHOW 1 

I FL I HT I FP I AW I eWL I eWB I D I I II 
I FPI I AI I el \ CI I FP21 ~ I e2 I ~ I I I 
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Repetition of Data Sheets 13 and 14 

1'~PE I'"F I A I AZw I U 'SHACE' AB~ I S_I ~ 

! FL I HT I FP , AW I BWL I BW" I 0 I I I J 

I FPI I AI I BI I CI I FP2/ ~ I B2 I C2 I I 1 

~ ITYPE I '"F I A 'AZW' U 'SHA~1 ABSP , SHOW I I I 
I FL I HT I FP I AW I BWL / BW, I o! I I I 
! FPI I AI I BI I CI I FP2' A2 ! B2 I C2 I I I 
~ ITYPE IIRF 

I 

A I AZW I u I SHADE I ABSP I SHOW I 

I FL I HT , FP ! AW I BWL I .W" I 0 I I I I 
~ FPI I AI I BI I CI I F~ I ~ I BZ I C2 I I i 
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~epetition of Data Sheets 13 and 14 

IneE I'"F L Jzw I U I SHADE I ABSPt~~1 I I 
FL l~ 1~~l~J:L-' BW" I 0 I--T-l-~ 
FPI I AI I BI I CI I FP21 ~ I B2 I C2 I~~n 

I'TYPE I'"' I A I AZW I u I ~~ I ABstHOW r --r-l 
[-~-I~~r;ftL I .w;PJ --T--r] 
I-F-p~r~-f I CI I F~ I A2 I~rj I I 
[,;Y~T;T; T;~ r~T;;'-o~ r A~~T~o;; 1- .- -[ --] 
L~rTp I AW I BWL I BW" I 0 1--l~8 

[-F;'T~' r~T~;-r;;r;-r-;;T~2-1 I I 
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Data Sheet 15* 

UENDW: Overall heat transfer coefficient of the end walls (gables) 

of the attic space, Btuh. 

UCELNG: Overall heat transfer coefficient of the ceiling under the 

attic, Btuh. 

AENDW: Area of the attic end walls, sq. ft. 

ATCHT: Attic space height, ft. 

ARCHGA: Air change per hr. for attic. 

AIRNT: Nighttime air change multiplier with respect to ARCHGA. 

IUENOWrLNi:N~IAlCHT IA~IAlRNT r-Tll 

* This data sheet provides information for the attic space with a flat 
roof. If gabled roof, it must be treated as an equivalent flat roof 
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Data Sheet 16 

IEXTED: Exterior shading control index: 

IEXTED 1 if the exterior shading device is controlled 

to cut down the direct solar heat gain. 

IEXTED 0 if the exterior shading device is not con-

trolled. .' 

IEXMS: The month at which the exterior shading device contro 1 

starts. 

IEXME: The month at which the exterior shading device control 

ends. 

NTVNT: Outdoor air change per hour (nearest integer value) dur-

ing the unoccupied period to precool the building. The 

ventilation system is assumed on only during the cooling 

hours when DBVMIN < DB < DBVMAX (Data Sheet 10). 

NVENT: Natural ventilation index 

NVENT 1 if outdoor air is brought in during the occU-

pied period and when the outdoor air temperature is less 

than TS of Data Sheet 8 to minimize the cooling load. 

NVENT o otherwise. 
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(integer data) 

l'EXTEDllEXMS l'EXMtWNT I NVENTI I J ~[ I ~ 
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Run Sequence 

The step by step procedure to perform the heating and cooling load 

calculation by using NBSLD on the INFONET system is as follows: 

1. Complete the data forms described in this manual. 

2. Check the data for probable errors. 

3. Turn the computer terminal on. 

4. Dial the computer center and listen to the high-pitched 

tone. 

5. Place the telephone receiver onto the acoustic coupler of 

the terminal. 

6. Hit the key "T". 

The computer responds with 

"PORT:" Port number 

"CENTER:" 

Type in after "CENTER:" BB 

The computer responds then with 

"LOGON:" 

Type in your identification number after "LOGON:". 

7. The computer then returns the carriage of the terminal and 

types! 

8. Every time the computer waits for your command, it responds 

with ! at the first position of the carriage. Following in 

the sequence of the commands needed to perform the load cal-

culations. 
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EDIT NBSBLI 

f 1 

2 

60 

61 

fQ 
SRU'S: .9 

~UATE 7 WETDAT 

~UATE 9 SPACE 1 

~UATE 10 SPACE 2 

Type in the data from your data forms 
as illustrated in Figure Cl. 

••• all the data are completed. 

close the data file. 

computer time unit used in the data 
preparation. 

Weather tape file name. 

Output tape No.1. 

Output tape No.2. 

9. Instruction for the terminal data input 

Type in the follOWing terminal data: 

RUNID, RUNTYP, ASHRAE, IDETAL, METHOD 

At this point, the computer starts the load calculation and out-

Weather Tape Handling 

The use of Weather Data Tape 1440 provided by the National Climatic 

Center may be made as follows: 

1. Request the tape containing data for specified years from 

the National Climatic Center 

G. McKay or D. Calloway 
Environmental Data Services 
Asheville, North Carolina 28801 
Telephone: (704) 254-0961 

Remember that beginning January 1, 1965 a new program was 

initiated for most Weather Bureau Stations reducing the 

number of hourly observations being recorded from 24 to 

8 per day. This format is not compatible with NBSLD as 

it is presently written since it requires hourly weather 

data. Note that the tape is 7 channel, 556 BPI density 

put such as shown in PI03 will be typed out on the terminal. and of even parity. 
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2. Have the tape mailed to INFONET computing center at the 

following address: 

Mr. K. Walls 
Center 1 
INFONET Division 
Computer Science Corporation 
650 North Sepulveda Blvd. 
El Segundo, california 90245 

3. Ask INFONET to assign a Volume number such as USOOI. 

4. The tape 1440 is then decoded and stored into a weather 

data file name of which may be obtained by the following 

INFONET commands: 
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5. 

DEVICES, QUEUE; 0,0, 1 

~UATE 9 WETDAT 

WETHER 

VOL, DENS, PARITY, TRACK 

VOL: Tape name. 

Fortran Format 

2A4 

A4 

A4 

A4 

DENS: Tape density in BPI. 

PARITY: Date parity, either even or odd. 

TRACK: Track number, either 7 or 9. 

ISKIP, NDAY, IWRITE ••• data 

where ISKIP: 

NDAY: 

IWRITE 1: 

Number of days to be skipped from the 

beginning of the tape. 

Number of days for which the weather 

data are to be stored in the file. 

if the weather data are to be printed 

out on the terminal as they are pro­

cessed and stored; otherwise zero. 

The constants of WETDAT may be checked by a separate routine 

WETAP by 

~UATE 9 WETDAT 

WETAP 

NDAY, NSKIP 

where NDAY: Number of days for which the weather data 

are to be displayed on the terminal. 

NSKIP: Number pf days to be skipped from the be­

ginning of the file WETDAT. 
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When the use :",.uade of WETDAT in any other program, it can be 

read in the Fortran program as follows: 

READ(9) DB, DP, WB, WS, PB, TC, NTOC, DAY, IYEAR, MlNTH, ICITY 

where DB, DD, WB, WS, PB, TC, and NTOC are all dimensioned 24 

and represent respectively dry-bulb temperature, dewpoint tem-

perature, wet-bulb temperature, wind speed, barometric pressure, 

total cloud amount, and type of cloud. 
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Table Cl 

Design Weather Data 

Reprinted by permission from the 1972 Handbook of Fundamentals, ~rican 
Society of Heating, Refrigerating and Air-Conditioning Engineers, 345 East 
47th Street, New York), pp. 669-687. 
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aimotic Condilk>ns for United States and Canada"" 

I WWw 

s __ 

Col. 4 Col 5 
I 

Col. 6 Col. 7 Col. 8 
1:01.1 Col. 2 Col. 3 C:' aeligll D".·8u1b Design We'·Bulb 

Stole OM S'o';onb ICl!;",,!.~ E~.' M~ion I I ;;~ Oul· 
door 

1% 121% 
_. 99% 971% ~.., Daily 

5% E e· .% 21% 5% Range' tr':'-., tocu,.e --I---------
~'der·CitY ................ 33 0 660 12 16 20 L 96 94 93 21 79 78 77 
..... niston AP .................. 33 4 599 12 17 19 L 96 94 93 21 7Q 78 77 
Aubunl .................... _ .. 32 4 730 17 21 ~ L 98 96 95 21 80 79 78 
Birmingham AP ................ 33 3 610 14 19 22 L 97 94 93 21 79 78 77 
))ecatur ...................... 34 4 580 10 16 19 L 97 95 9~ 22 79 78 77 

Do~anAP ................... 31 2 321 19 23 27 L 97 95 94 20 81 80 79 
Florence ,,,"P •••••••••••••••••. 34 5 528 8 13 17 L 97 96 94 22 79 78 77 

· Gadstiell ...................... 3~ 0 570 11 16 20 L 96 94 93 2'2 78 77 76 
Huntsville AP ................. 34 4 619 -6 13 17 L 97 95 94 23 78 77 76 
MobileAP .................... 30 4 211 21 26 29 M 95 93 91 18 80 79 79 

· MobileCO .................... 30 4 119 24 28 32 M 96 94 93 16 80 79 79 
Montgomery AP .. " ........... 32 2 195 18 22 26 L 98 95 93 21 80 79 78 

· Selma·Craig AFB .............. 32 2 207 18 23 27 L 98 96 94 21 81 80 79 , +~~:I~; .. AP:::::::::::::::: 33 3 565 II 15 19 L 97 95 94 21 79 78 77 
33 I liOr \4 19 23 L 98 96 95 22 81 80 79 

~LASKA 
Anchorage AP ................. 61 1 . 90 -29 -26 -20 VL 73 70 67 15 63 61 59 
BaITO"', •.....•.••....•.....•. 71 2 22 -49 -45 -42 M 58 M 50 12 M 51 48 
Fairb,"ks AP ................. 64 5 436 -59 -53 -50 VI. 82 78 75 24 64 63 61 
Juneau .~P .................... 58 2 17 -11 - 7 -4 L 75 71 68 15 66 64 62 
Kodiak ....................... 57 3 21 4 8 12 M 

I~ 
66 63 10 62 60 58 

NomeAP ..................... 64 3 13 -37 -32 -28 L 62 59 10 58 56 M 
ARlZO ..... t 

I 68 J>nuglas AP ................... 31 3 .4098 13 18 22 VL 100 98 96 31 70 69 
Flagotaff AI' .................. 3.~ I 6973 -10 0 5 VL 84 82 SO I 31 I 61 60 59 
Fort HUBchuca AP ............ 31 3 4664 18 ~I 28 VL 95 93 91 27 69 68 67 
Kingman AP •..........•...... 35 2 3446 18 29 VI. 103 100 97 30 70 69 69 
Nogales ...................... 31 2 3800 15 20 24 VL 100 98 96 31 72 71 70 

Phoenix AP ................... 33 3 1117 25 31 • 34 VL 108 106 I~ 27 77 76 75 
Prescott AP ................... 34 4 50\4 7 15 19 VL 96 94 91 30 67 66 65 
Tucson AP .........••........ 33 I ~84 23 29 32 VL 105 102 100 26 74 73 72 
\Yinslo\\' AP .................. 35 0 4880 2 9 13 VL 97 95 92 32 66 65 64 
Yuma AP .................... 32 4 199 32 37 40 VL 111 109 107 27 79 78 77 

ARKANSAS 
Blytheville AFB ............... 36 0 264 6 12 17 L 98 96 93 21 80 79 78 
Camden ............••........ 33 4 116 13 19 23 L 99 97 96 21 81 80 79 
EI Dorado AP ................. 33 I 252 13 19 23 L 98 96 95 21 III SO 79 
Fayetteville AP ............... 36 0 1253 3 9 13 M 97 95 93 23 77 76 75 
Fort Smith AP ................. 36 2 449 9 15 19 M 101 99 96 24 is 78 77 

Hot Springs Nat. Pk ...•....... 34 3 710 12 18 22 M 99 97 96 22 79 78 '77 
Jonesboro ..................... 35 5 345 8 14 18 M I 9S 96 95 21 80 79 78 
Little Rock AP ................ 34 4 257 13 19 23 M 99 96 94 22 SO 79 ,78 
Pine Bluff AP ................. 34 1 2fl4 14 20 24 I. 99 96 95 2'l 81 80 -79 
Texarkana • .\P ..•........•.... 33 3 361 16 22 26 M 99 97 96 21 80 79 78 

CAlIFORNlAt 
Baken;field AP ................ 35 2 495 26 31 33 VL 103 101 99 32 72 71 70 
BaTSto,,· .-\P .......•••••••.••.. 34 5 2142 18 24 2S VL 104 102 99 37 73 72 71 

g~':::'':.t~p::::::::::::::::: : 33 4 390 26 
31 I 35 VI. 111 109

1

106 28 78 77 76 
34 I 699 30 36 38 VL 97 94 91 25 72 70 

I 
69 

Chico ............•........... 39 5 205 23 29 33 VL 102 100 97 36 71 70 69 
Coucord ...................... 38 0 195 27 32 36 VL I 96 92 88 32 69 _~L~ 

• st&tions extracted from EMltulfetl WcotAn D4Ia 1M Cooli., EqKiJ"Ullt Dp'41n. AdclmcluWI N •• I. B'iRler GNI SIi",...,. Dala. with the permisaloa 
Of Products ComplUlY. Inc .• Bolt 126:'. tWit& Rue&. CaUfotnia. 
from offici:11 wHother SlatiullS. \\'llf're houri)' ",",ther tobM'noations ate made. by traimod obeerven, and from other .otItceli. Table t Pftpared. by 
CUlllhliuer: ~.2. \\'~:uber nata and l>esil:b Cunditinnl, Pf'n:ent~ olriater d"ip data st.o.' dle percent 01 3-month prriod. ~ber dll'QUp 
d:u& au b:J.~ on January only. Pel"Cftltace of SlU'''''O' dt.icn data sbow tile perce.D~ of ",mODtb period. JUDe throulb September. Canadiu 

7. 
to develop "in uta. "AP'" 100lo-. ... tation Mine, and. "AFS" loUo ... Air Foree Bues. Data for .lations 
urban area and ~ra11)' rdlect an inllueAee of the .urrouudinc area. St.&tiou ..... tbou~ desjpa\iOCl cau be 

• _titude .. i:i;~n-t~ ,j~ ,u.;,mt iu'" minut;;·,~h,,-~ :o:!:u~ ~ 1catU. For enrnp)e, the latitude for ADnislon. Abbama i. ~ven at 33 4. or 33-"0' • 
• :lev.tions aTe J::fOUnd f'u"'atjONl fur each &tlltiOD as of 19&1. Tetnperatu,*, readino are &'f;UeraUy fb:lde at an e1evauon 01 5 It. Above vouad, e..eept. fur lucatKms 

IftarW r, indieatim:: roof exposure uf tf~mlmllC!ter. 
- Coincid .. n1 wj"d wl"cilitOS d.,rivt>d fruln sppfO!limately eoldeIIt. tiOO hours out iii 20,000 bours of December throucb FebruAt)o data per statioc. Aleo Me Reter. 

eftCft 5 aad 6. 1' .... four ,·i:uu.ilit"tllirnUi :ne: :t : ~;:~~;;,11:;, ~~ ';;;;~t ':Uid":~l:~;t:~;;q 1:OJ:. S1 mph. ~I : iif:l35te~~~:; :e":::J~,:"~!=t!u:u;\ ~~I::'~:.o perceut. are > 12 mph. 

-._t lr:::~l:d l::::~o\~':,!~(.!lif=~':!d~.!i!= t::"~::i:;:::=.rD!.~t1;.~t,.;:~·!!;"trft CoM_la, pubUahed by the Goideo Oay 
-plet; aad. Rtc ... "...Mtled' o..ip T ... ~. Sou""- CaJWr-ta. An ..... A·f1W1114.. pu~bed by \be Suuwm Calilumia Chap\er. 
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Climatic Conditions for United States and Canada (Confinued)"" Climatic Conditions for United Stotes and Canada (Contjnued)·· .. 

coul 
Winter s......, 

CoI,4 Col. 5 Col. 6 C.L a Cor. 2 Col.T Col. I 
Lo:it~ ... El~'I.d Medion Coi"e;· D.sIgn Dry·Bulb Oul· O.';gn Wel-Iulb 

Stote and S'a'ionb 
f, of den' d.or 

........ 1 99% 971% Wind Daily 
V.-E.. 

/odly" 1% 21% 5% Ranger 1% 21% 5% 
tremes --------- ----- ---CALIFORNIA! (continued) 

Covina ............ _ •......... 34 0 575 32 38 41 VL 100 97 94 31 73 72 71 
Crescent City AP .............. 41 5 50 28 33 36 L ;2 69 65 18 61 60 59 

~Oc~jl~:::::::::: ::::::::::: 34 0 116 30 35 38 VL 93 90 87 22 72 71 70 
32 4 525 26 31 34 VL 98 95 92 30 74 73 72 

El Centro AP ................. 32 5 -30 26 31 35 VL III 109 106 34 81 80 79 
Eecondido .................... 33 0 660 28 33 36 VL 95 92 89 30 73 72 71 

Eureka/Arcata AP ............. 41 0 217 27 32 35 L 67 65 63 11 60 59 58 
Fairfield-Travis AFB ........... 38 2 72 26 32 34 VL 98 94 90 34 71 69 67 
Fresno AP .................... 36 5 326 25 28 31 VI. 101 99 97 34 73 72 71 
Hamilton AFB ................ 38 0 3 28 33 35 VL 89 85 81 28 71 68 66 
Laguna Beach ................. 33 3 35 32 37 39 VL 83 80 77 18 69 68 67 

Livermore .................... 37 4 545 23 28 30 VL 99 97 94 24 70 69 68 
Lompoc, Vandenburg AFB ...... 34 4 552 32 36 38 VL 82 79 76 20 65 63 61 
Long Beach AP ............... 33 5 34 31 36 38 VL 87 84 81 22 72 70 69 
Los Angeles AP ............... 34 0 99 36 41 43 VL 86 83 80 15 69 68 67 
Los Angeles CO ............... 34 0 312 38 42 44 VL 94 90 87 20 72 70 69 

Merced-Castle AFB ............ 37 2 178 24 30 32 VL 102 99 96 36 73 72 70 

\ WM~' 
Summer 

Col •• CoI.S Col. 6 CoI.7! Col. S 

Col:! 
CoI.2 Col. 3 Caine;· Desjgn Dry-Bulb DeJign WeI-Bulb 

Stot. end Sfat;onb I Lotitwr I fJn,d I Median dent 
Out· ' 

0' ff of door 

Annual 99% 971% Wind Daily 
V.· 

b- Icci¥ 
1% 21% 5% Reng.1 1% 21% 5% 

tremes 

~ORAOO (eon,jnuedl 

I-------------------------
Fort Collins; .. .. . .. .. .. .. .. ... 40 4 5001 -18 - 9 - 5 L 91 89 86 28 63 62 61 

Grand Junction AP. . . .. . . . . . .. 39 1 4849 - 2 8 11 VL 96 94 92 29 64 63 62 

r:.i~"!U; A:P:::::::::::::::::: 40 3 4648 -18 - 9 - 5 L 94 92 89 29 65 64 63 

38 0 4188 -14 - 6 - 2 M 97 95 93 31 72 71 69 

Leadville ..................... 39 2 10177 -18 - 9 - 4 VL 76 73 70 30 56 55 54 

pUeblo AP ................... · 38 2 4639 -14 .:. 5 - 1 L 96 94 92 31 68 67 66 

~~!d~,i'."·P:: ::::::::: ::::::: 40 4 3939 -15 - 6 -2 M 95 93 90 30 67 66 65 

37 2 5746 - 9 1 5 L 93 91 89 32 66 65 64 

£: CONNECTICUT 41 1 7 - 1 4 8 M 90 88 85 18 77 76 75 
Bridgeport AP ................ 
Hartford. Brainard Field ....... 41 5 15 - 4 1 5 M 90 88 85 22 77 76 74 

New Haven AP ............... 41 2 6 0 5 9 H 88 86 83 17 77 76 75 

New !..ondon .................. 41 2 60 0 4 8 H 89 86 83 16 77 75 74 

Norw.lk ...................... 41 I 37 - 5 0 4 M 91 89 S6 19 77 76 75 

No"'ich ............. ········ . 41 3 20 - 7 - 2 2 1\1 88 S6 83 18 77 76 75 

~~i!d:~'L;eb: Bredi~y 'Fie'ld ~ : : 
41 3 605 - 5 0 4 M 90 88 85 21 77 76 75 

42 0 169 -7 - 2 2 M 90 88 85 22 76 75 73 

Modesto ...................... 37 4 91 26 32 36 VL 101 98 96 36 72 71 70 

~:i::;:::::::::::::::::: : 36 4 38 29 34 37 VL 82 79 76 20 64 63 61 
38 2 16 26 31 34 VL 94 92 89 30 69 68 67 
34 5 913 27 33 37 VL 112 110 107 27 76 75 i4 

OaklandAP .................... 37 4 3 30 35 37 VL 8,0; 81 77 19 65 63 62 
Oceanside .....•......••....... 33 1 30 33 3S 40 VL 84 81 78 13 69 51! 67 
Ontario .......••....•.•....... 34 0 995 26 32 3~ VL 100 97 94 36 72 71 70 
Oxn.rd AFB ........•.••..•... 34 1 43 32 35 37 VL 84 80 78 19 70 69 67 
Palmdale AP .................. 34 4 2517 18 24 27 VL 103 101 98 35 70 68 67 

Palm Sprinp .................. 33 5 411 27 32 36 VL 110 108 105 35 79 78 77 
Pasadena .........•.•.•..•.... 34 1 864 31 36 39 VL 96 93 90 29 72 70 69 
Petaluma .......•............. 38 I 27 24 29 32 VL 94 90 87 31 70 68 67 
Pomona CO ....•...••••...••.. 34 0 871 26 31 34 VL 99 96 93 36 73 72 71 
ReddingAP .................. 40 3 495 25 31 35 VL 103 101 98 32 70 69 67 

Redl.nds ..................... 34 0 1318 28 34 37 VL 99 96 93 33 72 71 70 

PElAWARE 
Dover AFB ................ ··· 39 0 38 8 13 15 M 93 90 88 18 79 78 77 

'Vilmington AP ............... 39 4 78 6 12 15 !If 93 90 87 20 79 77 76 

DISTRICT OF COtUM81A 
Andrews AFB ................. 38 5 279 9 13 16 M 

\ 94 
91 88 18 79 77 76 

'Vashington National AP ....... 38 5 14 12 16 19 M 94 92 90 18 78 77 76 

flORIDA 
Belle Glade ................... 26 4 16 31 35 39 M 93 91 90 16 SO 79 79 

Cape Kennedy AP ............. 28 1 16 33 37 40 L 90 89 88 15 81 80 79 

Daytona Beach AP ............ 29 1 31 28 32 36 L 94 92 91 15 81 80 79 

Fort Lauderd.le ............... 26 0 13 37 41 45 ~l 91 90 89 15 81 80 79 

Fort Myers AP ............... · 26 4 13 34 38 42 M 94 92 91 18 80 80 79 

Fort Pierce .............•..... 27 3 10 33 37 41 M 93 91 90 15 81 80 79 

Gainesville AP ................ 29 4 1M 24 28 32 L 96 94 93 18 80 79 79 

Jacksonville AP ............... 30 3 24 26 29 32 L 96 94 92 19 80 79 79 

~h~:.;\~·6.·.'.:::: :::::: ::::: 24 .3 6 50 M 58 M 90 89 88 9 80 79 79 

28 0 214 31 35 39 M 95 93 91 17 80 79 78 

Richmond .................... 38 0 M 28 35 38 VL 85 81 77 17 66 64 63 
Riverside-~breh AFB .......... 33 5 1511 26 32 34 VL 99 96 94 37 72 71 69 
Sacramento AP ................ 38 3 17 24 30 32 VL 100 97 94 36 72 70 69 
Salinas AP .................... 36 4 74 27 32 35 VL 87 85 82 24 67 65 64 

Sa.n Bernardino, !iorton AFB .. 34 I 1125 26 31 33 VL IOJ 98 96 38 75 72 71 

t:: ~~~~~~:::::::::::::: ::: 32 4 19 38 42 44 VL 86 83 80 12 71 70 68 
34 1 977 29 34 37 VL 100 97 94 38 73 72 71 

&n Francisco AP ......••...... 37 4 8 32 35 37 L 83 79 75 20 65 63 62 
San Francisco CO .............. 37 5 52 38 42 44 VL 80 77 73 14 64 62 61 

San Jose AP .................. 37 2 70r 30 34 36 VL 90 88 85 26 69 67 65 

t~~tn?lT.:::::::::::: ::: 35 2 315 30 35 37 VL 89 85 82 26 65 64 63 
33 4 1I5r 28 33 36 VL 92 89 86 28 72 71 70 

Santa Barbara CO ............. 34 3 100 30 34 36 VL 87 84 81 24 67 66 65 
SantaCruz .................... 37 0 125 28 32 34 VL 87 84 80 28 66 65 63 

~!iami AP ................... · 25 5 7 39 44 47 !If 92 90 89 15 SO 79 79 

Miami Beach CO .............. 25 5 9 40 45 48 !If 91 89 88 10 SO 79 79 

Ocala ................. ·.·· ... 29 1 86 25 29 33 L 96 94 93 18 80 79 79 

Orlando AP ............... ···· 28 3 l06r 29 33 37 L 96 94 93 17 80 79 78 

Panam& City. Tynd.ll AFB ..... 30 0 22 28 32 35 !If 92 91 90 14 81 80 80 

Pensacola CO ................. 30 3 13 25 29 32 !If 92 90 89 14 82 81 SO 

£jl;~.~;::::::::::::::::: 
29 5 15 27 31 35 L 94 92 90 16 81 80 79 

28 0 35 35 39 42 ~! 

I 
93 91 90 16 81 80 79 

28 5 14 29 33 37 L 95 93 92 17 80 79 79 

Sarasota ...................... 27 2 30 31 35 39 M 93 91 90 17 80 80 79 

~::!:';:!1p. ~P:::::::::::::::: 30 2 58 21 25 29 L 96 94 93 19 80 79 79 

28 0 19 32 36 39 M 92 91 90 17 81 80 79 

W ... t Palm Beach AP .......... 26 4 15 36 40 44 M 92 91 89 16 81 80 80 

Santa M.ri. AP ............... 34 5 238 28 32 34 VL 85 82 79 23 65 64 63 

t~:~~'::;;.'~~~~::::::::::::: : 34 0 57 38 43 45 VL 80 77 74 16 69 68 67 
34 2 263 28 33 36 Vi. 91 89 86 36 72 71 70 

Santa Rosa ................... 3S 3 167 24 29 32 VL 95 93 90 34 70 68 67 
Stockton AP .................. 37 5 28 25 30 34 VL 101 98 96 37 72 70 69 

GEORG .... 
Albany, Turner AFB ........... 31 3 224 21 26 30 L 98 96 94 20 80 79 78 

Americus ...............•..... 32 0 476 18 22 25 L 98 96 93 20 80 79 78 

Athens ....................... 34 0 700 12 17 21 L 96 94 91 21 78 77 76 

Atlanta AP ................... 33 4 1005 14 18 23 H' 95 92 90 19 78 77 76 

Augusta AP ................... 33 2 143 17 20 23 L 98 95 93 19 80 79 78 

Ukiah .••.•••••••.....•.•...•. 39 1 620 22 27 30 VL 98 96 93 40 70 69 67 
Visalis ....................... 36 2 354 26 32 36 VL 102 100 97 38 73 72 70 
yreka .•....•••••...•......... 41 4 2625 7 13 17 VL 96 94 91 38 68 66 65 
Yub3City .................... 39 I 70 24 30 34 VL 102 100 97 36 71 70 69 

COtORADO 

Brunswick .................... 31 1 14 24 27 31 L 97 95 92 18 81 80 79 

~\~:~~.' .~~.s~~. ~~~::: : : : : : 
32 3 242 19 23 26 L 98 96 94 21 !:II 79 78 

34 5 720 10 15 19 L 97 95 92 22 78 77 76 

8::::!:vilie·.:::::::::::::::::: : 32 3 215 17 21 25 I. 98 96 93 20 SO 79 i8 

34 2 1254 II 16 20 L 94 92 ~'9 21 78 77 76 

AlamosaAP ................... 37 3 7536 

-

26 1-17 -13 VL 84 82 79 35 62 61 

I 
60 

Boulder ...... ; ............... 40 0 5385 - 5 4 8 L 92 00 87 27 64 63 62 
Colorado Springs AP ........... 38 5 6173 - 9 - 1 4 L 90 &.~ 86 30 63 62 61 
DenverAP ................... 39 515288 - 9 - 2 3 L 92 90 89 28 65 64 I: Durango ....•..•••..•......... 37 1 6550 -10 0 4 VL 88 86 83 30 64 63 

li.~~~::::::::::::::::::: : 33 1 980 13 17 22 L 9.:; 9~ 90 21 79 78 77 

33 0 715 12 

~I 20 I L 96 94 I 92 21 79 78 77 

32 4 356 IS 27 L I 98 96 94 22 !:II 79 78 

Marietta. Dobbins AFB ........ 34 0 1016 12 17 21 L 95 93 I 91 21 78 77 76 

- -
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Wilt,.,. Su.me, 

Col. 4 
Col. 5 Col. 6 Col. 8 Col. 2 Col. 3 ------- Co,. 7 

Col. I La!if"'!ee £Ie."o Mediani eoincj· Oestg" 01Y·8u'b Ou'· 
Deaign Wel-Jvlb 

Slate and Station" FI 01 denf 
door 

AMual 99% 971% Wind 
Oai'y Ve· Ex· loeity- 1% 2!% 5% Rang.' 1% 21% 5% 

trem" 
------I-

GeORGIA IconlinUf!d) 
Moultrie ...................... 31 I 340 22 26 30 L 97 95 93 20 SO 79 78 
Rome AP ..................... 34 2 637 II 16 20 L 97 95 93 23 78 77 76 
Savannah·Trovis AP ........... 32 I 52 21 24 27 L 96 94 92 20 81 SO 79 
Valdosta·Moody AFB .......... 31 0 239 24 28 31 L 96 94 92 20 SO 79 78 
Waycross ..................... 31 2 140 20 24 28 L 97 95 93 20 SO 79 78 

HAWAU 
HiloAP ...................... 19 4 31 56 59 61 L 85 83 82 15 74 73 72 
Honolulu AP .................. 21 2 7 58 60 62 L 87 85 84 12 75 74 73 
Kaneohe ...................... 21 2 198 58 60 61 L 85 83 82 '12 74 73 73 
Wahia1\'a ..••••.•••.•••..••... 21 3 215 57 59 61 L 86 84 83 14 75 74 73 

IDAHO 
Boise AP ..................... 43 3 2842 0 4 10 L 96 93 91 31 68 66 65 
Burley ....................... 42 3 4180 -5 4 8 VL 95 93 89 35 68 66 64 
Coeur d'Alene AP ............. 47 5 2073 -4 2 7 VL 94 91 88 31 66 65 63 
Idaho Falls AP ................ 43 3 4730r -17 -12 - 6 VL 91 88 85 38 65 64 62 
LewistonAP .................. 46 2 1413 I 6 12 VL 98 96 93 32 67 66 65 

Moscow ••..•....•...• _ ....... 46 4 2660 -II -3 I VL 91 89 86 32 64 63 61 
Mountain Home AFB .......... 43 0 2992 - 3 2 9 L 99 96 93 36 68 66 64 
Pocatello AP .................. 43 0 4444 -12 -8 - 2 VL 94 91 88 35 65 63 62 
Twin Falls AP ................ 42 3 4148 - 5 4 8 L 96 94 91 34 66 64 63 

ILLINOIS 
Aurora ....................... 41 5 744 -13 - 7 - 3 M 93 91 88 20 78 71 75 
Belleville, Scott AFB ........... 3R 3 447 0 6 10 M 97 95 92 21 79 78 71 
Bloomington .................. 40 3 7i5 - 7 - I 3 M 94 92 89 21 79 78 77 
Carbondale ................... 37 5 3SO I 7 II M 98 96 94 21 SO 79 78 
Champnign/Urbana ............ 40 0 743 - 6 0 4 M go 94 91 21 79 78 77 

Chicago, Midway AP .......... 41 5 610 -7 -4 I M 95 92 89 20 

I 
78 76 75 

Chicago, O'Hare AP ........... 42 0 658 - 9 - 4 0 M 93 90 87 20 77 75 74 
Chicago, CO .................. 41 5 594 - 5 -3 I M 94 91 88 15 78 76 75 
Danville .... _ ................. 40 I 558 - 6 - I 4 M 96 94 91 ~1 79 78 76 
Decatur ...................... 39 5 670 -6 0 4 M 96 93 91 21 ' .. 78 71 

Dixon ...........•.••......... 41 5 696 -13 - 7 - 3 M 93 91 89 23 78 77 76 
Elgin .......•.•......•........ 42 0 820 -14 - 8 - 4 M 92 90 87 21 78 76 75 
Freeport ...................... 42 2 7HO -16 -10 - 6 M 92 90 87 24 78 77 75 
Galesburg .................... 41 0 771 -10 - 4 0 M 95 92 89 22 79 78 76 
Greenville .••..••••••......... 39 0 563 -3 3 7 M 96 94 92 21 79 78 77 

JolietAP .......•.....•....... 41 3 588 -II - 5 - I M 94 92 89 20 78 77 75 
Kankakee .......... _ •.. _ •.... 41 I 625 -10 - 4 I M 94 92 89 21 78 77 76 
La Salle/Peru ................. 41 2 520 - 9 -3 I M 94 93 90 22 78 77 76 
Macomb ...................... 40 3 702 - 5 -3 I M 95 93 90 22 79 78 77 
MolineAP .................... 41 3 582 -12 -7 -3 M 94 91 88 23 79 7i 76 
Mt. Vernon .................•. 38 2 500 0 6 10 M 97 95 92 21 79 78 77 

PeoriaAP ......... _, .... _ .. _, 40 4 662 - 8 -2 2 M 94 92 89 22 78 77 76 
Quincy AP .................... 40 0 762 - 8 -2 2 M 97 95 92 22 SO 79 71 
Rantoul, Chanute AFB ........ 40 2 740 - 7 - I 3 M 94 92 89 21 78 77 76 
Rockford ..................... 42 I 724 -13 -7 -3 M 92 90 87 24 77 76 75 
~ringfield AP ................ 39 5 587 - 7 - I 4 M 95 92 90 21 79 78 77 

aukegan ........•........... 42 2 680 -11 -5 - I M 92 90 8i 21 77 76 75 
INDIANA 

Anderson ...........•......... 40 0 1;47 -5 0 5 M 93 91 88 22 78 77 76 
Bedford ...................... 38 5 670 -3 3 7 M 95 93 90 22 79 78 71 
Bloomington .................. 39 I S20 -3 3 7 M 95 92 90 22 79 78 76 
Columbu., B.kalar AFB ........ 39 2 661 -3 3 7 'M 95 92 90 22 79 78 76 
Cra .. fordsviUe ................. 40 0 752 -8 -2 2 M 95 93 90 22 79 77 76 

Ev8J1$villeAP •.•••...•••...••• 38 0 381 1 6 10 M 96 94 91 22 79 78 77 

b~h~~AP~ ~~::::::::::::::: 41 0 791 - 5 0 5 M 93 91 118 24 77 76 75 
41 3 823 -10 - 4 (\ M 92 90 87 23 77 76 74 

Hobart ............. ; ......... 41 3 600 -10 -4 0 M 93 91 88 21 7S 76 ';5 

Huntington ............•...... 40 4 802 - 8 -2 2 M 94 92 89 23 78 76 75 

Indianapolt< AP ............... 39 4 793 - 5 0 4 M 93 91 88 22 78 77 76 
JeffersonviUe .................. 38 2 455 3 JI 13 1\1 96 94 91 23 79 78 i7 
Kokomo ...................... 40 3 790 -6 4 M 94 92 89 22 711 76 75 
Lafayette ..................... 40 2 600 - 7 3 M 94 92 89 22 78 77 ;0 
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Wir!"" $" ..... ,. 

Col 8 
< 
Col. I 

SIal. and S'a,ianb 

INDIANA \con,jnuedl 

Col. 2 Col. 3 Col 4 3 co!. ~ .col. 6 Col 7 . ta!,,"'!e.1 E"'.,-IMedia. I C::~. Deuo· Dry·Bulb Oul· ~."on W.t-Bulb 

FI ....:.~al 99% 1971% ~iMJ I' I ~:~; I ,,:~ I";' 1% 2!% 5% Ra.oe' 1% 2!% 5% 

------1-1-1-- ----- --
La Porte ..................... . 
Marion........ . ........... . 
Muncie ..................... · . 
Peru, Bunker Hill AFB ........ . 
Richmond AP .... 

:8 i I !i!1 ::Ii I :: ~ I ~ \ ~ II ~! II ii \ B \ ~ I ~i I ~i ~i 40 4 804 - 9 - 3 I M 91 89 86' 22 77 76 i4 
39 5 1138 - 7 - 13M I 93 91 88 22 78 77 75 

Shelbyville.. . .. .. . . .. .. .. .. ... 39 3 
South Bend AP ............... 41 4 
Terre Haute AP.. . .. .. .. .. .... 39 3 

~i;~::n:::::::::::::: :::: ::: ~A ~ 
IOWA 

Ames ........................ 42 0 
Burlington AP . . . . 40 5 
Cedar Rapids AP.. . 41 5 
Clinton............ 41 5 
Council Bluffs..... 41 2 
Des Moines AP.. .. .. . .. .. .. ... 41 3 

~:~~~g~::::::::::::::::::: :~ ~ 

*':,k~~t~.:::::::::::::::::::: :~ ~ 
Marshalltown. . . . . . . . . . . . . . . .. 42 0 
Mason City AP .. .. .. .. .. .. . ... 43 I 

765 - 4 
773 - 6 
601 - 3 
SOl -12 
420 - I 

1004 -17 
694 -10 
863 -14 
595 -13 

1210 -14 
948r -13 

1065 -17 
1111 -18 

645 -14 
526 - 9 
898 -16 

1194 -20 

2 
-2 

3 
-6 

5 

-II 
- 4 
- 8 
- 7 
-7 
- 7 
-11 
-12 

-8 
- 3 
-10 
-13 

6 
3 
7 

-2 
9 

-7 
o 

-4 
-3 
- 3 
- 3 
- 7 
-8 

- 4 
I 

- 6 
- 9 

J\f 
M 
M 
M 
M 

M 
M 
J\f 
M 
M 
M 
M 
M 

M 
M 
M 
M 

Newton ............. _ •....... 4141946 41 I 842 
-15 - 9 - 5 M 

M 
M 
J\f 

OttumwaAP ................. . -12 - 6 - 2 

~~~:rf~~~~: ::::::: :::: ::::: 42 2 1095 
42 3 868 

-17 -10 - 6 
-18 -12 - 8 

ICJ,NSAS 
Atchison ....................... \39 3 945 

977 
2594 
1282 
1209 

- 9 - 2 2 M 
H 
M 
H 
H 

Chanute AP.. .. .. .. .. .. .. .. ... 37 4 - 3 3 7 
Dodge City AP .. .. .. .. .. .. .... 37 5 - 5 3 7 
El Dorado .................... 37 5 - 3 4 8 
Emporia.... .. .. .. .. .. .. .. .... 38 2 - 4 3 7 

Garden City AP.. .. . .. .. .. .... 38 0 2882 - 10 - 1 
Goodland AP. .. .. .. .. .. .. .... 39 2 3645 - 10 - 2 
Great Bend.. .. .. . .. .. .. .. .... 38 2 1940 - 5 2 
Hutchinson AP.... .. .. .. .. .... 38 0 1524 - 5 2 
Liberal.. . .. . .. .. . .. .. .. .. .... 37 0 2838 - 4 4 

~~ .. ::~~~:.Fo~~i!~y::::::::: ~~ g I~~ : ~ - ~ 
Russell AP.. .. .. .. .. . .. .. .. ... 38 5 1864 - 7 0 
Salina.. . .. .. .. . .. .. .. .. .. .... 38 5 1271 - 4 3 
Topeka AP. .. . .. .. . .. .. .. .... 39 0 871 - 4 3 
Wichita AP. .. .. .. .. .. .. .. .... 37 4 1321 I 5 

KENTUCKY 
Ashland.......... 38 3 551 1 6 
Bowling Green AP . 37 0 535 I 7 
Corbin AP .................... 37 0 1175 0 5 
Covington AP... ............. 39 0 869 - 3 3 
Hopkinsville, Campbell AFB.... 36 4 540 4 10 

Lexington AP.. .. .. .. .. .. .. ... 38 0 979 
I.ouisville AP. . .. .. .. .. .. . .. .. 38 1 474 
Madisonville. .. .. .. .. . .. .. . ... 37 2 439 
O~·ensboro.. .. .. .. .. .. .. .. .... 37 5 420 
Paducah AP. .. . .. .. . .. .. .. ... 37 0 398 

LOUISIANA 
A1cxandriaAP ................ 31 2 92 
Baton Houge AP. . . . . . . . . . . . .. 30 3 64 

~~~':.".~ .. :::::::::::::::::::: ~ g I~ 
Lafayette AP.. .. .. .. .. . .. .. ... 30 311 
Lake Charles AP. . . . ...... .... 30 14 
Minden.. .. . .. .. .. .. . .. .. .... 32 250 

o 
I 
1 
o 
4 

20 
22 
20 
25 

23 
25 
17 

6 
8 
i 
6 

10 

25 
25 
24 
29 

28 
29 
22 

3 M 
4 M 
6 M 
6 H 
8 !If 

4 H 
9 H 
4 J\f 
7 H 
6 M 
9 H 

10 L 
11 L 
9 L 
8 L 

14 L 

10 'J\f 
12 L 
II L 
10 L 
14 L 

29 L 
30 L 
2R L 
33 L 

321 L 33 M 
26 L 

6ge 

94 
92 
95 
92 
96 

94 
95 
92 
92 
97 
95 
92 
94 

94 
95 
93 
91 

95 
95 
96 
91 

97 
99 
99 

101 
99 

~ 
89 
W 
90 
94 

92 
92 
90 
90 
94 
~ 
90 
~ 

W 
W 
W 
88 

W 
W 
W 
89 

% 
~ 
~ 
99 
~ 

I()() 98 
99 96 

101 90 
101 99 
102 I()() 

JOI 98 
99 97 

102 I()() 
IOJ 99 
99 96 

102 99 

94 92 
97 95 
93 91 
93 90 
97 95 

94 
96 
96 
96 
97 

97 
96 
96 
94 

92 
93 
94 
94 
95 

95 
94 
94 
92 

89 
~ 
W 
8i 
W 

89 
~ 
~ 
8i 
W 
89 
~ 
89 

~ 
90 
88 
85 

90 
90 
90 
86 

92 
% 
% 
96 
94 

96 
W 
96 
96 
99 

% 
94 
~ 
96 
94 
96 

89 
W 
89 
88 
~ 

90 
W 
~ 
~ 
94 

94 
92 
W 
W 

22 
22 
22 
22 
22 

23 
22 
23 
23 
22 
23 
22 
23 

22 
22 
23 
U 

23 
22 
U 
23 

23 
23 
25 
U 
25 

38 
m 
38 
38 
38 

U 
23 
29 
26 
U 
23 

22 
D 
23 
22 
D 

22 
23 
22 
23 
20 

20 
W 
W 
~ 

95 
95 
98 

93 92' 18 
93 91 Ii 
96 95 20 

a 
77 
79 
a 
79 

79 
ro 
a 
a 
79 
79 
a 
a 
79 
79 
79 
77 

79 
79 
79 
a 
79 
79 
i4 
a 
a 
i4 
71 
77 
77 
i4 

79 
79 
a 
a 
79 
77 

77 
79 
79 
71 
79 

a 
79 
79 
79 
SO 

ro 
m 
ro 
m 
81 
110 
81 

7i 
a 
a 
a 
a 
a 
a 
a 
77 
a 
77 
a 
77 

77 
a 
71 
a 
77 
78 
77 
76 

a 
a 
73 
71 
77 

73 
W 
a 
a 
73 

a 
a 
a 
a 
a 
a 
a 
a 
77 
a 
a 
77 
a 
a 
a 
79 

SO 
ro 
79 
ro 
m 
79 
SO 

a 
i4 
77 
a 
77 

a 
77 
a 
a 
a 
a 
a 
a 
a 
77 
a 
i4 

a 
a 
a 
a 
77 
77 
n 
a 
a 
n 
69 
a 
a 
71 

77 
71 
a 
a 
77 
a 
a 
77 
a 
a 
77 

a 
7i 
77 
71 
a 
79 
79 
a 
79 

HO 
79 
79 



Oimalic Conditions for United State. and Canoda (Continued)".& 
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w...., -CeI. 4 
Col. 5 Col. 6 Col. 2 Col. 3 Col. 7 Cot. , 

l~;M!.' £1...,/1 Median Coind- O.ugn Dry-Bulb 
Ou'· .. StaN oM $'a'ioftb 

ft of de"' 
door Annual 99'){, 971% Wind 
Daily V •• Ex· 

lodrye 1% 21% 5% Range' 
tr.-nes 

I-------LOUISIANA (con,~ 

23 Monroe AP .....•............. 32 3 78 18 27 L 98 96 95 20 Natchitoches .................. 31 5 120 17 22 26 L 99 97 96 20 New Orleans AP ............... 30 0 3 29 32 35 III 93 91 90 16 Shreveport AP ................ 32 3 252 18 22 26 III 99 96 94 20 MAINE 
Augusta AP ................ '" 44 2 350 -13 - 7 -3 III 88 86 83 22 
~:f,';,';; rP~.~F~::::::: :::::: 44 5 162 -14 - 8 - 4 III 88 86 81 22 46 5 624 -24 -18 -14 L 85 81 78 21 uwiston ..................... 44 0 182 -14 - 8 -4 III 88 86 83 ·22 Millinocket AP ................ 45 4 405 -22 -16 -12 L 87 86 82 22 Portland AP .................. 43 4 61 -14 - 5 0 L 88 86 81 22 Watervill •.................... 44 3 89 -15 - 9 - 5 III 88 86 82 22 MAR.YlAND 
Ba.ltimore AP ................. 39 1 146 8 12 15 l\! 94 91 89 21 Baltimore CO ................. 39 2 14 12 16 20 M 94 92 89 17 Cumberland ...•.............. 39 4 945 0 5 9 L 94 92 89 22 Frederick AP .................. 39 2 294 2 7 11 1\1 94 92 89 22 Hagerstown ................... 39 4 660 1 6 10 L 94 92 89 22 Salisbury ..........••......... 382 52 10 14 18 III 92 90 87 18 MASSACHUSETTS 
BostonAP .................... 42 2 15 - 1 6 10 H 91 88 86 16 Clinton •..... ' ...........• _ ... 42 2 398 -8 - 2 2 1\1 87 86 82 17 Fall River. _ ... _ ... _ •......... 41 4 190 - 1 5 9 H 88 86 83 18 Framingham .................. 42 2 170 - 7 - 1 3 III 91 89 86 17 Gloucester .................... 42 3 10 - 4 2 6 H 86 84 81 15 
Greenfield ...•......•.....•... 42 3 205 -12 -6 - 2 ~f 89 I 87 84 23 lAVt-rence ...•.•••••.••.•.....• 42 4 57 -9 -3 1 :II 90 88 85 22 !Jo\\'ell ..••.......•••.•.••••.. 42 3 90 - 7 - 1 3 M 91 89 86 21 New Bedford .....•............ 41 4 70 3 9 13 H 86 84 81 19 
Pittsfield AP ......... " . " ...... 42 3 1170 -11 - 5 - 1 III 86 84 81 23 ?a~~f!:~~: .~r.~~~~ ~~.':: : : ~ 42 1 247 - 8 - 3 2 M 91 88 86 19 41 5 20 - 9 - 4 0 H 88 86 83 18 "r orcester AP ................. 42 2 986 - 8 -3 1 M 89 87 84 18 MICHIGAN 
Adrian ....................... 41 5 754 -6 0 4 M 93 91 88 23 Alpena AP .................... 45 0 689 -11 - 5 - 1 III 87 85 82 27 Battle Creek AP ............... 42 2 939 - 6 1 5 M 92 89 86 23 Benton Harbor AP ............ 42 1 649 - 7 - 1 3 M 90 88 85 20 Detroit lIIet. CAP ............. 42 2 633 0 4 8 M 92 88 86 20 Escanaba ...........•...... '" 45 4 594 -13 - 7 - 3 l\I 82 80 77 17" 
Flint AP ..••................. 43 0 766 - 7 - 1 3 M 89 87 84 25 Grand Rapids AP .....•........ 42 5 681 - 3 2 6 M 91 89 86 24 Holland .•..••.............. ,. 42 5 612 - 4 2 6 M 90 88 85 22 Jackson AP ....•........•..... 42 2 1003 - 6 0 4 M 92 89 86 23 Kalamazoo .................... 421 930 - 5 1 5 M 92 89 86 23 
Lansing AP ................... 42 5 852 -4 2 6 M 89 87 84 24 ~~~."Y:!!:n~~::::::::::::::: : 46 3 6i7 -14 - 8 - 4 L 88 86 83 18 43 4 796 - 9 - 3 1 M 89 87 84 24 Muskegon AP .............•... 43 1 627 - 2 4 8 M 87 85 82 21 Pontiac .....•.....•••.••.•.... 42 4 974 -6 0 4 1.1 90 88 86 21 
Port Huron ................... 43 0 586 -6 - 1 3 M 90 88 86 21 Saginaw AP ...•............... 43 3 662 - 7 - 1 3 :'1 8S 86 83 23 Sault Ste. Marie AP ........... 46 3 721 -18 -12 - 8 • J.. 83 81 78 23 Traverae City AP ........•..... 44 4 618 

~. , 'I M 89 86 83 22 ypsilanti ..................... 42 1 777 - 3 - 1 5 M 92 89 86 22 MINNESOTA 
Albert Lea •.•......••....•.... 43 4 1235 -20 -\4 -10 ~I 91 S9 86 24 Alexandria AP ................ 45 5 1421 -26 -19 1-15 I. !l<l 88 85 24 Bemidji AP .........•.•....... 47 3 1392 -3S -32 -2S L 

I 
Si 84 HI 24 Brainerd .•................•... 46 2 1214 -31 -u -2U I L 88 85 82 24 

Duluth AP ................... 46 5 \426 :~~ I ::ri : ::~ I ~I S5 82 79 22 
I 

Faribault .......••............ 44 2 1190 L , !l<l AA 85 I 24 I F.rgus Falls ..••.••........... 461 1210 -2S -21 -Ii I. 92 89 86 24 International Falls AP .......•• 48 3 1179 -35 -2tJ I -24 L 86 82 79 26 I 

70c 

-
-

CoI.S 
D.aigft W.'-Iulb 

-
1% 21% 5% 

-----
81 81 80 
81 80 79 
81 80 79 
81 80 79 

74 73 71 
75 73 71 
72 70 68 
74 73 71 
74 72 70 
75 73 71 
74 73 71 

79 78 i7 
79 78 77 
76 75 74 
78 77 76 
77 76 75 
79 78 77. 
76 74 73 
75 74 i2 
75 I 74 

73 
76 74 73 
74 73 72 

75 74 73 
76 74 72 
76 74 i2 
75 73 72 

74 72 71 
76 74 73 
7G 75 74 
75 73 il 

76 75 74 
74 73 71 
7G 74 73 
76 74 73 
76 75 74 
73 71 69 

76 75 74 
76 74 73 
76 i4 73 
7G 75 74 
76 75 74 

76 75 73 
73 71 69 
75 i4 73 
75 74 73 
76 75 73 

76 74 73 
76 75 73 
73 il 69 
75 73 72 
76 74 73 

77 76 74 
7G 74 72 
73 72 71 
74 73 72 

73 il 69 
77 75 74 
74 74 72 
72 69 68 
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w_ --. 
Col. 4 

Col. S 
CoI.l 

Stota aM Station" 

_SOlA I, .. u" .. ,j) 

Cot. 2 I Cot. 31 Col. ~ • Col. 6 Col 7 
La'itvGr fIn,· Median t: COfMl' De£lgft Dry·lvlb Ou'· OeJf(ln Wel·Bulb 

., f. ~al 99'){, 971% ,~ 1% 1 21% 1 5% R~:~' 1% 1 21% 1 5% 

----------I--I-l~-- --- --- -----------
Mankato .................... '144 1 1 785 1-23 
Minneapolis/St. Paul AP. . . . . .. 44 5 82!! -19 
Rochester AP ..•............ " 44 0 1297 - 23 
St. Cloud AP •....•.....•...... 45 4 1034 -26 

;;''C:::::::::::::::::::::: 
Winona ......... . 

MISSISSIPPI 

47 3 
45 1 
44 1 

Biloxi, Keesler AFB ......•... " 30 2 
Clarksdale .................. " 34 1 
Columbus AFB.............. .. 33 4 
Greenville AFB. . . . . . . . . • . . . .. 33 3 
Greenwood. . . . . . . . . . . . . . . . . .. 33 3 
Hattiesburg.. . . . . . . . . . . . . . . . .. 31 2 
Jaekaon AP. . . . . . . . . . . . . . . . . .. 32 2 

Laurel •....................... 31 4 
MCCOmbAP ..•...........•... 31 2 
Meridian AP. . . . . . . . . . . . . . . . •. 32 2 
Natchez...................... 31 4 

~~CO::::::::::::::::: ~i i 
MISSOURI 

~rw,.<f,:-1P.~ .... ::::::::::::: ;~ ~ 
FarminS!<>n AP. . . . . . . . . . . . . .. 37 5 
Hannibil. . . . . . . . . • . . . . . . . . . .. 39 4 
Jefferaon City. . . . . . . . . . . . . . . .. 38 4 
Joplin AP. . . . . . . . . . . . . . . • . . . .. 37 1 
KAnsas City AP. . . . . . . • . • . • . .. 39 1 

Kirksville AP. . . . . . . . . • . . . . . .. 40 1 
Mexico •••.......... , ...••.. ,. 39 .1 

t~!.I~.:::::::::::::::::: 5 ! 
St. Joseph AP.. . . . • . . . • . . . . • .. 39 5 
St. LoUIS AP .................. 38 5 
St. Louis CO. . . . . . . . . . . . . . . . .. 38 4 
$edaIia. Whiteman AFB... . . . .. 38 4 
Sikeaton. . . . . . . . . . . . . . . . . . . . .. 36 5 
Springfield AP. . . . . . . . . . . . . . •. 37 1 

MONTANA 
Billings AP. • . . . • . . . . . . . • . . . .. 45 5 
Bozeman. • • . . . . . . • . . . • . . . . . .• 45 5 
Butte AP. . . . . . . . . . . . . . . . . . . .. 46 0 
CutBankAP ................. 48 4 

g~":.~.:::::::::::::::::: ~ ~ 
Great Falls AP. . . . . . . . . . . . . . .. 47 3 

1435 
1133 
652 

25 
178 
224 
139 
128 
200 
330 

264 
458 
294 
168 
289 
234 

330 
778 
928 
489 
640 
982 
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H.lenaAP •.•.........••...... 

~1~:::::::::::::::::: 
Livingston AP ...•..........•.. 
Mi\ea City AP •...•...•...•... 
Misooula AP ........••..••...• 

48 3 24S8 
46 4 3893 
48 2 2965 
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NURASK.\ 
Beatrice ................•...•. 
CbadronAP ..•........•...... 
COlumbU!l .••...............•. 
Fremont •••..........•..•...•. 

40 2 1235 
42 5 3300 
41 3 1442 
41 3 1203 

Grand Island AP ......•...... '141 0 11841 
Hulings ................... '" 40 4 1932 
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Oimatic Conditions for United States and Conodo (Conlinoec/)." 
Climatic Conditions for United States and Canado (Conlinued)··· 

W,..., - -
Wlfttw s....,. -Col. 4 

Col. 5 Col. 6 Col. a Col. 2 Col. 3 Col. 7 ~ Stat. ~:;. ita'iOllt. lalitud.'" Ele".d Median Coin,i. De,;gft D".-Iulb 
Ou'" D •• glI W.'-lvIb . , 

F, of dent 
do .. 

Annual 99% 971% Wirtd 
Doily V •• h· ,.....,. 1% 21% 5% Icmgel 1% 21% 5% tremel ---------NEBRASKA. Iconli".,.cl) 

McCook ...................... 40 1 2565 -12 - 4 0 M 99 97 94 28 74 72 71 Norfolk ...................... 42 0 1532 -18 -11 - 7 M 97 95 92 30 78 76 75 North Platte AP .............. 41 1 2779 -13 - 6 - 2 M 97 94 90 28 74 73 72 Om.h.AP .................... 41 2 978 -12 - 5 - 1 M 97 94 91 22 79 78 76 ScottoblulT AP ................. 41 5 3950 -16 - 8 - 4 M 96 94 91 31 70 69 67 NEe~;ZAP .................... 41 1 4292 .-15 -7 -2 M 95 92 89 31 70 69 67 

~r:A~i~~.::::::::::::::::: : 39 1 4675 - 4 3 7 VL 93 91 88 42 62 61 60 40 5 5075 -21 -13 - 7 VL 94 92 90 42 64 62 61 fZ ~~g';;AP:::: :::::: ::::::: 39 1 6257 -15 - 6 -2 VL 90 88 86 39 60 59 58 36 1 2162 18 23 26 VL 108 106 104 30 72 71 70 Lovelock AP .................. 40 0 3900 0 7 11 VL 98 96 93 42 65 64 62 
Reno AP ..................... 39 3 4404 -2 2 7 VL 95 92 90 45 64 62 61 RenoCO ..................... 39 3 4490 8 12 17 VL 94 92 89 45 64 62 61 
iJi:~~:U~!·AP·.·.:::::::::::: : 38 0 5426 2 9 13 VL 95 92 90 40 64 63 62 40 5 4299 - 8 1 5 VL 97 95 93 42 64 62 61 NEW HAMPSHIRE 
Berlin ........•.•••.••........ 44 3 1110 -25 -19 -15 L 87 85 82 22 73 71 70. Claremont .................... 43 2 420 -19 -13 - 9 L 89 87 84 24 74 73 72 Concord AP .................. 43 1 339 -17 -11 - 7 M 91 88 85 26 75 73 72 Keene ........................ 43 0 490 -17 -12 - 8 M 90 88 85 24 75 73 72 Laconia •.................... 43 3 505 -22 -16 -12 M 89 87 84 25 74 73 72 Manchester, Grenier AFB .... 43 0 253 -11 - 5 1 M 92 89 86 24 76 74 73 Portomouth. Pe ... AFB ....... 43 1 127 - 8 - 2 3 M 88 86 83 22 75 73 72 NEW JERSF( 
Atlantic City CO .............. 39 3 11 10 14 18 H 91 88 85 18 78 77 76 
~~!AP~:::::::: :.::: .. :: .. :: 40 2 20 4 9 13 H 93 91 88 18 77 76 75 40 4 11 6 11 15 M 94 91 88 20 77 76 75 New Brunswick ............... 40 3 86 3 8 12 M 91 89 86 19 77 76 75 Paterson .............•........ 40 5 100 3 8 12 M 93 91 88 21 77 76 75 
~:~i','nbC'8::::: ::: :::::::: ::: 40 4 ISO 1 6 10 L 93 91 88 21 77 76 75 40 1 144 7 12 16 M 92 90 87 19 78 77 76 Vineland ..................... 39 3 95 7 12 16 M 93 90 87 19 78 77 76 NEW MEXICO 
Alamagordo, HoUoman AFB ... 32 5 4070 12 18 22 L 100 98 96 30 70 69 68 Albuquerque AP ............... 35 0 5310 6 14 17 L 96 94 92 27 66 65 64 ArIes ......................... 32 5 3375 9 16 19 L 101 99 97 30 71 70 69 Carlsbad AP .................. 32 2 3234 11 17 21 L 101 99 97 28 72 71 70 ClovisAP .................... 34 3 4279 2 14 17 L 99 97 95 28 70 69 68 , Farmington AP ................ 36 5 5495 - 3 6 9 VL 95 93 91 30 66 65 64 

g~~::::::::::::::::::::::: 35 3 6465 -13 - 5 - 1 VL 92 90 87 32 64 63 62 35 1 6520 -15 - 7 - 3 VL 91 89 86 32 64 63 62 HobbsAP .................... 32 4 3664 9 15 19 L 101 99 96 29 72 71 70 Las Cruces .................... 32 2 3900 13 19 23 L 102 100 97 30 70 69 68 LosAlamoa ................... 35 5 7410 - 4 5 9 L 88 86 83 32 64 63 62 RatonAP .................... 36 5 6379 -ll - 2 2 L 92 90 88 34 66 65 64 

:=~e~~ '68~~~.A:.~:::::::::: 33 2 3643 5 16 19 L 101 99 97 33 71 70 69 35 4 7045 -2 7 11 L 90 88 85 28 65 63 62 
~~i).~~:::::::::::::::: 32 4 5373 8 14 18 VL 95 93 91 30 68 67 66 34 0 4617 6 13 17 L 99 97 94 30 67 66 65 Tucumcari AP .•••.•••.•••.• " 35 1 4053 1 9 13 L 99 97 95 28 71 70 69 HEW YORK 
Albany AP ................... 42 5 277 -14 -5 0 L 91 88 85 23 76 74 73 
~'::'J:~ .. :::::::::::::::::: 42 5 19 - 5 1 ~. L 91 89 86 20 76 74 73 43 0 715 -10 -2 M 89 87 84 22 75 73 72 Batavia ...................... 43 0 900 - 7 - 1 3 M 89 87 84 22 75 74 72 Binghamton CO ........•..•... 42 1 858 - 8 -2 2 L 91 89 86 20 74 72 71 
BulTaloAP ................... 43 0 705r -3 3 6 M 88 86 83 21 75 73 72 Cortland ...................... 42 4 1129 -11 - 5 - 1 L 90 88 85 23 75 73 72 Dunkirk ...•.••.....••........ 42 3 590 - 2 4 8 M 88 86 83 18 75 74 72 Elmira AP .................... 42 1 860 - 5 1 5 L 92 90 87 24 75 73 7:! Geneva .•.........•••••.•.•.•. 42 5 590 - 8 - 2 2 M 91 59 86 22 75 73 

I 
72 

Glens F.lls ................... 43 2 321 -17 -11 - 7 L 88 66 83 23 74 72 71 Glove"'vill •......•............ 43 1 770 -121- 6 - 2 L 89 87 84 23 75 73 I 71 Bom.ll ....................... 42 2 1325 -15 - 9 - 5 L 87 85 82 24 74 72 71 I 

• C.'.2 Col. 3 Col. 4 Co,. ~ . Col. 6 Col. 7 . Col.' 
Col. J • Latitude- EI..,.4 Median CDlllel· D."GII DIy·Bulb Out.. De"on W.t·Bulb 

$10'. aad S'aban
b 

.", of :.~ claor 1 __ -;-__ ;-_ 
Annual 99% 971% yo' Doilr 
,,!~... ,.:,;.. 1% 21% 5% Ro ••• ' 1% 21% S% 

---------I---r.------/--- --f----------r..--
HEW YORK (confilluK) 

Ithaca ........................ 42 3 950 -10 - 4 0 L 91 88 85 24 75 73 72 
Jamestown.................... 42 1 1390 - 5 15M 88 86 83 20 75 73 72 
Kingston ..................... 42 0 279 - 8 - 2 2 L 92 90 87 22 76 74 73 
Loekport. . .. ................. 43 1 520 - 4 26M 87 85 82 21 75 74 72 
Massena AP .................. 45 0 202r -22 -16 -12 M 86 84 81 20 75 74 72 

Newburgh-Stewart AFB. . . . . . 41 3 460 - 4 26M 92 89 86 21 78 76 74 
NYC-Ccntral Park. .. . . ....... 40 5 132 6 11 15 B 94 91 88 17 77 76 75 
NYC-Kennedy AP ............ 40 4 16 12 17 21 H 91 87 84 16 77 76 75 
NYC-LaGuardia AP........... 40 5 19 7 12 16 B 93 90 87 16 77 76 75 
Niagara Falls AP.. . .. .. . .. .... 43 1 596 - 2 4 7 M 88 86 83 20 75 74 73 
Olean ........................ 42 1 1420 -13 - 8 - 3 L 87 85 82 23 74 72 71 

Oneonta ...................... 42 3 1150 -13 - 7 - 3 L 89 87 84 24 74 72 71 
OswegoCO ................... 43 3 300 - 4 26M 86 84 81 20 75 74 72 
P1attoburg AFB.. .. .. .. .. .. ... 44 4 165 -16 -10 - 6 L 86 84 81 22 74 73 71 
Pouothkeepsie .............. '" 41 4 103 - 6 - 1 3 L 93 90 87 21 77 75 74 
Roehester AP.. .. .. . .. . .. .. ... 43 1 543 - 5 25M 91 88 85 22 75 74 72 
Rome-Griffiss AFB ............ 43 1 515 -13 - 7 - 3 L 90 87 84 22 76 74 73 

Schenectady .................. 42 5 217 -11 - 5 - 1 L 90 88 85 22 75 73 72 
Suffolk County AFB. . ...... ... 40 5 57 4 9 13 H 87 84 81 16 76 75 74 

m:~~.P:::::::::::::::::: :~ ~ ii! :~g : ~ - ~ r ~ ~~ ~ ~ ~~ ~~ ~~ 
Watertown .................... 44 0 497 -20 -14 -10 M 86 84 81 20 75 74 72 

NORTH CAROLINA 
Asheville AP ................. 35 3 2170r 8 13 17 L 91 88 86 21 75 74 73 
Charlotte AP .. . .. .. .. .. .. . ... 35 1 735 13 18 22 L 96 94 92 20 78 77 76 
Durham.. .. .. .. .. .. .. . .. . .... 36 0 406 11 15 19 L 94 92 89 20 78 77 76 

~;~~Jl~:t~:;AFB.:::::: ~: i ~~ ~: ~~ ~ r ~~ ~ ~~ ~ ~ ~~ ~= 
Goldsboro, Soymour-Johnson AFB 35 2 88 14 18 21 M 95 92 90 18 SO 79 78 
Greensboro AP ................ 36 1 897 9 14 17 L 94 91 89 21 77 76 75 

~:'J'e'!~·.:::::::::: ::: :::::: ~g ~ 5ig 1~ t~ rs r ~~ ~~ ~ ~ ~~ ~ ~~ 
Hickory .. .. .. . .. .. . .. .. .. .... 35 4 1165 9 14 18 L 93 91 88 21 77 76 75 
Jacksonville.. . .. .. .. .. .. .. .... 34 5 24 17 21 25 M 94 92 89 18 81 SO 79 

Lumberton.. . .. .. .. .. .. .. . ... 34 4 132 14 18 22 L 95 93 90 20 81 80 79 
New Bern AP ................. 35 1 17 14 18 22 L 94 92 89 18 81 SO 79 
RaIoigh/Durham AP. . . . . . . . .. 35 5 433 13 16 20 L 95 92 90 20 79 78 77 
RoekY Mount.. . .. .. .. . .. .. ... 36 0 81 12 16 20 L 95 93 90 19 SO 79 78 
Wilmington AP.... .. . .. .. .. ... 34 2 30 19 23 27 L 93 91 89 18 82 81 SO 
Winston·Solem AP.... .. .. .. ... 36 1 967 9 14 17 L 94 91 89 20 77 76 75 

NORTH DAKOTA 
Bismarck AP.... .. .. .. .. .. .... 46 5 1647 -31 -24 -19 VL 95 91 86 27 74 72 70 
Devil'. Lake.................. 48 1 1471 -30 -23 -19 M 93 89 86 25 73 71 69 
Dickinson AP ................. 46 5 2595 -31 -23 -19 L 96 93 90 25 72 70 68 
Fargo AP ..................... 46 5 900 -28 -22 -17 L 92 88 85 25 76 74 72 

Grand Forks AP ............... 48 0 1832 -30 -26 -23 L 91 87 84 25 74 72 70 
Jamestown AP ................ 47 0 1492 -29 -22 -18 L 95 91 88 26 75 73 71 
Minot AP.. .................. 48 2 lil3 -31 -24 -20 M 91 88 84 25 72 70 68 
Williston ..................... 48 1 1877 -28 -21 -17 M 94 90 87 25 71 69 67 

OHIO . 
Akron/Canton AP.. . .. . .. . .... 41 0 1210 - 5 16M 89 87 84 21 75 73 72 
Ashtabula.. .. .. .. .. .. .. .. .... 42 0 690 - 3 37M 59 87 84 18 76 75 74 
Athens....................... 39 2 700 - 3 37M 93 91 88 22 77 76 75 
Bowlin~ Green.. .. .. .. .. .. .... 41 3 675 - 7 - 13M 93 91 88 23 77 75 74 
Cambndge.... .. . .. .. . .. .. .... 40 0 SOO - 6 0 4 M 91 89 86 23 77 76 75 

Chillicothe.. . .. . . . . .. . . .. .. ... 39 2 638 - 1 5 9 M 93 91 88 22 77 76 75 
Cincinnati CO................. 39 1 761 2 8 12 L 94 92 90 21 78 77 76 
Cleveland AP. ... ............ 41 2 777r - 2 27M 91 S9 86 22 76 75 74 
Columbus AP ................. 40 0 812 - 1 27M 92 88 86 24 77 76 75 
Dayton AP.. .. . . .. . . .. .. .. . .. 39 5 997 - 2 0 6 M 92 90 87 20 77 ,75 74 

Defianee........... ... ........ 41 2 700 - 7 - 11M 93 91 88 24 77 76 74 
F'mdl.y AP ................... 41 0 797 - 6 0 4 M 92 90 88 24 77 76 75 

72c 
73c 



Oimatic Conditions for United States and Canoda {Continued)··& Climatic ,Conditions far United States and Canada (Continued)· ,a 

-Wint.r Summel' 

cor. ... 
Co,. 5 \ Col. 6 Col. 8 Col. 2 Col. 3 Col. 7 Col.I 

Lo!ituc!e· EI.y,d Median Coinci· De,ign Dry·Bulb 
01.1'. Deu'gn Wet· Bulb 

S_ondSfationb 
F, .t dent 

dool' -Annual 99% 97!% 
Wind 

Doily 
Ve· h· locitt- t% 2!% 5% Ronge' t% 2!% 5% 

,,"mos --I-----------------OHIO (con'inued) 
Fremont .•.••••..•.•.•.••.•... 41 2 600 - 7 - 1 3 III 92 90 87 24 76 75 74 
Hamilton ..•..•.•••.•••.•.••.. 39 2 650 - 2 4 8 III 94 92 90 22 78 77 76 
Lan ... ter ••••••••.••••••••.... 39 4. 920 - 5 1 5 III 93 91 88 23 77 76 75 
Lima ......................... 40 4 850 - 6 0 4 III 93 91 88 24 77 76 75 

M .... fieldAP ................. 40 5 1297 - 7 1 3 11 91 89 86 22 76 75 74 
Marion ...•....•••••••••••••.. 40 4 920 - 5 1 6 M 93 91 88 23 77 76 75 
Middletown •.••••.••••••••..•. 39 3 635 - 3 3 7 III 93 91 88 22 77 76 75 
Newark ...................... 40 1 825 - 7 - 1 3 M 92 90 87 23 77 76 75 

Norwalk ...................... 41 1 720 - 7 - 1 3 M 92 90 87 22 76 75 14 
Port.smouth ..•...•.•••.••..•.. 38 5 530 0 5 9 L 94 92 89 22 77 76 75 
Sandusky CO .••.•..•.•.•••.•. 41 3 606 -2 4 8 III 92 90 87 21 76 75 74 

~i:.r:~~'li~:.:::::::::::::::: : 40 0 1020 -3 3 7 III 93 90 88 21 77 76 75 
40 2 992 - 2 4 9 M 91 89 86 22 76 75 74 

ToledoAP .................... 41 4 676r - 5 1 5 M 92 90 87 25 77 75 74 
Warren •....•...••..•.•••.••.. 41 2 900 -6 0 4 M 90 88 85 23 75 74 73 
Wooster ..............•.•..... 40 '5 1030 - 7 - 1 3 III 90 88 85 22 76 i5 74 
youngstownAP ............... 41 2 1178 - 5 1 6 M 89 86 84 23 75 74 73 
Zanesville AP ................. 40 0 ~1 - 7 - 1 3 M 92 89 87 23 77 76 75 

OKlAHOMA 
Ad ........................... 34 5 1015 6 12 16 H 102 100 98 23 79 78 77 
AltusAFB .................... 34 4 1390 7 14 18 H 103 101 99 25 77 76 75 
Ardmore .••.....••....•••••... 34 2 880 9 15 19 H 103 101 99 23 79 78 77 
Bartlesville ................... 36 5 715 - 1 5 9 H 101 

1

1gi 
97 23 

I 
79 78 77 

Chi.wha .................... 35 0 1085 5 12 16 H 103 99 24 i; 76 i5 

Enid-Vance APB ............•. 36 2 1287 3 10 14 H 103 100 98 24 78 77 76 
Lawton AP ................... 34 3 1108 6 13 16 H 103 101 98 24 78 77 76 
McAlester .................... 34 5 760 7 13 17 H 102 100 98 23 79 78 7i 

t1:!~~ ~~::::::::::::::::: 35 4 610 6 12 16 M 102 99 96 23 79 78 77 
35 1 1109 5 11 15 H 101 99 97 24 78 77 76 

Oldehoma City AP ............ 35 2 1280 4 11 15 H 100 97 95 23 78 77 76 

~'::or~~:.·.::::::: ::::::::::: 36 4 996 1 8 12 H 102 100 97 24 78 77 76 
35 2 865 6 12 16 H 102 100 98 23 78 77 76 

Stillwater ..................... 36 1 884 2 9 13 H 101 99 97 24 78 77 76 
TuIsaAP ..................... 36 1 650 4 12 16 H 102 99 96 22 79 78 77 
Woodward .................... 36 3 1900 -3 4 8 H 103 101 98 26 76 74 73 

OREGON 

~~~~·AP::::::::::::::::::: 44 4 224 17 23 27 VL 91 88 84 31 69 67 65 
46 1 8 22 27 30 M 79 76 72 16 61 60 59 

BakerAP ..................... 44 5 3368 -10 -3 1 VL 94 92 89 30 68 65 63 
Bend ......................... 44 0 3599 - 7 0 4 VL 89 87 84 33 64 62 61 
Corvallis ..................... 44 3 221 17 23 27 VL 91 88 84 31 69 67 65 

~~r.et'!;:.::::::::: :::::::: 44 1 364 16 22 26 VL 91 88 84 31 69 67 65, 
42 3 925 16 22 26 VL 94 92 89 33 68 66 65 

Klamath Fan. AP ............. 421 4091 - 5 1 5 VL 89 87 84 36 63 62 61 
MedfordAP .................. 42 2 1298 15 21 23 VL 98 94 91 35 70 68 66 
Pendleton AP ................. 45 4 1492 -2 3 10 VL 97 94 91 29 86 65 63 

Win,.I' SUM"'.I' 

Col. 4 
Col. 5 Col. 6 CoI.S 

Col. 2 CoI,3 I Col. 7 
Col.I 

lo!i""!ec £I.'I,d Ml:dion 
Coinci· De.ign Dry-Sulb 

01.1'· 
Design Wet·8ulb 

Stat. ond S'o'ionb 
F, of den' door 

Annual 99% 971% 
W;mI! Doily 

b· 
Vo· t% 

~~ 
Jon"e' 1% 2!% 5% 

tremet 
/odIy" 

PENNSYlVANIA {col1'inuecll 

~ft~~~:~~i~#P:: ... ::::::::: : 39 5 7 7 11 15 M 93 90 87 21 78 77 76 
40 3 113~ - 1 5 9 M 90 87 85 22 75 74 73 

Pittsburgh CO .............. - . 40 3 749r 1 7 11 M 90 88 85 19 75 74 73 
Reading CO ............ , .... 40 2 226 1 6 9 M 92 90 87 19 77 76 75 
Scranton/Wilkes-Barre ......... 41 2 940 -3 2 6 L 89 87 84 19 75 74 73 
State College ... _ .............. 40 5 1175 - 3 2 6 L 89 87 84 23 74 73 72 

~u.:i~~:%~'.'.::::::::::::: ::::: 40 5 480 -2 3 7 L 91 89 86 22 76 75 74 
39 5 1040 - 1 4 8 L 90 B8 85 22 75 14 ~ 

~~'fch;';'i~;:::::::::: ::::::: 41 5 1280 -8 -3 1 L 89 87 84 24 75 73 
40 0 440 4 9 13 \Ii 92 90 87 20 77 76 75 

Williamsport AP .............. 41 1 527 - 5 1 5 L 91 89 86 23 76 75 74 
york ......................... 40 0 390 - 1 4 8 L 93 91 88 22 77 76 75 

aHODE tSLAND 
Ne"·port ...................... 41 3 20 1 5 11 H 86 84 81 16 75 74 73 
Providence AP ................ 41 4 55 0 6 10 M 89 86 83 19 76 75 74 

SOUTH CAROLINA 
Anderson ..................... 34 3 764 13 18 22 L 96 94 91 21 77 76 75 
Charleston AFB. _ . , .......... _ 32 5 41 19 23 27 L 94 92 90 18 81 80 79 
Charleston CO ... ' ............ 32 5 9 23 26 30 L 95 93 90 13 81 80 79 
Columbia AP ................. 34 0 217 16 20 23 L 98 96 94 22 79 79 78 
Florence AP .................. 34 1 146 16 21 25 L 96 94 92 21 80 79 78 
Georgetown ................... 33 2 14 19 23 26 L 93 91 88 18 81 80 79 

Greenville AP ................. 34 5 951 14 19 23 L 95 93 91 21 77 76 75 
Greenwood .......... _ ........ 34 1 671 15 19 23 L 97 95 92 21 78 77 76 

~:'kgitl"rg::::::::::::: :::::: 33 3 244 17 21 25 L 97 95 92 20 80 79 78 
35 0 470 13 17 21 L 97 95 92 20 78 77 76 

Spartanburg AP ............... 35 0 816 13 18 22 L 95 93 90 20 77 76 75 
Sumter-Shaw AFB ............. 34 0 291 18 23 26 L 96 94 92 21 80 79 78 

SOUTH DAKOTA 
Aberdeen AP .................. 45 3 1296 -29 -22 -18 L 95 92 89 27 77 75 74 

Brookings .................... 44 2 1642 -26 -19 -15 M 93 90 87 25 77 75 74 . 
HuronAP .................... 44 3 1282 -24 -16 -12 L 97 93 90 28 77 75 74 

Mitchell ...................... 43 5 1346 -22 -15 -11 M 96 . 94 91 28 77 76 74 
Pierre AP ..................... 44 2 1718r -21 -13 -9 M 98 96 93 29 76 74 73 

Rapid City AP ................ 44 0 3165 -17 -9 - 6 M 96 94 91 28 72 71 69 
Sioux Falls AP ................. 43 4 1420 -21 -14 -10 M 95 92 89 24 77 75 74 
Watertov.'nAP ..•....••.••..•. 45 0 1746 -27 -20 -16 L 93 90 87 26 76 74 73 

yankton ................... '" 43 Q 1280 -18 -11 - 7 M 96 94 91 25 78 76 75 

TENNESSEE 
Athens ...................•... 33 3 g40 10 14 18 L 96 94 91 22 77 76 75 
Bristol· Tri City AP ............ 36 3 1519 -\ 11 16 L 92 90 88 22 76 75 74 
Chattanooga AP ............... 3, 0 670 11 15 19 L 97 94 92 22 78 78 77 

Clarksville .................... 36 4 470 6 12 16 L 98 96 94 21 79 78 i7 
Columbia ...............•..... 35 4 690 8 13 17 L ~7 95 93 21 79 78 77 

~~~tr: .. :::::::::::::::::: : 36 0 334 7 13 17 L 98 96 94 21 80 79 78 
35 5 1320 5 10 14 L 93 91 88 22 76 75 74 

Jackson AP ................... 35 4 413 8 14 17 L 97 95 94 21 80 79 78 

Knoxville AP ................. 35 5 980 9 13 17 L 95 92 90 21 77 76 75 

Portland AP .................. 45 4 21 17 21 24 L 89 85 81 23 69 67 66 
Portland CO .................. 45 3 57 21 26 29 L 91 88 84 21 69 68 67 

t:!:A"~::::::::::::::::::: 43 1 505 19 25 29 VL 93 91 88 30 69 67 65 
45 0 195 15 21 25 VL 92 88 84 31 69 67 66 

The Dall ...................... 45 4 102 7 13 17 VL 93 91 88 28 70 68 67 
PENNSnVANIA 

Allentown AP ................. 40 4 376 -2 3 5 M 92 90 87 22 77 75 74 
Altoona CO ................... 40 2 1468 -4 1 5 L 89 87 84 23 74 73 72 
Butler ........................ 40 4 lloo - 8 -2 2 L 91 89 S6 22 75 i4 73 

i:A';~~~::·.·.: ::::::::::::: 40 0 640 0 5 9 L 94 92 SO 23 76 75 74 
42 1 732 1 7 11 M 88 85 82 18 76 74 73 

~.:!~.~~:::::::::::::::: 40 1 335 4 9 13 L 92 89 86 21 76 75 74 
40 2 1214 - 4 1 5 L 91 87 S5 23 74 730 72 

Lan ... ter ..................... 40 1 255 -3 JI 6 L 92 90 87 22 77 76 75 
Meadville ..................... 41 4 1065 -6 4 ;II 88 S6 83 21 75 73 72 
NewCut\e .••.......•......•. (1 0 825 - 7 4 M 91 89 86 23 75 i4 73 

Memphis AP .................. 35 0 263 11 17 21 L 98 96 94 21 80 79 78 

\Ii urfreesboro ................. 35 5 608 7 13 17 L 97 94 92 22 79 78 77 

N .. hvilleAP .................. 36 1 577 6 12 16 t· 97 95 92 21 79 78 77 

TulIahoma. ........••..••..••.. 35 2 1075 7 13 17 96 94 92 22 79 78 77 

TEXAS 
AbileneAP ................... 32 3 1759 12 17 21 M 101 99 97 22 76 75 74 

Alice AP ..................... 27 4 180 26 30 34 M 101 99 97 20 81 80 79 

AmarilloAP .................. 35 1 3607 2 8 12 M 98 96 93 26 72 71 70 

Austin AP .................... 30 2 597 19 25 29 M 101 98 96 22 79 i8 77 

Bay City ..................... 29 0 52 25 29 33 M 95 93 91 16 81 80 79 

Beaumont ..............•..... 30 0 18 25\ 29 33 M 96 94 93 19 81 80 79 

Beeville ...................... 28 2 225 
24 \ 

28 32 M 99 97 96 18 

In 
60 79 

Big Spring A P ................. 32 2 2537 12 18 22 ~I 100 98 96 

1

26 73 72 

Browns,~lIe AP ............ , ... 25 5 16 32 36 40 ~I 94 92 91 18 80 79 

Brownwood ................... 31 5 1435 15 20 25 M 102 100 98 22 76 75 74 

Bryan."P .................... 30 4 275 22 27 31 M 100 98 96 20 79 78 18 

-
74c 75c 



Oimatic Conditions for United Slales and Canada (Conlinued)' .• 

Winte, Svoo ... , -
Col .• -Col. 2 Col. 3 Co,. 5 Col. 6 

Col. 7 Col. a , Col.I 
LG';'vd~ £1 ..... 01 Median Coinci- D.';;" Dry-Bulb 

Ouf. DeJign W.'.'ulb SIvte OM 5'ofl"ontJ 
Ff of den' 

door Wind -Annual 99% 971% v •. Doily 
b· 

loeity- 1% 21% 5% Rong.
' 1% 21% 5\11 trernes ---------- I-tEXAS ('on~nuodI 

CorpUS Christi AP ............. 27 5 43 28 32 36 M 95 93 91 19 81 80 80 Coriicana ..................... 32 0 425 16 21 25 M 102 100 98 21 79 78 77 DallasAP .................... 32 5 481 14 19 24 H 101 99 97 20 79 78 78 Del Rio, Laughlin AFB ....•... 29 2 1072 24 28 31 M 101 99 98 24 79 77 76 
Denton .•..........•..•...• '" 33 1 655 . 12 18 22 H 102 100 98 22 79 78 77 :~:!Tp:::: :::::::: ::::::: 28 5 743 23 27 31 L 106 104 102 24 80 79 78 31 5 3918 16 21 25 L 100 98 96 . 27 70 69 58 Fort Worth AP ................ 32 5 544r 14 20 24 H 102 100 98 22 79 78 77 Galveston AP .......•.•.•••... 29 2 5 28 32 36 M 91 S9 88 10 82 81 81 
Greenville ..•....•••••••..•... 33 0 575 13 19 24 H 101 99 97 21 79 78 78 ~~~~~~p:~::::::::::::::: : 26 I 37 30 34 38 M 96 95 94 19 80 80 79 29 4 50 23 28 32 M 96 94 92 18 80 80 79 Houston CO •................. 29 5 ISSr 24 29 33 M 96 94 92 18 80 80 79 Huntsville ...........•••••.... 30 4 494 22 27 31 M 99 97 96 20 80 79 78 
KilIecn-Gray AFB .....•....... 31 0 1021 17 22 26 M 100 99 97 22 78 77 76 urnesa ....................... 32' 5 2965 7 14 18 M 100 98 96 26 74 73 72 Laredo AFB .................. 27 3 503 29 32 36 L 103 101 100 23 79 78 78 ~~~k AP:::::::::::::::::: 32 2 345 16 21 25 M 100 98 96 20 81 80 79 33 4 3243 4 II 15 M. 99 97 94 26 73 72 71 
Lufkin AP .................... 31 I 286 19 24 28 M 98 96 95 20 81 80 79 McAllen ...................... 26 I 122 30 34 38 M 102 

1 100 98 21 80 79 78 Midland AP .................. 32 0 2815r 13 19 23 111 100 98 96 26 74 73 72 Mineral Wells AP ............. 32 5 934 12 18 22 H 102 100 98 22 78 77 76 Palestine CO ....... '" ........ 31 5 580 16 21 25 M 99 97 96 20 80 79 78 

~::;~: :::::: :::::::::::: :::: 35 3 3230 0 7 11 M 100 98 95 26 73 72 71 31 2 2580 10 15 19 L 102 100 97 27 72 71 70 Plainview .............•.••.... 34 1 3400 3 10 14 M 100 98 95 26 73 72 71 Port Arthur AP ............... 30 0 16 25 29 33 M 94 92 91 19 81 80 80 • San Angelo, Goodfellow AFB ... 31 2 1878 15 20 25 M 101 99 97 24 76 75 74 
San Antonio AP ............... 29 3 792 22 25 30 L !19 97 96 19 77 77 76 Sherman-Perrin AFB .......... 33 4 763 12 18 23 H 101 99 97 22 79 78 77 t~~r .. :.:::::::::::::::::::: : 32 4 2325 9 15 19 M 102 100 97 26 75 74 73 31 1 675 18 23 27 M 101 99 97 22 79 78 77 Tyler AP ....•....•.•.••••.... 32 2 527 15 20 24 M 99 97 96 21 80 79 78 
Vernon .........•..••.•.•••.•. 34 1 1225 7 14 18 H 103 101 99 24 77 76 75 Victoria AP .•.••••••.•••...... 28 5 104 24 28 32 M 98 96 95 18 80 79 79 WacoAP ..................... 31 4 500 16 21 26 M 101 99 98 22 79 78 78 Wichita Falls AP .............. 34 0 994 9 15 19 H 103 100 98 24 77 76 75 UTAH 
Cedar City AP .... '" ......... 37 • 5613 -10 - I 6 VL 94 91 89 32 65 64 62 J.1:b::::::::::::::::::::::: : 41 4 4775 -7 3 7 VL 93 91 S9 33 66 65 63 38 5 3965 2 12 16 VL 100 98 95 30 66 65 64 ~.:~.~~:::::::::::::::::::: 41 1 4400 -3 7 11 VL 94 92 S9 33 66 65 64 39 4 5580 -7 3 7 L 93 91 88 33 65 64 63 
Provo ••...•....•••••.•••••.•. 40 I 4470 -6 2 6 L 96 93 91 32 67 66 65 Richfield ..................... 38 5 5300 -10 - I 3 L 94 92 89 34 66 65 64 St. George CO ................. 37 1 2899 13 22 26 VL 104 102 99 33 71 70 69 Salt Lake City AP ............. 40 5 4220 -2 5 9 L 97 94 92 32 67 66 65 VemaIAP ...........•..•••.•. 40 3 5280 -20 -10 - 6 • VL 90 88 84 32 64 63 62 VERMONT 
Barre •.........•.....•••.•... 44 1 1120 -23 -17 -13 L 86 84 81 23 73 72 70 Burlington AP ................ 44 3 331 -18 -12 -7 M 88 85 88 23 74 73 71 Rutland ....•.•.••••...•.••... 43 3 620 -18 -12 - 8 L 87 85 82 23 U 73 71 VlRG1N1", 
Charlottoville ................. 38 I 870 7 11 15 L 93 90 88 23 79 77 76 DanvillcAP .......•.•••...... 36 3 590 9. 13 17 L 95 92 90 21 78 77 76 Fredericksburg ................ 38 2 50 81 10 14 ~I I 94 92 S9 21 79 78 76 Harrisonburg .................. 38 3 1340 I 5 

91 L 

I 
92 90 87 :1 78 77 76 

~chbllrK AP ....•.•...•..... 37 2 947 
10 I IS 19 L 94 92 80 77 76 75 orloIltAP .....•.•.•.••.•.•.. 36 5 J:I 18 20 

23/ M 94 91 89 18 79 78 78 Peten!burg .................... 37 I 10 15 18 L I 96 94 91 20 80 79 78 , 

76c 

Oimatic Conditions for United States and Canada (Continued)'" 

Winter $u ....... 

Col. 2 1 Col. 2 1 Col.. C-!·~E.C0I.6 Col 61 Col •• 
lotjtvdee EI.y.d Mediant Conte.- o."gn O".-lvIb 0;,.. Oe.ign We,·lJulb 
o'F, of clen' d 

........... , 99% 971% ~"'" ~ 0:;;; 
Ex· I";' 1% 21% 5% ••• g.' 

-------I--I-I~ -- 1--1--1--

Col.I 
Stoia and S'af;on~ 

VIRGINIA (confinvedl 

1% 121% I 5% 

Richmond AP.. .. • ... . ... . .... 37 3 162 10 
Roanoke AP .................. 37 2 1174r 9 
Staunton ..................... 38 2 1480 3 
Winchester ................... 39 1 750 1 

W ... SHINGTON 
Aberdeen.. . .. .. .. . .. . .... . ... 47 0 12 19 
Bellingham AP.. .. .. . ... .. .... 48 5 150 8 
Bremerton.................... 47 3 162 17 
Ellensburg AP.. .. . .. .. .. . .... 47 0 1729 - 5 
Everett-Paine AFB ............ 47 5 598 13 

Kennewick ........•........... 
I..ongview ....... ' ... ' ........ . 
Moses l.ake, Larson AFB ...... . 

~~X~g~!'.·.:::::::::::::::: : 

46 0 
46 1 
47 1 
47 0 
48 1 

Seattle-Boeing Fld.. . .. . .. .. ... 47 3 
Seattle CO .................... 47 4 
Seattle-Tacoma AP ............. 47 3 
Spokane AP ................ " 47 4 

Tacoma·McChord AFB........ 47 1 
Walla Walla AP ............... 46 I 
Wen.tch.... . .. .... .......... 47 2 
Ynkim.AP ................... 46 3 

WEST VlRGINI ... 

Riu!'J~1d i.'P:::::::: :::::::::: ~~ 3 
Charleston AP.. ... .. .. .. . .... 38 2 

~~?.::::::::::::::::::: ~~ ~ 

~~~!:~~~p::::::::::::::: g~ ~ 
- Morgantown AP..... .. . .. .. ... 39 4 

Parke",burg CO. .. .. • . .. .. . ... 39 2 
Wheeling ............. " .. .... 40 1 

WISCONSIN 
Appleton. .... .. .. .. .. .. • . .... 44 2 
Aehland. .. . .. .. . . .. . . .. .. .... 46 3 
Beloit ......................... 42 3 
Eau Clsire AP.. ... .. . .. .. . ... 44 5 
Fond du Lac.. .. . . .. . .. .. • .... 43 5 

Green Bay AP ............... . 
La Crosse AP ................ . 
Madison AP ................ .. 
Manitowoc ..........•........ 
Marinette ..............••.... 

44 3 
43 5 
43 I 
441 
45 0 

392 
12 

1183 
190 
99 

14 
14 

386 
2357 

350 
1185 
6.~4 

1061 

2330 
2850 
939 
977 

1970 

565r 
537 

1245 
615r 
659 

742 
650 
780 
8S8 
760 

6S3 
6.l)2 
85S 
660 
605 

Milwaukee AP ............... . 43 0 672 
Racine ........•..•...•....... 
Sh.boygan ................... . 
Stevens Point. '" ........•.•••• 
Wauk .. ha ..••..•...••.•...... 
Wausau AP ................. .. 

WYOMING 

42 4 640 
43 4 648 
44 3 1079 
430860 
44 6 1196 

Casper AP .................... 42 5 
Cheyenne AP ....... , ... . .. ... 41 1 

5319 
6126 
5000 
6860 
M63 
7266 

~~~ .. :::::::::::::::::::: !t ~ 
LanderAP .................... 42 5 
Laramie AP ................ '" 41 2 

4 
14 

-14 
15 
20 

17 
22 
14 

-5 

14 
5 

-2 
- 1 

- 4 
1 
1 

-2 
-4 

4 
1 

-2 
2 
o 

-16 
-27 
-13 
-21 
-17 

-16 
-18 
-13 
-11 
-14 

-11 
-10 
-10 
-2'.! 
-12 
-24 

-20 
-15 
-23 
-2'1 
-26 
-17 

14 
15 
8 
6 

18 L 96 
18 L 94 
12 L 92 
10 L 94 

24 27 M 83 
14 
24 
2 

19 

18 L 76 
29 L 85 
6 VL 91 

24 L 82 

11 
20 

- 7 
21 
26 

23 
28 
20 

-2 

20 
12 
5 
6 

o 
6 
9 
3 
1 

10 
6 
3 
8 
5 

-10 
-21 
- 7 
-15 
-11 

-12 
-12 
-9 
- 5 
- 8 

15 
24 

- 1 
25 
29 

27 
32 
24 

4 

24· 
16 
9 

10 

6 
10 
14 
7 
5 

14 
10 
7 

12 
9 

-6 
-17 
-3 
-11 
- 7 

- 7 
-8 
-5 
- 1 
-4 

- 6 - 2 
- 4 0 
- 4 0 
-16 -12 
- 6 - 2 
-18 -14 

-11 - 5 
- 6 - 2 
-13 - 9 
-12 - 8 
-16 -12 
- 6 - 2 

VL 
L 
VL 
L 
1\1 

L 
L 
L 
VL 

L 
VL 
VL 
VI, 

L 
L 
L 
L 
L 

L 
L 
L 
L 
L 

M 
L 
M 
L 
M 

:\1 
l\1 
:\1 
l\1 
M 

M 
:\1 
!II 
:\1 
111 
II 

L 
:\1 
L 
VL 
\"L 
M 

68 
88 
96 
85 
n 
82 
~ 
85 
93 

85 
68 
M 
94 

~ 
88 
92 
92 
~ 

M 
96 
90 
93 
~ 

S9 
85 
92 
90 
S9 

88 
00 
92 
88 
88 

00 
90 
89 
89 
~ 
89 

92 
89 
00 
84 
92 
~ 

Rawlins ................... "'j 41 5 6736 
New""lIe .................... 143 514480 
Rock Spri .. "" AP.............. 41 4 6741 
Sberidan AP .................. \ 44 5 3942 

-181- 91- 5 -24 -15 -11 
-16 - 61- I 
-21 -12 - 7 

l\1 
L 
VL 
L 
M 

92 
86 
86 
M 
94 Torrinctnn..... .. .. .. .. . .. .... 42 0 4098 -20 \ -11 1 - 7 

77c 

93 
~ 
90 
92 

80 
74 
~ 
89 
~ 

96 
86 
93 
83 
73 

80 
79 
~ 
90 

& 
96 
92 
92 

88 
86 
00 
90 
84 

93 
94 
88 
~ 
89 

~ 
88 
90 
88 
~ 

85 
88 
88 
86 
86 

~ 
88 
~ 
~ 
89 
86 

00 
86 
~ 
82 
90 
80 

89 
~ 
84 
92 
92 

~ 
89 
~ 
89 

77 
71 
77 
86 
74 

93 
83 
90 
80 
W 

77 
R 
77 
~ 

~ 
93 
80 
89 

86 
83 
88 
~ 
82 

~ 
M 
85 
88 
86 

84 
80 
~ 
85 
84 

82 
85 
85 
83 
83 

84 
83 
84 
84 
86 
83 

~ 
88 
~ 
79 
87 
77 

86 
81 
82 
S9 
89 

a 
~ 
23 
a 
w 
rn 
20 
34 
20 

30 
30 
~ 
~ 
~ 

24 
rn 
22 
28 

22 
27 
~ 
36 

22 
22 
20 
a 
22 

~ 
a 
22 
a 
a 
23 
23 
24 
23 
23 

23 
22 
22 
a 
20 

a 
a 
20 
23 
22 
23 

M 
M 
~ 
~ 
~ 
28 

30 
40 
~ 
~ 
30 

79 
R 
n 
~ 

~ 
~ 
58 
~ 
~ 

69 
58 
58 
~ 
60 

~ 
~ 
66 
66 

58 
69 
58 
69 

74 
74 
R 
R 
74 

77 
~ 
R 
77 
R 

n 
73 
77 
R 
R 

75 
78 
77 
75 
74 

77 
77 
76 
75 
77 
74 

63 
63 
61 
SS 
83 
61 

68 
62 
SS 
67 
68 

~ 
n 
77 
R 

& 
65 
66 
65 
65 

88 
66 
66 
65 
SS 

65 
65 
64 
64 

66 
68 
66 
~ 

73 
73 
n 
n 
73 

R 
77 
74 
R 
n 
74 
71 
R 
74 
74 

73 
R 
n 
74 
n 
75 
75 
74 
73 
75 
72 

62 
62 
60 
57 
62 
59 

67 
61 
57 
65 
67 

77 
74 
n 
n 
60 
83 
65 
83 
63 

66 
65 
65 
83 
~ 

64 
64 
83 
63 

64 
66 
64 
65 

n 
n 
74 
74 
n 
n 
R 
73 
n 
74 

n 
69 
n 
n 
73 

n 
n 
73 
n w 
73 
73 
n 
71 
74 
W 

60 
& 
59 
56 
60 
SS 

66 
60 
56 
64 
66 



Climatic Conditions for United States and Canada (Continuecl)*,a 

Col. I 
'rome. end 5tafionb 

ALIERTA 
Calgary AP .................. . 
Edmonton AP ................ . 
Grande Prairie AP ............ . 
Jasper CO ..•................. 

Col. 2 
Lo1i,"'!.c 

51 1 
53 3 
551 
52 5 

CANADA 

Winter 

Col. 4 

Summer 

Col. S 
Design Wel.Bulb C 1 31 C.I. 5 \ C.I. 6 C I 7 E:~.d: Aver.. C;in~;- Design Dry-Bulb ~~t-

Ff age e.n door 1--,.----.-_ 
Annual 99% 97j% W,ttd Doily 
Mini· 1 v~;. 1% 21% 5% Ro ••• ' 1% 2!% 5% 

'-3-54-0-1 :: ---29----25- 0: -8-7---85--82-1-
2
-
6
---

66
--

64
--;-

2219 -30 -29 -26 VL 86 8S 80 n 69 67 65 
21. -44 -43 -37 VL 84 81 78 23 66 64 63 
3480 -38 -32 -28 VL 87 84 81 28 66 64 63 

Lethbridge AP ............... . 

~~~1ci:'1,~r.~P·.:::::::::::: : 
Red Deer AP ................ . 

49 413018 56 4 1216 
SO 0 2365 
52 1 2965 

-31 
-44 
-33 
-38 

-31 -~ 
-42 -30 
-30 -29 
-33 -29 

M 
VL 
~I 
VL 

91 
87 
96 
88 

88 
84 
93 
86 

85 
81 • 83 

28 
28 
28 
25 

58 
69 
72 
67 

66 
67 
69 
65 

64 
65 
67 
64 

IRITISH COLUMBIA 
Dawson Creek. . . . . . . . . . . . . . . .. 55 5 
Fort Nelson AP. . .... .. ....... 58 5 

~:::'~~~cfJ>::::::::::::::::: ~ 1 
New \\'estminster CO .......... 49 1 
Penticton AP . . . . . . . . . . . • . . . •. 49 3 

Prince George AP. . . . . . . . . . . .. 5:; 5 
Prinre Rupert CO. . . . . . . . . . . .. 54 2 
Trail ......................... 49 1 
Vancouver AP. .• . ............ 49 1 
Victoria CO. . . . . . . . . 48 3 

MANITOBA 
Brandon CO. . . . . . . . . . . . . . . . .. 49 5 
Churchill AP.. .. . . . . . . . . . . . . .. 58 5 
Da.uphiu AP .................. 51 1 
Flin Flon CO. . . . . . . . . . . . . . . .. 54 5 
Portage la Prairie AP. . . . . . . . .. 49 5 
The Pa.. AP ................... 54 0 
Winnipej!; AP. . . . . . . . . . . . . . . .. 49 5 

NEW BRUNSWICK 

gh~b~~'A'P.C?:::::::::::::: :~ g 
Edmundston CO. . . . . . . . . . . . . .. 47 2 
Fredericton AP.. . . . . . . . . . . . . .. 45 5 
Moncton AP. . . . . . . . . . . . . . . . .. 46 1 
Saint John AP. . . .. ........... 45 2 

NEWFOUNDLAND 
Corner Brook CO. . . . . . . . . . . . .. 49 0 
Gander AP ................. " 49 0 
Goose Bay AP. . . . . . . . . . . . . . .. 53 2 
St. John's AP. . . . . . . . . . . . . . . .. 47 4 
Stephenville...... ............ 48 3 

NORTHWEST TERRITORIES 
Fort Smith AP. . . . . . . . . . . . . . .. 60 0 
Frobisher Bay AP. . . . . . . . . . . .. 63 5 
Inuvik ....................... 68 2 
Resolute AP. . ................ 74 4 
Yellowknife AP. . . . . . . . . . . . . .. 62 3 

NOVA SCOnA 
Amhe .... t ...................... 45 5 
HaUfax AP. . . . . . . . . . .. . . . . . .. 44 4 
Kentville CO.................. 45 0 
New Glasgow ........ _ . .. . . ... 45 4 

~~:~t::.:::::::::::::::::: :~ ~ 
Yarmouth AP. • . . . . . • . . . . . . . .. 43 5 

ONTARIO 
Belleville CO ..•.....•.•••.•... 
Chatham CO ................. . 
COrnw.II ..•.................. 
Fort WiIIi.m AP 

44 1 
42 2 
45 0 
48 2 

2200 
1230 
\ISO 

100 
SO 

1121 

-47 
-43 
-15 

16 
12 
o 

-40 
-44 
-16 

17 
15 

- I 

-M 
-0 
-10 

29 
W 
3 

L 
VL 
VI. 
VL 
VL 
L 

22181-381-371-31 I VL 
170 9 1\ 151 L 

1400 - 3 - 2 3 VI, 
16 13 15 19 L 

228 20 20 23 :1-1 

1200 -36 
115 -43 
9'J9 -35 

log8 -3S 
867 -28 
894 -41 
786 -31 

25 -20 
112 -17 
500 -29 

74 -19 
248 -16 
352 -15 

40 -9 
482 - 5 
144 -2R 
463 I 
44 -4 

6651-51 6S -45 
75 -54 

209 -52 
682 -51 

63 -15 
136 - 4 

SO - 8 
317 -16 
197 - 3 
77 -17 

136 '2 

2SO -15 
600 - I 
210 -22 
644 -31 

-29 1 -26 
-40 I -38 

-
29 1-26 

-40 -36 
-25 -22 

- 35 1-32 
-28 -25 

-181-14 

-

15 1-10 
-20 -16 
-16 -10 
-12 - 7 
-12 - i 

-10 - 5 
- 5 - I 
-27 -25 

2 6 
- 6 - 1 

-49 -46 
-45 -42 
-SO -48 
-49 -4i 
-49 -47 

-10 - 5 
o 4 

- 4 0 
-10 - 5 

o 5 
-12 - i 

5 9 

-1\ - 7 
3 6 

-14 - 9 
-27 -23 

:II 
H 
~I 
L 
~I 
~I 
~1 

L 
M 
M 
L 
H 
M 

H 
H 
:\1 
H 
H 

VL 
H 
VL 
M 
VL 

H 
H 
M 
H 
H 
:11 
H 

:II 
~1 
:II 
L 

84 
87 
97 
81 
86 
94 

85 
73 
94 
SO 
80 

81 
84 
94 
7S 
~4 
91 

82 

78 
81 
91 
75 
82 
88 

N 
71 6S 
m 8S 
~ M 
M n 

00 a M 
N M n 
M M 8S 
86 M ~ 
00 a 84 
86 M ~ 
• ~ 84 

87 
PO 
84 
89 
86 
81 

84 
S5 
86 
79 
79 

85 
63 
M 
54 
78 

85 
83 
86 
84 
84 
84 
76 

84 
87 
81 
86 
85 
79 

~1 
82 
81 
77 
76 

83 
59 
77 
51 
76 

82 
80 
83 
SI 
82 
81 
73 

81 
84 
78 
8S 
82 
77 

79 
79 
77 
i5 
74 

80 
S6 
75 
49 
74 

79 
77 
80 
79 
SO 
79 
71 

25 
23 
31 
20 
20 
31 

26 
13 
30 
17 
16 

26 
18 
24 
19 
22 
20 
2.3 

29 
22 
n 
23 
n 
g 

g 
29 
18 
17 
g 

D 
U 
n 
10 
17 

n 
w 
n 
n 
29 
n 
g 

89 86 84 21 
92 90 88 20 
89' 86 84 23 
86 83 89 23 

66 
66 
71 
66 
68 
71 

58 
62 
iO 
68 
64 

75 
68 
74 
71 
75 
73 
75 

74 
74 
75 
73 
74 
71 

69 
69 
69 
69 
69 

67 

63 

65 

i2 
69 
72 
72 
n 
72 
69 

77 
77 
77 
72 

64 
64 
69 
64 
66 
69 

63 
63 
58 
62 
65 
58 

65 63 
60 W 
58 U 
66 65 
82 60 

D 71 
66 63 
n m 
6S ~ 
M n 
71 69 
M n 
71 6S 
il 69 
n m 
m 86 
71 6S 
86 66 

86 66 
58 66 
~ 65 
86 66 
86 66 

65 64 

M 60 

63 82 

m 58 
58 U m 6S 
m 6S m 6S 
m 6S 
58 U 

M D 
M ~ 
M ~ 
m 6S 

iI • .;.i1ton .........•...•....... 143 21303 'I - 21 0 I 31 M 91 88 86 21 177175 73 
Kapuska..ing AP .......•....... 49 3 752 -37 I -31 1-28 :'1 87 8-1 81 23 73 71 29 
l{~nora AP ................... , 49 5 13451 -3.31-31 -28 M ~6 8S 80 20 75 73 ~I 
Kmp.ton CO .•..........•.... '144 2 300 -16 -Ill - 7 I M 85 82 89 20 77 75 .3 
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Climatic Conditions for United State< and Canada (Concluded)*" 

col. 1 
Col. 2 

Lo~j'~ee 

-1- w"""' --
C0I31 Col. 4 Col. 5 Col. 6 Col 7\ Col.' 

E' 
•• I Av I \ Cainci- Oeaign DIY-Bulb 0 " Design Wel·I""b 

e,,# er- tl , It-

'roWncti and Sto';onb 
Ft og. .;:, I I door _ •• 1 99% 97!% v· 0.;11 

MInI- I",,:;" 1% 2!% 5% R •••• ' 1% I 21% 1 5% 

'--'--'--'--'--
ONTARIO (continued) 

Kitchenor .............•....... \43 3 \ 1125 \ -11 
London AP. . . . . . . . . . . . . . . . . .. 43 0 912 - 9 
NorLh Boy AP. . . . . . . . . . . . . . .. 46 2 1210 -27 
Osha .... a ...................... 43 5 370 -11 

Ottawa AP . . . . . . . . . . . . . . . . . .. 45 2 
Qwen Sound. . . . . . . . . . . . . . . . .. 44 3 
Peterborough CO. . . . . . . . . . . . .. 44 2 
8t. C.tharines CO. . . . . . . . . . . .. 43 1 
Samia ........................ 43 0 

Sault Ste. Marie CO. . . . . . . . . .. 46 3 

~!~[,;,;CO:::::::::::::::::: ~ ~ 
Toronto AP. . . . . . . . . . . . . . . . . .. 43 4 
Windsor AP . . . . . . . . . . . . . . . . .. 42 2 

ralt~CE EDWARD ISLAND 
Charlottetown AP. . . . . . . . . . . .. 46 2 
Summerside AP. . .. .. .. .. . • ... 46 3 

QUEBEC 
B.gotville. . . . . . . . . . . . . . . . . . .. 48 2 
Chicoutimi CO. . . . . . . . . . . . . . .. 48 3 
DrummondviUe CO. . . . . . . . . . .. 45 5 
Granby... . . . . • •• . . . . . . . . . . . . 45' 2 
Hull. .....................•.. 45 3 
Meg.ntic AP.. .. . . . . . . . . . . . . .. 45 4 

Montreal AP.. . . . . . . . . • . . . . . .. 45 3 
Quebec AP. . . . . . . . . . • . . . • . . .. 46 5 
Rimollski. . .. .. .. .. . .. . .. . .... 48 3 
St. Jean. . . . . . . . . . . . . . . . . . . . .. 45 2 
St. Jerome. . . . . . . . . . . . . . . • . . .. 45 5 
Sept lies AP . . . . . . . . . . • . . . . . .. SO 1 

339 
W7 
648 
325 
625 

675 
850 

1100 
578 
637 

186 
78 

536 
ISO 
270 
5SO 
200 

1362 

98 
245 
117 
129 
310 
190 

-21 
-9 
-ro 

I 
-6 

-21 
-25 
-37 
-10 
- 1 

-11 
-10 

-35 
-31 
-26 
-23 
-21 
-27 

-29 
-25 
-18 
-21 
-30 
-29 

- 3 \ 1 - 1 3 
-21 -17 
- 5 - 2 

:...\7 
- 5 
-13 

2 
2 

-29 
-20 
-33 
- 3 

4 

-6 
- 8 

-26 
-24 
-18 
-17 
-17 
-29 

-16 
-19 
-16 
-15 
-18 
-27 

-13 
- I 
- 9 

5 
6 

-15 
-15 
-28 

I 
7 

-3 
- 3 

-22 
-29 
-13 
-12 
-13 
-16 

-10 
-13 
-12 
-10 
-13 
-22 

Shawinigan. . .. . . . . . . .. .. .. ... 46 3 306 -n -29 -15 
Sherbrooke CO. . . . . . . . . . . . . . .. 45 2 595 
Thetford ~!ines. . . . . . . . . . . . . .. 46 0 1020 
Trois Rivieres CO ........... " 46 2 200 
Val d'Or AP. . . . . . . . . . . . . . . . .. 48 0 lI08 
VaJleyfield. . . . . . . . . . . . . . . . . . .. 45 2 ISO 

SASKATCHEWAN 
Estevan AP ............... , . .. 49 0 1884 
Moose Jaw AP. . . . . . . . . . . . . . .. SO 2 1857 
North Battleford AP.......... 52 5 1796 
Prince Albert AP. . . . . . . . • •. . .. 53 1 1414 

-D -18 -13 
-25 -19 -14 
-30 -18 -13 
-37 -31 -27 
-ro -14 - 9 

-32 -30 -D 
-33 -32 -27 
-33 -::3 -29 
-45 -41 -35 

Regina AP. . . . . . . . . . . . • • . . . . .. SO 311884 \ -38 
Saskatoon AP. . . . . . . . . . . • . . . .. 52 1 1645 -37 
Swift Current AP... . . . . . . . . . .. SO 2 2677 -31 
Yorkton AP ............... · .. · 51 2 1653 -38 

YUKON TERRITORY I 
Whitehorse AP. . . . . . . . . . . . . . .. 60 4 2289 -45 

-34 -29 
-34 -30 
-29 -25 
-33 -29 

-45 -42 

III 
M 
M 
III 

III 
1.1 
M 
M 
M 

III 
VL 
M 
M 
III 

H 
H 

VL 
VL 
M 
L 
M 
III 

III 
III 
H 
M 
L 
L 

L 
L 
III 
:1-1 
L 
M 

M 
M 
L 
VL 

M 
M 
III 
M 

VL 

83 
90 
~ • 
90 
~ • m 
~ 

58 
89 • • ~ 
84 
84 

83 
~ 
86 
~ 
90 
84 

88 
86 
m 
~ 
a 
89 

88. 
~ 
86 
83 
83 
~ 

~ 
~ 
90 
88 

~ • ~ 
89 

m 

85 
88 
84 
87 

87 
84 
87 
88 
90 

85 
86 
87 
87 • 
81 
81 

84 
83 
85 
84 
87 
81 

86 
82 
74 
85 
84 
78 

85 
84 
83 
65 
85 
86 

89 
89 
86 
84 

88 
86 
89 
85 

75 

83 
86 
82 
85 

84 
82 
85 
86 
88 

83 
84 
84 
85 
88 

79 
79 

81 
80 
82 
22 
84 
78 

84 
79 . 
71 
83 
82 
i5 

83 
81 
80 
82 
82 
83 

86 
86 
83 
81 

85 
83 
86 
82 

72 

~ 
22 
18 
n 
n 
u 
22 
ro 
W 

22 
D 
~ 
22 
ro 
W 
W 

29 
29 
22 
U 
U 
W 
g 
U 
g 
29 
23 
17 

n 
29 
n 
n 
22 
U 

D 
n 
29 
D 

n 
D 
~ 
23 

22 

76 
76 
71 
i7 

75 
74 
76 
77 
76 

n 
n 
n 
77 
77 

n 
n 
n 
n 
M 
re 
M 
n 
re 
n 
71 
re 
M 
66 

re 
n 
n 
M 
n 
re 
n 
D 
71 
n 
D 
71 
n 
U 

82 

75 
75 
70 
75 

74 
72 
74 
75 
74 

70 
70 
71 
75 
75 

70 
70 

71 
71 
74 
74 
i4 
n 
74 
73 
69 
74 
74 
64 

i4 
73 
73 
74 
71 
74 

73 
71 
69 
70 

u 
U 
89 
D 

D 
71 
n 
D 
n 
86 
89 
6S 
D 
U 

86 
86 

89 
6S 
n 
n 
D 
71 

D 
71 
86 
D 
n 
63 

72 
71 
71 
72 
69 
73 

71 
69 
67 
86 

71 6

V
9 

89 67 
70 
72 /70 

50,' 59 

• Data for U. S. atAtioD$ enraded from EftSluated Wether Dolo 1- CI 
of the publiaber. Fluor Products Compsn)'.lne •• BQX 1267, SaDta Roe&. ( 

• nat ......... !'Iil~ from official \\-eat~r .taliENI, \\'~ro!'.i:1Y.. .. -ather 

:i~ Dui"", Addmd"", ,vo.l. Wiafct'''''' .su",...,.,. Data. with the pennilaiOD 

made by trained o~"el'l, aDd from other 8OUreH. Table 1 pftplU"ed. by 
mit,.,. deai~ d&ta aho"" the ~rceDt of 3-OIonth ~riod. ~nlber tbrou«h 
.how the perceDI. of ",moDth period, JUDe I.htou,h Sep1.ember. Cacadi&D 

to deYelop dft,ip data. "AP" folio ..... tattoD Dame, and "AFB" folIo .... Air Tofft BuN. nata for .tationa 
urban area and £f'nernlly ftft~t an inftueace of I.he IUrrounding area. StatioN ... ithout deaiplal.ioo caD. be 

h meet ~rpon. data. ~ in ealelllatihlZ: 19O"r loadI. For ezample. the latitude for Anniat01l. Alabama ia ainn .. 33 4. or 33°40'. 
of 19&1. Temperal.uft readincs are lenerall), made at ao elentiOD of S II. above Itround. except lor loeatiODI 

,t.ely eoldest 000 houl'l out of 20.000 hoo,. of December I.hrouch February data per at&UOL Abo .ee Refer-

L :: Lf~l~~I~~ '69 ';~;';~t u~~id"~~t-;·r;;;-h~·;;·<e7 h~li. ~1 mph. ~l : tl:~r~~~~ ~~ :o7:"c!td!~t::nr:b!ut;:u:7 ;;~b..P~d:Kt pereeIlt are > 12 mph. 
I The difference iMot9:ft'n tbe aVl!'ta~ mlUimum and aver&n minimum kmperatUrH durinl[ I.he ... rmftll. month. t More ~tailed data on .'riu.na. California. and Sevada may be found in Rercn'smc-nded Duill" T","~.ru. Xort#:mr.. t:oI,'erttia. publiabec! by \be Golc!eD Gate 

Cbapter; and R,(!omfMJld.d Duill" Temperatura. SoutMrw Cola/Of'flia. Anama, N-ua. publiabed. by lobe SoutberD California Cbap1.ftr. 
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~ ....... Iic Conditiom for Other Foreign Countries (Continued) 

Winlor s ....... 
Oimalic Conditiom for Other Foreign Countries 

Col. 2 Col. 3 
Col. 4 Col. 5 Col. 6 Col. 7 

Co'!. 1 lolifvcle CHMI f'no- Mean 
Delig" Dry-Bulb Ov'· De,ian w.,·aulb 

Cocmlry OM $'olion 'o:gi'uf· 'ion, 01 
doo' 

fI ........ 01 99% 971% 
Doil, 

h· 1% 21% S% Range 1% 2!% 5% 
tremes 

F de; 

--I--- ------------I-
CUaA 

Gus.ntanamo Bay ........... 19 54~/75 09W 21 60 64 66 94 93 92 16 82 81 80 

Havana. . .. . ............ 23 08~/82 21W 80 54 59 62 92 91 !!9 14 81 81 80 

CZECHOSLOVAKIA. 
Prague ..............••.... 50 05~/\4 25E 662 3 4 9 88 85 sa 16 66 65 64 

DENMARK 
Copcnhal!;en . ............. 55 41N/12 33E 43' 11 16 19 79 76 i4 J7 68 66 64 

DOMINICAN REPUBLIC 
Santo J)nmillgo ....••...•... 18 29~/69 54W 57 61 63 65 92 90 88 16. 81 80 80 

ECUADOR 

8~i~~:~i~~::::::::::::::: : 2 105/79 53W 20 61 64 65 92 91 89 20 80 80 79 
o 13S/78 32W 9446 30 36 39 73 72 71 32 63 62 62 

a SAlVADOR 
San Salvador .......•....... 13 42N /89 13W 2238 51 54 56 98 96 95 32 77 76 75 

ETHIOPIA 
Addis Ababa .......•....... 9 92~ /38 4r.E 775.~ 35 39 41 84 82 81 28 66 65 64 

Asmara ..........•.....•... 15 17~/38 55E 7628 36 40 42 sa 81 80 27 65 64 63 

FINlAND 
Helsinki .........•.....•... GO 10N/24.57E 30 -11 - 7 - 1 i7 74 72 14 66 65 63 

fRANCE 

~l:~ili~:::::::::::::::: : 45 42N/4 47E 938 - 1 10 14 91 89 86 23 71 70 69 
43 18~/5 23E 246 23 25 28 90 87 84 22 72 71 69 

~i~t~::::::::::::::::::: : 
47 15N/1 301W 121 17 22 26 

I 
86 sa 80 21 70 69 67 

43 42N/7 16E 39 31 34 37 87 85 sa 15 73 72 72 

Paris ..........••..•.•..... 48 49N/2 2\)E 164 16 22 25 89 86 sa 21 70 68 67 

Strasbourf!; ........••....... 48 35N/7 46E 465 9 11 16 86 sa 80 20 70 69 67 

FRENCH GUIANA 
Cayenne ............•..•... 4 56N /52 27W 20 69 71 72 92 91 90 17 sa 83 82 

GERMANY 
Berlin .........••......•... 52 27N 113 18E 187 6 7 12 84 81 78 19 68 67 66 

Hanlburg ................•. 53 33:\ /9 58E 66 10 12 16 80 76 73 13 68 66 65 

Hannover .................. 52 24~/9 40E 561 7 16 20 82 78 75 Ii 68 67 65 

~Iannheim ...•...........•. 49 34~/8 2.~E 359 2 8 11 87 85 82 18 71 69 68 

Munich ..•.•...•.....•.... 48 OO~/II 34E 1729 - 1 5 9 86 sa 80 18 68 66 64 

GHANA 
Accra ....•.....•••..•.••.. 533N/0 12W 88 65 68 69 91 90 89 13 80 79 79 

GIBRALTAR 
Gibraltnr ....•.•••••...•... 36 00~/5 22W 11 38 42 45 92 89 66 14 76 75 74 

GREECE 
Athens ..........•...•.•... 37 58N /23 43E 351 29 33 36 96 93 91 18 72 71 71 

Thessaloniki ...•...•....••. 49 37N /22 57E 78 23 28 32 95 93 91 20 77 76 75 

GREENlAND 
Narssarssuaq ....••••.••••. 61 11N/45 25W 85 -23 -12 - 8 66 63 61 20 56 54 52 

GUATEMAlA. 
Guatemal. City •...••••..•. 14 37N /90 31W 4855 45 48 51 sa 82 81 24 69 68 67 

GUYANA 
Georgetown .. ~ ...•.••••.••. 6 5ON/58 12W 6 70 72 73 89 88 87 11 80 79 79 

HAITI 
Port au Prince ............. 18 33N /72 20W 121 63 65 67 97 95 93 20 82 81 80 

HONDURAS 
Tegucigalpa ................ 14 06N /87 13W 3094 44 47 50 89 87 85 28 73 72 71 

HONG KONG 
Hong Kong ....••••••••••.. 22 18~/114 lOE 109 43 48 50 92 91 90 10 81 80 80 

HU!!GARY 
Budapest ....••.••••••••... 47 31N/19 02E 394 8 10 14 90 86 84 21 72 71 70 

ICElAND 
Reykjavik ..•••••.•••••..•. 64 OSN /21 56E 59 8 14 17 59 58 56 16 54 53 53 

INDIA 
Ahmen.bad ....•.•...•••... 23 .92N /72 35E 163 49 53 56 109 107 105 28 80 79 78 

Bangalore .........•.•....•. 12 57N /77 37B 3921 53 56 58 96 94 93 26 75 74 74 

~k~:~",:::::::::: ::::::: 18 54~/72 49B 37 62 65 67 96 94 92 13 82 81 81 
22 32~ 188 20E 21 49 52 54 98 97 96 22 sa 82 82 

Madras .........•..•....•.. 13 04~ /SO 15E 51 61 64 66 104 102 101 19 84 sa 83 

~:;t>¥J~lhj:::::::::: ::::::: 21 09~/79 07E 1017 45 51 54 110 108 107 30 79 79 78 
28 35N /77 12E 703 35 39 41 110 107 1105 26 sa 82 82 

INDONESIA 
Djakarta ......•••....••.•. 6 118/106 50E 2669\71 72 90 

=,r. 
14 80 79 78 

~~t!:;r'.:::::::::::::::: : 10 10S/I23 34F. 1481 63 66 68 94 20 81 80 SO 
5 088/119 2BE 61 64 66 

I 
68 90 89 88 17 80 80 79 

Medon ............••...... 335:\/9841E 7766\69 71 92 91 90 17 81 80 79 

~:~b:::.g:::::::::::::::: : 
3 OOS/lt14 46E 20\ 67 70 71 

\ 
92 91 90 17 80 79 79 

7 138/112 43E 10 64 66 68 91 90 89 18 80 79 79 

Witt,.,. s-_ -
Col. 4 -

Col. 2 Col. 3 Col. 5 Col. 6 Col. 7 
,. Col. 1 lolitwe ond fleyo-

Meon Deli"" 0,,·',,1& 0",· Oesig" Wet·,..,Ib 
CCMMf", and StatiM to:"i":'- f;on, 

of 
door 

fl Annuol 99% 971%' Ooil, 

h· 1% 21% S% Ron". 1% 21% 5% 
tretnel F de" 

------------I-------ADEN 
Aden ...••.•••••..•••.•••.. 12 5ON/45 02E 10 63 68 70 102 100 98 11 sa 82 82 

AfGHANISTAN 
Kabul ..................... 34 35N /69 12E 5955 2 6 9 98 96 93 32 66 65 64 

AlGERIA 
Algiers ••.•••••••••...••••. 36 46N/3 oaE 194 38 43 45 95 92 89 14 77 76 75 

ARGENTINA 
Buenos Aires .•••••••.•..... 34 35S/58 29W 89 27 32 34 91 89 86 22 77 76 75 
C6rdoba ................... 31 228/64 15W 1388 21 28 32 100 96 93 ·27 76 75 i4 
Tucuman .......••••••••... 26 5OS/65 lOW 1401 24 32 36 102 99 96 23 76 75 74 

AUSTRALIA 
Adelaide ..••.•••••....•.... 34 568/138 35E 140 36 38 40 98 94 91 25 72 70 68 
Alice Springs .....•....•.... 23 488/133 53E 1;95 28 34 37 104 102 100 27 75 74 72 
Brisbane ..••.•.••. '" •...•. 27 28S/153 02E 137 39 44 47 91 88 86 18 77 76 75 
Darwin ........•.......•... 12 288/130 ME 88 60 64 66 94 93 91 16 82 81 81 
Melbourn •.•.•..••......... 37 498/144 58E 114 31 35 38 95 91 86 21 71 69 68 
Perth ..................... 31 578/115 51E 210 38 40 42 100 96 93 22 76 74 73 
Sydney .................... 33 528/151 12E 138 38 40 42 89 84 80 13 74 73 72 

AUSTRIA 
Vienna ..•.•.••.•....•••••. 48 15N 116 22E 644 - 2 6 11 88 86 sa 16 71 69 67 

AZORES 
Lajes (Terceira) .•.••.••••.. 38 45N/27 05W 170 42 46 49 SO 78 77 11 73 72 71 

'AHAIMS 
Nassau ...•..•.••.•••.••... 25 05N/77 21W 11 55 61 63 90 89 88 13 80 80 79 

aElGIUM 
Brussels ................... 50 48N/4 21E 328 13 15 19 sa 79 ·77 19 70 68 67 

BERMUDA 
1 1 Kindley AFB ..••••.••••..• 1 33 22N /64 41 W 129

1 

47 53 55 87 86 85 12 79 78 78 
aOUVIA 

LaPaz ..•.••...••••.•••••. 16 3OS/68 09W 12001 28 31 33 71 69 68 24 58 57 56 
BRAZIL 

Belem ..........•......•... 1 278/48 29W 42 67 70 iI 90 89 87 19 SO 79 78 
Belo .I:lorizonte ..•.•.. '.' .... 19 568/43 57W 3002 42 47 50 86 84 sa 18 76 75 75 
Brasill& ...•..•.•••......... 15 528/47 55W 3442

1 

46 49 51 89 88 86 17 76 75 75 
Curitiba .......•.••.••.•... 25 258/49 liW 3114 28 34 37 86 84 82 21 75 74 74 
Fort&leza .......•.......... 3468/3833W 89 66 69 70 ·91 90 89 17 79 78 78 
PorI<> Alegre ............... 30 028/51 13W 331 32 37 40 95 92 89 20 76 76 75 

Recife ..................... 8 048/34 53W 97 67 69 70 88 87 86 10 78 77 77 
Rio de Janeiro .............. 22 558/43 12W 201 56 58 GO 94 92 90 11 80 79 78 
Salvador ..•..•.....•....•.. 13 005/38 30W 154 65 67 68 88 87 86 12 79 79 78 
81.0 Paulo ..•..••..••••..•. 23 338/46 38W 2G08 36 42 46 86 84 82 18 75 74 74 

BRITISH HONDURAS 
Beli ....................... 17 3IN/88 11W 17 55 60 62 90 90 89 13 82 82 81 

BULGARIA 
Sofia •••••••••••••••••••••• 42 42N/28 20E 1805 - 2 3 8 89 86 84 26 71 70 69 

BURMA 

re:-.:';:~::: :::: ::::::::::: 21 59N /96 06E 252 50 54 56 104 102 101 30 81 80 80 
16 47N/96 09E 18 59 62 63 100 98 95 25 sa 82 82 

CAMBODIA 
Phnom Penh ••••••••••••••. 11 33N/I04 51E 36 62 66 68 98 96 94 19 sa 82 82 

crn.O!! 
Colombo •••••••••••••••••. 654N/7952E 24 65 69 70 90 89 88 15 81 80 80 

CHIlE 
Punta Annas •••••••••••••• 53 108/70 54W 26 22 25 27 68 66 64 14 56 55 54 

t.l~~:::: ::::::::::::: 33 27S/70 42W 1706 27 32 35 90 89 88 32 71 70 69 
33 01S/71 38W 135 39 43 46 81 79 77 16 67 66 65 

CHI!!A 

~:.:'g~i~::::::::::::::::: 29 33N/I06 33E 755 34 37 39 99 97 95 18 81 80 79 
31 12N /121 26E 23 16 23 26 94 92 90 16 81 81 80 

COLOMBIA 

~r.~~~::::::::::::::: : 10 59N/74 48W 44 66 ;0 72 95 94 93 17 sa 82 82 
4 36N/74 05W 8406 42 45 46 I 72 70 69 19 60 59 58 
3 25~/76 30W 3189 .;a 57 58 84 82 79 15 70 69 63 

Medellin ................... 6 13N/75 36W 4650 48 53 55 87 85 84 25 73 72 72 
CONGO 

11043 Brazzaville ..••............. 4 158/15 15E 54 60 62 93 92 91 21 81 81 80 
Kinasha (Leopold ville) ....•. 4 2OS/15 18E f 1066

1 
54 GO 62 

\ 
92 91 90 19 81 80 80 

Stanleyvtl1e ...•..••........ o 26N/15 14E 1370 65 67 68 92 91 90 19 81 80 80 
------

SOc Sic 



OioI'Ia6c: Canditians for Other foreign CountrIes (ContinueJ) 

Climatic Conditions for Other Foreign Countries (Conlinued) 
WlooIw _ 

Win'-, Su", .. , • Col. 2 Col. 3 Col. 4 Col. $ Col. 6 Col. 1 
Col. , I.o,itvtl. and fle",,- M Deal,," 0".·'4 0",,· De,;gll W.'-Iutb 

Country OM Sta,ion lOllg;tucf. tiOlt, ;~" floor I __ ~_--.,. __ 
•• f, _I 99% 911% Doily 

b. 1% 21% 5% ~r 1% 21% 5% 
tremes g 

--------------j---------r--i---
PAIOSTAN 

Chittagong ......•••.•.•... 22 21N/91 50E 87 48 52 54 93 91 89 20 82 81 81 
Karachi ....•••••........•. 24 48N/66 59E 13 45 49 51 100 98 95 14 82 8"J 81 
Lahore ..........•.•....... 31 35N/74 20E 702 32 35 37 109 107 105 27 83 82 81 
Peshwar .................•. 34 01N/71 35E 1164 31 35 37 109 106 103 29 81 80 79 

PANAMA AND CANAl. ZONE 
Pannma City. .•............ 8 58N/79 33W 21' 89 72 73 93 92 91 18 81 81 80 

PARAGUAY 
AllUnci6n .................. 25 17S/57 30W 456 35 43 46 100 98 96 24 81 81 80 

PPU 

Col. 2 CoI,3 
Col. 4 

Col. 5 Col. 6 Col. 1 
Col. I Lo,j,lICI. and E'eva· Mean 

De,;gn Dry·BuIb Ou'" O.';gll W.'.1uIb 
Counfl}' and $'0';011 ,o:gitu:l. .iOIl, 

of 
aoor 

f, 
Annual 99% 91!% Doifr 

Raft". b· 1% 21% 5% FeI." 1% 21% 5% 
tremes 
--------------

UlAN 
Abadan ................... 30 21!'1/48 16E 7 32 39 41 116 113 110 32 82 81 81 
Meshed .................... 36 17N/59 36E 3104 3 10 14 99 96 93 29 68 67 66 
Tehran ............... _ •... 35 41X/51 25E 4002 15 20 24 102 100 98 27 75 74 73 

IRAQ 
Baghdad .................. 33 2OX/44 24E III 27 32 35 113 III lOS 34 73 72 72 
Mosul. .................... 36 19N/43 09E '730 23 29 32 114 112 110 40 73 72 72 

Lima...................... 12 058/77 03W 394 51 53 55 86 85 84 17 76 15 14 
n.JPPlNES 

Manila.................... 14 35N/I20 59E 47 69 73 14 94 92 91 20 82 81 81 
POLAND 

Krak6w ................... 50 04N/19 57E 723 - 2 2 6 84 81 18 19 68 67 66 
Wa'""w................... 52 13N/21 O2E 394 - 3 3 8 84 81 18 19 11 10 68 

PORTUGAL 
Lisbon.. ...... ...... .. .... 38 43N /9 08W 313 32 37 39 89 86 83 16 69 68 67 

PUERTO RICO 
San Juan.................. 18 29N/66 07W 82 65 61 68 89 88 87 11 81 80 79 

IUMANIA 
Bucharest........ ...... .... 44 25N /26 06E 269 - 2 3 8 93 91 89 26 72 11 70 

SAUDI ARABIA 
Dhahran .................. 26 17N/50 09E 80 39 45 48 111 110 lOS 32 86 85 84 
Jedda ..................... 21 28N/39 JOE 20 52 57 60 106 103 100 22 85 84 83 

SfN~&.th.................... 24 39N/46 42E 1938 29 31 40 110 lOS 106 32 78 17 76 

Dakar ..................... 14 42N/11 29W 131 58 61 62 95 93 91 13 81 80 80 
SOMAlIA 

Mogadiscio................ 2 O2N/49 19E 39 67 69 10 91 90 89 12 82 82 81 
SOUTH AfRICA 

Capetown.. .. .. .. .. .. . .... 33 56S/18 29E 55 36 40 42" 93 90 86 20 12 11 70 
Johannesburg. .. . .. .... .... 26 IlS/78 03E 5463 26 31 34 85 83 81 24 70 69 69 
Pretoria ................... 25 458/28 14E 4491 21 32 35 !II: 81 85 23 10 69 68 

SOVIET UNION 

IRElAND 
Dublin .................... 53 22N/6 21W 155 19 24 27 74 72 70 . 16 65 64 62 
Shannon .•................. 52 41X/8 55W 8 19 25 28 76 73 71 14 65 64 63 

I$RAEl 
JerusaJem .••............... 31 47N/35 13E 2485 31 36 38 95 94 92 24 70 69 69 
TeIAviv .................. 32 06N/34 47E 36 33 39 41 96 93 91 16 74 73 72 

ITALY 
Milan ..................... 45 27N/09 17E 341 12 18 22 89 87 84 20 76 75 74 
Naples. _ ..........••...... 40 53N/14 18E 220 28 34 36 91 88 86 19 74 73 72 
Rome ..................... 41 48."/12 3GE 377 25 30 33 94 92 89 24 74 73 72 

IVORY COAST 
Abidjan ................... 5 19N/4 OIW 65 64 67 69 91 90 88 15 83 82 81 

JAPAN 
Fukuoka .................. 33 35N /130 27E 22 26 29 31 92 90 89 20 82 80 79 
Sapporo ................... 43 04N/141 21E 56 - , I 5 86 83 80 20 76 74 72 
Tokyo ..................... 35 41N/139 46E 19 21 26 '28 91 89 87 14 81 80 79 

JORDAN 
Amman .•...•.••••.•...... 31 57N /35 57E 2548 29 33 36 97 94 92 25 70 69 68 

KENYA 
Nairobi. ................... _._ I 16S/36 4SE 5971 45 48 50 81 811 7S 24 66 65 65 

KOREA 

~.:l~~~.g ..... ::::::::::::: : 39 O2N/125 41E 186 -10 - 2 3 89 87 85 21 77 16 76 
37 34:\'/126 58E 285 - 1 7 9 91 89 87 16 81 79 78 

LEBANON 
Beirut ...................... 33 54N /35 28E 111 40 42 45 93 91 90 15 78 . 77 76 

Alma Ata.... .. .... .. .. .... 43 14N /76 53E 2543 -18 -10 - 6 . 88 86 83 21 69 68 67 
Archangel. ................ 64 33N/40 32E 22 -29 -23 -18 15 11 68 13 60 58 51 
Kaliningrad.. . .. .. . .. .. .. .. 54 43N /20 30E 23 - 3 + 1 6 83 80 11 11 67 66 65 
Krssnoyarsk ............... 56 OIN/92 57E 498 -41 -32 -27 84 80 76 12 64 62 60 
Kiev.. .. .. .. .. .. .. .. .. .... 50 21N /30 30E 600 -12 - 5 + I .87 84 81 22 69 68 61 
Kharkov ................... 50 OON/36 14E 472 -19 -10 - 3 87 84 82 .23 69 68 67 

LIBERIA 
Monrovia .•..•.••••••...... 6 ISN/IO 48W 75 64 68 69 90 89 88 19 82 82 81 

LIBYA 
Bengasi ...•.•.•.•......... 32 06N /20 04E 82 41 46 4S . 97 94 91 13 17 76 75 

MADAGASCAR 
Tananarive .........•...... 18 558/47 33E 4531 39 43 46 86 84 83 23 73 72 71 

MAlAYSIA 
Kw'byshev ................. 53 liN/50 06E 190 -23 -19 -13 89 85 81 20 69 67 66 
Leningrad.. .. .. .... .. . .... 59 56N /30 16E 16 -14 - 9 - 5 78 15 72 15 65 64 63 
Mimli.... .. .. .. .. . .. .. .... 53 54N /27 33E 738 -19 -11 - 4 80 77 14 16 67 66 65 
Moscow ................... 55 46N/37 40E 505 -19 -11 - 6 84 81 78 21 69 67 65 
Odessa.. . .. .. .. . .. .. . .. ... 46 29N 130 44E 214 - I 4 8 87 84 82 14 70 69 66 
Petropavlovsk.... .. .. .. .... 52 53N /158 42E 286 - 9 - 3 0 70 68 65 13 58 57 56 

Rostov ou Don ............. 47 13N/39 43E 159 - 9 - 2 4 90 87 84 20 10 69 68 
Bverdlovsk ................. 56 49N/60 3SE 894 -34 -25 -20 80 ·76 12 16 63 62 60 
Tashkent.. .. .. .. ... .. .. ... 41 20N /69 1SE 1569 - 4 3 8 95 93 90 29 11 10 69 
Tbilisi.. .. .. . .. • .. .. .. .. ... 41 4.~N /44 48E 1325 12 18 22 87 85 83 18 68 67 66 
Vladivostok... .. .. .. .. .. ... 43 07N /131 55E 94 -15 -10 - 7 80 77 14 11 10 69 68 
Volgograd ................. 48 42N/44 31E 136 -21 -13 - 7 93 89 86 19 71 70 69 

SPAIN 
Barcelona........ .......... 41 24N 12 09E 312 31 33 36 88 86 84 13 15 14 73 
Madrid.................... 40 25N/3 41W 2188 22 25 28 93 . 91 89 25 71 69 67 
Valencia................... 39 28N/O 23W 79 31 33 37 92 90 88 14 75 74 73 

SUDAN 
Khartoum ................. 15 37N/32 33E 1279 47 53 56 109 107 104 30 77 16 75 

SURINAM 

Kuala Lumpur ............. 3 07N/101 42E 121 67 70 71 94 93 92 20 82 82 81 
Penang •.........••••..•... 5 25N/IOO 19E 17 69 72 73 93 93 92 18 82 81 80 
Singapore .................. I 18N/I03 50E 33 69 71 72 92 91 90 14 82 81 SO 

MARTINIQUE 
Fort de France .....••...... 14 37N/61 05W 13 62 64 66 90 89 88 14 81 81 SO 

MEXICO 

~{&td"a~j~::.:::::::::::: : 20 4IN/I03 20W 5105 35 39 42 93 91 89 29 68 67 66 
20 58X /89 3SW 72 56 59 61 97 95 94 21 80 79 17 

Ve~~~t::::::::::::::: 
19 24N /99 12W ;575 33 37 39 83 81 79 25 61 60 59 
25 40N /100 ISW 1732 31 38 41 98 95 93 20 79 18 77 
19 12N /96 OSW 184 55 60 62 91 89 88 12 83 83 82 

MOROCCO 
Casablanca ................ 33 35N/7 39W 164 36 40 42 94 90 86 50 73 72 10 

NEPAL 
Katmandll .•••..••.••..••.. 21 42N/85 12E 4388 30 33 35 89 87 86 25 78 77 76 

NETHERLANDS 
AlllSterdam .......•....•... 52 23N/4 55E 5 17 20 23 79 16 13 10 65 64 'l3 

NEW GUINEA 
Manok,,·ari ......•......... o 52S/134 05E 62 70 71 ' 72 S9 88 87 12 82 81 81 
Point Moresby ............. 9 29S/147 09E 126 62 67 69 92 91 90 14 80 80 19 

Paranlaribo................ 5 49N/55 09W 12 66 68 70 93 92 90 18 82 82 81 
SWEDEN 

Stockholm ................. 59 21N/18 04E 146 3 5 8 18 74 12 15 64 62 60 
SWITZERlAND 

NEW ZEALAND 
Auckland .................. 36 51S/174 46E 140 37 40 42 78 71 76 14 67 66 65 
Christ Church .............. 43 3281172 37E 32 25 28 31 82 79 76 17 68 67 66 
WelJington ..•.•............ 41 17Sl1i4 46E 394 32 35 37 76 74 72 14 66 65 64 

Zurich ..................... 47 23N/8 33E 1611 4 II 14 84 81 78 21 68 67 66 
SYRIA 

NICARAGUA 
ltofanagua •.••••.•.•••••..•. 12 10N/86 15W 135 62 65 67 94 93 92 21 81 SO 79 

TAlr:;;SclJJJ ................. 33 30N/36 20E 2362 25 29 32 102 100 98 35 72 71 10 NIGERIA 
Lagos ..................... 6 27N/3 24E 10 67 70 11 92 91 90 12 82 82 81 

Tai........ .. .. .............. 22 57N /120 12E 10 40 46 49 92 91 110 14 84 83 82 
T.ipei ..................... 25 O2N/121 31E 30 41 44 41 114 92 110 1& 83 82 81 

.. - - -- -- - . - -... - .-.--. - -

NORWAY !66 Bergen ......••••.......... 60 24N/5 19E 141 14 17 20 75 74 73 21 67 65 
Oslo ...................... 59 56N/10 44E 30S -2 0 4 79 71 14 17 67 1 66 64 
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Table C2 

Earth Temperature Tables 

for 

Underground Heat Distribution System Design 

The following Tables TG-l through TG-ll were developed by applying 

monthly average temperatures prepared by the U. S. Weather Bureau for 

many localities in the United States to a technique described in the 1965 

ASHRAE technical paper entitled "Earth Temperature and Thermal Diffusiv-

ity at Selected Stations in the United States" by T. Kusuda and P. R. 

Achenbach. These temperature data are, however, for the undisturbed 

earth. The earth temperature immediately under the building may be es-

timated by taking an arithmetic average of the building temperature and 

the design earth temperature found in the appropriate table. For exam-

ple, the floor on grade in the Washington, D. C. area may be treated as 

a slab of 12" thickness with ground temperature of 70.5 OF if the room 

temperature is 75 OF and the summer design TG is determined from the 

data of Upper Marlboro, Maryland for ALPHA = 0.025 which is 66 OF. 
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Table TG-l 
DRY SOIL 

AIIERAGE EARTH TEMPERATURE IN DEr.. F, 

rHERMAL OIFFUSIIIITY IN FT**2/HR 

STATION STATES 
AUdlJ~N, ALABAMA 
Dt::CATUk, .. LABAMA 
PA~~E~ AA~S' ALASKA 
TEMPE, ARIZONA 
TUCSON, AtUZONA 
BKA .. LEY, CALIFORNIA 
DAVIS, CALIFORMIA 
FT. COLLI;~S' COLO. 
STOilRS, CuNN, 
GAINESVILLE' FLA. 
ATHENS, GEORGIA 
MOSoCOw, I')AHO 
LEMONT, ILLINOIS 
UHBANA, ILLINOIS 
W':'ST LAFAYETTE, II.D 
AMES, lOw .. 
BUKLINGTor", lov.A 
CASoTANA, iOWA 
COUNCIL BLUFFS,IO"A 
SARATOGA, IOwA 
SPt.",CEk, lO\\A 
GARilEN ClTY, KAN<; .. S 
Mk,.,...ATT AN' K ANSAe; 
MOU,~D VALLEY, KANSAS 
LEXINGTON, KENTUCKY 
UPPER MARLAORO, MO. 
EAST LArlSING, ~llCH. 
FAIRMONT, ~INNESOTA 
FAKIBAULT,MINNESOTA 
Sl. PAUL, MINNESOTA 
WASECA, MINNESOTA 
STATE UNI •• , MISe;. 
FAUCETT, MISSVURI 
KANSAS CITY, MO. 
SiKESTON, MISSOURI 
SPiCKARD, MISSOURI 
BIILEMAN, I~ONT ANA 
HUNTLEY, MONTANA 
LlNCOLN, ,.EBRASKA 
Nt.~ BRUNSwICK, N.~. 
ITHACA, NEW YORK 
COLu,"IBUS, OHIO 
COSHOCTON, OHIO 
WOOSTEK, oHIo 
BAK,~SDALL, OKLAHOMA 
L .. ~f HEFNER, OKLA. 
PAMIUSKA, OKLAHOMA 
OnAWA, O .• TARIO 
CIIK,ALLIS, OREGO;. 
HvJD ~lVEK' OREGON 

WINTER 
60. 
52. 
:51. 
62. 
68. 
70. 
61. 
'1'1. 
'16. 
65. 
59. 
'13. 
'16. 
'16. 
'17. 
'1'1. 
47. 
'12. 
'17. 
'11. 
'12. 
48. 
~8. 

52. 
51. 
'18. 
45. 
'12. 
'10. 
'12. 
'11. 
60. 
47. 
'18. 
52. 
50. 
39. 
'1'1. 
45. 
'18. 
'14. 
47. 
'16. 
46. 
56. 
56. 
54. 
42. 
50. 
46. 

SPRING 
61. 
54. 
31. 
64. 
69. 
73. 
n1. 
45. 
'15. 
70. 
61. 
42. 
45. 
47. 
'17. 
'15. 
49. 
42. 
47. 
40. 
42. 
Sl. 
50. 
54. 
52. 
49. 
43. 
43. 
40. 
40. 
46. 
62. 
47. 
49. 
54. 
49. 
37. 
44. 
'15. 
'IA. 
43. 
'17. 
46. 
46. 
57. 
57. 
55. 
39. 
51. 
48. 
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TG 

ALPHA: .010 

SUMMER 
71. 
1'.5. 
42. 
73. 
77. 
A3. 
72. 
58. 
58. 
77. 
72. 
52. 
59. 
61. 
62. 
62. 
66. 
('1. 
62. 
59. 
58. 
66. 
(,4. 
68. 
n5. 
63. 
57. 
51\. 
55. 
57. 
0;9. 
73. 
61. 
n2. 
n7. 
60. 
SO. 
SA. 
60. 
M. ,4. 
59. 
58. 
SA. 
69. 
70. 
68. 
S4. 
nl. ,7. 

FALL 
70. .,5. 
41. 
74. 
79. 
84. 
72. 
56. 
58. 
77. 
72. 
52. 
59. 
60. 
61. 
60. 
65. 
59. 
62. 
57. 
57. 
66. 
64. 
61\. 
64. 
63. 
57. 
57. 
53. 
56. 
54. 
73. 
61. 
61. 
67. 
62. 
'18. 
57. 
60. 
nO. 
54. 
60. 
58. 
58. 
n9. 
71. 
68. 
52. 
nO. 
57. 

YEA~ 

65, 
59, 
36. 
n8, 
73, 
77, 
67. 
51, 
52, 
73. 
66. 
47. 
52. 
53. 
54. 
52. 
S6. 
51. 
55. 
'19. 
50, 
5R, 
56. 
nO, 
SA. 
56. 
50. 
SO. 
47. 
49, 
50. 
67, 
54. 
S5, 
nO. 
55. 
43, 
So. 
"3. 
54. 
49. 
53. 
,2, 
5<1. 
n3. 
n!f. 
nJ. 
41, 
!'>!), 
52, 



Table TG-2 
AVERAGE t:AkTH TEMPERATURE 1 •• DEr,. F, TG AVERAGE SOIL 

THERMAL DIFFUSIVITY IN FT**2/HR ALPHA= .010 
AVERIIGE EARTH TEMPERATURE IN DEG. F, TG 

STATION STATES WINTER SPRING SUM1~ER FALL YEAR 
MELlFOiU" "'RE;;OI~ 51. 52. (,1. 61. 56. THERMA~ OIFFUSIVITY IN FT**2/HR ALPHA= .025 
Pt.,~(JLETO'" • OREGON 46. 49. 61. 60. 54. 
STATE CO~~EGt:, PA. 46. 45. 59. 58. 52. :.rATION STATES WINTER SPRING SUMMER FALL YEAR 
KINGSTOI" R. 1. 45. 43. 55. 56. 50. AU~lJHN' A~ABAMA 57. (,1. 74. 70. 65. 
CA~HOU"', :;.CA~OLII.II 56. 58. 70. 69. 63. Dt:.ClITUR, ALABAMA 49. 53. 69. 66. 59. 
MAllISON. S. DAKOTA '10. 40. 54. 54. 47. PA~~ER AAES, ALASKA 29. 30. 45. 41. 36. 
.JAC,(SON, TENNESSF.:t: 53. 55. 66. 64. 59. Tt:MPE, ARIZONA 58. (,3 • 77. 74. 68. 
TC.MPLE. Ti::XAS 64. 65. 77. 77. 71. TUCSON. ARIZONA 65. 69. 1\0. AD. 73. 
SM~T LA~t. CIT,.UT~: 44. 45. 56. 55. !'l0. BHAwLEY, CALIFORNIA 66. 73. 147. 85. 77. 
E>ur(~lNbTO .•• '.'£R"'.fJ .... T 42. 40. 54. 53. 48. DAVIS. CA~IFORMIA 57. "'0. 76. 73. 67. 
PU'-L,ViAr." .• ASMli'..,GTu~. 43. 46. 55. 52. 50. FT. COLLINS, COLO. 40. 44 • 62. 57. 51. 
S.:.ATTLt.. ~ASHINGT"·. '18. 50. 0;6. 56. 53. STORRS. CONN. 43. 44. 62. 59. 52. 
AFTON, WYOMING 43. 43. 53. 53. 48. GAINESVI~~E' F~A. 61. 71. 79. 78. 73. 

ATHENS. GEORGIA 55. 60. 75. 73. 66. 
MOSCOw. IuAHO 40. 42. 55. 53. 47. 
LEMONT. ILLINOIS 42. 44. (,4. 60. 52. 
URt>ANA. I~LINOIS 42. 47. 65. 61. 53. 
wt:ST LAFAYETTE. INO 43. 47. 66. 62. 54. 
AMES. IOWA 39. 44. 67. 61. 52. 
BuRLINGTOi;. IOwA 42. 48. 71. 66. 56. 
CASTANA. IOo'lA 36. 41. "'6. 61. 51. 
COUNCIL BLUFFS. IOwA 42. 47. 67. 63. 55. 
SARATOGA, IOWA 37. 39. 64. 58. 49. 
SPENCER. 10WA :37. 41. ('2. 58. 50. 
GARDEN CITY. KAN~AS 42. !il. 71. 67. 58. 
MANHATTAN, KANSAS 44. 49. 68. 65. 56. 
MOUND VAL~EY.KANSAS 47. 54. 72. 69. 60. 
Lt:::XINGTON. KEr.TUCI\Y 47·. 51. 69. 65. 58. 
Ut'PER MARLROkO. MLl. 44. ..9. 66. 64. 56. 
EAST LANSING. MICh. 41. "1. 61. 58. 50. 
FAIRMONT. ~llNNES,)TA 38. 43. 63. 57. !;O. 
FARIBAULT.MIN~ESvTA 36. 38. 59. 54. 47. 
ST. PAUL. ~IINNESOTA 38. 38. 62. 57. "9. 
WA:'ECA. M1NNESOT~ 36. 47. 64. 54. 50. 
STATE UNh., :dSS. 56. 62. 76. 74. 67. 
FAUCETT. ,~ISSOI.JRI 43. 45. 65. 61. 54. 
KAI)I5AS CITY, MO. 44. 48. (,5. 62. 55. 
SIr<ESTON, MlS50UI<1 48. 54. 72. 68. 60. 
SPICKARQ, MISSOU~I 47. 48. 63. 64. 55. 
BOZEMAN. "iONT ANA 36. 36. 53. 49. "3. 
HuNTLE Y. .·,ONT ANA 40. "3. "'3. 57. 50. 
LINCOLN. !.F.BRASKA 40. 44. ('5. 61. 53. 
N~w BRUNSNICK. N.~. 4'1. 47. 63. 61. 54. 
ITHACA. NEw YoRK 41. 41. 58. 54. 49. 
COLilMBUS, OHIO 43. 46. 63. 61. 53. 
CV~HOCTO". OHIO 42. "5. 61. 59. 52. 
WOOSTER. uHI0 42. 45. 62. 59. 52. 
BARNSDALL, OKLA".II~A 53. 56. 73. 70. f,3. 
L .. KE HEFN£R, OKLA. 52. 56. 74. 72. f004. 
PA~HUSKA. OKLAHOMA 50. 54. 72. 68. fool. 
OlTAwA, " •• TARIO 39. :17. 58. 52. 47. 
COt{VALLIS. OREGO." 47. !'i0. f004. 60. !'l5. 
HOOQ RIVEI<, Or<EGO .. 43. 411. 0;9. 57. 52. 
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Table TG-3 

A~ERAC.C: EARTH TEMPERATURE IN DEro. F. TG WET SOIL 

THERMAL OIFFUSIVITY IN FT**2/HR ALPHA: .025 

FALL YfAR 
"1it:RAGE EARTH Tr.MPERATURE IN DEG. F, TG 

~TATION STATES WINTER SPRING SUMMER 
ME.iJFORO. uHEGON ~8. 52. 6~. 61. 56. THERMAL OIFFUSlvITY IN FT*.2/HR ALPHA: .050 
Pt.N,1LETON. OREGON ~1. ~9. ('5. 61. S~. 

STAT~ COLLEGE. PA. 42. 44. ('3. 59. 52. :'TATION STATES WINTER SPRING SUMMER FALL YEAR 
KlI4GSTON. R. I. ~1. 41. 58. 57. SO. l.\Jt"JRN, A ... ABA.,A 5~. 61. 76. 70. (,5. 
CALHOUN. :..CAROLt,~A 52. 57. 73. 70. 63. Dk:CATUR, ALABAMA ~6. 53. 71. 65. 59. 
MAiJISOU. S. DAKOTA 36. :.\1\. 59. 55. ~7. PAL'~ER AI<t:S. ALAS .... A 27. 30. 48. 41. 36. 
.JACo<SON. TF-NNESSEE 50. 55. 69. 6~. 59. T£~,PE' ARlZONA 56. 64 • 79. 74. 68. 
TEMPLE. Ti:.XAS 61. 65. 81. 77. 71. TuCSON, AKIZ0NA 62. "9. 112. AI. 73. 
SALT LAKE CITY.UTMH 40. 45. 60. 56. 50. BKANLEY. CALIFORNIA 63. 73. qO. A~. 77. 
bURLINGTON. VERMil,..T 39. 3A. 59. 54. 4A. DAVIS. CA ... IFORMIA 55. "0. 78. 73. fo7. 
PULLMAN, .ASHINGTON ~O. ~5. ~8. 52. 50. FT. COLL.I:.S. COLO. 37. ~5. (,5. 56. 51. 
SEATTLE. .;ASHINGTON 46. 50. 59. 56. 53. STO.{RS. CuIJN. 40. 44 • fo5. 59. 52. 
AFTON. wYOMING 41. ~2. 56. 53. 48. GAI:JESVILl.." FLA. 58. 72. '11. 79. 73. 

ATHi:~S, GI::ORGIA 52. "1. 78. 73. 66. 
MO~COw. luAHO 38. 42. 57. 53. 47. 
Lt.MO"T. Il.LlNOIS 39. 44. "7. 60. 52. 
UKdANA. I ... LHJOrS 39. 47. (,8. foO. 53. 
wt.~T LAFI<YETTE. 1 .... 1 40. 47. 69. fo2. 54. 
AI~t.';;, IO ... ~ 35. 4~. 70. 61. 52. 
BUKL I '~6 T 0." IO~.A 38. 48. 7~. (,6. 56. 
CI<!>TANA. lOwA 32. 42. 70. 61. 51. 
COU;.CIL HLvFFS.I".,A 39. 47. 70. fo3. 55. 
SAHATO(,A. IOwA 33. 39. ('A. !;8. 49. 
SI-'t.;jCE~. • OilA 33. 42. "6 • 58. !;O. 
G"KDEf, C lTY. i(At.C;AS 38. 52. 74. 67. !;A. 
M""'HATTA". KA:.SAS 40. 49. 72. 65. 56. 
Mvv·,IJ VALLEY'KAN<;AS 44. 55. 75. f,9. "0. 
Lt:.AlillbTON. O<Ef~TUCt\Y 44. 51. 72. fo5. SR. 
UP"Ei< i>o1ARLI.,ORo. ;.'V. 41. 49. ('9. fo4. 56. 
EA~T LANSI~G. MICM. 39. 41. n4. 57. 50. 
FAlil"ONT. :»I1~,'I;ESOTA 35. 43. fo7. 57. 50. 
FARlaAULT.~INNESOTA 34. :lA. fo2. 54. 47. 
ST. PAUL. ~IN~ESOTA 35. 38. fo5. 57. 49. 
WASECA. Ml:~NES()TA 31. 49. fo7. 53. SO. 
STATE U"'I ••• MIS,. 53. fo2. 78. 74. fo7. 
FAUCETT, ... ISSOURI 41. ~5. 6A. (,1. 54. 
KAl~SAS CIIY. ,\10. 41. 4R. (,8. 61. !;5. 
SIKESTOiJr ~,lSSOUilI 45. !;4. 75. 68. 60. 
SrlCi(A~O. ~ISSvU~I 44. 48. ('5. 64. 55. 
6vL~~~Af.~' ... ONTAI'A 34 • :15. 57. 48. 43. 
Hu"TLE Y. .,.oNT .. NA 37. 43. 1'06. 57. 50. 
LINCOLN •. ·,EBRASK .. :36. 44. 68. 62. 53. 
t.~N dRUNSnICK. N.~. 41. 47. (,6. 62. 54. 
ITHACA. r..ai::t. YORK 39. 41. (,1. 54. 49. 
CuL',Mt3US. OHIO 40. 47. f>5. fol. !;3. 
CV~HOCTON. OHIO 40. ~5. (,4. foO. 52 .• 
WOOSTER. .:JHIO 4i1. 45. (,5. 59. 52. 
n"~ ,SDALL. OKLAH,).~A 50. 56. 75. 70. fo3. 
LAt\~ HEF~-.Ji..t' OKL ... 49. !;7. 77. 73. fo4. 
PI ... ",USi(A. Vt<LAHO.~ .. 411. 5~. 75. fo8. (,1. 
OTT_~A. o .. TARIO 37. 37. 1',1. ~1. 47. 
COKvkLLIS. ORE GO ... '~5. 51. "7. 60. 5S. 
Hvv, ;UVEk. OREGi"~ 41. 49. ;;1. 57. 52. 
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kliERAGE EART.I TEMPERATURE l.~ DEG. F. 

TH£RMAL OIFFUSIVITY IN FT**2/HR 

STATION STATES WINTER SPRING 
Mt:.uFORD. (J~EGor. 46. 52. 
PIc.i.1LETON. ORt::Go.~ 38. 50. 
STATE COL~EGE. PA. 40. 44. 
KL"r>STON. R. 1. 39. 41. 
CAL>iOUN. S.CAROLI •• A 49. 58. 
MAOISOt .. ~. DAKOTk 33. 38. 
.!ACr<SOr.. 'fENNESSEt:: 48. 55 • 
Tt:MPLE. TC:XAS 58. &5. 
SALT LAKE CITy.UTkH 37. 45. 
au~LINGTO.~. VERM,'li.T 37. 38. 
PUL.LMAN. ... AStiINGTON 37. 45 • 
S"'ATTLE. NASHINGTON 44. 50. 
AFToN. WYur-iINr. 39. 42. 

90e 

TG 

ALPHA: .050 

SUMMER FALL 
66. 61. 
1;8. 60. 
1.6. 59. 
61. 57. 
76. 69. 
62. 55. 
72. 64. 
144. 77. 
1.2. 55. 
62. 54 •. 
nO. 50. 
60. 56. 
59. 53. 

YE.AR 
56. 
54. 
52. 
50. 
63. 
47. 
59. 
71. 
50., 
48. 
50. 
53. 
414. 

Table C3 

Thermophysical Properties of Wall/Roof/Floor 

Reprinted by permission from 1972 Handbook of Fundamentals (American 
SOCiety of Heating, Refrigerating and Air-Conditioning Engineers, 345 
East 47th Street, New York, 'New York), p. 431. 
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Thermal Properties and Code Numbers of layers Used in Calculations of 
Coefficients for Wall and Roof T ransler Functions 

Code 
Tmd:,..,. and TI •• rmol 'roperl ... 

o.oqIptioo Number I K D SH 

Outlide surface resistance AO 

l' stucco (asbestos cement or wood siding 
plaster, etc.) Al 0.0833 0.4 116 0.20 

4' fa .. brick (deMe concrete) A2 0.333 0.77 125 0.22 

Steel.iding (aluminum or other light-weight 
cladding) A3 0.005 26.0 480 0.10 

Outside surface J'e.'istance. 
0.0417 !:J1'frhrane A4 0.83 55 0.40 
0.031S 0.11 70 0.40 

Outside surface resistance AS 

Finish AS 0.0417 0.24 78 0.26 

Air space resistance Bl 
l' insulation B2 O.OR:! 0.025 2.0 0.2 
T' insula.tion B3 0.167 0.025 2.0 0.2 
3' illsula.tion B4 0.25 0.025 2.0 0.2 
J"insulation B5 0.0833 0.025 5.7 0.2 
r insulation B6 0.167 0.025 5.7 0.2 
I'",ood B7 0.0833 0.07 37.0 0.6 
204· ... 00d B8 0.2OR:! 0.07 37.0 0.6 
4'",ood B9 0.333 0.07 37.0 0.6 
2· ... 00d BI0 0.167 0.07 S7.0 0.6 
3· ... 00d B11 0.25 0.07 37.0 0.6 
3' ilUlulation BI2 0.25 0.025 5.7 0.2 
4' clav tile Cl 0.333 0.33 70.0 0.2 
4' 1..,,: collet?-te block C2 0.333 Jl..~~ 38.0 0.2 
4' h .... COncrete block C3 0.333 0.47 61.0 0.2 
of' common brick C4 0.333 0.42 120 0.2 
•• h.w. concrete C5 0.3.'13 1.0 140 0.2 
8' clav tile CO 0.667 J!..3.3. 70 ·0.2 
8' I.w: concrete hlock C7 0.667 Ha 38.0 0.2 
8' h.w. concrete block ('8 0.667 61.0 0.2 
8' common brick C9 0.667 0.42 120 0.2 
51' h.'Iio. concrete ('10 0.667 1.0 140 0.2 
12". h.w. concrete ell 1.0 1.0 140 0.2 
2' h.w. concrete CI2 0.167 1.0 140 0.2 
6" h.w. conerete CIS 0.5 1.0 140 0.2 
4'I.w. concrete C14 0.333 0.1 40 0.2 
6' l.w .. concrete CIS 0.5 0.1 40 0.2 
Frl: .... concrete CIS 0.667 0.1 40 0.2 
J nsiele 1!Iurface resistance EO 
I' plaster; I' gypsum or other similar finish-

Ing layer El 0.0625 0.42 100 0.2 l;jlilg or .ton. • E2 0.0417 0.83 55 0.40 
.. !~t. & .membrane E3 I 0.0313 0.11 70 0.40 

Aco!.."f;:'T~a .. E4 
E5 0.0625 0.035 30 0.20 

-_ .. - - -- -_. -_. __ . 
• Val .. : L - f.-t.X - Biu per (hr) (IICI tt) (F decl. D - lb pet cv. ,'- SH - Biu pel' (lb) (F decl. R - (hr) (IICI f&) (F clecl per Bw. 
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Table C4 

R 

0.333 
2 Typical Watt/ft. of floor area data 

Lighting Equipment 
Apartment 1.7 1.2 

0.333 
Office 5.0 1.0 

Department Stores 4.0 0.0 
0.333 

School 5.0 0.0 
0.91 

0.685 

1.0 
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Table C5 

Shading Coefficients 

Reprinted by permission from the 1972 Handbook of Fundamentals (American 
Society of Heating, Refrigerating and Air-Conditioning Engineers, 345 
East 47th Street, New York, New York), pp. 402-408. 
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Shading Coefficients for Single Glass and 

Insulating Glass' 

A. S/n"Ie Glo .. 

Nominal Shading Coefflcten t 
Type of Gla .. Thlcknestb Solar Trans.b 

h,=.(.O. h.-3.0 

Regular Sheet "'1' 0.87 1.00 1.00 
~larPlatel 0.80 0.95 0.97 

oat 0.75 0.91 0.93 
t 0.71 0.88 0.91 

Grey Sheet 

~ 
0.59 0.78 0.80 
0.74 0.110 0.92 
0.45 0.66 0.70 
0.71 0.88 0.90 
0.67 0.86 0.88 

Heat-Absorbi~ 1 0.52 0.72 0.75 
Plate/Floafl' 0.47 0.70 0.74 

t 0.33 0.56 0.61 
j 0.24 0.50 0.57 

I. '''''''olin" Gla'" 

Nom· Solar Trons..b Shading 

Inal Coefficient 
Type of Gla .. thick. 

n ... • 
Outer Inner h, h, 
Pone Pone =.(.0 =3.0 

!tegular Sheet Out. 
Regular Sheet In } .... i 0.87 0.87 0.90 0.90 

Regular Plnte/FIOllt Out. \ 
Regular Plate/Float In . J i· 0.80 0.80 0.83 0.83 

Heat-Abs PlatelFloat Ollt. ~ 
Regular Plate/Float In ; i 0.46 0.80 0.56 0.58 

• Refers to ractory.~abriC!ated units with A-. 1. or I in. air apace or to prime 
wiDdowa plua .torm ".indo1lo", 

b Refer to UlMluraeturer', litforature for value •. 
a Tbicknesa of each pane of .:lau. not thickne .. of asaembled unit. 
t! Refera to KfeJ". bronae. and creen tinted. heakbeorbiDI plate/8oat clau. 
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Shading Coefficients for Single Gloss with Indoor Shading by Venetian Blinds and Roller Shades 

Type ofSboJittg 

Homlttal Solar 
..... Shodo 

r~o'GICI" -... f,.....b V.".'ion 11m. 
Opaque Tranductftl -Medium Ugh' Ooric Whit. Ught 

Regular Sheet (' to t 0.87-0.801 Regular Plate/FIoat toi 0.BO-o.71 
ReiuJar Pattern 1 to .... 0.87-0.79 0.64 0.55 0.59 0.25 0.39 
Heat,.Absorbing Pattern 

h.
1n Grey Sheet 0.74.0.71 -Heat,.Absorbing Plate/FIoat" 

Heat,.Absorbing Pattern 
Grey Sheet 

h. t r.:;. 0.46 } 

0.59.0.45 
0.57 0.53 0.45 0.30 0.36 

Heat,.Absorbing Plate/FIoat 
orPattem - 0.44-o.30} 0.54 0.52 0.40 0.28 0.32 Heat,.Absorbing Plate/Fioat" f 0.34 

Heat,.Absorbing Plate 0.29-0.15} 0.42 0.40 0.36 0.28 0.31 or Pattern - 0.24 ----
. Reflective Coated 

Glass 
S.C.' - 0.30 0.25 0.23 

0.40 0.33 0.29 
0.50 0.42 0.3S 
0.60 0.50 0.44 

,"--

Shading Coefficients far Insulating Glass- with Indoor Shading by Venetian Blinds and Roller Shades 

. Type 0' Sltotling 
Solor Tram. b 

NOIIIinof V...tic:ln lIind .. 1000.r Shade 
Type of Gla .. Tmckneu" 

eoell'ight 
Outer Inner 

0 ....... Tron"IKM' 

Po .. Pone Medium Ught Doric Whit. Ught 

Regular Sheet Out 

} ..... 1 0.87 O'SJ RegujAr Sheet In 
Regular Plate/Float Out 1 

0.57 0.51 0.60 0.25 0.37 
Reiular Plate/F1oot In 0.80 0.& . 
Heat,.Absorbina Plate iFloat" Out 1 t 0.46 0.80 0.39 0.36 Regular Plate/Float In I 0.40 0.22 0.30 

Reflective. Cooted Glass 
Se- - 0.20 0.19 0.11I 

0.30 0.27 0.26 
0.40 0.34 0.33 

: Refera to farlory~fabrieat.d unit. with A. t. or • ill. air "raCe, or to prime wiDdows plus storm windo .... 
Refer to manufaet\lfft'. JitHature for e1:ad wlues. . 

: ~.:.erttoiea~ ~~::=t h~~b.:~ra~o;~t!i'8:~~t:.~ SC ia approsimate1,. \he .. me .. few opque .hik roller"" • 
• Shadiac ~t lor IIiaN with DO .badiq dniee. 
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Properties of Representative Indoor Shaer-ng 

Solot' 'rope"., 
(Nanoal Ind<Ioocol 

lod_Shodo 
fr .... ReRed. AblOrp. 

Venetian Blinds- (Ratio of slat 
width to ,lat epacing 1.2. slat 

ang~:: &-r2red Slat 0.05 0.55 0.010 Medium Colored Slat 0.05 0.35 0.60 Vertical Blinds 
White Louvera 0.00 0.77 0.23 Roller Shad .. 
~ht Shad .. CI'nuullucent) 0.25 0.60 0.15 ite Shade (Opaque) 0.00 0.80 0.20 
Dark Colored Sliade (Opaque) 0.00 0.12 0.88 

a 'l"btnlua IhowD ill uu. table nd prec.dlq tableeare hued OIl borbODtaJ: 
~~ = .. -'- abo .. ~ yatu. ma.,. be ued for y.mo.J. 

Shading Coefficients for Double Glazing with Between-Gloss Shading 

N......, Solar TrotI .. - r,pe ., SItoJinp 
T1~ oiGion TltidM", 

DeocripHao of Air S_ V .... trDn llind_ 'oclt 0 .... ...... 
pa'" , ... Pane LIght Med .... . 

Regular Sheet Out J ..... 1 0.87} 0.S7} 
Shade in contact with glass or shade 0.33 0.36 !tegular Sheet In separated from gla.-;s b\· nir space. Regular PI.te Out 

1 0.80 0.80 Sliade in oont:1ct wiih glaSs-voids - -Regular Plate In filled with plssti •• 

Heat.-Abs. 1 Shade in contact with glass or shade 0.28 0.30 Plate!F1o.tb Out t 0.46 0.80 separated from glass b:\' air space. Regular Plate In J S1iade in contact .. ith glaSs-voids - -filled with plssti.. I 
ReIer to m&nulactW'er·. literature fIX" eDC'- .,..tun. 

• Refer. kJ creY. monu. aDd peen t.h:!ted. beakb.orhiq p1ate/lo&t .... 
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Scm Sere .. 

0.43 

0.49 

0.37 

0.41 



Shading Coefflcients far Single and Insulating Glass with Draperie. 

GIG .. GIG" 
5hocIiA, Coe#5cieftt f., , ..... h"!n itt fig. J 0*-

GIGzIog TranI. Se- A. a C D E f G ~I J I- i-

0.70 0.75 -::-Single GlaAc; 1 in. Rf'gular 0.80 0.95 0.35 0.40 0.45 0.50 0.5.; 0.60 0.6.; 

in. Regular 0.71 O.l).~ 0.35 0.39, 0.43 0.48 0.52 0.56 0.61 0.661 0.70 0.14 

I in. H ... t AM. 0.46 0.67 0.33 0.36 0.3~ 0.41 O.H 0.46 0.49 0.52 0.54 0.57 

i in. Heat Ahs. 0.34 0.57 0.32 0.34 0.36 0.38 0.41 0.43 0.45 0.47 0.49 0 •. ;1 

in. Heat Abs. 0.24 0.50 0.30 0.32 0.33 0.34 0.36 0.38 0.39 0.40 0.42 0.43 

Refteclive Cooted - 0.60 0.33 036 0.3R 0.41 0.43 0.46 0.49 0.51 0.5l 0.57 

(See hb,uufneturens' literature - 0.:;0 0.31 0.:l.1 0.34 0.36 0.3~ 0.39 0.41 0.42 0.44 0.46 

for ..,..t values) - 0.40 0.26 0.27 0.2R 0.29 0.30 0.32 0.33 0.34 0.35 0.36 

- 0.30 0.20 0.21 0.21 0.2"2 0.23 O.2"J 0.23 0.24 0.24 0.25 

In.~~~ g~~l ~~:.r.~l~") 0.64 0.83 0,35 0.37 0.42 0.45 0.4S 0.52 0.56 0.58 0.62 0 .. 66 

Heat Abo. Out and Regular In 0.37 0.56 0.32 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 

Refle.tive Coated - 0.40 0.28 0.28 0.29 0.31 0.32 0.34 0.36 0.37 0.37 0.3g 

(see Manufacturers' literature - 0.30 0.24 0.24 0.2-; 0.25 0.26 0.26 0.27 0.27 0.28 0.29 

for exact. values) - 0.20 0.15 0.15 0.16 0.16 0.17 0.17 I o.iS 0.18 0.19 0.19 

:'F= ~~\\.~T=f:{he sc tirIa in Fic. 10 fot repnMDt.&tiv •• ~&iop. Subatitut.e for the SC iDdu: letten ita Fic. 10 the vah*, OD tbe Jig of the 

lluiq: MlectecL 

-
ProIiIeAng'., 

de; . 
10 
20 
30 
40 and above 

Prorile Angl •• 
do; 

10 
20 
30 
40 and above 

Shading Coefflcients for Louvered 
Sun Screens 

G-.. I G<OUp 2 

Trans .. Trans· 
miHonce SC mittance SC 

0.23 0.35 0.2-; 0.33 
0.06 0.1i 0.14 0.23 
0.04 0.15 0.12 0.21 
0.04 0.15 0.11 0.20 

G-.. 3 Group ., 

Tram· 
SC 

Trans-
SC 

mlHance minonee 

0.40 0.51 O.4g 0.59 
0.32 0.42 0.39 0.50 
0.21 0.31 0.38 0.38 
0.07 0.18 0.20 0.30 

8=: I: rt:t~'t:1!:hh~;brr!r~!:!er::t:~ =!U::G:u~ij~h. 
Group 3. Black or dark color. w /s ratio O.SS/I, 17 louveR per iach • 

• ~~~~t color or unpainted aluminum. hi&h reftecta.Dee. otherwise 

U .. mu.-8.SS Btuh/(~ ft)(F fH&) for aU poaps wben uaed with aiD&1e -. 
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LIGHT OIFFUstlt 

fig. . •••• Terminology for Domed Skylights 

Table 23 •••• Shading CoeffICients for Domed Skylights 

UObl leu", (S .. flo. S~I~I - Oilfu.er I Widt.' Coeffl- U-VoI" 
(TranducentJ Heigh'. in. He;g'" la~;o (ien' 

Clear 
------

o.iiIl0:46 yes 0 :II 

.-0.86 .-0.58 9 5 0.58 0.~3 
18 2.5 0.50 I 0.40 

Clear 0 0.99 
I 

0.80 
.-0.86 None 9 5 0.88 I 0.75 

18 2.5 0.80 O.iO 

0 0.57 i 0.80 
Translucent None 9 5 0.51 0.75 
.-0.52 18 2.5 0.~6 O.iO 

0 0.34 0.80 
Translucent None 9 5 0.30 0.75 
.-0.27 18 2.5 0.28 0.70 

Shading Coefflcients for Hollow Glass &lode Wall Panels' 

- I;,' ... -,._1Jt,.- SIoodinsC .. mu. .... 
Trpe 01 Glan B/od:b De&e.rip,jon 01 GlO" !lock , 

.~ ... ~ Ponels· in the Shod. 
Panefsd in the $vn (N, NW. w. SW, 

Glass Culorless or Aqua 
Smooth ..... 

Type I A, D, Smooth 0.65 0.40 B, C: Smooth or wide ribs, or flutes horizontal or vertical, or shallow 
configuration. 

E: None 

TypeIA Same as Type I except 
A: Ceramic Bna.mel on exterior face. 0.27 0.20 

Type II Same as Type I except 
E, Glass fiber screen. 0.44 0.3~ 

Glass Colorless or Aqua 
A, D: Narrow vertif'al rihs or flutes. 

0.33 0.27 Type III B, C: lIorizontalligbt-ditfusing prisms, or boruontallight-directing 
prisms. 

E: Glass fiber screen. . 

Same as Type III ex(:ept . . 
E: Glass fiber screen wilh green eer.lmlC sprav coatmg, 0.25 0.18 

Type IIIA or glass fiber 8(:rcen and Itray glass. • 
or glass fiber 8l,"l'een with light-selecting prisms. 

-----
a For ,tau block used in horizontal skyliRhh see Tables!!8 aDd ~'9. ehapte 26 of t~ 19C'hI ASH RAE GrlDE AKD DATA BooK. 
bAUnJua ate lor 7! X 7! X 31 in. block. set. in licbl-eolort!d mortar. For Ili X 111 X3i in. block ineru.se eoeffieienta by 15 percent. aDd f.,r~S XJIX 

IJ in. blocks reduee eoeffie~Dh by 15 PI"~t. 
• Bhadinc coeftieieDtI are to be applied to lleat GaaiD .·actcn for ODe hour earlier thaD the time for' "'weh the load ealcutnion is made to allow 'or I_t .""'" 

m the p&DeL . 
tl ShadiD, coef6cieDta are for peak load eoodilioa. but pnwide a cJoee approKimatiOll. for other condition&. For more precile values for other eonditiou."'" Rd· 

enr.c. 20. . 

• For NE. E. aDd BE paaeJa in the sbade add au perceDt to the valuu listed for pua.eJa iD the shade. 
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Table C6 

Absorptivity of Materials to Solar Radiation 

Reprinted by permission from Thermal Radiation Properties Survey (Honey­
well Research Center, Minneapolis, Minnesota, 1966), pp. 245-248. 

lODe 

BUILDING MATERlALS, SOLAR ABSORPTIVITY 

Material 

BRICKS 
Clay, cream, glazed 
Clay, Fleton, dark portion 
Clay, Felton, light portion 
Lime clay, French 
Gault, cream 
Light buff 
Light buff but darker than above 
MotUed purple 
Red 
Red, common and tiles 
Red, darker, glazed 
Red, wire-cut 
Stafford blue 
Stock, light fawn 
White glazed 
White glazed (2 speCimens) 

TILES 
Clay, purple (dark) 
Clay, dark purple, machlne-made 
Red 
Red, hand-made 
Red, light, Dutch 
Red, light, machlne- ade 
Red, light, machlne-made 
Concrete, uncolored 
Concrete, black 
Concrete, dark 
Concrete, brown 
Concrete, brown, very rough 

Bolar AbsorptiVity 

0.36 
0.83 
0.40 
0.46 
0.36 
0.516 
0.60 
0.'1'1 
0.699 
0.68 
0.'188 
0.52 
0.89 
0.5'1 
0.26 

0.25-0.2'1 

0.82 
0.81 
0.6'1 
0.60 
0.43 
0.66 
0.62 
0.65 
0.91 
0.91 
0.85 
0.88 

(Contlmled on next page) 
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BUILDING MATERIALS, SOLAR ABSORPTIVITY (Continued) 

Material 

ASPHALT 
~New, 3 specimens 
New, 3 specimens 
New, another specimen 
Pavement 
Pavement, free from dust 
Pavement, weathered, 3 specimens 

ROOFING 
Bituminous felt, aluminized 
Bituminous felt 
Bituminous felt 
Bitumin-covered, brown 
Sheet, green 
Sbeet, black matte surface 
Sbeet, black matte surface 

ASBESTOS CEMENT 
Aged 
Aged 6 months 
Aged 12 months 
Aged 6 years, very dirty 
Red 
Red 
Washed with soap and water 
White 
Wbite (2 samples) 

LIMESTONE 
Anston 
Bath 
Clipsham 
Indiana 
Ketton 
Portland 
SteeUey 

SAND-LIME 
Light-red 
Red 
White, fine sand 
White, coarse sand 

MARBLE 
White 
Ground, unpolished 
Cleavage 

GRANITE 
Reddish 

FELDSPAR 
K20 Al203 6SI02 

MORTAR SCREENED 

Solar Absorptivity 

~~ 
~~ 

~" 
~rn 
~m 
~~ 
~~ 
~~ 

0.40 
0.88 
0.89 
0.87 
0.86· 
0.97 
0.97 

0.75 
0.61 
0.71 
0.83 
0.69 
0.74 
0.40 
0.61 

0.49-0.42 

0.60 
0.53 
0.46 
0.571 
0.42 
0.36 
0.33 

0.55 
0.68 
0.41 
0.50 

0.44 
0.465 
0.592 

0.55 

0.606 

0.73 

(Continued on next page) 
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BUILD,. .,ATERIALS, SOLAR ABSORPTMTY (Continued) 

Material 

SANDSTONE 
Grey, Bristol pennant 
Polmalse, light fawn 
Stancliffe, light grey 
Woolten, red 

WHITEWASH 
On galvanized Iron 
On galvanized Iron 
On galvanized Iron 
On galvanized Iron, a very thick 

layer 

SLATE 
Blue grey 
Blue, grey 
Clay, dark 
Greenish, grey, rough 
Grey, dark 
Grey, dark, fairly rough 
Grey, dark, fairly rough 
Grey, dark, smooth 
Purple 
SIlver-grey, Norwegian 

Solar Absorptivity 

0.76 
0.54 
0.62 
0.73 

0.22 
0.22 
0.26 

0.20 

~M 
~~ 
~m 
~~ 
0.90 
~9O 
~9O 
~~ 
~~ 
~~ 

BUILDING MATER1ALS, SOLAR ABSORPTIVITY 

BuUdlng Materials 

Thickly tinned surface 
Wood, smoothly planed 
Basalt 
Red sandstone 
Marble (white) 

Granite 
Dolomite lime 
Clay shale 
Paris plaster 
White plastered wall 

Gravel 
Sand 
Glass 
Sawdust 
Clay 

Red brick wall 
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Solar Absorptivity 

~~ 
~~ 
~n 
~~ 
~~ 

~U 
~U 
~~ 
~~ 
~~ 

~~ 
~~ 
~~ 
~~ 
~~ 

~~ 



CLOTH, SOLAR REFLECTIVity 

Material 

QMl, cotton sheeting bleached, 4 oz per yd 

QM2, c.otton sateen prepared for dyeing, 9 oz per yd 

QM4, cotton sateen undyed, 9 oz per yd 

QMS, cotton sateen, medium gray, 9 oz per yd 

QM7, cotton sateen dark gray, 9 oz per yd 

50 percent wool, 50 percent cotton knit, undyed, 10. 5 oz per yd 

Cotton knit, undyed, 3 oz per yd 

Solar Reflectivity 

0.S2-0.S6 

0.S8-0.72 

0.S9-0.72 

0.53 

0.24 

0.S2 

0.60 

PARACHUTE CLOTH, SOLAR ABSORPTIVITY, REFLECTIVITY, AND TRANSMISSIVITY 

Material Absorptivity Reflectivity Transmissivity 

Dacron, 100 lb 0.05 0.35 O.SO 
Dacron, 300 lb 0.11 0.54 0.35 
Dacron, 600 lb 0.12 0.61 0.27 
Dacron, 800 lb 0.19 0.62 0.19 

Nylon rip-stop 
(orange) 1. 1 oz per sq yd, 0.13 0.23 0.64 
MIL-C-7020B Type I 

Nylon rip-stop 
1.1 oz per sq yd (white) 0.08 0.27 0.65 
MIL-C-7020 

Nylon rip-stop 
1.6 oz per sq yd (white) 0.06 0.22 0.72 
MIL-C-7020B Type ill 

Nylon cloth 2. 25 oz per sq yd, 
MIL-C-7350B Type I 0.05 0.36 0.59 

Nylon cloth 4. 30 oz per sq yd, 
MIL-C-8021 Type I 0.06 0.44 0.48 

Nylon cloth 7. 0 oz per sq yd, 
MIL-C-8021 Type n 0.13 0.46 0.41 

Nylon cloth 14.0 oz per sq yd, 
MIL-C-8021 Type m 0.11 0.62 0.27 
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10. Appendix D 

Fortran Listing of NBSLD 

Although the attached Fortran listing of the NBSLD routine basically 

embodies the algorithms of Appendix A, some of the subroutines are con-

siderably simplified if compared with the exact adaptation of Appendix 

A. 

It is cautioned also that the Fortran used herein is the UNIVAC ver-

sion of Fortran V, which is somewhat different from the ANSI standard 

Fortran. 



ilFCR.IS Al 
2 C NBSLD IS A RESEARCH PROGRAM THAT IS CONTINUALLY CHANGED AND UPDATED. 
3 C •••••••••••••••••••••• NBSLD ••••••••••••••••••••••••••••••••••••• 
4 C 
5 C 
6 C 

C 
B C 
9 C 

10 C 
11 C 
12 C 
13 C 
14 C 
15 C 
16 C 
1" C 
18 C 
19 C 
20 C 
21 C 
22 C 
23 C 
24 C 
25 C 
26 C 
27 C 
2B C 
29 C 
30 C 
31 C 
32 C 
33 C 
34 C 
35 C 
36 C 
37 C 
38 C 
39 C 
40 C 
41 C 
42 C 
43 C 
44 C 
45 C 
46 C 
47 C 
48 C 
49 C 
50 C 
51 C 
S2 C 
53 C 
54 C 
55 C 
56 C 
57 C 
58 C 

NBSLD IS A RESEARCH PROGRAM OF NBS FOR THE PURPOSE OF 
STUDYING HEATING ANO COOLING LOAD AND ROOM TEMPERATURE 
OF BUILDING UNDER ACTUAL WEATHER CONDITION 
All) AREA OF SURFACE 1. FT2 
ABSPII) SOLAR HEAT ABSORPTION COEFFICIENT FOR SURFACE I. 

AENOW 
AG 
A IRCHG 
AIRNT 
ARCI1GS 
ARCHGW 
ATCACG 
AVEHTG 
AZWII) 

BLDMAX 
CFML 
CFMV 
CFMWT 
CLDAY 

CLDSUM 

CN 
CRIL) 
DAY 
DAYSKP 

DB (.I) 
DBA 
DBIN 
DBM 
DBMAX 
DBMWT 
DBNBSIJ) 

DP 
DPID 
DPIN 
DR(L) 

THIS DATA REQUIRED FOR OPAQUE SURFACES ONLY. 
AREA OF THE ATTIC END WALL. FT2 
GROUND hEAT TRANSFER AREA. FT2 IMAY=O.) 
NO. OF ATTIC AIR CHANGES PER HR. DAYTIME 
ATTIC NIGHT TIME AIR CHANGE MULTIPLIER 
NO. OF AIR CHANGES PER HR IN SUMMER 
NO. OF AIR CHANGES PER HR IN WINTER 
NO. OF ATTIC AIR CHANGES PER HR (DAY OP NIGHT) 
AVERAGE HOURLY HEAT GAIN ENTIRE BUILDING. BTU/HP 
WALL AZIMUTH ANGLE FOR SURFACE I. DEGREES 
SOUTH = O. 
WEST = 90. 
NORTH = 180. 
EAST = -90. 
BUILDING MAXIMUM SENSIBLE HEAT GAIN. BTU/HR 
SUMMER INFILTRATION RATE. FT3/MIN. 
VENTILATION RATE. FT3/MIN. 
WINTER INFILTRATION. FT3/MIN. 
DAILY TOTAL ENERGY CONSUMPTION FOR A GRUOP 
INORM OF THEM) OF ROOMS OF THE SAME CONFIG­
URATION. BTU 
RUNNING TOTAL ENERGY CONSUMPTION FOR COOLING OF 
AL~ THE ROOMS IN A BUILDING OVER A SET TIME 
PERIOD. BTU 
CLEARNESS NUMBER 
RESPONSE FACTOR COMMON RATIO FOR CONSTRUCTION L 
OAY OF YEAR 
NO. OF DAYS TO BE SKIPPED FROM THE WEATHER TAPE 
IFROM ITS LAST STARTING POSITION) 
OUTDOOR DRYBULB TEMPERATUPE AT HOUR J. F 
DAILY AVERAGE OUTSIDE DRY BULB TEMPERATURE. F 
DESIGN INDOOR DRYBULB TEMPERATURE. F 
DRYBULB MEAN. F 
DESIGN OUTDOOR MAXIMUM DRY BULB TEMPERATURE. F 
DESIGN wINTER OUTDOOR DRYBULB TEMPERATURE. F 
FRACTION OF RANGE TO USE FOR DESIGN PROFILE 
AT HOUR J 
OUTDOOR DEw POINT. F 
INDOOR OEW POINT. F 
DESIGN INDOOR DEW POINT. F 
RESPONSE FACTOR cOMMON RATIO FOR CONSTRUCTION L 
ISAME AS CRILl) 

DST DAYLIGHT SAVING TIME INDICATOR 
ELAPS DAYS ELAPSED SINCE JANUARY 1 
G(IV.VI) RADIATION CONFIGURATION FACTORS FOR 

RADIATION FROM SURFACE VI TO SURFACE IV 
HII) EXTERIOR SURFACE HEAT TRANSFER COEFFICIENT 

FOR SURFACE I. BTU/HR.FT2.F 

Id 



59 C 
60 C 
61 C 
62 C 
63 C 
64 C 
65 C 
66 C 
67 C 
68 C 
69 C 
70 C 
71 C 
72 C 
73 C 
74 C 
75 C 
76 C 
77 C 
78 C 
79 C 
60 C 
81 C 
82 C 
83 C 
84 C 
85 C 
86 C 
8"7 C 
88 C 
89 C 
90 C 
91 C 
92 C 
93 C 
94 C 
95 C 
96 C 
97 C 
<;e C 
99 C 

100 C 
101 C 
102 C 
103 C 
104 C 
105 C 
106 C 
107 C 
108 C 
109 C 
110 C 
111 C 
112 C 
113 C 
114 C 
110S C 
116 C 

HI( I I 

HIND 
HLDAY 

HLDSUM 

HOUT 
HR 

HT 
IHT(I ) 

IMAX 
I NCLUD 

IRF(I) 
IROT 
ISKIP 

INTERIOR SURFACE CONVECTION HEAT TRANSFER 
COEFFICIENT. 8TU/HR.FT2.F 
INDOOR ENTHALPY FOR DESIGN CONDITIONS. 8TU/LB 
DAILY TOTAL ENERGY CONSUMPTION FOR HEATING FOR A 
GROUP (NORM OF THEMI OF ROOMS OF THE SAME 
CONFIGURATION. BTU 
RUNNING TOTAL ENERGY CONSUMPTION FOR rEATING OF 
ALL THE ROOMS IN A BUILDING. BTU 
OUTDOOR ENTHALPY FOR DESIGN CONDITIONS. BTU/LB 
INNER SURFACE RADIATIVE HEAT TRANSFER COEFFICIENT 
(=4.*(53S.**31*SIGMAI 
CEILING HEIGHT. FT 
HEAT TRANSFER INDEX 
=-1 FOR GLASS SURFACE 
:= 0 OPAQUE 
= 1 OTHERWISE 
HOUR OF DAY FOR MAxIMUM COOLING LOAD 
=0 INCLUDE ROOM IN SUMMARY 
= 1 OTHERWISE 
RESPONSE FACTOR INDEX FOR SURFACE 
DEGREES OF ROTATION 
= 1 SKIP RESFONSE FACTOR CALCULATION 
AND BUILDING DATA INPUT 
= 0 OTHERWISE 

ITK AhD ITHST INOICES FOR ROOM TEMPERATURE COMPUTATION 
ITK=O. ITHST=1 ROOM TEMP PRESCRIBED. EITHER CONSTANT 

OR WITH NIGHT TIME SET-BACK 
ITK=I. ITHST:=O ROOM TEMP NOT 8EING CONTROLLED. NO A/C. 
ITK=I. ITHST=l ROOM TEMP FLOAT "ilITHIN PRESCRiBED UPPER 

AND LOWER LIMITS. NO A/C WHEN WITHIN 
THE LIMITS. 

ITK=O. ITHST=O EQUIPMENT CAPACITY PRESCRIBEO. ROOM TEMP 
FLOAT WITHIN PRESCRIBEO UPPER AND LOWER 
LIMITS. AND WHEN EQUIPMENT CAPACITY IS 
EXCEEDED. 

ITYPE(I) TYPE OF SURFACE I 

LAT 
LONG 
LPYR 
MONTH 
MR(LI 

NAMEBD 
NE 
NEXP 

NMAX 
NN 

1 ROOF 
2 EXPDSEO WALL 
3 WINDOW 
4 DOOR 
5 GRCUND HEAT TRANSFER SURFACE 
6 INTERNAL MASS. FURNISHINGS. PARTY WALLS. 

PARTITION WALLS. AND FLOOR/CEILINGS 
= 7 OPEN PASSAGES 
= 8 EXPOSED FLOOR (EXPOSED UNDERSIDE) 
LATITUDE. DEGREES 
LONGITUDE. DEGREES 
LEAP YEAR INDICATOR 
MONTH OF YEAR 
NUM8ER OF RESPONSE FACTOR TERMS GENERA­
TED BY RESPTK FOR CONSTRUCTION L 
SAME AS NR (L) 
NAME OF ROOM 
NUMBER OF SURFACES IN EAST WALL 
TOTAL NUMBER OF SURFACES IN ROOM = 2+NS+NW+NN+NE 
HR OF THE DAY WHEN QLMAX OCCURS 
NUMBER OF SURFACES IN NORTH WALL 
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117 C 
ttl! C 
119 C 
120 C 
121 C 
122 C 
123 C 
124 C 
125 C 
126 C 
127 C 
128 C 
129 C 
130 C 
13\ C 
132 C 
133 C 
134 C 
135 C 
136 C 
137 C 
13e C 
13<; C 
\40 C 
141 C 
142 C 
143 C 
144 C 
\45 C 
146 C 
147 C 
148 C 
149 C 
150 C 
151 C 
152 C 
153 C 

·154 C 
155 C 
156 C 
157 C 
158 C 
159 C 
160 C 
161 C 
1E2 C 
163 C 
164 C 
165 C 
166 C 
167 C 
168 C 
16<; C 
170 C 
171 C 
172 C 
173 C 
174 C 

NOFLR 
NORM 
NR(LI 

NS 
NW 
PB 

NUM8ER OF FLOORS 
NO. OF ROOMS ~AVING THE SAME DATA 
NUMBER OF RESPONSE FACTOR TERMS CALCU­
LATED BY RESPTK FOR CONSTRUCTION L 
NUMBER OF SURFACES IN SOUTH WALL 
NUMBER OF SURFACES IN WEST WALL 
8AROMETRIC PRESSURE 
= 29.921 INChES OF MERCURY 

PI = 3.1415 ••• 
PV VAPOR PRESSURE. INCHES OF MERCURY 
QCU MAXIMUM NUMBER OF CCCUPANTS 
QDES(I) HEAT GAIN OF SURFACE I AT HOUR IMAX. BTU/HR 
QDESIN(I.JI HEAT GAIN OF SURFACE I AT HOUR J. 

QEQPO 
QEQPX 
QEQUP(JI 
QEQUX(J I 
QGLAS( I.JI 

QGX( II 

QII 1 I 

BTU/HR 
EQUIPMENT MAXIMUM HEAT LOAD. BTU/HR 
MAXIMUM EQUIPMENT LOAD. WATTS/FT2 
EQUIPMENT LOAD AT HOUR J. BTU/HR 
EQUIPMENT USE SCHEDULE 

HEAT GAIN OF GLASS FOR 1 AT HOUR J. 
BTU/HR 

HEAT TRANSMISSION OF GLASS FOR SURFACE 
1 AT HOUR IMAX. BTU/HR 
INSIDE SURFACE HEAT FLUX OF SURFACE 1. 
BTU/HR.FT2 

QISAVE(J.I) INSIDE SURFACE HEAT FLUX OF SURFACE 
1 AT HOUR J. BTU/HR.FT2 

QLDS SUM OF LATENT AND SENSIBLE LOAD AT HOUR 

QL ITE(JI 
QLITO 
QLITX(J) 
QLITY 
QLMAX 

QLL( J) 

QLS(J) 
QO(I) 

J. BTU/HR 
LIGHT LOAD AT HOUR J. BTU/HR 
MAXIMUM LIGHT LOAD. BTU/HR 
LIGHT USE SCHEDULE 
MAXIMUM LIGHTING LOAD. WATTS/FT2 
ABSOLUTE VALUE OF THE MAX COOLING (OR 
HEATING) LOAD OF THE DAY. BTU/HR 
LATENT hEAT LOAD AT hOUR J. BTU/HR 
SENSIBLE HEAT LOAD AT HOUR J. BTU/MR 
OUTSIDE SURFACE HEAT FLUX OF SURFACE I. 
BTU/HR. FT2 

QOCPS(JI OCCUPANT LOAD AT hOUR J. BTU/hR 
QOCUP(J) OCCUPANT SCHEDULE 
QPEOFL(J) PEOPLE LATENT LOAD AT HOUR J. BTU/HR 
QPLX MAX OCCUPANT LATENT LOAD. BTU/HR.PERSON 
QPSX MAX OCCUPANT SENSIBLE LOAD.6TU/HR.PERSON 
QSAVE(M.JI ~EAT GAINS ANO LOADS AT HOUR J. BTU/HR 

M 1 TIME. HR 
M 2 SENSIBLE HEAT GAIN. eTU/HR 
M 3 LATENT HEAT GAIN. BTU/HR 
M 4 SENSIBLE LOAD. BTU/HR 
M 5 TOTAL LOAD. BTU/HR 

QSKY(I.J) HEAT RADIATED TO SKY BY SURFACE I T 
HOUR J. BTU/HR. FT2 

QSUMT SUM OF TOTAL HEAT GAINS FOR 24 HOURS. 
BTU/HR 

QSUN(I.J) INCIDENT SOLAR RADIATION FOR SURFACE I 
AT HOUR J. BTU/HR.FT2 

QTL(J) LATENT HEAT GAIN FROM INFILTRATION AT 
HOUR J. 9TU/HR 

QWINT HEAT LOSS IN WINTER. BTU/HR 
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175 C 
176 C 
177 C 
178 C 
179 C 
180 C 
181 C 
182 C 
183 C 
184 C 
185 C 
186 C 
187 C 
188 C 
18C; C 
190 C 
191 C 
192 C 
193 C 
1~4 C 
195 C 
196 C 
197 C 
198 C 
199 C 
200 C 
201 C 
202 C 
203 C 
204 C 
205 C 
206 C 
20'" C 
208 C 
209 C 
210 C 
211 C 
212 C 
4:13 C 
214 C 
215 C 
216 C 
21"7' C 

::18 C 
219 C 
220 C 
::21 C 
222 C 
223 C 
224 C 
225 C 
226 C 
227 C 
228 C 
229 C 
230 C 
231 C 
::32 C 

RANGE 
RHIN 
RHOUT 
RCOMNO 
S 

DAILY RANGE OF OUTOOOR DRYBULB. F 
DESIGN INDOOR RELATIVE HUMIDITY 
DESIGN OUTDOOR RELATIVE HUMIDITY 
RCCM NUMBER 
INFORMATION ARRAY REQUIRED By SUBROU-
TINE SUN AND GLASS 

SHADEl I) SHADING COEFFICIENT FOR SURFACE 
SIGMA = 0.1714E-8 
SITELD(J) OVERALL COCLING LOAD AT HOUR J. BTU/HR 
SITEQL(J) OVERALL LATENT HEAT GAIN AT HOUR J. 

BTU/HR 
SITEQSIJI OVERALL SENSIBLE HEAT GAIN AT HOUR J. 

BTU/HR 
SITETH(JI OVERALL TOTAL HEAT GAIN AT HOUR J. 

BTU/HR 
SITMAX 
SOTHTX 
SQLLD 
SQWINT 
TA 
TASAVEI JI 
TCLLD 

TG 
TGW 
THTLD 

TI(JI 

OVERALL ~AXI~UM HEAT GAIN. BTU/HR 
OVERALL HEAT GAIN AT HOUR IMAX. BTU/HR 
TOTAL COOLING LOAD. BTU/HR 
OVERALL TOTAL HEAT LOSS. BTU/HR 
ROOM AIR TEMPERATURE. F 
ROOM AIR TEMPERATURE AT HOUR J. F 
DAILY RUNNING TOTAL ENEPGY CONSUMPTION 
FOR COOLING FOR A GROUP (NORM OF THEM) 
OF ROOMS HAVING THE SAME CONFIGURATION. 
BTU 
DESIGN SUMMER GROUND TEMPERATURE. F 
DESIGN WINTER GROUND TEMPERATURE. F 
DAILY RUNNUNG TOTAL ENERGY CONSUMPTION 
FOR HEATING FOR A GRUOP (NORM OF THEMI 
OF ROOMS HAVING THE SAME CONFIGURATION. 
BTU 
INSIDE SURFACE TEMPERATURE RELATIVE TO 
THE REFERENCE TEMPERATURE AT HOUR J 

TIFIJI INSIDE SURFACE TEMPERATURE AT HOUR J. F 
TIFSAVIJ.II INSIDE SURFACE TEMPERATURE OF SUR­

TIM 

TIO 

FACE I AT HOUR J. F 
INDOOR DESIGN MEAN (REFERENCE TEMPERA­
TURE). F 
INDOOR DESIGN TEMPERATURE. F 

TIS(I.JI INSIOE SURFACE TEMPERATURE RELATIVE TO 
THE REFERENCE TEMPERATURE OF SURFACE I 

TIX(J) 

TNEW(I) 

AT HOUR J. F 
INOOOR DESIGN DRYBULB TEMPERATURE AT 
HOUR J. F 
UPDATED OUTSIDE SURFACE TEMPERATURE OF 
SURFACE I AT EVERY TIME INCEMENT. F 

TNUSAV(J.I) UPDATED OUTSIDE SURFACE TEMPERATRE 
OF SURFACE I AT HOUR J. F 

TOS(I.J) OUTSIDE SURFACE TEMPERATURE RELATIVE TO 
REFERENCE TEMPERATURE OF SURFACE I AT 

TOTHTX 
TOY(J) 

TSAVE 
TSITHT 

HOUR J. F 
TOTAL COOLING LOAD FOR A ROOM. BTU/HR 
ARRAY USED FOR TEMPORARY STORAGE OF 
VALUES WHILE ADVANCING TEMPERATURE AS 
REQUIRED BY RESPONSE FACTOR METHOD 
MAXIMUM TOTAL COOLING LOAD. BTU/HR 
TOTAL OVERALL HEAT GAIN FOR 24 HOURS. 
BTU/HR 
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233 C 
234 C 
235 C 
236 C 
237 C 
238 C 
239 C 
240 C 
::41 C 
242 C 
243 C 
244 C 
245 C 
246 C 
247 C 
248 C 
24<) C 
250 C 
251 C 
252 C 
253 C 
254 C 
255 C 
256 C 
257 C 
258 C 
259 C 
260 C 
261 C 
262 C 
263 C 
264 C 
265 C 
2e6 C 
26 7 C 
268 C 
269 C 
270 C 
271 C 
272 C 
273 C 
274 C 
275 
2 7 6 
277 
278 
2 7 9 
280 
281 
282 
283 
284 
2E~ 

286 
287 
21:'8 
28<; 
290 

TV 
TZN 
U( II 

UCELNG 

UENDW 

UG 
UGLAS 
UTII) 
VIN 
VOUT 
VT(L) 
WA 

WAZIII 

TEMPERATURE OF VENTILATING AIR. F 
TIME ZONE NUMBER 
OVERALL HEAT TRANSFER COEFFICIENT FOR 
SURFACE I 
OVERALL HEAT TRANSFER COEFFICIENT OF 
THE CEILING BETWEEN THE ATTIC AIR AND 
THE ROOM AIR BELOW 
OVERALL HEAT TRANSFER COEFFICIENT OF 
THE ATTIC ENDWALL 
GROUND HEAT TRANSFER COEFFICIENT 
WINTER GLASS HEAT TRANSFER COEFFICIENT 
U VALUE WITHOUT SURFACE RESISTANCES 
INDOOR AIR SPECIFIC VOLUME. FT3/LB 
OUTDOOR AIR SPECIFIC VOLUME. FT3/LB 
SAME AS UTII) 
OUTDOOR AIR HUMIDITY RATIO. LB OF H20 
VAPOR PER LB OF DRY AIR 1= WOUT) 
WALL AZIMUTH ANGLE MEASURED CLOCKWISE 
FROM SOUTH. DEGREES 

WBID DESIGN INDOOR WET BULB TEMPERATURE. F 
WJMAX DESIGN OUTDOOR WETBULB TEMPERATURE. F 
WBSAVE(J) INDOOR WETBULB TEMPERATURE AT HOUR J. F 
WID DESIGN INDOOR. HUMIDITY RATIO. LB OF H20 

WIN 
WOUT 

VlROT 
WT 

WV 

XIL.NI 
XXIN.LI 
Y(L.NI 
YY(N.LI 
Z(L.N) 
ZBLDG 
ZROOM 
ZZ(N.L) 

VAPOR/LB OF DRY AIR 
INDOOR HUMIDITY RATIO. LB H20/LB DRY AIR 
DESIGN OUTDOOR HUMIDITY RATIO. LB H20 
VAPOR/LB DRY AIR 
DEGREES OF ROTATION FOR ROOM 
WALL TILT ANGLE (= 90. DEGREES WHEN 
VERTICAL WALL) 
VENTILATION AIR HUMIDITY RATIO. LB H20 
VAPOR/LB DRY AIR 
RESPONSE FACTORS FCR CONSTRUCTION L 
TRANSPOSE OF ARRAY X 
RESPONSE FACTORS FCR CCNSTRUCTION L 
TRANSPOSE OF ARRAY Y 
RESPONSE FACTORS FOR CCNSTRUCTION L 
INPUT ARRAY FOR BUILDING AND EXTERNAL DATA 
IN~UT ARRAY FOR ReOM DATA 
TRANSPOSE OF ARRAY Z 

CCMMON /CC/ XIIO.I00).Y(10.100).ZII0.100).ITYPE(30).IHT(30). 
2 IRF(30).ABSPI30).U(301.HI30).HI(30).A(30).UTI30).TOSI30.4B). 
3 TIS(30.48).GI30.301.TOY(481.DB(241.QLITX(24.31.QEQUXI24.31. 
4 QOCUP(24.31.QOCPS(241.QLITE(241.0EQUPI241.QI1301.CR(30I.NR(301. 
5 OGLASI30.241.ITHST.UENDW.AZW(301.SHADEI301.RMDBS(241.RMDBW(241. 
6 SHD(301.UCELNG 

DIMENSION XX(IOO.l01.YY(IOO.101.ZZI100.10).TNEW(1001.TI(4Bl. 
2 XDUM(100).YDUM(1001.ZDUM(1001.TDUM(1001.QO(301.TIF(30).TOC(24). 
3 QSUN130.241 .QSKY(30.241.NAMERM(91.NAMEBD(91.VT(101.DR(101.MR(101. 
4 PR1241.PS1241 .MDAYSI121/31.2e.31.30.~1.30.31.31.JO.Jl.30.31/ 

DIMENStON DPT(241.WBT(241.PBT(24).WST(241.TC(241.NTOC(241 
DIMENSION SALT(24).IEDAY(121 /15.46.74.105.1J5. 166.196.227.258.288 

2.319.349/ 
DIMENSION CALDBI241.CALRH(24).PGLAS(30.241.PSUN(~O.241.TATTIC(100I 

2.0LSI241.QLL(241.ZBLDGI151.ZROOM(121.UWI30) 
DIMENSION HEATG(2).HEATX(2).HEATIS(2).HLCG(21.HLCX(21.HLCIS(21 

5d 



291 
292 
293 
294 
29S 
296 
297 
298 
299 
300 
301 
302 
303 
304-
305 
306 
307 
'30A 
309 
310 
311 
312 C 
313 
~14 

315 
31 e 
317 
318 
319 
320 
321 
322 
323 
~24 

32S 
326 
32' 10 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 C 
347 

348 

DIMENSION DBPF(241 /.87 •• 92 •• 96 •• 99. 
21.00 •• 98 •• 93 •• 84,.71 •• SE •• 39 •• 23 •• 11 •• 03. 
3 O.O •• 03 •• 10 •• 21 •• 34,.47,.5fh.68 •• 76 •• 82/ 

COMMON /SHDW/ SHAW(30.1SI 
DIMENSION SHDX(201.SHDF(30.241.AIRLK(241.0S0L(241 
DIMENSION V(lSI.PLATI241.AIRLAT(24).RALD(24).BASEL(241 
INTEGER DSTX.DSTY.RUNID.RUNTYP.ASHRAE 
REAL LAT.LONG.NOFLR 
INTEGER YEAR.TAPE2 
LOGICAL LLl.LL2.LL3 
COMMON /SOL/ LAT,LONG.TZN.WAZ.WT.CN.DSX.LPYR.S(3SI 
COMMON NSKP 
P I=3.141S927 
WRITE (6.17901 
WRITE (6018001 
WR IT E (6. 181 0 I 
WRITE (6.1820) 
WR ITE (601270) 
READ (S.1460) RUNID.RUNTYP.ASHRAE.IDETAL.METHOD 
READ (S.1640) NAMEBD 
WRITE (6.1630) NAMESD 
READ 24 HOUR PROFILES FOR LIGHTING.EOUIPMENT AND OCCUPANCY 
.13=3 
DO 10 .1=1 • .13 
IF (.I.EO.l) WRITE (6.12801 
IF (.I.EO.2) WRITE (6.1290) 
IF (.I.EO.3) WRITE (6.13001 
READ (5.1460) (OLITX(I.J).I=I.24) 
IF (.I.EO.ll WRITE-(6.1310) 
IF (J.EO.2) WRITE (6.13201 
IF (J.EO.3) WRITE (6013301 
READ (S.14601 (OEOUX(I • .lI.I=I.241 
IF (.I.EOol) WRITE (6.1340) 
IF (J.EO.2) WRITE (6.13S0) 
IF (J.EO.3) WRITE (6.1360) 
READ (5.1460) IOOCUP(I.J).I=I.24) 
CONTINUE 
IF (RUNTYP.GT.2) RUNTYP=2 
WRITE (6.13701 
READ (S.14601 RMDSS 
WRITE (6.13801 
READ (5.14601 RMDBW 
WRITE (6.1390) 
READ (5.1460) RMDBWO.RMDBSO.RHW.RHS 
SIGMA=0.1714E-8 
HR=4.*0.9*SIGMA*(530.**3) 
WRITE (6.1400) 
READ (S.1460) NDAY.NSKIP.TAPE2 
WRITE (6.1410) 
READ (5.1460) ZSLDG 
CLDSUM=O. 
HLDSIJM=O. 
00 1260 IJKL~N=I.10 
WRITE (6.1420) 
READ (5.1630) NAMERM 
IF TAPE2 IS NOT BLANK B TAPE SHOULD BE ASSIGNED 
IF (NAMERMI1).EO.4H ) STOP 
WRITE (6.1430) 
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349 
350 C 
351 C 
352 
353 
35"1 
355 
356 
357 20 
358 
359 
360 
361 C 
362 C 
363 30 
364 
365 
366 
367 40 
368 50 
36<; 
370 
371 
372 
373 
374 
375 
376 
377 
37S 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
39"1 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 

READ (5.1460) IROT.ISKIP.INCLUD 
IF ISKIP .NE. O. RESPONSE FACTOR CALCULATION IS SKIPPED 
SC NO WALL DATA IS NEEDED 
IF (ISKIP.NE.OI GO TO SO 
DO 20 1=1.10 
DO 20 .1=1.100 
X(I.J)=O. 
V( 10.1)=0. 
Z( 1..11=0. 
IF (RUNID.EO.l) GO TO 30 
READ (8) X.V.Z.MR.DR.VT 
GO TO 40 
THIS RESPONSE FACTOR ROUTINE REOUIRES MANV CONSTRUCTION DATA 
PLEASE REFER TO T~E INPUT INSTRUCTIONS 
CONTINUE 
CALL RESFX (X.V.Z.XX.VV.ZZ.MR.DR.VT.I0) 
WRITE (8) X.V.Z.MR.DR.VT 
END FILE 8 
PB=29.921 
IF (IROT.NE.OI GO TO 60 
WROT=O. 
WRITE (6.1440) 
READ (5.1"1601 ZRGOM 
WRI TE (6.14501 
READ (5.1460) IW.IL.ISTART.ILEAVE 
READ (5.1"160) TUL.TLL.OCMAX.OHMAX.DBVMAX.DBVMIN 
READ (5.1460) ITHST.ITK 
CALL ROCMX (NEXP.NS.NW.NN.NE.HTI 
RCOMNC=ZROCM 11) 
MONTH=ZSLDG(ll 
AG=A(NEXP) 
NOFLR=l 
OCU= ZROOM (4) 
LAT=ZBLDG( 121 
LONG=ZSLDG( 111 
TZN=Z8LDG( 13) 
DAVSKP=NSKIP 
OLITV=ZROOM( 21 
OECPX=ZI'OOM(31 
CFIIV=ZRCOM(8) 
W8MAX=Z8LDG(6) 
FLCG=ZROOM(S) 
TGS=ZSLDG(8) 
TGW=ZBLOG(9) 
LOAY=ZSLDG(2 ) 
YEAR=2000 
DBWT=ZBLDG(7) 
DBMAX=Z8LDG(4 ) 
RHOW=ZBLDG(iS) 
ZLF=ZBLDG( 14) 
OBIN=RMDBW(IZ) 
RHIN=RHW 
IF (RUNTYP.EO.2) CALL PSYI (DBMAX.~BMAX.PB.DPMAX.PV.WA.HA.VA.RHD) 

UG=Z8LDG(10) 
TV=ZROOM(7) 
FRAS=ZRODM(6 ) 
ZNORM=ZROOM( 12) 
ARCHGW=ZRDDM (10) 
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407 
40e 
40<; 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
43<; 
440 
441 
442 
443 
444 
445 
446 
447 
44e 
449 
450 
451 
452 
453 
454-

455 
456 
457 
458 
459 
460 
461 
462 
463 
464 

C 
C 
C 
60 

70 

80 

90 

100 

CFMWT=AG*HT*ARCHGW/60. 
ARCHGM=ZROOM(11I 
CFMIN=AG*HT*ARCHG~/60. 

CONsT=ARCHGW/0.695 
THESE AfR CHANGE VALUES ARE FOR THE ATTIC VENTILATION 
ROOM AIR CHANGE VALUES WILL BE DETERMINED AS A FUNCTION OF 
WINO sPE.EO AND TEMPERATURE DIFFERENTIAL 
CONTINUE 
WRITE 16.1510) 
IF (IDETAL.EO.O) GO TO 70 
WRITE (6.15501 
WRITE 16.1560) RCCMNO.HT.AG.NOFLR.OCU.ZR~OM(91.ZRDDM(101 
WRITE 16.17401 . 
CONTINUE 
S( 11=LAT 
s(2)=LONG 
s(3)=TZN 
IF (IDETAL.EO.OI GO TO 80 
WRITE (6.15701 
WRITE 16.15601 LAT.LONG,TZN.ZNORM 
WRITE 16017401 
WRITE (6.15801 
RHIN=RHs 
WRITE (6,15601 OLITy.OEOPX.CFMV.DBIN.TGW.TV.RHIN 
WRITE (6.17401 
WRITE (6.1600) NEXP.ITK.ITHsT 
CONTINUE 
WRITE (6.15101 
IF IIROT.NE.O) GO TO 90 
WRITE (6.14701 
READ (5.1460) UENDW,UCELNG,AENDW.ATCHT.AIRCHG.AIRNT 
WRITE (E.14801 
READ (5.14eO) IEXTsD.IEXMs.IEXME.NTVNT.NVENT 
CF~~T=NTVNT*AG*HT/60. 

CONTINUE 
IF IIDETAL.EO.OI GO TO 100 
WRI TE 16.1740) 
WRITE IE.15901 
WRITE (6.1560) UENDW.UCELNG.AENDw.ATCHT 
CONTINUE 
IF IIROT.NE.OI GO TO 210 
sUM=O. 
DO 200 I=l.NEXP 
K=IRFII) 
IF IY(K.I).GT.I.I IRFII)=IO 
NR( I I=MR(K) 
IFIIRF(I).EO.IO)NR(I)=l 
UTI I )=VT( K) 
CR (I )=DR I K) 
IF (NR(I).EO.O) NRII)=1 
IF (NR(I).GT.48) NR(I)=48 
IF IITYFE(II.EO.3) AesP(I'=O. 
IF IITYPEIJI.Eo.5) ABsPII,=O. 
IF ItTYPElt).GE.61 ABSPltl=O. 
IHTI II=1 
IF IITYPEIII.EO.3) I~TIII=-l 

HII'=6.0 
HI (1'=1.46-HR 

8d 

465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
4F.6 
487 
48e 
'leo; 
490 
491 
492 
493 
494 
495 
496 
497 
'198 
499 
500 
SOl 
50~ 

503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
etc; 
520 
521 
522 

110 

120 

130 
140 

150 
160 

170 

180 

1<;0 

200 

210 

220 

230 
240 

250 

260 

270 

IF (!TYPEIIl.GE.51 H(1)=O. 
IF (!TYPE( Il.EOol I 1-11 1l=1.630-HR 
IF (lTYPEII).EO.5) HIII)=1.080-HR 
IF I!TYPE( I1.EO.7) UIII=500. 
IF I ITYPE( II .EO.8 I H( I) =1.46 
IF 1 IRF( II .NEolO) U(lI=O. 
IF (U(I)) 110.110.120 
RU=I./UT(II+l./IHIII)+HRI 
IF (ITYPE(II.LT.5.0R.ITYPE( II.EO.81 RU=RU+1./H(II 
U( 11 =1 ./RU 
CONTINUE 
IF (XIK.211 170.130.170 
IF (H(II) 140.150.140 
R=l./U(II-l./H(II 
GO TO 160 
R=l./UIII 
UT(II=1./(R-1./(HI(II+HRII 
IF (UT(II.LE.O.I UT(I'=28.0 
IF (lTYFE(Il.EO.71 UT(1l=500. 
CONTINUE 
IF (UCELNGI 190.190.180 
IF (ITYPEIII.NE.11 GO TO 190 
RTA=I./UCELNG-l./(H[([I+HR) 
UTI 11=1 o/RTA 
CONTINUE 
UW(II=UI II 
IF (ITYPE(II.GT.4) GO TO 200 
SUM=SUM+A(II*U(II 
CONTINUE 
IF(ZLF.EG.O.IZLF=I. 
ZK=SUM/ZLF 
FC=I.-0.02*ZK 
IF (IROT.EO.OI GO TO 240 
WROT=IROT 
DO 220 I=l.NEXP 
AZW(I)=AZW(II+WROT 
IF (AZW(I1.LT.-180.1 AZW(I)=AZW( 1)+360. 
IF (AZW(II.GT.180.) AZw(I,=AZW(I'-360. 
DO 230 l=l.NEXP 
DO 230 J=l.NEXP 
G(I.JI=G(I.JI/HR 
CONTINUE 
IF (IDETAL.EO.O) GO TO 280 
WRITE (6.1680) 
DO 250 1=I.NEXP 
WRITE (6.16501 I.ITYPE(II.IHT(II.IRF(II.ABSPIII.UIII.HIII.A(II.AZW 

2( I I. SHADEl I I .UT( I I .HI( I) 
CONTINUE 
WRITE (6.1690) 
DO 260 1=1. NEXP 
WRITE (6.1560) (5~AW(I.JI.J=1.15) 
IF IASHRAE.EO.I) GO TO 300 
WRITE 16017001 
WRITE (6.1710) 
DO 270 I=I.NEXP 
WRITEI6.1720)1.(G(I.JI.J=1.NEXP) 
CO~TINUE 

280 DO 290 1=I.NEXP 
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523 
524 
!:2S 
1;210 

527 
528 
52C; 
530 
531 
532 
533 
f34 
535 
:36 
537 
!:38 
539 
540 
541 
542 
543 
544 
f.45 
546 
547 
548 
549 
550 
551 
f52 
553 
=54 
555 
556 
55 7 

558 
55<; 
560 
561 
~62 

563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 

DO 290 .I=1.NEXP 
290 G(I • .I)=HR*GII • .I) 
300 TIM=75. 

IF (RUNTYP.EO.2) CALL WINTER (A.UW.ITYPE.NEXP.CFMWT.DBIN.DBWT.UG.T 
2GW.RHW.RHOW.UENOW.UCELNG.AENDW.ATCHT.AIRCHG) 
OLITO=OLITY*~G*3.413*NOFLR 
OEOPO=OEOPX*AG*3.413*NOFLR 
DO 310 l=l.NEXP 
OO( 1)=0. 
01(1)=0. 

310 CONTINUE 
ORFC=O. 
ORFI=O. 

C DBM=TIM= REFERENCE TEMPERATURE 
TA=TIM 
MOT=O 
TCLLD=O. 
THTLD=O. 
IF (I.lKLMN.GT.l) GO TO 320 

320 CONTINUE 
NEND=DAY5KP+NDAY 
IF (RUNTYP.NE.2) GO TO 340 
NEND=7 
DO 330 .1=1.24 
OB(.I)=ZBLDG(41-ZBLDGI5)*CBPF(.I) 
DPT(.I)=DPMAX 
W5T(.I)=0. 
PBT(.I)=29.921 
TCI.I)=O. 
NTOC(.I)=O 

330 CO"TINUE 
340 DO 1250 ND=I.NEND 

NSKP=NO-DAYSKP 
IF (PUNTYP.EO.2i GO TO 380 
READ (7) DB.DPT.WBT.WST.PBT.TC.TOC.PR.PS.YEAR.MCNTH.LDAy.ICITY 
DO 350 IZ1=1.24 
NTOC(IZl)=TOC(IZl) 

350 CONTINUE 
N=NO-DAY5KP 
IF (N.LT.!) GO TO 1250 
INCAY=DAY5KP+N 
IF (IOETAL.EO.O) GO TO 360 
WRITE (6.1620) N.INDAy.YEAR.MONTH.LDAY 
WRITE (6.1610) "AMERM 

360 CONTINUE 
KDAY=WKOAYIYEAR.MONTH.LDAY) 
CALL HCLDAY (YE~R.MONTH.LOAY.KOAY.IHDL) 
CALL OST IYEAR.MONTH.LOAy.05TX.05TY) 
10ST=1 
IF (MONTH.LT.4) 10ST=0 
IF IMONTh.GT.10) 105T=0 
IF (MONTH.NE.4.0R.MONTH.NE.I0) GO TO 370 
IF (MONTH.EO.4.ANO.LOAY.LT.05TX) 105T=0 
IF (MONTH.EO.I0.ANO.LOAy.GT.OSTY) 105T=0 

370 DSX=IOST 
.1.1=1 
IF (KOAY.EO.7.0R.KDAy.EO.l) .1.1=2 
IF (IHOL.EO.l) .1.1=2 
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581 380 
582 
583 
584 
585 390 
586 
587 
SBB 
589 
590 
591 
592 
E93 
594 
5<;5 
596 
5<;7 
598 
59<; 400 
600 
601 
602 
603 
604 
605 410 
606 
607 420 
608 
60<; 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 430 
627 
628 
629 
630 
631 
632 
633 
634 
635 
.636 
637 440 
638 

IF (RUNTYP.Eo.21 .1.1=1 
00 390 .1=1.24 
OLITE(.I)=OLITO*OLITX(.I • .I.1) 
OECUP(.I)=OEOPO*CEaUX(.I • .I.11 
CONTINUE 
IF (MONTH.Eo.MOT) GO TO 550 
TG=TGW 
IF (MONTH.GT.5.ANO.MONTH.LT.I0) TG=TGS 
MOT=MONTH 
5(4)=IEOAYIMCNTH) 
IF (RUNTYP.EO.2) S(4)~ZBLDG(3) 
5(61=IOST 
IF (RLNTYP.EO.2) 5(6)=0. 
5(7)=0.2 
5(B)=1.0 
S( 33)=1. 
IF (IOETAL.EO.O) GO TO 400 
WRITE (6.1730) 
CO"TINUE 
00 530 I=I.NEXP 
IF (ITYPE(II.LT.5) GO TO 420 
00 410 .1=1.24 
OSUN( 1 • .1 )=0. 
OGLA5(1 • .I)=0. 
OSKY(I • .I)=O. 
GO TO 520 
W~Z=AZIO(I) 

S(9)=IOAZ 
5(10)=90. 
IF (ITYPE(I).EO.l) 5(10)=0. 
SHOX(1)=5HAW(I.l) 
5HOX(2)=5HAW(I.2) 
SHOX(3)=SHAW(I.3) 
SHOX(4)=SHAW(I.4) 
5HOX(5)=SHAIO(I.5) 
SHOX(6)=SHAW(I.6) 
SHOX(7)=5H~W(I.7) 

5HOX(B)=5HAW(I.B) 
SHOX(9)=5HAW(I.9) 
5HOX(10)=SHAIO(I.I0) 
SHDX(Il)=SHAW(I.l1) 
SHOX(12)=SHAW(I.12) 
SHOX(13)=SHAW(I.13) 
SHDX(14)=S~AIO(I.14) 

SHOX(151=SHA",( 1.15) 
CONTINUE 
00 510 .1=1.24 
OSKY(I.J)=O. 
TIME=J 
S(S,=TIME 
CALL SUN 
SALT(J)=S(20) 
IF (S(2S).GT.0.) GO TO 440 
OSUNCl • .1)=0. 
OGLA5(I.J)=0. 
GO TO 510 
OSUN(I.J)=S(25)*AESP(I) 
OGLAS( 1 • .1)=0. 
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639 
640 
641 
642 
643 450 
644 
64: 460 
646 
647 470 
648 
649 480 
650 
e51 
652 
6'33 490 
654 
655 500 
e56 
657 
65A 510 
1:59 520 
660 
661 
662 530 
663 
664 
665 
666 540 
667 550 
668 
669 
670 
671 560 
672 
673 
674 5"'0 
675 
676 
677 580 
e78 
679 
680 
681 590 
682 
683 600 
684 
6S5 610 
686 
687 620 
6A8 
689 
690 
691 
692 
693 
694 630 
695 640 
696 C 

PHI=S(21)*PI/180. 
XQ=S(20)*PI/180. 
CC;SZ=SII\IXC) 
IF ISHDII» 460.460.450 
SHDF I 1 • .1) =0. 
GO TO 480 
SHDFII • .J)=I. 
IF ISHOXll» 480.480.470 
SHOX(16)=SI9)*PI/180. 
CALL SHADOW ISHDX.PHI.COSZ.SHOFII • .J» 
CONTINUE 
IF IITYPEII).NE.3) GO TO 500 
IF IIEXTSD.EQ.O) GO TO 490 
IF IMONTH.GE.IEXMS.ANO.MONTH.LE.IEXME) SHOFII • .J)=O. 
CONTINUE 
CALL GLASS I SHDFI 1 • .1). SHADE (1) 01 .. l .. QGLASI 1 • .1) ) 
CONTINUE 
S34=SI2~)-SI26)-SI27) 

QSUNII • .J)=IS34*S~DFII • .J)+SI26)+SI27)I*ABSPII) 
COI\TINUE 
IF IIDETAL.NE.O) ~RITE 16.16601 
IF IIOETAL.NE.O) WRITE 16.167 0) IQSUNII • .J) • .J=1.241 
IF IIOETAL.NE.O) WRITE 16.1670) IQGLASII • .J) • .J=1.24) 
CONTINUE 
00 540 1=1 .NEXP 
00 540 .1=1.24 
PGLA5II • .JI=QGLASII • .J1 
PSLNII • .J)=QSUNII • .J) 
COlloTlNUE 
IF INO.NE.l) GO TO 640 
00 560 .1=1.24 
00 560 I=I.NEXP 
TOSII • .J)=OBI24-.J+1)-TIM 
DO 570 .1=2'3.48 
00 570 I=I.NEXP 
TOSII • .J)=TOSII • .J-~4) 
~C; 5AO I=I.NEXP 
DO S80 .J=1.4e 
TIS(I • .J )=0. 
TA=TIM 
00 590 .1=1.48 
TNEWC.J)=O. 
TATTICC.J)=O. 
IF CASHRAE) 640.640.600 
00620 I=I.NEXP 
00 610 .1=1.24 
TISCI • .J)=R~08S124-.J+l)-TIN 
00 620 J=25.48 
TISII • .J)=~ISII • .J-24) 
00 630 11=1.2 
HEATGIII)=O. 
HE .. TXIII)=O. 
HEAT! SI I 1) =0. 
HLCGC II )=0 
HLCXC I I )=0. 
HLCISC II )=0. 
CONTINUE 
END OF INITIALIZATION 

12d 

697 C 
698 
6<;9 
700 
701 
702 
703 
704 
70S 650 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
752 
753 
754 

660 

C 
C 

670 

680 
690 

700 

710 
720 

730 

740 

TIME CALCULATION BEGINS HERE 
00 1150 NK=1.24 
LL1=NK.GE.ISTART.ANO.NK.LE.ILEAVE 
LL2=NK.LT.ISTART.OR.NK.GT.ILEAVE 
LL3=NVE~T.NE.O.~Nc.ce(NK'.LT.TV.AND.QL.LT.I0. 

IF CITK.NE.O) GO TO 650 
IF CITHST.NE.l) GC TO 650 
CALL TEMPSH IMONTH • .J.J.NK.RMOBS.RMOBW.RMOBWO.RMOBSo.TA) 
CONTINU~ 
IF IRUNTYP.NE.2) GC TO 660 
FOT=4. 
ACHG=ZROOM(9) 
CM=I. 
GO TO 670 
WSTX=WSTCNK) 
CALL FC IWSTX.3.FOC.FOT.0) 
AIR CHANGE AS A FUNCTION OF WINO SPEED 
COBLENZ ANC .. CHEN8ACH 1963 ASHRAE TRANSACTION 
WSTZ=WSTINK)*1.151 
ACH=0.15+0.013*WSTZ+0.005*ABSCOBINK)-TA) 
ACHG=ACH*CONST­
CM=CCMCSALTC"'K).NTOCINK).TCCNK» 
CFML=A(1)*ACHG*HT/60.+CFMIN 
CFMLX=CFML 
IF CLLl) GO TO 680 
CFMV=O. 
GO TO 690 
IF C.J.J.GT.1) CFMV=O. 
CONTINUE 
00 720 I=I.NEXP 
NRR=NRCI ) 
QSUNII.NK)=PSUNCI.NK)*CM 
QGLASCI.NK)=FGLASII.NK)*CM 
QSKYI I.NK )=0. 
IF IITYPEII).EQ.I) QSKYII.NK)=2.*II0.-TCINK» 
IF INRR.LT.2) GO TO 720 
00 700 NTT=2.NRR 
TOYCNTT)=TOSII.NTT-l) 
DO 710 NTT=2.NRR 
TOSII.NTT)=TOYINTT) 
CO"'TINUE 
00 800 I=l.NEXP 
NRR=NRC I) 
IF IASHRAE.GT.O) TISII.I)=TA-TIM 
K=IRFC I) 

DO 730 .1= 1.NRR 
XOUMI.J)=XIK • .J) 
YOUMI.J) =YI K • .J) 
ZOUMIJ)=ZIK • .J) 
TOUMC JI =TOSI I. J) 
IF I ITYPEII) .EQ.6.0R.ITYPEI I).EQ-.7) TOUMI.J)=TISII.J) 
IF IITYFEII).EQ.5) TOUMI.JI=TG-TIM 
TIIJ)=T'ISII • .J) 
CONTINUE 
UX=UIlI 
IF IHII») 750.750.740 
HI I )=FOT 
RX=l./UTII)+l./(HIII)+HR) 
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755 
756 
757 
758 750 
75q 
760 
761 760 
762 
763 
764 
765 
76.6 
767 
768 7~0 

769 

RXX=RX+I./H( I) 
Un) =1. /RXX 
UX=l./RX 
Co"TINUE 
IF (ITYPE(I).EQ.I.ANO.UENOW.NE.O.l GO TO 760 
GO TO 780 
ATCACG=AIRC~G*AIRNT 

IF (LLl) ATCACG=AIRC~G 
CALL ATTIC (XOUM.YOUM.ZOUM,CR(I) ,NRR,UX,H(I),OB(NK),OSUN(I,NK).QSK 

2Y(I.NK).TOUM,TATTIC,TNEWO,TA.TIM,QRFo,QRFI,Qo(I).QI(I),UENOW,UCELN 
3G,AENoW,A(I),ATCHT,ATCACG) 

DO 770 J=l,NRR 
TNEW(J)=TDUM(JI 
T05(I.J)=TATTIC(J) 
GC TO BOO 

770 780 CONTINUE 
771 IF (RUNTYP,EQ.21 ITEMP=O 
772 CALL OUTSID (XDUM,YDUM.ZDUM,CRII ),UX.HII),DBINK),TIM,QDII).QIII),Q 
773 2SUN(I,NKI,QSKY(I,NK),TOUM,TI,TNEWO,TA,NRRI 
774 DO 790 J=I.NRR 
775 790 T05(I.JI=TDUM(JI 
776 8CO CONTINUE 
777 QOCPSINK I=ODCUPI NK, JJ) *10. *1 100,-TAI·*QCU 
778 QOCPL=10.*(TA-60.)*QOCUPINK.JJ)*QCU 
77q IF (TA-IOO.) 820,810,810 
780 810 QOCPS(NK)=O. 
781 QOCPL=400.*QOCUPINK,JJ1*QCU 
782 GO TO 840 
783 820 
784 830 
785 
786 840 
787 
788 
78'" 
790 850 
""91 
7S2 860 
7q3 8"0 
794 
7f95 A80 
796 
797 
'?cH! 

7<19 
800 890 
eOI 
802 
803 
e04 
805 
e06 
e07 
808 
809 
810 
811 
812 

IF (TA-65.) 830.840,840 
QOCPSINKI=350.*QOCUP(NK.JJ)*QCU 
QOCPL=50.*QOCUPINK.JJ)*QCU 
DO 870 1=I.NEXP 
NRR=NR( I) 
IF (NRR.LT.2) GD TD 870 
DO 850 NTT=2.NRR 
TOYINTT)=TISII.NTT-I) 
DO 860 NTT=2.NRR 
TI5(I.NTT)=TCYINTT) 
CONTINUE 
IF (ASHRAE) 900.900.880 
QSI.MG=O. 
QSUMX=O. 
DO 890 1=I.NEXP 
IF (ITYPEIII.LE.3.OR.ITYPE(II.EQ.8) OSUMX=QSUMX-QI(II*A(II 
IF (ITYPE(I).EQ.31 OSUMG=QSUMG+QGLASII.NKI*AIII 
CCNTINUE 
HEATG(11=HEATG(2) 
HEATGI21=QSUMG 
HEATX(11=HEATXI21 
HEATX(21=QSUMX+OCCFSINKI+OEQUP(NK) 
HEATIS(1'=HEATIS(21 
"KK=Nk-1 
IF (NKK.EQ.OI NKK=24 
HEATISI21=QLITE(NKKI 
"'LCG( 11 =~LCG(21 
t'LCX(II=HLCX(2) 
HLCIS(I'=HLCIS(2) 
ISC=1 
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813 
814 
815 
816 
817 
E18 900 
819 
820 
821 
822 
823 
824 910 
825 
826 920 
827 
82B 930 
829 
830 940 
831 
832 950 
833 960 
834 965 
835 
836 
837 970 
83e 980 
839 
840 990 

CALL RMRT IHEATG,~LCG.t'EATX.HLCX.~EATIS'HLCIS.IW.IL.FC.ISCI 

QL=HLCG(2J+HLCXI21+HLCIS(2J+l.08*CFML*(DBINKI-TA) 
QGAIN=HEATG(2)+HEATXI2)+HEATISI2J 
QL=-QL 
GO TO 965 
CDNTINUE 
DO 960 I=I.NEXP 
H II IJ=O. 542 
HTEST=T lSI 1.11 
IF (I.NE.II GO TO 930 
IF IHTESTI 910.910.920 
HI(II=0.712 
GO TO 960 
HIOI=0.162 
GO TO 960 
IF (I.NE.NEXPI GO TO 960 
IF (HTEST) 940.940.950 
HI (NEXPI=0.162 
GO TO 960 
HI (NEXPI=0.712 
CONTINUE 
CONTINUE 
IF INTVNT.EQ.O) GO TO 1010 
IF IDB(NK).LT.OBVMIN.OR.DB(NKI.GT.DBVMAX I GO TO 1010 
IF (TA-DB(NK)I 1010.1010,980 
IF IJJ.GT.l) GO TO 990 
IF (LLI) GO TO 1010 
IF (QL+I0) 1000.1010,1010 

841 
842 
843 
844 
845 
846 
e47 
848 
84'> 
850 
eS1 
852 
853 
854 
855 
856 
857 
858 
859 
860 
861 

lcao CF~=CFMLX+CFMNT 

1010 CONTINUE 
V(3)=0. 
V(21=CF"L 
VII )=DB( "K) 
IF(LL2 .CR •• NOT.LL3.0R.JJ.GT.l)GC TO lOll 
V(3)=CFMV 

lOll CONTINUE 
CFMLNC=CF"L+V(3) 
IF(ASHRAE.GT.O.)GO TO 1040 
V(4)=FRAS 
V(5)=FLCG 
V(6)=T[ " 
V(7)=aCMAX 
V(8)=OHIIAX 
IF IJJ.GT.I) GO TO 1020 
IF (LL2) GO TO 1020 
V(9)=TUL 
V( 10)=TLL 
GO TO 1030 

lC20 V(91=RMDBSO 
862 V(IO)=RMDBWo 
863 1030 CONTINUE 
864 V(II)=TA 
865 V(12)=FRAS 
e66 V(13)=HR 
86 7 V(14)=METHOD 
868 CALL RMTMK (V.TIF.QL.TA.NEXP.NK.ITK) 
869 IF(LLI .AND.LL3 .AND.QL.GT.0 •• AND.DB(NK).GT.60.)QL=0. 
870 1040 CALL PSY2 (DE(NK).DPT(NK).PBT(NK).WBT(NK).PVO,WA.HA.VA.RHA) 
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871 
€72 
873 
874 
87S 
876 
B77 
878 
879 
8BO 
BBI 
eA2 
e83 
eB4 
BBS 
BB6 
BB7 
BBB 
eB9 
B90 
B91 
892 
893 
B94 
89S 
e96 
B97 
B98 
B99 
900 
901 
902 
903 
904 
905 
906 
907 
908 
S09 
1;10 
911 
912 
913 
914 
915 
\i16 
917 
918 
919 
920 
S21 
922 
923 
924 
925 
926 
927 
92B 

IF(ABS(QLI.LT.I0.IQL=0. 
PLAT(NK)=-QOCPL*Z~ORM 

WV="A 
QOCPL=QOCPL/I060. 

lOBO WIN=(4.5*CFMLNC*WA+QOCPLI/4.S/CFMLNC 
PVI=PB*"IN/(0.622+WIN) 
RHIN=100.*FVI/PVSF(TAI 
IF(RHIN.GT.I00IRHIN=100. 
IF(OL.EC.O.)GO TO 10B6 
IF(QL.GT.O.)GO TO 108S 
IF(RHIN.GT.RHSIRHIN=RHS 

lOBS IF(OL.LT.O.IGO TO IOB6 
IF(RHIN.LT.RHWIRHIN=RHW 

10B6 CONTINUE 
CALOB(NK)=TA 
CALRH(NKI=RHIN 
CALL CBRH (TA.RHIN.WINI 
AIRLAT(NK)=4.S*CFMLNC*(WIN-WAI*1060.*ZNORM 
RALD(NK)=QLITE(NK)*FLCG*ZNORM 
BASEL(NK)=(QLITE(NKI+OEQUP(NK))*ZNORM 
AIRLK(NK'=1.08*CFMLNC*(TA-DB(NKI'*ZNORM 
OSOL(NKI=PSUM 1. NK) 
QLATNT=(4.S*CFMLNC*(wIN-WA)-QOCPL)*1060. 
IF«QL.GT.O •• AND.RHIN.GT.RHW).OR.(QL.LT.O •• AND.RHIN.LT.RHS)) 

10LATNT=0. 
IF (RUNTYP.EQ.2) GO TO 1100 
IF (ASHRAE.EQ.O) GO TC 1100 
CALL ADJUST (QL.QLATNT.MONTH.NK.JJ) 

1100 CONTINUE 
C 

OLS(NK)=CL*ZNCRM 
QLL(NK)=QLATNT*ZNORM 
IF (ABS(QLS(NK))-I.) 1110.1110.1120 

11100LL(NK)=0. 
1120 CONTINUE 

IF (UENDW) 11S0.11S0.1130 
1130 NRR=NR( 11 

DO 1140 J=I.NRR 
1140 TOS(I.J)=TNE"(J) 
1150 CONTINUE 

IF (RUNTYP.EQ.2.AND.ND.LT.7) GO TO 1250 
QLMAX=ABS(OLS(I)) 
NMAX=l 
TSUIt=O. 
QLDSUM=O. 
CLDAY=O. 
HLOAY=O. 
DO 1200 NK=I.24 
IF (OLMAX-ABS(OLS(NKI)) 1160.1170.1170 

1160 OLMAX=AES(OLS(NKI) 
NMAX=~K 

GO TO 1170 
1170 CONTINUE 

TSUM=TSUM+DB(NK) 
OLDSUM=CLDSUM+OLS(NKI+QLL(NK) 
OLD5=OLS(NK)+OLL(NK) 
IF (QLDS) 1180.1180.1190 

1180 CLDAY=CLDAY+CLDS 
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929 
930 
931 
932 
933 
934 
53S 
931: 
93"7 
53B 
939 
940 
941 
942 
943 
944 
94S 
946 
947 
948 
949 
9S0 
-:;51 
9S2 
9S3 
954 
955 
951: 
957 
958 
959 
96C 
961 
962 
96~ 

964 
965 
966 
567 
96B 
0;60; 
0;70 
971 
572 
973 
974 
975 
976 
577 
97B 
979 
9BO 
9Bl 
982 
SB3 
9B4 
9BS 
9BI: 

GO TO 1200 
1190 HLDAY=HLDAY+QLDS 
1200 CONTINUE 

TCLLD=TCLLD+CLDAY 
THTLD=THTLD+HLDAY 
DBA=TSUM/24. 
QLMAX=QLS(NMAX)+QLL(NMAX) 
IF (RUNTYP.EQ.2) N=l 
IF (N.GT.1) GO TO 1210 
WRITE (6.1520) NAItERIt.MONTH 

1210 CONTINUE . 
WRITE (6.1530) MONTH.LDAY.NMAX.OLMAX.CLDAY.HLDAY.OBA 
IF(MOD(YEAR.4'.EO.0)MDAYS(2)=29 
TMTHH=TItTHH+HLDAY 
TMTHC=TMTHC+CLDAY 
IF(QLMAX.LT.YMAXH)GO TO 1207 
YMAXH=QLI'AX 
NMAXH=NMAX 
LDAYH=LCAY 
LMH=MONTH 

1207 IF(QLMAX.GT.YMAXC)GO TO 120B 
YMAXC=OL"AX 
NMAXC=NI'AX 
LDAYC=LOAY 
LMC=MONTH 

1208 IF(LOAY.NE.MDAYS(MONTH)IGO TO 1209 
WRITE(6.1271)TMT~C.TMTHH 

TI'THC=O. 
TMT~H=O. • 
IF(~D.EC.NENCIGD TO 1209 
WR ITE( I: .1272) 

1209 CC~TINUE 

IF (NO.EQ.NENDI WRITE (6.15101 
IF (RUNTYF.NE.21 GO TO 1230 
IF (~D.~E.NENDI WRITE (6.1S10) 
WRITE (6.1:40) YEAR.MONTH.LDAY 
WRITE (6014901 
DO 1220 J=I.24 

1220 WRITE (6.1500) J.CB(J).WBT(J).CALDB(J).CALRH(JI.OLS(J).OLL(JI 
WRITE (1:.1510) 

1230 CONTINUE 
IF (IDETAL.EQ.OI GO TO 1240 
WRITE (6.17501 DBA.OLDSUM 
WRITE (6.17601 CLCAY.HLCAY 
WRITE (1:.17701 N.TCLLD.N.THTLD 

1240 CONTINUE 
IF (TAPE2.EQ.01 GC TO 1250 
WRITE (TAPE2) NAMERM.MONTH.LDAY.DB.DPT .... BT.WST.PBT.TC.NTOC.CALDB.C 

2ALRH.QLS.QLL.DBA.CLDAY.HLDAY.TCLLD.THTLD.QLITE.QEOUP.QSDL.QDCPS.AI 
3RLK 

WRITE (101 QLS.PLAT.AIRLAT.DB.DPT.CALDB.RALD.BASEL 
12=0 CONTINUE 

CLDSUM=CLDSUM+TCLLD 
HLD5U~=HLDSUM+THTLD 

WRITE(6.1273)YMAXC.LMC.LDAYC.NMAXC.YMAXH.LMH.LDAYH.NMAXH 
WRITE (6.17801 IJKLMN.CLDSUM.IJKLMN.HLDSUM 
REWIND 7 

1260 CG~TINUE 
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9B7 
91111 
«;B9 
990 
«;<;1 
992 
«;93 
«;94 
995 
996 
997 
99B 
<;99 

1000 
1001 
1002 
1003 
1004 
1005 
1006 
lC07 
100B 
1009 
1010 
1011 
1012 
101:! 
1014 
1015 
1016 
1017 
101B 
1019 
1020 
1021 
1022 
102:! 
1024 
1025 
1021: 
1027 
102B 
1029 
1030 
1031 
1032 
10:!3 
1034 
1035 
1036 
1037 
10311 
1039 
1040 
1041 
1042 
1043 
1044 

C 
C 
1271 

1272 

1273 

1270 

12BO 
1290 
1300 
1:!10 
1~20 

1:!30 
1:!40 
1:!50 
1360 
1370 
13BO 
1390 
1400 
1410 

1420 
1430 
1440 

1450 
1460 
1470 

14BO 
1490 

1500 
1510 
1520 

1530 
IS40 

1550 

1560 

E"D FILE TAPE2 
END FILE 10 
STOP 

FORMAT(',' MONTHLY COOLING LOAD=',EI5.B,' BTU','" MONTHLY HEATING 
* LCAO=',E15.8,· BTU') 

FORMAT(IHI,'MONTH DAY'.7X.'MHR 
.'DEA') 

QLMAX',SX.'CLOAY'.5X,'HLDAY',7X. 

FORMAT(' MAX CCCLING LDAC ='.FI0.0.' MONTH ='.13,' DAY ='.13.' HOU 
*R =',13,/' MAX HEATING LOAD =',FIO.O.' MCNTH =' ,13,' DAY =',13,' H 
*OUR ='.I3Y 

FORMAT ("34H RU~ID.RUNTYP.ASHRAE.IOETAL.METHOO'4IH RUNID •••••••• ·• 
2IOENTIFICATION OF THE RUN '42H I NEED PESPONSE FACTO 
3R DATA'42H 2 SKIP RESPONSE FACTOR DATA'26H RUNTYP ••• 
4 ••••• TYPE OF RUN'56H 1 ENERGY CALCULATION •• NEEDS WE 
SATHER TAPE'40H 2 DESIGN LOAD CALCULATION,52H 
6 :3 DESIGN A~D ENERGY LOAD CALCULATIONS'2BH ASHRAE •••••••• O 
7 USE RMTMP'47H 1 USE ASHRAE WEIGHTING FACTORS'37H 
BIDETAL •••••••• O NO DETAILED OUTPUT'34H I DETAILE 
90 OUTPUT'49H MET~OD •••••••• O REGULAR TREATMENT FOR THE ROOM'48H. 
••••••••••••••• 1 SPECIAL TREATMENT OF THE ROOM) 

FORMAT (31H LIGHTING SCHEDULE FOR WEEKDAYS) 
FORMAT (30H LIGHTI"G SCHEDULE FOR WEEKEND) 
FORMAT (42H LIGHTING SCHEDULE FOR THE VACATION PERIOO) 
FORMAT (3B~ EQUIPMENT USAGE SC~EDULE FOR WEEKDAYS) 
FORMAT (32H EQUIPMENT SCHEOULE FOR WEEKENDS) 
FORMAT (49H EQUIPMENT USAGE SCHEDULE FOR THE VACATION PERIOD) 
FCRMAT (32H OCCUPANCY SCHEDULE FOR WEEKDAYS) 
FORMAT (31H CCCUPANCY SC~EDULE FOR WEEKEND) 
FORMAT (43H OCCUPANCY SCHEDULE FOR THE VACATION PERIOD) 
FORMAT (42~ THERMCSTAT SETTING FOR THE COOLING SEASONI 
FORMAT (42H THERMOSTAT SETTING FOR THE HEATING SEASONI 
FORMAT (22H RMOeWC.RMDBSO.RHW.RHSI 
FORMAT (33~ CATA SHEET NO I:NDAy.NSKIP.TAPE2) 
FORMAT (<;6H DATA SHEET NO 2 +3 :MONTH.DAY.ELAPS.OBMAX.RANGE.WBMAX. 

2 DBMWT.TGS.TGW.UG.LONG.LAT.TZN.ZLF.RHOW) 
FORMAT (34H DATA SHEET NO 4: NAME OF THE ROOM) 
FORMAT (35H DATA SHEET NO 5:IROT.ISKIP.INCLUDE) 
FORMAT (B5H CATA SHEET NO B: ROOMNO,QLITY.QEQPY.QCU.FLCG.FRAS.TS.C 

2FMV.ARCHGS,ARCHGW.ARCHGM,ZNORM) 
FORMAT (53H DATA SHEET NO.9: IW.IL,TUL,TLL.QCMAX.QHMAX.ITHST.ITK) 
FORMAT (I 
FORMAT (56H DATA SHEET NO 13: UENDW.UCELNG.AENDW.ATCHT.AIRCHG.AIRN 

2TI 
FORMAT (4<;H DATA SHEET NO 14: IEXTSD.IEXMS.IEXME.NTVNT.NVENT", 
FORMAT ("69H TIME DBOUT WBOUT DBIN RHIN 

2 QLS QLLI 
FORMAT (II0.4FIO.I.2FI0.01 
FORMAT ('//) 
FORMAT (///14H ROOM NAME= 9A4,9H MONTH= 16/51:H DAY 

2MHR QLMAX CLDAY HLDAY DBA) 
FORMAT (I4.I6.II0.3FIO.0.FIO.I) 
FORMAT (13H ***** YEAR =.15.14H ***** MONTH =.I:!.12H ***** DAY =.1 

23/) 
FORMAT (BH RCOMNO.6X2HHT.6X2HAG.3X5HNOFLR.SX3HQCU.2X6HARCHGS.2X6H 

2ARCHGW) 
FORMAT (15FB.ll 
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1045 
1041: 
1047 
10411 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1051: 
1057 
lose 
1059 
1060 
1061 
1062 
1063 
1064 
1065 
1066 
1067 
106B 
1069 
1070 
1071 
1072 
1073 
1074 
1075 
lC76 
1077 
107B 
1079 
lOBO 
lOBI 
10B2 
lOB:! 
1084 
10B5 
IOB6 
1087 
1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 
109B 
1099 
1100 
1101 
1102 

1570 FORMAT (5X3HLAT.4X4HLONG.5X3HTZN.3XSHZNORMI 
15BO FORMAT (3X5HQLITy.3X5HQEQPX.4X4HCFMV.4X4HDBIN.6X2HTG.6X2HTV.4X4HRH 

2IN) 
IS<;O FORMAT "3IH UENC~ UCELNG AENDW ATCHT) 
11:00 FORMAT (6X.4HNEXP.7x.3HITK.5X.5HITHST/3(8X.121) 
1610 FORMAT (IH .6A61 
1620 FORMAT (24H CLIMATIC DATA FOR DAY=.15/27H DAYS ELAPSED SINCE JAN 

2 1=.I5.~H YEAR=.I5.8H MONTH=,IS.6H DAy=.IS) 
If30 FO~~AT (IX.9A41 
If40 FORMAT (9A41 
11:50 FORMAT (13.3110.8FIO.2) 
11:60 FORMAT (IIO.FIO.O) 
1670 FORMAT (24F5.01 
16BO FORMAT (5BH SURFACE NO ITYPE IHT IRF ABSP U 

2 H.9X.IHA9X.3HWAZ5X,5HS~ADE8X.2~UT8X.2HHII 
11:90 FORMAT (/'2IH SHADOW CASTING DATA/12IH HT FL 

Bl 
FP 

CI 

1700 
1710 

1720 
1730 
1740 
1"750 
1760 

1770 

17BO 

1790 
IBOO 
1810 
1820 

C 

2 AW BWL BWR 0 FPl Al 
3 FP2 A2 B2 C2) 

FORMAT ('//33H 
FORMAT (1 08H 

RADIATION INTERCHANGE FACTORSI 
SURFACE I 2 

2 5 678 9 
FORMAT (II0.IOFI0.31 
FORMAT (27H SCLAR DATA (QSUN/QGLASS) 
FORMAT (4H /5H ) 
FORMAT (6H DeA =.F6.2/9H QLDSUM =.FIO.O//) 

3 4 
101 

FO~MAT (36H TOTAL CCOLING CONSUMFTION PER DAY =.FIO.0.4H BTU/36H T 
20TAL HEATING CONSUMPTION PER DAY =.FI0.0.4H BTU) 

FORMAT (49H TOTAL COOLING CONSUMPTION FOR THE ROOM OVER THE .13.14 
2H DAY PERIOD =.Ell.5.4~ BTU/49H TOTAL HEATING CONSUMPTION FOR THE 
3 ROOM OVER T~E ,13.13H DAY PERIOD =.Ell.5.4H BTUI 
FORMAT (31H TOTAL COOLING CONSUMPTION FOR .12.8H ROOMS =.EII.5.4H 

2BTU/3IH TOTAL HEATI~G CONSUMPTION FOR. 12.8H ROOMS =.EII.5.4H BTU) 
FORMAT (///39H CONGRATULATIONS** NOW YOU ARE ON NBSLD) 
FCRMAT (/46H WE ASSUME YOU HAVE ALREAOY PREPARED THE DATA) 
FORMAT (~2H ON NBS DATA FORMS •• IF YOU HAD NOT .PLEASE TURN OFF) 
FORMAT (57H THE TERMINAL AND HAVE YOUR DATA READY ON THE DATA FOR 

2MS) 

END 
ilFOR.IS A2 

SUBROUTINE ABCD2 (Z.K.L.G.A.B.C.D.NLI 
C 

C *** ••••••• ******.*************.*****.***********.***************** 
C 

DIME"SION AX(IOI.BX( 101.CX( 101.DX( 101.GII0) 
REAL K(10).L(10) 
PI=4.*ATAN( 1.1 
PP=PI*0.5 
DO 5.0 I =I.NL 
IF (G(I) 40.40.10 

10 IF (Z) 30.30.20 
20 ZC=SQRT(Z/G(I») 

ZOL=ZO*L(I) 
CC=SIN(ZQL) 
Cl=COS(ZOL) 
SI=CO/ZOL 
52=(51-Cl)/ZCL/ZQL 
AX( I )=C 1 
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BXIII=LIII/K(II*Sl 
CxIII=-ZOL*KIII/L(II*CO 
DXIII=Cl 
GO TO 50 
AX(I'=l. 
CXIII=O. 
DX(lI=l. 
BX(I I=LI II /K(ll 
GO TO 50 
AXII'=l. 
BX( I )=l/K( II 
CXII,=O. 
DX(lI=l. 
COr.TINUE 
A=AXll) 
B=BX(l) 
C=CX(lI 
O=OXll ) 
IF (NL.LT.21 GO TO 60 

1103 
1104 
1105 
1106 
1107 30 
1108 
1109 
1110 
1111 
1112 40 
1113 
1114 
1115 
1116 50 
1117 
1118 
1119 
1120 
1121 
1122 
1123 60 

CALL M~LT (AX.BX.CX.CX.A.B.C.D.NL) 
RETURN 

1124 
1125 
1126 
1127 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 
1144 
1145 
1146 
1147 
1148 
1149 
1150 
1151 
1152 
1153 
1154 
1155 
1156 
1157 
1158 
1159 
1160 

C 
END 

li:FOR. IS A3 
S~8RCUTINE ABCDP2 (Z.K.L.G.AP.8P.CP.DPI 

C 
C ****4.*4 •••• * •••• ************************************************* 
C 

RE .. L K.L 
PI=4 .*ATAN (1 .1 
IF (GI 30.30.10 

10 PP=PI/4./G 
IF IZI 40.40.20 

20 ZC=SORTIZ/Gl 

C 

ZOL=ZO*L 
X=L*L*0.5/G 
RES=L/K 
CO=SINIZOLI 
C 1 =C OSI ZOLl 
Sl=CO/ZOL 
S2=(Sl-Cll/ZCL/ZCL 
AP=X*SI 
BP=X*RES*S2 
CP=X*(Sl+C11/RES 
DP=X*Sl 
GO TO 50 

30 AP=O. 

C 

BP=O. 
CP=O. 
DP=O. 
GO TO 50 

40 CONTINUE 
X=L*L*0.5/G 
AP=X 
BP=X*L/K/3 
CP=K/L*X*2. 
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1161 
1162 
1163 
1164 
1165 
1166 
1167 
116B 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
117B 
1179 
llBO 
11B1 
11B2 
1183 
1184 
11B5 
11B6 
1167 
1166 
1169 
1190 
1191 
1192 
1193 
11<;4 
1195 
1196 
119 7 

1196 
1199 
1200 
1201 
1202 
1203. 
1204 
1205 
1206 
1207 
1206 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 

DP=X 
GC TO 50 

C 
50 RETURN 
C 

END 
ilFCR.IS A4 

SUBROUTINE ADJUST IOL.OLATNT.MONTH.NK.JJ) 
C 

c ******.**********************************************.************ 
C 

IF I~CNT~.GE.6.Ar.D.MCNT~.LE.91 GO TO 30 
IF lOLl 10.10.20 

10 IF IJJ.GT.l) GO TC 50 
IF (NK.LT.8.0R.NK.GT.17) GO TO 50 

20 RETURN 
C 
30 IF (OLI 40.50.50 
40 IF (JJ.GT.l1 GO TC 50 

C 

IF (NK.LT.8.0R.NK.GT.17) GO TO 50 
RETURN 

50 OL=O. 

C 

OL .. TNT=O. 
RETURN 

END 
ilFOR.IS AS 

C 
C 
C 
C 
C 
C 
C 
C 
C "R 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

$UBRCUTINE ATTIC (X,V,Z.CR,NR,UX,FO,DB,QSUN.QSKV.TOS.TI.TINEW.TA. 
2 TIM.ORFC.ORFI.OO.OI.UENDW.UCELNG.AENOW.AROOF.ATCHT.ATCACGI 

*.*.**.** •• * •• *.*.*.***.****************************************** 

THIS ROUTINE CALCULATES HEAT INPUT TO THE ROOM BELOW THE 
"TTIC CEILING. IT ALSO CALCULATES ATTIC TEMPERATURE 
X.Y.Z RESFOr.SE FACTORS FOR ROOF ••• INSIDE SURFACE THERMAL 
RESISTANCE IS INCLUDED 
CR COMMON R .. TIO OF THE ROOF RESPONSE FACTORS 
NU~BeR OF SIGNIFICANT RESPONSE FACTORS TO BE USED 
UX ROOF OVER ALL HEAT CONDUCTANCE EXCLUDING T~E EXTERIOR SURFACE 
THER~AL FESISTANCe 
FC ROOF EXTERIOR SURFACE THERMAL TRANSFER COEFFICIENT 
DB CUT DOOR CRY-BULB TEMPERATURE 
OSUN SOLAR R .. DIATION OVER T~E ROOF 
OSKY RADIATION TO THE SKY 
TCS ROOF SURACE TEMPERATURE HISTORY 
TI ATTIC TEMPERATURE HISTORY 
TOr.5w NEW OUTSIDE SURFACE TEMPERATURE 
TINEw NEW ATTIC TEMPERATURE 
ORFO HEAT CONDUCTED INTO THE ROOF SURFACE 
ORFI ~EAT CONDUCTED INTO THE ATTIC FROM THE ROOF 
00.01 HEAT CONC~CTED INTO THE ROOM BELOW THE ATTIC 
UENDW OVERALL ~EAT TRANSFER COEFFICIENT OF THE END WALL 
UCELNG OVERALL HEAT TRANSFER COEFFICIENT OF THE CEILING 
BET_EEN THE ~TTIC AIR A~D ReOM AIR BELOW 
AENDw AREA OF THE ATTIC END WALLS 
ARCCF TOTAL AREA OF T~E CEILING 
ATCHT ATTIC ~EIGHT 

21d 



1219 C 
1220 C 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 C 
1231 10 
1232 
1233 
1234 
1235 
1236 
1237 
1238 
1239 
1240 
1241 C 
1242 20 
1243 
1244 
1245 
1246 
1247 
1248 
1249 
1250 50 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1250; 30 
1260 
1261 40 
1262 
1263 
12l!4 
1265 
1266 
1267 60 
1268 
1269 
1270 
1271 
1272 
1273 
1274 
1275 
1276 

ATCACG ATTIC AIR C~ANGE PER HOUR 
ALL UNITS IN ENGLISH UNIT ALL LENGTH IN FT 

DI"EI\SICN TOS( II .TI< 1I.X( I I.y( 1 I .Z( 1 I .TOY(501 
CFM=ATCACG*ATCHT*AROOF/60. 
8B=DB-TIM 
TAM=TA-TIM 
XNUM=OSLN-OSKY+FO*BB 
YNUM=UENDW*BB*AENOW+l.08*CFM*BB+UCELNG*TAM*AROOF 
YDEN=UENC~*AENDW+UCELNG*ARODF+l.08*CFM 

IF eNR.LT.21 GO TO 10 
GO TO 20 

TAM=TI (11 
TCNEW=(XNUM+UX*TAMI/(UX+FOI 
ORFC=UX*(TAM-TONE~I 

ORFI=CRFC 
TINE~=(YNUM+UX*ARCOF*TONEwl/(YDEN+UX*AROOFI 

TOS(II=TCNEW 
OO=UCELNG*eTAM-TII\EWI 
OI=CC 
TIO I=TII\E~ 
RETURN 

SUMX=X( 1 I *TI (1 I 
SUMZ=O. 
SUMY=Y ( 1 I *T I 0) 
SUMXY=O. 
DO 50 .J=2.NR 
SUMY=SUMY+Y(JI*TI(JI 
SUMX=SUMX+XeJ)*TI(JI 
SUMXY=SUMXY+Y(.JI*TOS(JI 
SUMZ=SUMZ+Z(JI*TOS(JI 
XNUM=XNUM+SUMY-S~MZ+CR*ORFO 

TCI\E~=XI\UM/(Z(II+FOI 

TOS( lI=TONEW 
SUMZ=SUMZ+Z(II*TCS(11 
SUMXY=SUMXY+Y(II*TOS(I) 
ORFO=SUMY-SUMZ+CR*ORFO 
ORFI=SUMX-SUMXY+CR*ORFI 
00 30 J=2.NR 
TOY( J)=TI (J-l) 
DO 40 .J=2.NR 
TI(JI=TOY(J) 
SUMX=O. 
SUMY=SUMXY 
SUMXY=O. 
00.60 J=2.NR 
SUMX=SUMX+X(JI*T1(JI 
SUMXY=SL"XY+Y(JI*T1eJI 
YNUM=YNUM-AROOF*(SUMX-SUMY+CR*ORFI) 
YDEN=AROOF*X(I)+YOEN 
T1 NE 1A=YN LM/YDEN 
SUMX=SUMX+TINEW*X(ll 
QRFI=SUMX-SUMY+C~*QRFI 

SUMXY=SUMXY+Y(I)*TINEW 
ORFO=SUMXY-SUMZ+CR*ORFO 
OC=UCEL"G*(TAM-TINEW) 
01=QO 
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1277 
1278 
1279 
1280 
1281 
1282 

C 

Tlell=TI"ElO 
RETURN 

END 
iilFOR. IS A6 

FUNCTION eCM (SALT.NTYPE.TCI 
1283 C 
1284 C 
1285 C 
1286 
12B7 

****************************************************************** 

1':88 
1289 
1290 
1291 
1292 
1293 
120;4 C 
1295 10 
1296 
1297 20 
1296 
1299 
1300 C 
1301 30 
1~02 

REAL CCl(10) /.60 •• 60 •• 58 •• 58 •• 57 •• 53,.49.,43 •• 35 •• 27/ 
REAL CC2(lO) /.ee •• P'8 •• P'8 •• 87 •• 85 •• 83 •• ~9 •• 73 •• El •• 46/ 
REAL CC3(lO) /.84 •• 83 •• 83,.82,.80.,79 •• 74 •• 67,.60 •• 49/ 
REAL CC4(10) /1 •• 1 •• 1 •• 1 ••• ~9 •• 98 •• 95 •• 90 •• 84 •• 74/ 
ITC=TC 

1303 
1304 
1305 
1306 
1307 
130B 
130<; 
1310 
1311 
1312 
1313 
1314 
1315 
1316 
1317 
1318 
1319 
1320 
1321 
1322 
1323 
1324 
1'::25 
1326 
1327 
1~28 

1329 
1::<30 
1~31 

1332 
1333 
1334 

C 

IF (ITe.I\~.O) GO TO 10 
CCM=I. 
GO TC 60 

CONTINUE 
IF (SALT-4S.) 40.40.20 
IF (NTYPE.EO.OI GO TO ,0 
eCM=ee2(ITC) 
GO TO 60 

CCM=CC4( ITCI 
GO TO 60 

40 IF (NTYPE.EO.O) GO TO 50 
ceM=CCl (ITe I 
GC TO 60 

C 
50 CCM=eC3(ITCI 
60 RETURN 
C 

E"O 
iilFOR. IS A7 

SUBROUTINE C8RH (OB.RH.WI 
C 
C ~~~*~**.~**.~*.*****.*.******************************************* 
C 

C 

PVS=PVSF (OBI 
PV=RH*PVS/I00. 
W=0.622*PV/(29.92-PVI 
RETURN 

END 
GlFOR.IS A8 

SUBReUTINE CECODE (WPOSX.WLONGX.I\UM.OUTPUT.MM.YR.MO.OAy.LOCAL) 
C 

C *~.*.***.***.***.*******~***.************************************* 
C 
C THIS SL8ROUTINE PRODUCES HOURLY DATA OF UP TO 10 WEATHER 
C PARAMETERS FOR A GIVEN YEAR.MO AND DATE 
C TAPE FeSOTION FOR EACH OF TEN PARAMETERS ARE 
C 
C 
C 
C 

PARAMETERS 
wIND SPEED 
wlNC DIRECTICN 
DRY-BULB TEMP 

WPOSX 
13 
11 
16 
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WLONGX 
3 
2 
3 



1335 C 
1336 C 
1~37 C 
1338 C 
1~39 C 
1340 C 
1341 C 
1~42 C 
1::143 C 
1~44 C 
1345 C 
1346 C 
1::147 C 
1~48 C 
1349 C 
1350 
1351 
1::52 
1353 
1354 
1"l1C:C: 

1356 
lZS7 
1::158 
1359 10 
1~60 

1361 
1::1t-2 
1::163 20 
1364 
1~65 

131;6 
1367 
1368 
1369 
1370 
1371 30 
1~72 

1::17::1 
1~74 

1375 
1376 
1377 
1~78 

1370; 40 
1380 
1381 
1382 
1383 
1384 
1385 
1386 50 
138'7 
1388 
1389 
1390 
1391 
1392 

~ET-BULB TEMP 19 3 
DEW-POINT TEMP 22 3 
8AROMETRIC PRESS 34 4 
TOTAL CLOUD AMOUNT 43 1 
OPAQUE CLOUC COVER 44 
PRECIPITATION(LIQUIO) 68 2 
PRECIPITATION(FRZ) 70 3 

TAPE FCSITICh CN TAPE 280 
SOLAR DATA 14 4 
ELEVATION ANGLE IB 2 

TOTAL CLOUD 42 
1ST LAYER TYPE OF CLOUD 46 
YR YEAR 
MO MONTH 
DAY DAY 

INTEGER IPS(24).ICHAR(2000).WPOS.WLONG.OUTPUTI24.10).YR.DAY.WORD. 
2 WORDX"(201.WPOSX(10) .WLONGX{ 10 I.TAPEl. TAPE2 

COMMON TAPE1.TAPE2.N01.N02.INPUT(1100) 
IASS=1000000 
IF (MM.NE.O) GO TC 90 
DO 10 1=1.4 
CALL ~D (0) 
DO 10 .1.1=1.498 
KK=498*( I-I )+.1.1 
ICHAR(KK)=INPUT(JJ) 
DO 20 1=1.15 
IW=ICHAR( I I 
CALL- ~DX (nil 
ICkAR(I)=IW 
YR=ICHAR(101*10+ICHARll1)+1900 
MO=ICHAR(12)*10+ICHAR(13) 
DAY=ICHAR(14)*10+ICHAR(15) 
LOCAL=ICHAR(9) 
IPIIR=1 
DO 30 1=1.4 
IPWR=IPWR*10 
LOCAL=LCCAL+ICHAR(9-I)*IPWR 
DO 80 KU=I.NUM 
WPI:lS=WPOSX(KU) 
WLONG=WLCNGX(KUI 
DO 40 1=1.1': 
IPS(II=15+WPOS+80*(I-l) 
00 40 .1=1.3 
11=1+.1*6 
IPS(III=IPS(I)+J*498 
DO 70 1=1.24 
KI=IPS(II 
KL=KI+IIILCNG-l 
DO !:OL2=KI,KL 
IW=ICHAR(L2) 
CALL WDX (lW) 
ICHAR(L21=IW 
LONG=WLCNG-l 
IF (ICHAR(KI).Eo.IASS.AND.WLONG.GT.l1 LONG=WLONG-2 
WORD=AES(ICHAR(KLII 
IF eLCNG.Ee.O) GC TO 70 
IPWR=1 
DC 60 JK=I,LONG 

24d 

1~9~ 

1~94 60 
1295 
1396 70 
1397 BO 
1398 
1399 C 
1400 90 
1401 
1402 
1403 
1404 
1405 
1406 
1407 
1408 100 
1409 110 
1410 
1411 
1412 120 
1413 
1414 C 
1415 130 
141 I': 
1417 
1418 
1419 140 
1420 
1421 
1422 
1423 
1424 
1425 
1426 
1427 150 
1428 
1429 
1430 
14~1 

1432 
143;3 
1434 
143!: 160 
143f 1'70 
1437 
1438 
1439 
1440 
1441 
1442 
1443 1 eo 
1444 
1445 
1446 
144"7 

1448 
1449 
1450 10;0 

IPWR=IPWR*10 
WORD=WORD+ICHAReKL-.IKI*IPWR 
IF eICHAR(KL).LT.OI WORD=-WORD 
DUTPUT(I.KU)=WORD 
CONTINUE 
GO TO 240 

CALL 1010 (11 
.IZ=O 
DO 100 .1=1.991.66 
.IX=.1 
JZ=.IZ+1 
IW=I"PUT(J) 
CALL WDX (11011 
IF (IW.NE.IASS) GO TO 110 
CONTINUE 
IF eJx.LT.991) GO TO 130 
DO 120 KU=I,NUM 
DO 120 J=I.24 
OUTPUTeJ.KU)=IASS 
GO TO 240 

JY=JX+20 
DO 140 I=JX,JY 
IW=INPUT( I) 
CALL WDX (IW) 
ICHAR(I)=IW 
YR=ICHAReJX+5)*10+ICHAReJX+6)+1900 
DAY=ICHAR(JX+9)*10+ICHAReJX+I0) 
MO=IC~AR(JX+71*10+IC~AR(JX+8) 

IF (OAY.GT.O) GO TO 150 
IY=AES( DAY I 
IF eIY.LT.20) DAY=OAY+20 
IF e IY.GE.20) DAY=DAY+40 
CONTINUE 
LOCAL=ICHAR(JX+41 
IPWR=1 
DC 160 1=1,4 
IPWR=IPWR*10 
IF (ICHAReJX+4-I).GT.0) GO TO 160 
LOCAL=IASS 
GO TO P'O 
LOCAL=LOCAL+ICkAR(JX+4-II*IPWR 
CONTINUE 
I HR=3+JZ 
IF (IIFCS.EO.OI GO TO 240 
DO 230 KU=l,NUM 
wPCS=WPC5X(KUI 
WLONG=WLONGXCKUI 
00 180 1=1,24 
Ol;TPUT(I,KUI=O 
DO 210 I=lolc 
KI=wPOS+1':6*el-ll 
KL=KI+WLONG-l 
DO 190 L2=KI.KL 
IW=INPUT(L21 
CALL WOX (11011 
ICHAFHL21=IW 
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1451 
1452 
1453 
1454 
1455 
145(; 
1457 
1458 
1459 
1460 
1461 
1462 
lA6~ 

1464 
1465 
1466 
1467 
1468 
1469 
1470 
1471 
1472 
1473 
1474 
1475 
1476 
1477 
1478 
1479 
1480 
1481 
1482 
14B3 
1484 
14B5 
1486 
1487 
1488 
1489 
14~0 

1491 
1492 
1493 
1494 
1495 
14<;6 
149~ 

1498 
14~9 

1500 
1!:0 1 
1502 
150:3 
1504 
1505 
1506 
150 7 

1508 

LCNG=WLC"G-l 
IF CICHARCKI).Ea.IASS.AND.WLONG.GT.1) LONG=WLONG-2 
WORO=IC~~RCKL) 

IF CLCNG.EC.OI GO TO 210 
IPWR=1 
IPIOR=IPIOR*10 
DO 200 J~=I.LCNG 
IF (ICHAR(KL).LT.O) WORD=-WORD 

200 WORD=WORO+IC~AR(~L-JK)*IPWR 
210 WOROXCI)=WORD 

DO 220 1=1.1(; 
KK=I+3 

220 OUTPUTCKK.KU)=WORDXCI) 
230 CO"TINUE 
240 RElLRN 
C 

END 
ilFOR.IS A9 

C 
C 
C 

Ie 

20 
30 

4e 

C 

SUBROUTINE OERVT CA.B.C.D.AP.BP.CP.OP.APP.BPP.CFP.DPP.N) 

***._.*** ••••• *.*.*.*.************** •• **************************** 

o IME"S tON ACN). eCN) .C( N) .OC NI. APCN). BPC N) .CPC NI .DPC NI .ATC 10). 
2 BT(10).CTC10).OTC10).ATTC101.BTTC101.CTTC101.DTTCI01 

DO ::0 I=I.N 
DO 20 .I=l.N 
IF Ct.Ea • .I1 GO TO 10 
AT(.I'=AC.l1 
BTC.I'=BCJI 
CTC.lI=CCJI 
DTC.I'=OCJI 
GO TC 20 
ATC.I'=APC.I' 
BTC.lI=8PCJI 
CTC.lI=CPCJI 
DTC.lI=DPC.l1 
CONTINUE 
CALL MULT CAT.BT.CT.DT.ATT(II.BTT(II.CTT(II.DTTCII.NI 
APP=ATT( 1 I 
BFF=eTT (11 
CPP=CTTC11 
DFP=OTT (11 
00 40 I=2.N 
AFF=APP+ ATT C II 
BPP=BPP+BTTCI) 
CFP=CPP+CTT C II 
DPP=DPP+DTTC II 
RETURN 

END 
ilFCR. IS Al0 

SUBROUTI"E OST CVR.MO.CAV.DSTX.DSTYI 
C 
C **.** ••••••••••••••••• * •••••• *******.**.************************** 
C 

INTEGER YR.D~Y.DSTx.DSTY 
NOAY=WKC~YCYR.MO.DAYI 

IF CMC.LT.4.CR."'C.GT.101 GO TO 10 
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1509 
1510 
1511 
1512 
1513 
1514 
1515 
lS1f 
1517 
1518 
1519 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
152"7 
1528 
1529 
1530 
1531 
15:!2 
1533 
1534 
1535 
1536 
1537 
153B 
1539 
1540 
1541 
1542 
1543 
1544 
1545 
1546 
1547 
1:48 
1549 
1550 
1551 
1552 
1553 
1554 
ISSS 
155(; 
1557 
1558 
155e; 
1560 
15(;1 
1:62 
1563 
1564 
lSES 
15(;6 

IF CMO.Ea.4.AND.CAY.LT.241 GO TO 10 
IF (NOAY.Ea.l1 OSTX=DAY 
IF (MO.EC.l0.~NO.CAY.LT.24) GO TO 10 
IF CNDAY.Ea.l) D5TY=DAY 

10 CONTINUE 
RETURN 

C 
END 

ilFOR .15 All 
FUNCTION DPF CPV) 

C 

C ****.****************.**************************.*.*************** 
C 
C THIS sueFO\.ITINE CALCULATES DE\1I-POINT TEMPERATURE FOR GIVEN VAPOR P 

IF (PilI 10.10.20 
10 GO TO 40 
C 
20 CONTINUE 

C 

Y=LOG(PIII 
IF CFV.GT.0.183(;) GO TO 30 
DPF=71.98+24.873*Y+O.8927 *Y*Y 
GO TO 40 

30 DPF=79.047+30.57e;*Y+l.8B93*V*Y 
40 RETURN 
C 

END 
lilFORolS A12 

SUBRCUTINE ERROR CtDATA.K) 
C 
C *** •• *******.**********.~***.***.****.**************************** 
C 

DIME"SIC .... MAX(10) /100.100.1eo.150.1eO.3500.10. 10.99.999/ 
DI~E"SIO" MINCI0) /0.0.-40.-40.-40.2000.0.0.0.0/ .IDATA(24) 
DC 10 J=I.24 
IZ=IDATACJ) 
IF (IZ.GT.MAXCK» GO TO 10 
IF CIZ.LT.MI"CK» GO TO 10 
GO TO 20 

1 0 CC"TINUE 
20 IDATA(1)=IZ 

DO 40 .1=2.24 
IZ=IDATA(J) 
IF (IZ.GT.MAXCK)) GO TO 30 
IF CIZ.LT.MI"(K») GC TO 30 
GO TO 40 

30 ID~T~C.I)=ICATAC.I-1) 

40 CONTINUE 
RETURN 

C 
END 

lilFDR.IS A13 
FUNCTION F (A.B.C) 

C 
C ****.*.~~*.***********.******************************************* 
C 
C 
C 

BC 
AB 

RECEIVING SURFACE 
SENDING SURFACE 
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156"' 
1568 
1569 
1570 
1571 
1:72 
1!:73 
1574 
1575 
1576 
1577 
1578 
1579 
1580 
1581 
1=82 
1583 
1584 
158= 
1586 
1587 
1588 
1589 
1590 
1:91 
1=92 
1593 
1594 
1595 
159!: 
159 7 

1598 
1599 
1600 
1601 
1602 
1603 
1604 
11S05 
1601S 
1607 
11S08 
1609 
1610 
11S11 
11S12 
1613 
1614 
1615 
1616 
1617 
1618 
1619 
1620 
1621 
1622 
1623 
1624 

C FCA.B.C'= FRCM AB TO BC 
PI=3.14159 

C FCC.E.A'=FCA.B.C'*A/C 
C CA*BI*FCA.B.CI=Ce*CI*FCC.B.A) 

C 

x=jVe 
V=C/B 
Z=X*X+V*V 
A2=LOG«I.+X*XI*Cl.+V*VI/CI.+ZI) 
A3=V*V*LCG(V*V*CI.+Z)/CI.+V*V)/ZI 
A4=X*X*LOGCX*X*C1.+ZI/(I.+X*XI/Z) 
A5=V*AT~N(I./VI 

A6=X*ATAN(I./X) 
A7=SQRTCZ)*ATANCI./SQRTCZII 
SUM=CA2+A3+A4)/4.+A5+A6-A7 
F=SUM/PI/Y 
RETURN 

END 
iilFCR.IS A14 

SUBROUTINE FCTR CL.W.H.SFI 
C 
C **************************************************.*************** 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

RE .. L L.SFC6.6) 
THIS ROUTINE CALCULATES 
RADIATION SHAPE FACTOR 
TO 

C 
S 
W 
N 
E 
F 

CEILING 
SOUTH WALL 
WEST WALL 
NORTH WALL 
EAST WALL 
FLOOR 

I'M = REMA INDER 
FHL",=FCH.L.WI 
FHWL=F( H. W.L I 
FIliLI<=F( W.L.H) 
FWHL=F(W.H.LI 
FL'oIH=F(L.W.H) 
FLI-W=FCL.H.WI 
RMC=I.-2.*CFI-LW+FI<WL) 
RMS=I.-2.*(FWLH+FWHLI 
RMW=I.-2.*(FLWH+FLHW) 
RII:N=r./oIS 
RME=RMW 
RMF=RMC 
SF( 1.1 )=0. 
SF( 1.2 )=FHL W 
SF(I.3'=FHWL 
SF(I.4)=FHLW 
SF C 1 .5 )=FHWL 
SF (l .6' =RMC 
SF( 2.1 )=FWLH 
SFC2.2)=0. 
SF C 2.3) =FWHL 
SF(2.4)=RMS 
SF(2.51=FWHL 

BASIC RADIATION SHAPE FACTORS FOR A ROOM. 
F(H.L.W)=CH*L)---*IL*wl 
FROM C S W N E 

0 FHLW 
FWLH 0 
FLW., FLHW 
FWLH RMN 
FLWH FLHW 

RMF FHLW 
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FHWL 
FWHL 

0 
FWHL 
RME 
FHWL 

FHLW FHWL 
RMS FWHL 

FLHW RMW 
o FWHL 

FLHW 0 
FHLW FHWL 

1625 
1626 
162"' 
11S28 
1629 
1630 
1631 
1632 
1633 
lE34 
If3!: 
1636 
163~ 

1638 
1639 
lE40 
lE41 
1642 
1643 
1644 
1645 
11046 
1647 
1648 
1649 
1650 
1651 
1t,52 
1653 
1654 
1655 
1656 
1657 
1658 
11059 
1660 
1661 
1662 
1663 
11064 
1665 
1666 
11067 
1668 
1669 
1670 
1671 
1672 
1E73 
1674 
1675 
1676 
1677 
1678 
1679 
1680 
1681 
1682 

C 

SFC2.E,=FWLH 
SFC3.1 I =FLI1H 
SF(3.2)=FLHW 
SF(3.3'=0, 
SFI3.4)=FLHW 
SFC3.5)=RMW 
SFC3.6,=FLliiH 
SF(4.1,=FI1LH 
SF(4.2,=RMN 
SFC4.3)=FWt<L 
SFI4.4'=0, 
SFC4.5,=FWHL 
SF(4.6,=FWLH 
SF(S.I)=FL'oIH 
SFC'!.2)=FLHW 
SFC5.3)=RMF 
SFC5.4)=FLHW 
SF(5.5)=0. 
SFC5.61=FLWH 
SFC6.1 )=RMF 
SFC6.2,=FHLW 
SFC6.3)=FHWL 
SFCF..4)=FHLW 
SFC6.51=FHWL 
SF(6.6)=0. 
RETURN 

END 
iilFCR.lS .015 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

10 

C 

SLBRCUTI~E FO IV.IS.FOC.FOT.IWO) 

****.*.*.*.*****.~*.************.******.************************** 

THIS SUBROUTINE CALCULATES OUTSIDE SURFACE HEAT TRANSFER 
COEFFICIENTS.FOT AND FOC 
FOT •••• RAOIATION PLUS CONVECTION 
FOC •••• CONVECTIDN 
V •••••• WIND VELOCITY IN KNOTS 

***********************.****************************************** 

DIMENSION AlE) /0 •• 0.001.0 •• -0.002.0 •• -0.00125/ .B(6) /.464.0.320. 
2 0.330.0.315.0.244.0.262/ .C(6) /2.04.2.20.1.90.1.A5.1.80.1.45~ 

VP=V*I.153 
FOT=~CIS)*VP*VP+B(IS)*VP+C(IS) 
IWD=1 IF THE SURFACE IS WINDWARD OR PARALLEL TD. THE WIND 
111D=0 IF THE SURFACE IS LEEWARD 
IF IIWO.Ea.O) GO TO 20 
IF (VP-7.0) 20.20.10 
FOC=0.23*VP+l.02 
GO TO 30 

20 FDC=2.63 
30 RETUIlN 
C 

END 
iilFOR.IS A16 
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1683 
lE84 C 
1685 C 
166f: C 
166 7 

1688 
1669 
1690 
1691 
1692 
1693 
1694 
1695 
1696 
1697 
1698 
1699 
1700 
1701 
1702 
1703 
1704 
1705 
1706 
17C7 
1706 
1709 
1710 
1711 
1712 
171'3 
1714 C 
1715 

S~BROUTINE GLASS IS~AOCW,SHOCF,GLTVP,GLAZE,SHGF) 

*.*~ •• *.~*****~*************************************************** 
OI~E~5IC~ TR(9),5HI25) 
RE"L LAT,LCNG 
co~~e~ /SCL/ LAT,LCNG,TZN,WAZ,WT,CN,OST,LPYR,SI351 
TR(7)=S( 19) 
TR(6)=GLTYP 
TR(9)=GLAZE 
CALL TAR ( TR ) 
SH(I)=S(24) 
SH(2)=S(22) 
SH(3)=S(23) 
SH(4)=S(19) 
SH(5)=0.5 
SH(6)=0.5 
SH("')=0.25 
SH(8)=0. 
SH(9)=0,7 
SH( 10)=SI<AOOIO 
SH(II)=St-CCF 
5H (12) =TR ( 11 
SH(13)=TRI2) 
S~(141=TR(31 

SH (15)=TR( 51 
SH(l6)=TRI4) 
SH(17)=TR(6) 
CALL 5~G (SH) 
SHGF=5H(18) 
RETURN 

END 
1716 
1717 
1716 
1719 
1"'20 
1721 
1722 
1723 
1724 
1725 
1726 
1727 
1728 
1729 
1730 
1731 
1732 
17:!3 
1734 
1735 
1736 
1737 
1738 
1739 
1740 

ilFORoIS A17 

C 
C 
c: 

10 

20 

C 
C 
30 

SUBROUTINE GPF (U,ZL.ZJ 

****************************************************************** 

OIME"SION Z(l) 
PI=4.*ATANU .J 
SOTP I=SORT (P I) 
PI2=2./PI 
EB=O.OOI 
08=0.1 
WRITE (6.30) 
WRITE (6.40) 
Z(I)=2*ZL*SCRT(U)/SOTPI 
ZZ=Z(11 
Z(2)=Z(II*(SORT(2.)-2.) 
DO 10 K=3.50 
ZK=K 
Z(K)=Zll)*(SORTIZK)-2.*SORT(ZK-ll+SORT(ZK-2.)) 
DO 20 K=I,50 
WRITE (6,50) K.Z(K) 
RETURN 

FORMAT (50HO RESPONSE FACTORS FOR SEMI-INFINITE BED 
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1741 
1742 
1743 
1744 
1745 
1746 
1747 
1746 
1749 
1750 
1751 
1752 
1753 
1754 
1755 
1756 
1757 
1756 
1759 
1760 
1761 
1762 
1763 
1764 
1765 
176e 
1767 
1766 
1769 
1770 
1771 
1772 
1773 
1774 
1775 
1776 
1777 
1778 
177<; 
1780 
1781 
1762 
1763 
1784 
1765 
1786 
1787 
1788 
1789 
1790 
1791 
1792 
17<;3 
17<;4 
17<;5 
1791; 
1797 
1796 

40 
50 
C 

FOl<MAT (50HO K 
FORMAT (II10.3F10.5) 

Z(K) 

END 
"FeR,IS A18 

SL8ReUTINE HOLDAY (YR,~O,DAy,NDAy,HCL) 

C 
C ****************************************************************** 
C 

INTEGE~ YR.DAY,HOL,WKDAY 
NDAY=WKDAY(YR.MO.OAV) 
HOL=6 
IF (MO.EO.l.AND.DAy.EO.11 HOL=1 
IF IMO.EO.12.AND.DAy.EO.31.ANO.NDAy.EO.6) HOL=l 
IF (MO.EO.l.ANO.CAV.Ea.2.ANO.NOAV.Ea.2) HOL=l 
IF (MO.EQ.2.~ND.CAY.EO.221 HOL=1 
IF (MO.EO.2.AND.DAy.EO.21.AND.NDAy.EQ.61 HOL=l 
IF (MO.EO.2.AND.CAy.EO.23.AND.NDAy.EO.2) .HOL=1 
IF (MO.EO.5.~ND.CAY.EO.301 HOL=1 
IF (MO.EO.5.AND.OAy.EO.29.AND.NDAy.EO.6) HOL=1 
IF (MO.EO.5.ANO.DAy.EO.31.AND.NDAy.EO.21 HOL=1 
IF (~C.EC.7.~NO.CAY.EO.4) HOL=1 
IF (MO.EO.7.AND.DAy.EQ.3.AND.NOAy.EO.6) HOL=1 
IF (MO.Ea.7.~NO.CAV.EQ.=.ANO.NDAV.EQ.2) HOL=l 
IF (~C.EQ.12.ANC.CAY.EO.25) HOL=1 
IF (MO.EO.12.ANO.CAy.EO.24.ANO.NDAy.EO.61 HOL=l 
IF (Me.EC.12.ANO.CAY.EQ.26.AND.NCAV.EO.2) HOL=1 
IF IMO.EC.9.~ND.CAY.LT.7.AND.NDAY.EQ.2) HOL=l 
IF (MO.EO.l1.AND.CAy.GT.24.ANO.NOAy.EO.51 HOL=l 

RETUPN 
C 

END 
iLFOR.IS A19 

SUBRCUTINE MULT (A.e.C.O.AT.BT.CT,DT,N) 

C 
C ** •• *************.******-******.********************************** 
C 

DI~E~steN AINI.E(NI.C(N),D(NI 
ATT=AIll 
S"T"T=E( 1) 

CTT=C( 11 
D1T=D( 1l 
IF (N.LT.2) GO TO 20 
DO 10 .l=2.N 
AT=A1T*A(.l)+ETT*CIJI 
BT=ATT*e(JI+BTT*O(JI 
CT=C1T*A(.l)+CTT*C(J) 
OT=CTT*B(J)+DTT*D(J) 
A1T=AT 
B1T=Bl 
CTT=CT 

10 DTT=DT 
GO TO 30 

C 
20 AT=ATT 

BT=BTT 
CT=CTT 
Dl=DTT 
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1 7 <;9 
1800 
1801 
1802 
1803 
1804 
IIlOS 
1806 
1807 
1608 
1809 
1810 
1811 
1812 
1813 
1814 
1815 
1816 
1817 
1818 
1819 
1820 
1821 
1822 
1823 
1824 
1825 
1826 
1827 
1828 
1829 
1630 
1831 
1832 
1833 
1834 
1835 
If!36 
183"" 
1838 
1839 
1840 
1841 
1842 
1843 
18"'4 
1845 
1846 
1f!47 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 

30 RETURN 
C 

ENC 
iilFCR.IS A20 

C 
C 
C 

10 

C 
20 

30 

C 
40 

50 

60 
70 

.~O 

r. 

SUBROUTINE OUTSIC 
2 TCNE". TA .NR , 

(X,V,Z.CR.UX.FO.OB.TIM,QO.Ql.aSUN,aSKv.To.TI. 

*****************************************************************. 

DI~E~5ICN TO(I,.TI(I'.X(l'.V(I'.Z(11 
XNUM=QSU~-QSKY+FO*(DB-TrMI 

IF (~R.GT.I) GO TO 40 
IF (FO' 10.10.20 
TONEW=TO(I) 
GO TO 30 

TAM=TA-TIM 
TC~E"=(X~UM+~X*TAMI/(UX+FOI 

CONTINUE 
QO=UX*(T~M-TONEW) 

TOO I=TO"'EII 
GO TO 80 

SUMZ=O. 
SUMY=Y(II*TI(II 
SU,..X=X (11 *T [( II 
SUMXY=O. 
00 50 J=2.NR 
SUMV=S~MY+Y(JI*TI(JI 

5UMX=SUMX+X(JI*TIIJI 
SUMXY=5UMXV+YIJI*TC(JI 
SUMZ=SUMZ+Z(JI*TO(JI 
XNLM=SLMY-SUMZ+CR*QO+X~UM 

TONEW=XNUM/IZ(II+FOI 
IF (FO) 60.60.70 
TONElI=TO( I 1 
TO(II=TONE1N 
SLMZ=SUMZ+Z(II*TO(II 
SUMXY=SUMXY+V(II*TO(II 
QO=SLMY-SUMZ+CR*CC 
CONTINUE 
PETURN 

END 
&FOR. IS A21 

C 
C 
C 

10 

20 

C 
30 

SUBRCUTINE PSYI (C8.WB.PB.DP.PV.W.H.V.RHI 

****_ ••• ** •• _ ••• ***.*.*.*.**************************************** 

PVP=PVSF(WBI 
IF (CB-WBI 30.30.10 
WSTAR=0.622*PVP/(PB-PVPI 
IF (W8-32.1 20.20.40 
PV=PVP-5.704E-4*PB*(DB-WBI/I.8 
GO TO 50 

PV=PVP 
GC TO 50 
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1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
lE71 
1872 

C 
40 

50 

C 

COB=(DB-32.1/1.8 
CW8=(WB-32.I/l.8 
HL=597.31+0. 4409*CC8-CWB 
CH=0.2402+0. 4409*WSTAR 
EX=(WSTAR-CH*(CDB-CWBI/HL)/0.622 
PV=PB*EX/(I.+EXI 
W=0.622*PV/(PB-PVI 
V=0.754*(D8+459. 7 1*(1+7000*W/43601/PB 
H=0.24*DB+(IC61+0. 444*CBI*W 
IF (PV.LE.OI GO TO 70 
IF (CB.NE.WBI GO TO 60 
OP=DB 
RH=I. 
GO TO 70 

CONTINUE 
DP=DPF(PVI 
RH=PV/PVSF(DBI 

70 RETUF;N 

1f73 60 
1874 
1875 
1876 
le77 
1878 
1879 
1880 

C 
END 

GlFORoIS A22 
SUBROUTINE PSY2 (DB.DP.PB.WB.PV.".H,V.RHI 

1881 C 
1882 C 
1883 C 
1t'84 . C 
1885 C 
1886 C 
IE87 C 
1888 C 
1889 C 
1890 C 
18cH C 
1892 
1893 10 
18<:4 20 
18<;5 
1896 
1897 
1898 
1899 
1900 
1901 
1902 30 
1903 
1904 C 
1905 40 
1906 
1907 C 

**.********************.****************************************** 

T~IS SUBROUTINE CALCULATES THE FOLLOWiNGS WHEN DRY-BULB TEMPERATURE, 
(CBI,DEW-PCINT TEMPERATURE(DP).AND BAROMETRIC PRESSURE(PB) ARE GIVEN 

WB WET-BULB rEMPERATURE 
W HUMICITY RATIO 

H 

" PII 

ENTHALPY 
VOLUME 
VAPOR PF;ESSURE 

RH RELATIVE HUMIDITY 
IF (DP-eEI 20.10.10 
DP=CB 
pv=P IISF (DP I 
PV=PVSF(DPI 
PVS=PVSF(DBI 
RH=PII/PVS 
W=0.622*FV/(FB-PV) 
V=0.754*(DB+459.71*(1+ 7 000*W/43601/PB 
H=0.24*08+(1061+0. 444 *CB)*W 
IF (H) 30.30.40 
WB=DP 
RETURN 

WB=WBF(H.PBI 
RETUI'N 

1908 ENO 
1909 iilFCR.IS A23 
1910 FUNCTION PVSF (X) 
1911 C 
1912 C 
1913 C 
1914 

************************.***************************************** 

OIME~SION A(61 /_7.90296.5.02808.-1.3816E-7.11.344. 
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1915 
1916 
1917 
1918 
1919 
1920 
1921 
19:<2 
1923 
1924 
1925 
1<;26 
1<;27 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1<;38 
1939 
1940 
1941 
1942 
1943 
1<;44 
1945 
1946 
1947 
1<;48 
1949 
1950 
1951 
lC;e2 
1953 
1954 
1955 
1956 
195 7 

19'58 
1'159 
1960 
1961 
1962 
1<;63 
1964 
1965 
1966 
1967 
1<;68 
1969 
1970 
1971 
1972 

C 

2 8.1328E-3.-3.49149/ .6(4) /-9.09718.-3.56654.0.876793.0.0060273/ 
3.P(4) 

T=(X+459.6e8)/1.8 
IF (T.LT.273.16) GO TO 10 
Z=373.16/T 
PU )=AU )*(Z-lI 
P(2)=AI21*LOG10(Z) 
ZI=A(4)*(I-I/Z) 
P(3)=A(3)*110**ZI-I) 
ZI=A(6)*(Z-I) 
P(41=A(51*(10**ZI-1) 
GO TO 20 

10 Z=273.16/T 
P( 1) =B (1 ) * (Z -II 
PI21=E(2)*LOGI0(Z) 
P(3)=B(3)*(1-1/~) 

P(4)=LOGI0(BI4» 
20 SUM=O 

DO 30 1=1.4 
30 SLM=SUM+P(I) 

C 

PVSF=29. 921* 1 0** SLM 
RETURN 

END 
iilFOR.IS A24 

SUBROUTINE RESF (XX.YY.ZZ.IRUN) 
C 

C ***.*.*.********************************************************** 
C 
C THIS PROGRAM IS DEVELOPED BY T.KuSUDA OF THE NATIONAL BUREAU OF 
C STANDARDS FOR CALCULTI~G THE THERMAL RESPONSE FACTORS FOR 
C COMPOSITE WALLS.FLOORS.ROOFS.BASEMENT WALLS BASEMENT FLOORS 

REAL K(101.G(10).Lll0).KG 
DIMENSION X(100).Y(100).Z(100).Cll0).D(10).RES(10).RMK(10.6) 
DIMEI\SION RIo'KG(6) .F( 100).XX(100.1) .YY(100.1).ZZ(100.1).FFl100.20) 
DELTAT=I. 
I RUI\=O 
IN=O 
WRITE 16.200) 

10 READ (5.380) NLAYR 
IF (NLAYR.EO.O) GO TO 190 
IRUN=IRUI\+1 
IF (NLAYR.GT.I0) GO TO 190 
IF (NLAYR.EO.OI GO TO 30 
DO 20 I=I.NLAYR 

20 REAO (5.380) L(Il.KIIl.D<II.C(I1.RESIIl 
WRITE 16.210) 
IF (IN.EO.2) GO TO 40 

C READ K.RHO. ANC C OF GROUND IF IN=l 
C FOLLOW[NGS ARE GROUND T~ERMAL CONDUCTIVITY. DENSITY AND SP.HT 
C IN=2. OTHERWISE THE SAME PROPERTIES OF THE INTERNAL SLAB 
30 IF (II\.NE.O) READ (5.3801 KG.DG.CG 
C AG THERMAL DIFFUSIVITY OF EARTH 

IF (IN.NE.OI AG=KG/CG/DG 
IF (NLAYR.F.O.O) GO TO 90 
IF (IN.EC.2) READ (5.320) (RMKG(JI.J=I.6) 

40 DO 50 I=I.NLAYR 

34d 

IF 

1973 5C 
1974 
1975 
1976 
1977 60 
1978 
1979 
1980 70 
1<;81 tiC 
1982 90 
1983 
1984 
1985 
1<;86 
1987 
1<;88 
1989 
1990 
1991 
1<;92 
1993 100 
1994 110 
1995 
1996 120 
1997 
1998 
199'1 
2COO 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2COR 
2009 
2010 
:<011 
2012 
2013 
2014 130 
~O15 

2016 
~O17 

:<018 
2019 
2020 
2021 
2022 
2023 
2024 
~02S 

2026 
202 7 

20211 
2029 

C 
140 

t 50 

C 

READ (5.320) (RMK(I.J).J=I.6) 
IF ([N.EO.l) READ (S.320) (RMKG(J).J=1.6) 
DO 80 1=1. I'<LAYR 
IF ILII» 70.60.70 
G(1I=0. 
K( II =1./RESI II 
GO TO 80 
Gll)=K(I)/C(I)/D(I) 
CONTINUE 
CONTINUE 
CALL RESFTK (K.L.G.AG.KG.X.y.Z.NLAYR.DELTAT.NRT.CR.UT.IN.F) 

WRITE (6.230) IRUN 
WRITE (6.340) 
WRITE (6.240) 
WRITE (6.2S0) 
WRITE (6.220) 
IF (NLAYR.EO.O) GO TO 120 
IF (IN.EO.2) WRITE (6.350) KG.DG.CG.IRMKGIJ).J=1. 4 ) 

DO 110 1=I.NLAYR 
IF (L(l» 110.100.110 
K<I)=O. 
WRITE (6.260) I.L(II.K(I).D(I).C(II.RES(II.IRMKII.J).J=I.6) 
IF I1N.EC.l) WRITE 16.3501 KG.DG.CG.IRMKG(JI.J=1.61 

WRITE 16.280) DEL TAT 
WRITE 16.270) UT 
WRITE 16.290) 
WRITE (6.220 I 
IF (IN.NE.OI GO TO 140 
WRITE (E.300) 
XX(I.IRLNI=FLOAT(NRTl 
YYll.IRUN)=FLOATII'<RT) 
ZZI1.IRUN)=FLOATINRTI 
XX(2olRUN)=CR 
YY(2.IRUN)=CR 
ZZ(2.IRLNI=CR 
XX(NRT+3.IRUI\)=UT 
DO 130 N=l.NRT 
XX(N+2.IRUN)=X(N) 
YY(N+2.IRUN)=YIN) 
ZZ(N+2.IRUN)=Z(N) 
IN=N-l 
WRITE (6.310) IN.X(N).Y(NI.ZIN) 
GO TO 180 

WRITE (6.360) 
IF (IN.EO.l) GO TO 160 
IF (IN.EO.2) GO TO 160 
XXll.IRUI\)=FLOAT(NRT) 
XX(2olRUNI=CR 
XXINRT+3.IRUN)=UT 
DO 150 "'=I.NRT 
IN=N-t 
XII\I=-X(I\) 
XXIN+2.IRUN)=X(N) 
WRITE 1~.370) IN.X(N) 
GC TC 180 

20~O 160 DO 170 N=I.NRT 
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20:=1 
2032 
2033 170 

IN=N-l 
FF(N+2.IRUN)=F(N) 
WRITE (6.3701 IN.F(N) 
FF(I.IRUN)=FLOAT(NRT) 
FF(2.IRUN)=CR 
FF(NRT+3.IRUN)=UT 
WRITE (6.220) 

2034 
203'5 
2036 
,,037 180 
~038 WRITE (e.220) 
2039 
2040 
2041 
2042 
2043 
2044-
1E045 
2046 
204 7 

IE04€ 
2049 
2050 
2051 
2052 
205:? 
20~4 

t:oe~ 

2056 
1E057 
~o=e 

2059 
2060 
"Ot-I 
206;: 
2062 
2064 
206!5 
20t:€ 
2067 
2068 
2C69 
2070 
2071 
2072 
20-3 
2074 
2075 
2076 
2077 
207e 
2079 
2080 
2081 
2082 
2083 
20€4 
2085 
2ee!; 
2C87 
2088 

C 
190 
C 
C 
200 
210 
220 
230 
240 

250 

2eo 
270 

WRITE (6.330) CR 
GO TO 10 

RETURN 

FORMAT (28H CATA EHEET NO 6 N/L.K.P.C.R) 
FORMAT (43H CAT A SHEET NO 7: DESCRIPTION OF EACH LAYER) 
FORMAT (2HO ) 
FORMAT (7HI IRF=I!OI 
FORMAT (~7HO LAYER 

21) DESCRIPTION 
FORMAT (70H NO 

2 OF LAYERS) 

L( II K( tl (II 

FORMAT (11~,lFll.Z,lFtO.3,lF10.2,lF10.3,lF8.2,2X,6A4J 

C( II 

FORMAT (58HO THERMAL CONDUCTANCE 
2 U=lF7.3J 

RES( 

280 
290 
3CO 

FORMAT (49HD 
FORMAT (50 .. 0 
FORMAT (/70H 

TIME INCREMENT DT=IF3.0) 
RESPONSE FACTORS) 

310 
320 
330 
340 
350 
3eo 
370 
380 
C 

2 Z) 
FORMAT (III7.IF23.4.2FI5.4) 
FORMAT (6A4) 
FORM AT (44HO 

J 

FORMAT (50HO WALL CCMFOSITION 
FORMAT (lF27.3,lFIO.2,lFIO.3,10X,6A4J 

x 

COMMON RATIO CR=lF7.51 
) 

FORMAT (50HO J F 
FORMAT (II24.IF21.5) 
FORMAT () 

END 
@FOR.IS A25 

SUBRCUTINE RESFX (X,Y,Z,XX.YY,ZZ,NR,CR,UT,NEXP) 
C 

Y 

c ** •• ~.***.**************.***************************************** 
C 

DIMENSICN XX(IOO.IO).YY(IOO.IO).ZZIIOO.IO) 
DIMENSION X(IO.IOOI.Y(IO.IOO).Z(IO.IOOI.NR(IO).CRIIOI.UT(IO) 
TEST=I.E-6 
DO 10 K=lolO 
DO 10 J=I.IOO 
XX(J.KI=O 
YY(J.KI=O 

10 ZZ(J.KI=O 
CALL RESF (Xx.YY.ZZ.IRUNI 
DO '50 K= I • NEXP 
I=K 
IFIYY(S.KI)11.11.12 

II YY(3.K)=0. 
YY(4.K)=0. 

36d 

20 

30 

40 
50 

C 
C 

YY(E,K);:;O. 
CONTINUE 
IF (K.GT.IRUNI GO TO 50 
X(I.l,=XX(3,K) 
YI 1.1 I=YY(3.KI 
Z ( 101 1 =z Z I 3. K I 
NR(I )=XXIl.K) 
CR(!I=XXI2.KI 
JJJ=NR( I 1+3 
UT( I) =XXI JJJ .K) 
NMAX=NR( I 1 
JI=t 
DO 40 J=2.,."MAX 
J3=J+2 
J2:J+I 
X(I.JI=XX(J3.KI-XX(J2.K).CR(I) 
YII.J)=YY(J3.KI-YY(J2.KI.CR(I) 
IF (ABS(X(I.JI)-TEST) 20.20.30 
NR( I )=J 
GO TO 50 
CONT INUE 
Z(I.J)=ZZIJ3.~)-ZZ(J2.K).CR(I) 

JK=J 
CONTINUE 
CONT IN·U=: 
RETURN 

2C89 
2090 12 
2091 
2092 
2093 
2094 
2095 
2Cge 
2097 
2098 
2099 
2100 
2101 
2102 
2103 
~104 

210'5 
210e 
2107 
~10e 

2109 
2110 
2111 
2112 
2113 
c114 
2115 
2116 
2117 
2118 
2119 
2120 
2121 
2122 
2123 
2124 
2125 
2126 
2127 
2128 

END 
QlFCI<.IS A26 

SUBROUTINE RESPTK (K.L,G,AG,KG,X,V,Z,NL,OT,NR.CR,U,IS,F) 

C 
C 
C 

2129 :: 
2130 
2131 
2132 
~1.33 

2134 
2135 10 
213f-
213"7 
2138 
2139 
2140 
2141 
::142 
2143 20 
2144 
2145 
2146 

**.*~*~ •• ***********.**~.*************.*************************** 
o IIIE~S IC,", K (10) .L( IQ), G( 10) .X( 100). Y( 100) .Z( 1001 .AP( 10) .BP( 10) , 

2 CP(IOI.DPIIO).A(10).S(101.C(10).D(10).ZRI131.ZR2(3).RB(3).RAPI3). 
3 ROOT( I 001 .RA( 3.100) .ZRK( 3.100) .RX( 100) .RY( 1 001 .AZ( 100) .F( 1001 

RE.AL K.L.KG 
PI=4.*ATANll.) 
ZN=t. 
M3=3 
IF (lS.NEd 1 GO TO 10 
ZL=KG/10. 
UY=tOO./AG/DT 
CALL GPF (Uy.ZL.AZI 
IF (IS.EQ.l.AND.NL.EQ.O) GO TO 360 
CALL A8CC2 (O.,K,L,G.AX,BX,CX.DX.NLl 
R8(lt=DX 
RB( 2)= I. 
RB(3)=AX 
U=l./BX 
DO 20 I=I.NL 
PX=O 
CALL ABCDP2 (PX.KIII.L(II.G(I).AP(II.BP(I).CP(I).DP(I») 
CALL ABCD2 (PX.K(lI,L( Il.G( I1.A( I1,B(II.C( II.D( o.t) 
IF (NL.LT.2) GO TC 30 
CALL OE~VT (A,e.c,O,AP,BP.CP,OP,APP.BPP,CPP,OPP,NL) 

GO TC 40 
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e147 25 
e148 
H49 
2150 C 
clSl 30 
2152 
C153 
2154 
e155 4C 
2156 
C157 
Else 
~159 

Cl60 
~IEl 

C 162 50 
216~ C 
2164 
~16: 

21E6 
2167 
e166 
2169 
2170 60 
~171 

2172 70 
2173 
c174 
e175 80 
2176 
2177 
:a 78 
217<; 90 
21110 100 
~181 

2182 C 
2183 110 
'<184 120 
2185 
ne6 C 
'<187 
'<1 liP. 
2189 
::190 
::191 
:1192 
C193 
2194 
2195 
U96 
::197 
'<1911 
'<199 
'<200 
::201 
e202 
:1203 
;:204 

130 

C 
140 

150 

160 
170 

180 
1<;0 

ZN=Zt ... +l. 
IF(ZN.GT.4.)GO TO 510 
GC TO 5 

APP=AP(I) 
EPP=EP (11 
CFF=CPIlI 
oPP=I:P(11 
RAP( !I=OPP 
RAP(21=0. 
RAF(3)=AFP 
DO 50 1=1.3 
Cl=R_PI Il/EX/oT 
C2=R6(1)*eFP/ex/eX/PT 
ZR21 Jl=-Cl+C2 
ZRIIII=- 2R2II)+REII)/EX 

ROOTS OF BIP)=O. 
NMAX=40 
TE5TMX=40. 
PX=O .00 1 
OPC=O.OOI/CT 
oLX=C.OOOI 
N=O 
oL=OPO 

CALL ABC02 (PX.K.L.G.AX.BX.CX.Ox.NL) 
PXF=PX+OL 

CALL ABCC2 IPXP.K.L.G.AXF.BXP.CXF.OXP.NLI 
IF lex*exp) 90.110.80 
PX=PXP 
8x=exp 
TESTX=PX*oT 
IF ITESTX-TESTMX) 70.1 7 0.170 
IF (CL-oLX) 140.140.100 
oL=oL/2. 
GO TO 70 

IF lex) 1300120.130 
RXX=PX 
GO TO 150 

RlCX=PXP 
GO TO 150 

_E=AESIEX/EXP) 
RXX=IPX+AB*PXP)/11.+AB) 
N="+1 
RceT IN I =RXX 
IF IN.GT.IloPO=(ROOTINI-ROOTIN_I»/ZN 
NRT=N 
PX=RXX+oLX 
TESTX=RXX*oT 
IF ITESTX-TESTMX) 160.160.170 
IF IN.LT.NMAXI GO TO 60 
CONTINUE 
IF (RQOT(NRT)-100. I 190.180,180 
NRT=NRT-l 
DO 250 JJ=I.NRT 
PX=ROOT(JJI 
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c20: 
2206 
220~ 

2208 
2209 
2210 
2211 
~212 

2213 
~c14 

2215 
::216 
2217 
~21e 

cE19 
2220 
2221 
~c22 

2223 
2224 
2225 
2226 
'<227 
'<22E 
2.229 
'<230 
~231 

2232 
223~ 

2234 
2235 
2236 
223 7 

223e 
::239 
2240 
2241 
~242 

2243 
2244 
2245 
2246 
2247 
'<248 
'<249 
2250 
.c2El 
2252 
~::53 

2254 
2255 
2256 
2257 

e258 
2259 
2260 
:1261 
2262 

200 

210 

220 

230 

240 

250 

2cO 

270 

2eo 

2ee 

2E5 
2<;0 

3CO 

310 
320 

DO 200 J=I,NL 
C~LL ABC02 (PX.K(J).LIJ),GIJ1.AIJ).B(JI.CIJ1.0IJ1.11 
CALL ABCCP2 (PX. K( J) .L(J). G (J). AP(J) ,BP (J) .CPI J hOP (J) ) 
C~LL ABCC2 (PX.K.L.G.AX.BX.CX.ox.NL) 
IF ("L.LT.2) GO TO 210 
C.LL OER~T (A.B.C.O.AP.BP.CP.DP.APP.BPP.CPP.DPP.NL) 
GO TC 220 
APP=AP 11 ) 
8PP~EP(1 I 
CFF=CPI 1) 
OPP=CP( 1) 
PY=BFF*FX*FlC"oT 
RAll.JJ)=ox/PY 
RA(2.JJ)=I./P~· 

RAI3.JJI=AX/PY 
PZ=PX*OT 
IF (PZ-20.) 240.240.230 
RXIJJ)=O. 
RY(JJI=25.EI6 
GO TO 250 
RXI JJ)=EXP(-PZI 
RYIJJ)=ll.-EXP(PZ)I**2 
CO"TINl.iE 
00 260 JJ=I.NRT 
00 260 Io=I.M3 
ZR1(MI=RAI~.JJI*RXIJJ)+ZR1(M) 

ZR2IMl=RA(M.JJI*IRXIJJ)*RX(JJ)-2.*RX(JJ»+ZR2(M) 
11=1 
111=2 
IF IZRl(2).LT.01 ZR1I21=0. 
DO 270 M=I.M3 
ZRKIM.ll=ZIHI~1 

ZRK(M,2l=ZR2IM) 
NT=100 
DO 310 N=3.NT 
NR=N 
00 2110 1/.=I.M3 
ZRK(M.N)=O. 
DO 290 "'=I.M3 
00 290 -lJ=l.NRT 
IF(RXIJJ).LE.o.)GO TO aBe 
APCwE~=ALCGI0(RXIJJ)1 

NDERFL=ABS(AFCWER*N) 
IFINCERFL.LE.37)GO TO 285 
pz=o. 
GO TO 290 
PZ=II'XIJJ11**N 
ZRKIM.NI=ZRKIM.NI+PZ*RY(JJI*RA(M.JJI 
IF IZRKI1.N-II*ZRK(I.N-21) 300,320,300 
IF (N.LT,5) GO TO 310 
TESTl=ZRK(I.~)/ZRKll.N-ll 

TEST2=ZRK(1.N-1I/ZRK(I.N-2) 
TEST3=AESITEST1-TEST2) 
IF ITEST3-0.001) 320.320.310 
CONTINUE 
DO 3:30 N=I.NR 
XINI=ZRKll.N) 
YINI=ZRK(2,NI 
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~262 

~26A 330 
.2!>5 
22~'" 
226"'7 340 
2268 350 
2269 
227C 
2271 3fO 
2272 
2273 
~274 

2275 
22.76 370 
2277 
2278 
2279 e 
2280 3eO 
2281 
.282 
2263 390 
2284 
2285 400 
2286 410 
2267 
2288 
.289 e 

42C 
4:::0 
440 

450 

460 
470 

C 
4EO 

490 
500 
510 
520 
C 
C 

IF(V(N).LT.-l.0E-04)GO TO 25 
Z(I\)=ZR"(3.N) 
eR=TEST2 
IF (X(;;)) 3SC.340.350 
CR=O. 
CONTINUE 
IF (IS.EO.2) GO TO 460 
IF (IS.NE.1) GO TC 500 
IF (I\L.EC.O) GO TO 420 
GF=2*KG/SORT(OT*AG*PI) 
IF (NR.LT.50) GO TO 380 
00 3'70 .J=50.I\R 
Z.J=.J 

AZ(.JI=GF*(SORT(Z.J)-2.*50RT(Z.J_1.,+SORT(Z.J_2.)1 
NI<I<=NP. 
GO TO 400 

DO 390 .J=NR. 50 
Z(.J+l,=Z(.J)*eR 
X(.J+l)=X(.J)*eR 
VC.J+ll=V(J l.eR 
NRI<=50 
00 410 J=I.NRR 
F(.JI=XC.JI-V(.J)*V(.J)/(Z(.J)+AZ(J)) 
NR=NRR 
GO TO 440 

DO 430 .J=I.NR 
F(.J)=AZC.J) 
CONTINUE 
CR1=1. 
00 460 .1=1.50 
eR=FC.J+l)/FC.J) 
TE5TCR=ABS(CR-CR1) 
IF CTESTCR-0.001) 470.470.450 
CRl=CR 
.1.1=.1-1 
CONTINUE 
NR=.J 
el<=CRI 
GO TO 500 

COl\TINUE 
00 490 .J=l.NR 
FCJ)=XC.J)+Z(.J)-2 •• V(.J) 
.1.1=.1-1 
CONTINUE 
RETURN 
WRITE(6.520) 
FORNAT(27~ ERROR IN SUBROUTINE RESPTK) 

2290 
.291 
2292 
229:: 
2294 
2295 
229': 
22<;7 
2298 
22<;9 
2300 
2301 
2302 
2~03 

2304 
2305 
230': 
230~ 

2308 
230<; 
.c~10 

2.311 
2:::12 
2313 
2314 
~Z15 

2~16 

2317 
2318 

END 
ilFOR. IS A27 

SUBROUTINE RMRT (HEATG.HLCG.HEATX.HLCX.~EATIS.HLCIS.IW.IL.FC.ISC) 
C 

2319 C 
2320 C ** •• *** •••••• ** ••••••••••• **.***.********************************* 
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2;21 
2322 
,,323 
2::24 
2325 
2326 
2327 
2328 
2329 
2330 
23:31 
2~32 

2333 
2~34 

2335 
233f 
2337 
2~3A 

2339 
2340 
2~41 

2342 
2343 
2::A4 
2345 
23(1.(: 
2347 
2.341\ 
2349 
2350 
2351 
2:::52 
2353 
23f.4 
2355 
2356 
2357 
2356 
235<; 
2:3t-.O 
2::61 
2362 
23f3 
23f:4 
2365 
23Ee 
236 7 

2~68 

23t-t; 
23'70 
23 7 1 
2372 
2373 
~374 

2375 
23"'6 
23"'7 
2378 

C FC: e(FREeTICN FACTORFOR T~E ~EAT LOST TO THE SURI<OUNOINGS 
C ISe:SHADING COEFFICIENT INDEX IF ISC=O EXTERNAL SHADING 
C CT~ER~ISE INTERNAL SHADING 

C 

DIMENSICN HEATG(2).HLCG(2).HEATXC2).HLCX(2).HEATIS(2).HLCIS(21 
DIMENSION AGOC31.AG1(3).AXOC3).AIS1C4.3).AIS2(4.31.BIC3).AXIC31 
DATA AGO /0.187.0.197.0.224/ .AG1 /-0.097.-0.067.-0.044/ 
DATA 81 /-0.91.-0.87.-0.8,/ 
DATA AXO /O.~76.0.6el.Q.703/ .AXI /-0.586.-0.551.-0.523/ 
DATA (AIS1(1.j).J=1.3) /O.~3.0.5~.O.53/ 
DAT~ (AlS2(1.~1.J=1.31 /-0 •• 4.-0.40.-0.35/ 
DATA (AlSl(2.J) • .J=1.3' /O.S~.O.59.0.59/ 

DAT~ (AIS2(2 • .JI • .J=1.31 /-0.50.-0.46.-0.41/ 
DATA (AIS1(3 • .JI • .J=1.3) /0.67.0.87.0.87/ 
DAT_ (AIS2(3.Jl.J=t.31 /-O.78.-0.74.-0~69/ 
DAT~ (AIS1(4 • .JI • .J=1.3) /0.50.0.50.0.50/ 
DATA (AIS2(4.J).J=t.3) /-0.41.-0.37.-0.~2/ 
HLCG(21=FC*(AGO(lWI.~EATGC21+AG1(lW}.~EATG(I)I-Bl(IWI*HLCG( 11 
HLCX(21=FC*(AXO(IWI*HEATX(2)+AXl(IWI.HE~TX(11)-B1CIWI*HLCX(l) 

~LC IS(21=FC*( A ISH IL. I WI *HEAT lS( 21+A IS2( IL.I W)*HE ATIS( 11'-B1 (I W) *H 
2LClSClI 

IF (ISe.EO.OI RETURN 
HLCG(21=FC*(AXO(IWI*HEATG(2)+AX1(lwl*HEATG(1)I-Bl(IWI.HLCG(ll 
RETU!'N 

END 
nlFCR. IS A26 

S~BRC~TINE RMTMK CV.TIF.OL.TA.NEXP.NX.ITKI 
e 
c **.*.***.*.*************.*~*********.**************************$** 
C 

CC~MCN /CC/ X(10.1001.V(10.1001.Z(10.1001.ITVPE(301.IHT(301. 
2 IRF(301.ABSP(301.UC301.H(301.HI(301.A(301.UT(301.TOS(30.461. 
3 T IS(30.46 I. G( 30. ::01. TO¥(46 I .OB( 241. OLI TX( 2". 31 .OEOUX( 24 .::1. 
" OOCLP(24.31 .OOCPS(2",.QLITE(24).OEOUP(241.01(301.CR(301.NRC301. 
5 OGLAS(::0.241.ITHST.UENDW.AZW(301.SHADE(301.RMDBS(241.RMDBW(241. 
6 SHC(301.UCELNG 
DI~E~SION AA(30.301.BBC~01.TT(301.TIF(301.A2(30.301.B2(301.B3(30). 

2 GSUM(30).V( 15) 
TS=V( 11 
CFML=V(2 ) 
CFMS=VC:.'\) 
RRCOM=V(41 
RCELG=V(::;) 
RRCCIIL='H 121 
TIM=VC61 
OCMAX=. V C '71 
OHMA)C.=V( EI 
TUL=V(9) 
TLL=IICI0) 
TSET=VC 111 
HR=VC131 
MET=V(141 
OBNX=DB(I\XI-TIM 
TU=TS-TI~, 

NEXP2=NEXP+l 
00 10 1=I.NEXP 
BB(I'=O. 
B2( 11=0. 
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2379 
2380 
~::81 10 
~~82 

2383 
2384 
238S 
23e€ 
2387 
2388 
::3A9 
::390 
2391 
2392 20 
::393 
2394 
2395 
2396 
~~97 

2391< 
2399 
~400 

2401 
2402 
2403 
2404 
2405 
2406 
2407 30 
240S 
#:409 
24}0 
2411 40 
2412 
2413 
2414 
241S 
'<416 
2 4 1'7 
2418 SC 
2419 60 
2420 
2421 
.<4::2 
2423 
2424 70 
2~2S 

2426 
2427 
2426 
2429 
2430 
~431 

243~ 

2433 9C 
2434 
2435 
243t:: 

DO 1 0 .1= 1 • NE XP 
A2(I • .J)=0. 
AA(I • .J)=O. 
SI<G=O. 
HSUN=O. 
ASUM=O. 
ASUMT=O. 
DO 70 J=l.NEXP 
NRR=NR( t) 
S,",G=SHG+OGLAS( t. NX) .AI I) 
ASUM1=ASUMT+A(I) 
GSUMO )=0. 
DO 20 .J=l.NEXP 
GSUM(I)=GSUM(I)+G(I • .J) 
IF (ITYPE(I).NE.3) ASUM=ASUM+A(I) 
IF (MET.NE.O) GSUM(I)=HR 
I<SUM=HSU~+,",I(I)*~(I) 

IR=IRF( I) 
CRX=CR (I) 
IF(UENC_.NE.O •• A~D.ITYPE(I).EO.l)NRR=1 
XTEMP=X( IR.l ) 
YTEMP=Y( IR.l) 
ZTEMP=Z(IR.l) 
IF (NRR.~E.2) GO TO 30 
X ( IR .1) =UT ( II 
Y(IR.l'=UT(II 
CRX=O. 
Z( IR.l )=UT( I) 
AA(I.I)=X(IR.1)+I<I(II+GSUM(I) 
DO 40 J=I.NEXP 
IF (I.EO.J) GC TO 40 
AA(I • .J)=-G(I.J) 
CONTINUE 
AA(I.NEXP2)=-HI(I) 
SUMY=Y(IR.l)*TOS(I.l) 
SUMX=O. 
IF (~RR.LT.2) GO TO 60 
DO :0 J=2.NRR 
SUMY=SUMY+Y(IR.J)*TOSII.J) 
SUMX=SUMX+X(IR.J)*TIS(I.J) 
CONTINUE 
S3 ( [ )=SU"Y-CFX*OI ( [) -SUMX 
AA(NEXP2.I)=AII)*HI(I) 
X(IR.l)=XTEMP 
Y(IR.ll=YTEMP 
Z(IR.l'=ZTEMP 
SHX=SHG/ASUM 
OLTEMP=OLITE(NX'*(l-RCELGI*RRCOML+(OOCPS(NX)+OEOUP(NX))*RROOM 
OLX=OLTEMP/ASUMT 
DO 90 l=l.NEXP 
SHF=5HX 
OLT=OLX 
IF (ITYPE(II.EO.3.0R.ITYPE( I).EO.?) SI<F=O. 
IF (ITYPE(I).EO.7) OLT=O. 
ee(I)=e~(I)+SHF+OLT 

AAfNEXP2.NEXP2)=-1.06*(CFML+CFMS)-HSUM 
JK=I. 
NEXP3=NEXP2+ 1 
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2437 
2438 
::43<; ICC 
2440 
2441 
~44-2 

2443 
24,.4-
244S 
::446 110 
~447 

::448 
::449 
::4S0 
2451 
2452 
24:3 120 
2454 
~45S 

::456 121 
2457 
245S C 
2459 130 
2460 
2"'El 140 
2462 
2463 
2464 
2465 C 
24E6 150 
246? leO 
2468 
2469 
2470 
2471 170 
2472 
2473 C 
2474 ISO 
2475 
247E 190 
2477 
2478 
2479 C 
2480 2CC 
2481 210 
2482 220 
2483 
2484 C 
2485 230 
24E6 
2487 C 
2488 240 
2489 
2490 
2491 
2492 
249~ 

24«;4 

DC 100 I=I.NEXP2 
00 100 .J=1.NEXP2 
A2(1.J)=~II( I.J) 
SUM1=(00CPS(NX)+OEOUP(NX))*<I.-RROOM) 
SUM2=CLITE(NX)*(I.-RROOML)*(I.-RCELG) 
SUII3=0. 
SUM=I.08*(CFML*DeNX+CFMS*TUI+SUM1+SUM2 
ee(~Exp2)=-SUM 
IF (ITHST.NE.O.AND.ITK.EO.O) GO TO ISO 
eS(NEXP2)=-SLM-SUM3 
IF (MET.EO.O) GO TO 130 
SUM4=0. 
SUII5=0. 
DO 120 l=l.NEXP 
SUM4=SUM4+(HI(I)*A(I)*eS(I)'/AA(1.1) 
SUM5=SUMS+Hl(I)*A(II*(HI(1)+HR)/AA(I.II 

CONTINUE 
TT(NEXP2'=(SUM4_e8(NEXP2»/(-AAINEXP2.NEXP2,-SUMS) 

DO 121 I=l.NEXP 
TT(II=«HI(I)+HR)*TT(NEXP2)+ee(I»)/AA(I.I) 

GO TO 140 

CONTINUE 
CALL SOLVP (NEXP2.NEXP3.AA.es.TT .30) 
TA=TT(NEXP2)+LIM 
IF (ITHST.EO.O.AND.ITK.EO.l) GO TO 190 
IF (JK.EO.2) GO TO 190 
GO TO 200 

00 160 I=I.NEXP2 
e2(I)=ee(I)-~A(I.NEXP2)*(TA-TIM) 
IF (MET.EO.O) GO TO 180 
DO 170 I=l.NEXP 
TT(I)=«HI(II+HR)*(TA-TIM)+eB(ll'/AA(I.II 

CONTINUE 
GO TO 190 

CO~TINUE 
CALL SOLVP (NEXP.NEXP2.A2.e2.TT.30) 
CONTINUE 
OL=SUM-l.08*(CF~L+CFIIS)*(TA-TIM) 
GO TO 240 

IF (TII-TUL) 210.220.220 
IF (TA-TLLI 2~0.230.190 
TA=TUL 
GO TO 150 

TA=TLL 
GO TO 150 

SUMQ=O. 
DO 250 I=I.NEXP 
K=IRF(I) 
XK1=X(K.l ) 
TIS( 1.1 ,=TT( 11 
TEST=AeS(TT( ll) 
IF (TEST.GT.I00.) GO TO 310 
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2495 
.E4<;6 
2497 
2498 
24<;" 
2500 
e501 
2502 
2503 250 
2f04 
2f05 
2!:06 
.E507 
2EOl! 260 
2509 
2:10 270 
2511 
2512 
.2513 C 
2E14 280 
2E15 290 
c516 
251 7 

251e C 
2519 ::00 
2520 C 
.25.21 310 
2522 
2523 
c!;24 320 
2525 
2E26 C 

C 

IFCK.EQ.I0)XCK.1)=UTCI) 
QICI)=X(K.11.TTCI)-B3CT) 
IF (ITYPECI).EQ.71 QICI)=O. 
IF CUENO~'NE.G •• ANO.ITYPECII.EQ.1) OI(II=UTC1).CTTC1)-TOSCI.I» 
TIF(I)=TTCI)+TI~ 

IF (ITYPECI).EO.7) TIF(I)=TA 
SU~Q=SUMO+ACI)*~ICI)*CTA-TIF(I» 
XC K.ll=XKI 
CONTINUE 
QL=-CL+SUMO 
IF CITn5T.NE.0.OR.ITK.NE.0) GO TO 300 
IF (JK.EO.2) GO TC 300 
IF CQL) 260.300.280 
QLTE!:T=A8SCQL) 
IF CQLTEST-QCHAXI ~00.300.270 
SU~3=-OCMAX 
JK=2 
GO TO 110 

IF CQL-QHMAXI 30(.300.290 
SI.M3=QHM_X 
..IK=2 
GO TO 110 

RETURN 

CO"TINUE 
WRITE (6.3301 
00 320 1=1.NEXP2 
WRITE C6.340) CA2CI • ..I).J=I.NEXP21.B2CI).TT(II 
RETURN 

ce2"" 
2528 
2529 
2530 
2531 
2:32 
2533 
25'34 
2535 
2536 

330 FORMAT CI09H eRROR IN TPE RMTMK ROUTINE: MATRIX ELEMENTS ARE LISTE 
20 IN THE FOLIOWI~G CRDER: AACI • ..I1.J=I.NEXP2.BCI).TC!» 

340 FORMAT (12F10.3) 

~5·37 

2538 
2E39 
2540 
2541 
2542 
2543 
2~44 

2:45 
254f­
cElt" 
2548 
254-; 
;:550 
2551 
2~52 

C 
END 

G:FOR. IS A29 
SUBROUTI"E RCCMX C"EXP.NS.NW.NN.NE.H) 

c 
c *********.** •• **********~***************************************** C 

C 
C 
C 
C 
C 
C 

DI~E"SIC" "NEXPC41 
COMMON ~CC/ XCIO.IOOI.YCI0.100).ZCI0.1001.ITYPEC30).IHTC30). 

" IRF(30).ABSP(30).UC30).HTC30).HIC301.AC301.VC301.TOSC30.4BI. 
3 TIS(30.48).G(30.30).TOYC48).DBC24).OLITXC24.3).QEOUX(24.3). 
4 QOCUPC24.3).OOCPSC24).OLITEC24).QEQUP(241.0IC30).CRC30).NR(30). 
5 OGLASC30.24).ITHST.UENOW.AZWC30).SHAOEC30).RMOBSC24).RMOBW(24). 
6 SHD(30).UCELNG 

REAL L.FSC6.6) 
CCMMON /S~OW/ S~ACWC30.!5) 

***************** .. . • • 
* 
* 

* * ***************** 
* SOUTH FACING * 
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2553 
255.f1. 
2555 
2556 
255 7 

2558 
2559 
2560 
2561 
2562 
2563 
25E4 
2565 
2566 
256" 
2568 
2569 
2570 
2571 C 
2572 C 
2573 C 
2::74 
2575 
257E 
2577 
2578 
2571# 
2580 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

2581 
2582 
2!:83 
2ES4 
2ESS 
2586 
2587 
2588 C 
258C; C 
2590 
2591 
2592 C 
2593 
.2594 
2595 10 
25~€ 

2597 
2598 
CS99 
2600 
2601 
;:602 
2603 
:1604 
2605 
2606 
2607 
2608 
2609 
2610 20 

CW). * 
* * 

WALL *CH) 

* ***************** 
CLI 

NS NUMeER OF I'EAT 
NW NUMBER OF HEAT 
Nt> NUMeER Of' HEAT 
NE NUMBER OF HEAT 
NEXP = TOTAL NUMBER 
WRITE C6.50) 
READ C5.II0) NNEXP 
NS=NNEXP C 1) 
NW=NNEXP(2) 
"N=N~EXP C 3) 

NE=NNEXP(4) 
NEXP=2+NS+NW+NN+NE 

TRANSFER SURFACES IN THE SOUTH WALL 
TRANSFER SURFACES IN THE WEST WALL 
TRANSFER SURFACES IN THE NORTH WALL 
TRA"SFER SURFACES IN THE EAST WALL 
OF HEAT TRANSFER SURFACES = 2+NS+NW+NN+NE 

L RCOM LENGTI' ALONG T~E SOUTH WALL 
W = ROOM WIDTH ALCNG THE WEST WALL 
H = ROOM CEILING I'EIGHT 
READ (5.110) L.W.H 
CALL FCTR CL.W.H.FS) 
"S=NS+ I 
NW=NS+NW 
NN=NW+NN 

~E="E+"t> 
AS=L*H 
AW=W*H 
AN=AS 
AE=AW 
AR=L*W 
AF=AR 
WRITE C6.60) 
DC 10 l=l.NEXP 
READ FOLLOWING DATA IN THE ORDER OF CEILING. SOUTH WALL. WEST 
WALL. NO~TH WALL. EAST WALL. FLOOR. 
RE_O C5.110) ITVPECI).IRFCI).AII).AZWCI).UCI1.SHADECI).ABSPCI).SHO 

2Ct) 
READ SHACOW INFORMATION 
RE~O C5.110) CSI'ADWll.J).J=I.71 
READ C5.110) (SHADWCI • ..I).J=8.15) 
CONTINUE 
DO 20 I=I.NEXP 
IF (I.EO.l I 11.=1 
IF CI.GT.l.A"O.I.LE."S) 11.=2 
IF II.GT.NS.AND.I.LE.NW) M=3 
IF (I.GT.NW.AND.I.LE.N~) M=4 
IF CI.GT.NN.AND.I.LE.NE) ~=5 

IF CI.EO.NEXP) 11.=6 
00 20 ..I=I.NEXP 
IF CJ.EG.I) GCl • ..I)=FSC~.I) 
IF CJ.GT.l.AND.J.LE.NS) GCI.J)=FSCM.2)*ACJ)/AS 
IF C..I.GT.NS.AND • ..I.LE.NWI GCI • ..I)=FSCM.3)*AC..I)/AW 
IF C..I.GT.NW.AND • ..I.LE.NN) GCI • ..I)=FSCM.4)*ACJ)/AN 
IF C..I.GT.NN.ANO • ..I.LE.NE) GII • ..I1=FSCM.5).ACJ)/AE 
IF (J.EQ.NEXP) GCI • ..I)=FSCM.6) 
CO"TINUE 
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RETURN 

• • * * * * * * * * * * * * * * * * * * * * 
ENTRY RMOUT 

C 

C * * * * * * * * * * * * * * * * * * * * * * C 

2611 
~612 C 
2613 C 
~614 C 
,,1015 
,,616 
;:61 7 

~fle 

,,619 
~620 

,,621 
2622 
~623 

2624 
~f25 

2626 
2627 
21028 
,,62Q 
2630 
2631 
:26~2 

~6~3 

~634 

2635 
21:36 
:2~37 

2638 
,,639 
2640 
2641 
:2642 
2643 
2644 
cf4S 
2646 
2647 
2648 
2649 
2650 
,,651 
2652 
26S~ 

2654 
2655 
,,656 

WRITE (6.701 NEXP.NNEXP.L.W.H 
WRITE (6.801 
00 30 1=1.6 
WRITE (6.100) (FS(I.JI.J=I.6) 

30 CONTINUE 
WRITE (6.90) 
00 40 1= 1 • NEXP 
WRITE (6.100) (G(I .... ) .... =I.NEXPI 

40 COlloTINUE 

C 
C 

RETURN 

50 FORMAT (3fH DATA SHEET NO 10: NS.NW.NN.NE.L.W.H) 
60 FORMAT (68H CATA SHEET 11 AND 12: ROOM SURFACE CATA AND EXTERIOR S 

2URFACE S~ADO~) 

70 FORMAT (///5X24HTHIS RCO~ HAS A TOTAL OFI3.23H ~EAT TRANSFER SURFA 
2CES//15XI5HSDUTH WALL HAS 13.9H SURFACES//15XI5HWEST WALL HAS 13. 
39H SuRFACES//15XI5~NORTH WALL HAS 13.9H SURFACES//15XI5HEAST WALL 
4 HAS 13.9H SURFACES//5X30HROOM LENGTH ALONG SOUTH WALL =F7.2//5X30 
5HROOM WIDTH ALONG WEST WALL =F7.2//5X30HROOM CEILING HEIGHT 
6 =F7.2//) 

80 FORMAT (24Hl BASIC SHAPE FACTORS//) 
90 FORMAT (////31~ RADIATION EXCHANGE FACTORS//) 
100 FORMAT (20F6.3) 
110 "FORMAT () 
C 

END 
iilFCR. IS A30 

SUBROUTINE SHADOW (SHDX.PHI.COSZ.SHRATI 
C 

C ** ••• *******************_*************************************** 
C 

:::657 
265& ~ 
2659 
2660 
2661 
2662 
2663 
2664 
2665 
2666 
266"7 
2668 C 

DI~E~SION SHDX(20) 
FL=SHDX( 11 
HT=SHDX(21 
FP=SHDX(31 
AW=SHDX(41 
BWL=SHDX(5) 
BWR=SHDX(61 
D=SHCX(7) 
FPl=SHDX(S) 
Al=SHDX(9) 
Bl=SHOX(10) 
Cl=SHDX(11) 
FP2=SHDX( 12) 
A2=SHOX(13) 
B2=SI<OX( 14) 
C2=SHDX(IS) 
WAZI =SHDX( 16) 
THIS PROGRAM CALCULATES SHADOW CAST BY OVERHANG AND SIDE FINS 
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"t:6Q C 
2670 C 
2671 C 
2672 C 
2673 C 
2674 C 
,,675 C 
2676 C 
26 7 7 C 
2678 C 
2679 C 
,,680 C 
2681 C 
,,682 C 
2683 C 
2684 C 
2685 C 
,,686 C 
,,687 C 
2688 C 
,,6ee; 
2690 
2691 
2692 
2693 
2694 
2695 10 
2696 
269 7 C 
2698 20 
:C69Q 
2700 
2701 30 
2702 
2703 
2704 
~705 

2706 C 
2707 4C 
2708 
27CQ C 
2710 SO 
2711 60 
2712 
c713 
2714 
,,715 
~71 f 
~717 

271e 
,,719 
2720 
2721 
2722 
2723 
2724 
:::725 
2726 70 

lHIS PROGRAM HAS BEEN DEVELOPED BY TSENG-YAD SUN 
PHI •••• SOLAR AZIMUTH ANGLE 
COSZ ••• COSINE OF SOLAR ZENITH ANGLE 
SHRAT •• ShADE RATIO'RATIO OF THE SUNLIT AREA TO THE TOTAL WINDOW AR 
HT ••••• WINDOW ~EIG~T 
FL ••••• WINCD~ WICT~ 
FP ••••• DEPTH OF THE OVERHUNG 
AW ••••• CISTANCE FPO~ lOP OF THE WINDOW 10 THE OVERHUNG 
BWL •••• DlSTA~CE OF T~E OVER~UNG EXTENDED BEYOND THE LEFT EDGE OF T 
BWR •••• DISTANCE OF THE OVERHUNG EXTENDED BEYOND THE RIGHT EDGE OF 
D •••••• DEPTH OF VERTICAL PROJECTION AT THE END OF THE OVERHUNG 
FP1 •••• DEPTH OF THE LEFT FIN 
AI ••••• DISTANCE OF THE LEFT FIN EXTENDED ABOVF THE TOP OF THE WINO 
BI ••••• DISTANCE FROM THE LEFT EDGE OF T~E WINDOW TO THE LEFT FIN 
Cl ••••• DISTANCE OF THE LEFT FIN STOP SHORT ABOVE THE eOTTO~ OF T~E 
FP2 •••• CEPTH OF T~E RIGHT FIN 
A2 ••••• DISTANCE CF THE RIGHT FIN EXTENDED ABOVE THE TOP OF THE WIN 
B2 ••••• DISTANCE FPOM THE RIGHT EOGE OF THE WINDOW TO THE RIGHT FIN 
C2 ••••• DISTANCE OF THE RIGHT FIN STOP SHORT ABOVE THE BOTTOM OF TH 
WAZI ••• WINDOW AZIMUT~ ANGLE 
SHRA1=1. 
A=AW 
H=~T 

GAMMA=PHI-WAZI 
COSG=COS(GAMMA) 
IF (COSG) 10.10.20 
SHRAT=O. 
GO TO 910 

CONTINUE 
SBETA=CCSZ 
IF (SBETA) 10.10.30 
SING=SI~(GAMMA) 

VER1=SBETA/SQRT(I.-SBETA*SBETA)/COSG 
HORIZ=AES(SINGI/COSG 
TCETA=VERT/HCRIZ 
IF (GAMMA) 50.40.40 
~------SUN ON LEFT 
B=B .. L 
GO TO 60 
-------SUN ON RIG~T 
B=BWR 
ARSHF=O. 
AREA 1/=0 • 
ARSIF=O. 
AREAC=O. 
AREAt=O. 
ARSH1=O. 
FL3=0. 
H3=0. 
HI=H 
FLI=FL 
K=I 
L=I 
TI=FF*VERT 
FMl=FP*hCRIZ 
IF (FP) 430.430.70 
T=Tl 
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2727 
2728 
~729 

2730 
£7:31 
2732 
2733 
::73" 
2735 
::736 
2737 
2738 
273<; 
~7"0 
::7"1 
2742 
~74~ 

~74ia 

c7 45 

27"c 
::7"7 
274'1 
2749 
2750 
27S1 
':752 
2753 
2754 
2755 
::756 
275 7 

2758 
27:9 
2760 
2761 
2762 
::763 
276" 
27es 
271:1: 
276"" 
27613 
27t:9 
2770 
2771 
2772 
c77~ 

~774 

2775 
2776 
277"7 
2778 
2779 
2780 
2781 
l:782 
2783 
~78" 

C 

80 
90 
100 
110 
120 
C 
1:30 

C 
1"0 
C 
150 

C 
1/00 

C 
17C 

C 
180 
C 
1<;0 

C 
200 
210 
220 
C 
2:=0 

C 
2"0 
C 
250 

C 
21:0 

C 
270 

C 
280 

C 
2<;0 

~ 
C 
300 

FM=FMl 
AB=E*TCETA 
UG=(FL.+B)*TCETA 
OE=(H+A)/TCETA 
-------H(RIZCNTAL. OVER~U~G AREAO 
IF (T-A) 330.33e.80 
IF (~B-A) 200.200.90 
IF (DE-B) 18e.1B-OolOO 
IF (FM-B) 17e.170.110 
IF (OE-(FL.+BI) 1"0.1"0.120 
IF (FM-CFL.+B» 150.130.130 
-------HORIZ 9 
AREAD=FL.*(0.5*(AB+UG)-AI 
GC TC "30 

IF (T-(H+AI) 150.11:0.11:0 
-------HCRIZ 7 
AREAC=(T-A)*FL-«FM-BI**2)*TCETA*0.5 
L=2 
GO TO 27(1 
-------HORIZ 8 
AREAO=H*FL.-(OE-EI**2*TCETA*0.5 
GO TO "30 
-------HORIZ .3 
AREAO=FL.*( T-AI 
L.=2 
GO TO 300 

IF (T-(H+AI) 170.1<;0.1<;0 
-------HORIZ 2 
AREAO=H*FL. 
GO TO 900 

IF (UG-A) 330.330.210 
IF (OE-(FL.+BII 2"0.2"0.220 
IF (FM-(FL.+B» 260.230.230 
-------HORIZ 6 
AREAO=(UG-AI**2/TCETA*0.5 
GO TO "30 

IF (T-(H+AI) 260.250.250 
-------I'ORIZ 5 
AREAO=H+(FL.-(A+0.5*HI/TCETA+BI 
GC TC "30 
-------HORIZ " 
AREAC=(T-A)*(FL.+E-FM*(1.+A/T)*0.5) 
L.=2 
-------VERT PROJ AREAV 
FL.3=FL+B-FM 
IF (T+D-(H+A» 280.280.290 
-------VERT 8 
H3=0 
GO TO "20 
-------VERT 9 
H3=H+A-T 
GO TO "20 

FL.3=FL 
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2785 
278c C 
~7a7 

nil II 
2789 
:2790 
l:791 
l:792 
2793 
279" 
2795 
2796 
::797 
2798 
2799 
;<800 
:1B01 
::802 
2803 
280" 
2P.05 
2806 
2807 
2808 
2809 
2810 
2811 
2812 
2813 
281" 
2815 
2816 
2817 
2818 
281<1 
:1620 
21121 
2822 
2823 
282" 
:0:825 
2826 
2827 
2828 
2829 
::830 
2831 
2832 
~8~3 

2834 
::835 
2836 
2837 
::838 
2839 
::840 
::841 
2842 

310 

C 
320 

C 
:!30 
3"0 
350 
3«:0 

C 
370 

C 
3EO 

C 
390 
C 
400 

C 
410 

420 
C 
C 
430 
440 

C 
450 

460 
470 

C 
480 

C 
490 
C 
5eo 
c 
c 
510 

IF (T+O-(H+AI) 3::0.320.310 
-------VERT 7 
H3=H+A-T 
AREAV=H3*FL3 
GO TO 900 
-------VERT 6 
H3=D 
GO TO "20 

IF (T+D-A) "30'''30.3''0 
IF (FM-B) 3ge.39c.350 
IF (FM-(FL+B)1 360."30."30 
FL3=FL+E-FM 
IF (T+D-(H+A)1 380.300.370 
-------VERT 5 
H3=H 
GO TO "20 
-------VERT " 
H3=T+O-A 
GO TC "20 

IF (T+O-(H+A» "10."00.400 
------VERT 2 
AREAV=H*FL 
GO TO 900 
VERT 3 
H3=T+D-A 
FL3=FL 
AREAV=FL.3*H3 
-------SIDE FIN AND SHORT SIDE FIN 
-------5IOE FIN AREAl ARSIF 
IF (GAMMA) 450.o;ce.440 
FPF=FPl 
AF=Al 
BF=B1 
CX=Cl 
GO TO 460 

FFF=FP2 
AF=A2 
BF=B2 
CX=C2 
IF (FPFI 900.900.470 
T=FPF*VERT 
FM=FPF*HCRIZ 
AF1=AF 
IF (AREAO) 530.530.480 
-------TEST FOR CVERLAP OF FIN AND OVERHUNG SHADOW 
AT=A+(BF-BI*TCETA 
IF (AT-AF) "90.530.530 
------OVERLAP EXISTS •• L=2 IF OVERHUNG SHADOW HAS HORIZ EDGE IN WIN 
GO TO (510.5eO). L 
------TEST FOR TYPE OF OVERLAP 
IF «FM-BF)-(FMI-B) 510.520.520 
------SET L=t.SHAOOW INTERSECT ON INCLINED EDGE OF OVERHUNG SHADOW 
-------FIN SHADOW IS BELOW INCLINED EDGE OF OVERHUNG SHADOW 
AF=AT 
L=1 
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2843 
2844 C 
2845 C 
2846 4520 
2.134"'_ C 
284E! 
2849 
2850 C 
28el 530 
2652 
2853 
2854 
~8E5 

2856 540 
2857 550 
~8E8 560 
2859 570 
2860 580 
2861 C 
2862 5<;0 
2863 
2864 C 
2~E~ 600 
2e66 C 
2867 610 
2868 
~e69 C 
.2F!70 620 
28"'1 
2872 C 
2873 630 
2874 C 
2675 640 
2e7€ 
2877 C 
2.€7F 650 
2879 
2880 C 
2881 660 
2882 670 
2e63 6EO 
2884 C 
2885 690 
~P'86 

2P.87 C 
288e 700 
2889 
2890 C 
2891 710 
269.2 C 
2893 720 
28~4 C 
2e<;5 7-=0 
28<;6 740 
2.89 7 C 
28<;8 750 
2899 
2900 C 

GO TO 5::0 
-------L IS 2. HORIZ EDGE OF OVERHUNG SHADOW-PORTION A80VE HORIZ E 
-------NOT IN OVER~UNG SHADOW IS FIN SHADOW 
AREA1=FL*(TI-AI-AREAO 
-------RESET TO CALC FIN SHADOW 8ELOW HORIZ EDGE OF OVHNG SHADOW 
AF=TI-A+AFI 
H=H+AFI-AF 
------SHADOW OF FIN CK=1 ON GLASS K=2 ON VERT PROJ SHADoWI 
AB=BF*TCETA 
UG=(FL+EFI*TCETA 
OE=(H+AFI/TCETA 
DJ=CX/TCETA 
IF CFM-EFI 800.800.540 
IF CAB-AFI 550.660.660 
IF CUG-AFI 6~0.6~0.560 
IF CT-AFI 640.640.570 
IF (UG-(H+AFII 6CC.600.580 
IF (T-CH+AFII 620.590.590 
-----FIN °9 
AREAl=H*(CAF+H*0.51/TCETA-BFI+AREAl 
GC TO 730 

IF (FM-(FL+BFII 620.610.610 
-------FIN8 
AREAl=H*FL-(UG-AFI**2/TCETA*0.5+AREAl 
GO TO 7~0 

-------FIN 7 
AREA1=CFM-BFI*H-CT-AFI**2/TCETA*0.5+AREAI 
GO TO 770 

IF (FM-(FL+BFI I 640.640.650 
-------FIN 3 
AREAl=H*(FM-8FI+AREAl 
GO TO 7'70 
-------FIN 2 
ARE~l=H*FL+AREAl 

GO TO 730 

IF (OE-BFI 8CO.800.670 
IF (UG-(H+AFII '710.710.680 
IF (T-(H+~FII 700.690.690 
------FIN 6 
ARE~1=(CE-BFI**2*TCET~*0.5+AREAl 

GO TO 730 
------FIN 4 
ARE~1=(FM-BFI*(H+~F-(T+ABI*0.51+AREAI 

GO TO 770 

IF (FM-(FL+BFII 700.'720.720 
-----FI" 5 
AREAl=FL*(H-(EF+FL*0.51*TCETA+AFI+AREAl 
------5HORT SlOE FIN ARSHl.ARSHF 
IF COJ-BFI 800.800.740 
IF (DJ-(FL+BFII 760.760.750 
-------SHDRT 3 
ARSH1=-FL*(CX-(BF+FL/2.I*TCETAI 
GO TO 800 
-------SHORT 4 
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2901 
2902 
2903 
2904 
29.05 
2906 
2907 
2908 
2909 
2<;10 
2911 
2<;12 
2<;13 
2914 
C91S 
2916 
2917 
2918 
2<;1 <; 
2920 
2921 
2<;22 
2923 

760 

C 
'770 
'780 
C 
790 
800 
C 
810 

820 

C 
830 
C 
840 

ARSHl=-(CX-AEI**2/TCETA*0.5 
GO TO 800 

IF (DJ-8FI 800.800.780 
IF (DJ-FMI 760.760.790 
-------SHORT 2 
ARSHl=-CFM-BFI*CCX-(T+ABI*0.51 
GO TO (E20.8101. K 

ARSHl=-ARSHI 
AREAl=-AREAl 
ARSHF=ARSHF+ARSHI 
AR5IF=ARSIF+AREAl 
GO TC (830.9001. K 

IF (~REAVI 900.900.840 
------RESET PARAMETERS TO DEDUCT FIN SHADOW OVERLAP ON VERT PROJ 
K=2 
ARE~I=O. 

ARSHl=O. 
8BF=8F 
BF=FMI-B+BF 

2924 850 
292: 860 
2926 870 
292 7 

IF (BFI 850.860.860 
BF=BBF 
IF (HT+A-TI-DI 8<;C.890.8'70 
CX=CX-CHT+A-TI-DI 
IF (CXI 880.890.890 

2928 Beo 
292<; 8<;0 

CX=O. 
AF=Tl-~+~F 

2930 
2931 
2932 

H=H3 
FL=FL3 
GO TC 530 

2933 C 
2934 900 

------- SHADED AREA ARSHA 
ARSH~=AREAO+AREAV+ARSHF+ARSIF 

SHRAT=(FLl*Hl-ARSHAI/(FLI*Hll 2935 
2936 
2937 
2<;38 
2939 
2<;40 
2941 
2942 
2943 
2944 
2945 
2946 
294'7 
2948 
2949 
2950 
2951 
2952 
2953 
2954 
2955 
2956 
2957 
2958 

FL=FLI 
910 CO"TINUE 

RETURN 
C 

END 
2FOR.IS A::l 

SLBROLTINE SHG (SHI 
C 
c ***********************.****************************************** 
C 

DIME"SION 5HC201 
C SHC11=INTENSITY OF DIRECT NCRMAL SOLAR RADIATION 
C SHC21=INTENSITY OF DIFFUSE SKY RADIATION 
C SHC31=INTENSITY CF GROUND REFLECTED DIFFUSE RADIATION 
C SHC4 )=COSI NE OF I NCI DENCE OF DIRECT SOLAR" RADIATION 
C SH(51=FORM FACTOR BETWEEN ThE WINDOW AND THE SKY 
C S~(6)=FC~M FACTOR EETWEEN T~E WINDOW AND THE GROUND 
C SHC71=THERMAL RESISTANCE AT OUTSIOE SURFACE 
C SH(81=THERMAL RESISTANCE AT THE AIR SPACE (OOUBLE GLAZING) 
C SH(9)=THERMAL RESISTANCE AT THE INNER SURFACE 
C SHCIOI=5UNLIT AREA FACTOR 
C SHC111=SHADING COEFFICIENT .NON-ZERO VALUE WILL BE GIVEN ONLY 
C ~~EN T~E WINDOW IS SHADEO BY DRAPES OR BLINDS OR IF IT HAS 
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c959 C 
2960 C 
2961 C 
,,962 C 
2963 C 
2964 C 
2965 C 
2966 C 
2967 
2968 
2969 
2970 
2971 
2972 
2973 
2974 10 
297S 
297/l C 
2977 20 

~~ INTE~P~NE SEP~RATION OF MORE THAN I-INCH 
SH(12)=TRANSMIS5ICN FACTCR FOR DIRECT RADI~TION 
SH(13)=TRA~SMISSICN FACTOR FOR DIFFUSE RADIATION 
SH(14)=A8S0RPTICN FACTOR FOR DIRECT RADIATION (OUTER PANE) 
SH(15)=ABSORPTION FACTOR FOR DIRECT RADIATION I INNER PANE) 
SH(16)=AESORFTICN FACTOR FOR DIFFUSE RADIATIONIOUTER PANE) 
SH(17)=ABSORFTION FACTOR FOR DIFFUSE RADIATIONI INNER PANE) 
SH(18)=SCLAR HEAT GAIN 
COMMON /SOL/ LAT.LCNG.TZN.WAZ.WT.CN.DST.LPYR.S(35) 
RE~L LAT.LONG.NI.NO 
NI=ISH(7)+SH(S»/(SHI7)+SH(S)+SHI9» 
NO=ISH(7»/ISH(7)+SH(S)+SH(9» 
D=Sr(10)*SHI1)*SHI4)*(SHI121+NO*SHI141+NI*SHI1S» 
DD=(SH(2)*SHIS)+SH(31*SH(6»*(SH(131+NO*SH(16)+NI*SHI17I) 
IF (SHIll» 20.10.20 
SHI18'=D+DD 
GO TO 30 

SHllSI=ID+DDI*SH(11) 
30 RETURN 2<;78 

2<;79 
2980 
2981 
2982 
2983 
2984 
298S 
2<;86 
2987 
2988 
2989 
2990 
2991 
2992 10 
2<;93 

C 
END 

aFORe IS A32 
SUBROUTINE SOLVP IM.N.C.D.X.I) 

C 

c ** •••••••• ** •• ********.*********.*****.*************************** 
C 
C T~IS IS ~ ~OUTINE FCR SOLVING SIMULTANEOUS LINEAR EQUATIONS 
C THE ROUTINE WAS DEVELOPED BY B.A. PEAVY OF NBS 
C ROUTINE FAILS WHEN ANY OF THE DIAGONAL ELEMENTS IS ZERO 

DI~E~SICN A(100.1011.CII.ll.Dlll.Xll1 
DO 10 IX=1.M 

,,994 20 
2<;9S 
2<;96 30 
2997 
2<;98 40 

DO 10 IY=1.M 
AIIX.IY)=CIIX.IYI 
DO 20 I2=1.M 
AIIZ.N)=DIIZ) 
L=1 
AA=AIL.LI 
DO 40 K=L.N 
AIL.K)=AIL.K)/~A 

DO 60 K=1.M 
IF IK.EG.L) GO TO 60 
AA=-AIK.L) 
DO SO IA=L.N 

2999 
3000 
:!001 
3002 
~003 

:!004 
300S 
3006 
300'1 
3008 
3e09 
3010 
~011 

':012 
::013 
~014 

SO AIK.IA)=A(K.IA)+AA.AIL.IAI 
60 CONTINUE 

L=L+t 
IF (L.LE.Mt GO TC 30 
DO '10 IP=t.M 

70 XIIP)=A(IP.Nl 
RETU~N 

C 
END 

aFOR.IS A33 
SUBROUTINE SUN 

C 
;:015 C 
3016 C 

••••• ************************************************************* 
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!01 '1 

!018 
!019 
:020 
:021 
:022 
?023 
:024 
:02S 
::026 
::027 
302S 
::029 
:!O~O 

~O31 

~032 

3033 
3034 
303S 
3036 
3037 
~03S 

;:039 
~O40 

3041 
:::042 
::043 
::044 
~O45 

3046 
.:!047 
304S 
3049 
30S0 
30S1 
3052 
::0;3 
::0;4 
3055 
305E 
::05'" 
3058 
:::059 
:::060 
;:061 
~062 

::063 
3064 
306S 
:::0106 
3067 
3068 
3069 
;:070 
3071 
::072 
:::073 
3074 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DIMENSION AOIS) /.302.-.0002.36S.44 •• 171'1.0.0905/ • 
~ A1(el /-22.~3,.41~7.24.e2.-.0344.-.0410/ • 
~ A2(5) /-.229,-3.2265.-1.14,.0032 •• 0073/ • 
4 A3(5) /-.243,-.0903,-1.09,.0024,.0015/ , 
~ Bl(5) 13.851,-7.351,.:8,-.0043,-.0034/ ,82(5' /.002,-9.3912,-.18, 
6 0.,0.00041 ,83(5) 1-.055.-.3361,.28,-.0008,-.0006/ 
RE~L LAT.LATD.LONG.MERID.LOND 
CO~MON /SOL/ LAT.LONG.T2N.WAZ.Wy.CN.DST.LPYR.SI::S) 
Sll)= LATITUDE.DEGREESI+NORTH.-SOUTH' 
S121= LONGITUDE.DEGREESI+WEST.-EAST) 
S(3)= TIME ZCNE ~UMBER 

STANDARD TIME DAYLIGHT SAVING TIME 
~TL~NTIC 4 3 
EASTERN S 4 
CENTRAL 6 5 
MClJ~TAIN 

PACIFIC 
7 

S 
SI~)= DAYS(FROM START OF YEAR) 
SISI= TIME.HOUR AFTER MIDNIGHT' 
S(6)= DAYLIG~T SAVING TIME INDICATOR 
S17,= GROUND REFLECTIVITY 
S(8)= CLEARNESS NUMBER 

6 
7 

S(9)= W_LL.AZI~UT~ ANGLE. DEGREES FRO~ SOUTH 
SIIO)=W_LL TILT ANGLE. DEGREES FROM HORIZON 
Slttl=SUN ~ISE TIME (HOURS AFTER MIDNIGHTl 
S(12)=SUN SET TI~E 
Sll~l=COSZ DIRECTION COSINES 
SI14l=CC5N OIRECTION COSINES 
5(15)=C0515) DIRECTION COSINESl 
S(16)=~LPHA DIRECTION COSINES NORMAL TO SURFACE 
51 17l=BETA 
Slt8)=GAMMA 
S(19)=COSIETAlCOSINE OF INCIDENCE ANGLE 
SI20'=SOLAR ALTITUDE ANGLE 
SI21l=SCLAR AZI~UTH A~GLE 

SI22'=DIFFUSE SKY RADIATION ON HCRIZONTAL SURFACE 
S(231=DIFFUSE GRCUND REFLECTED R~DIATION 
S(24)=DIRECT NORMAL RADIATICN 
S(2S)=TOTAL SOLAR RADIATION INTENSITY 
S(261=DIFFUSE SKY RADIATION INTENSITY 
SI27'=GROUND REFLECTED DIFFUSE RADIATION INTENSITY 
S(2S)=SUN CECLI~ATICN ANGLE. DEGREES 
S(291=EQLATION OF TIME .HOURS 
S(30)=A SOLAR FACTOR 
5( 31 1= SOLAR FACTOR 
S1321= SOLAR FACTOR 
SI~3l= CLOUD COVER MODIFIER 
S(34) INTENSITY OF DIRECT SOLAR RADIATION ON SURFACE 
SI::51 HOUR ANGLE.DEGREE 
PI=3.141S927 
X=2*PI/3t:6.*S(4) 
Cl=COSIXI 
C2=COSI2*X) 
C3=CCS(3*XI 
Sl=SINIXI 
S2=SINI2*Xl 
S3=SINI3*X) 
DO to K=t.S 
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307C; 

~O76 10 
3077 
3078 
~079 

3080 
3081 
3082 
3083 
301' 4 
3085 
3086 
3087 
308e 
3089 
3090 
::091 
::092 
3093 
~O94 

3095 
::096 20 
::097 
3C98 
::099 
::100 
3101 30 
::102 
3103 C 
::104 4C 
.:!10S 50 
3106 
::107 6C 
3108 
310<; C 
::110 70 
3111 80 
::112 
::113 
3114 
::115 
3116 
311 7 

::118 
3119 
::120 
::121 
::122 
3123 
::124 
2125 
::126 90 
::127 100 
::128 lIe, 
~12q 

3130 120 
3131 
::132 

KS=(K-l)+2e 
S(KS)=AO(K)+Al(K)*Cl+A2(K)*C2+A3(K)*C3+Bl(K)*SI+B2(K)*S2+B3(K)*S3 
5(29)=5(29)/60. 
LATO=S( 11 
LC"G=S(2) 
MERIO=I!:*S(3) 
LO"D=LONG-MERIO 
Y=S(28)*PI/180. 
YY=LATD*PI/180. 
HP=-TA"(Y)*TAN(YY) 
TR=12/PI*ACOS(HP) 
S(11)=(12-TR)-S(29)+LONO/15. 
S( 12) =24.-S( 11) 
H=15*(S(S)-I~+S(::)+S(29)-S(6»-S(2) 
S(35)=H 
SI3=SIN(YY)*SIN(Y)+COS(YY)*COS(Y)*COS(H*PI/180.) 
5(13)=513 
HP1=180.*ACOS(HP)/PI 
Xl=ABS(HF1) 
X2=ABS(H) 
IF (XI-X2) 130,20,20 
S(14)=COS(Y)*SIN(H*Pl/180.) 
S(15)=SQRT(I.-S(13)*S(13)-S(14)*5(14» 
STEST=S(15) 
STEST1=COS(H*PI/180.)-TAN(Y)/TAN(YY) 
IF (STEST1) 40.30.30 
S(15)=S"TEST 
GO TO 50 

S( 15 )=-S"TEST 
S(20)=ASIN(S(13» 
IF (5(15)) 70.60.60 
S(21)=ASIN(S(14)/COS(S(20»1 
GO TO 80 

S(21)=PI-ASIN(S(14)/COS(S(201» 
S(20)=180.*S(20)/P[ 
5(21'=180.*5(21)/1"1 
S(24)=S(30)*S(8)*S(33)*EXP(-S(31)/S(13) 
S(22)=S(32)*S(24)/S(8)/S(8) 
S(23)=S(7)*(S(221+S(24)*S(13» 
WY=S(10,*PI/180. 
S( 16)=COS(WY) 
WA=S(9)*Pl/180. 
S(16)=COS(WY) 
S(17'=SlN(WA)*SlN(WY) 
S(IB)=C05(WA)*SIN(WY) 
5(19)=5(16)*5(13)+5(17)*5(14)+5(18)*5(15) 
5(34)=5(24)*5(19) 
Y=0.45 
IF (5(19'+0.2) 100.100.90 
Y=0.55+0.437*S(19)+0.313*S(19)**2 
IF (5(19)) 110.110.120 
5(19)=0. 
5(341=0. 
CONTINUE 
S(261=S(22)*Y 
S(27)=S( 231*( I-S( 16) )/2. 
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3133 
3134 
~135 

3136 
3137 
3138 
~1::!9 

3140 
3141 
3142 
::143 
::144 
~14e 

3146 
::147 
3148 
3149 
::150 
3151 
::152 
3153 
3154 
3155 
::156 
3157 
::158 
::159 
3160 
3161 
3162 
3163 
3164 
3165 
3166 
~167 

3168 
3169 
3170 
~171 

3172 
317 3 
3174 
3175 
3176 
3177 
3178 
3179 
31BO 
::181 
3182 
::183 
3184 
3185 
::186 
3187 
3188 
3189 
::190 

C 

5(25)=5(34)+5(26)+5(27) 
GO TO 150 

1::0 DO 140 J=14.26 
140 S(J)=O. 

5(34)=0 
1'50 RETURN 
C 

END 
ilFCR. IS A34 

SUBRCUTINE TAR (TR) 
C 
c ••••••••••••• ******** ••••• ** •• *****.****.*******************.***** 
C 

REAL Al(6) /0.01154.0.77674.-3.94657,8.57881.-8.38135.3.01188/ 
REAL A2(6) /0.01636.1.40783.-6.79030.14.3737 8,-13.83357 .4.92439/ 
REAL A3(6) /0.01837.1.92497.-8.89134,18.40197.-1 7 .481'48,6.17544/ 
REAL A4(6) /0.01902.2.35417,-10.4715.21.24322,-19.95978.6.99964/ 
REAL A5(6) /0.01712.3.50839.-13.8639.26.34330,-23.84846,8.17372/ 
REAL A6(6) /0.01406,4.15<;58.-15.0628.27.18492.-23.88518,8.03650/ 
REAL A7(6) /O.01153.4.:5946.-15.4329.26.70568.-22.87993.7.57~Q5/ 
REAL A8(6) /0.00962.4.81911.-15.4714.25.86516.-21.69106.7.08714/ 
REAL Tl(6) /-0.00885.2.71235,-0.62062.-7.07329.<;.75995.-3.89922/ 
REAL T2(6) /-0.01114,2.39371.0.42978.-8.98262,ll.51798,-4.520~4/ 
REAL T3(6) /-0.01200,2.13036.1.13833,-10.07925.12.44161,-4.83285/ 
REAL T4(6) /-0.01218.1.90950.1.61391.-10.64872.12.83698,-4.95199/ 
REAL T5(6) /-0.01056.1.29711.2.28615,-10.37132.11.95884.-4.54880/ 
REAL T6(6) /-0.00835,0.92766.2.15721.-8.71429.9.87 152.-3.73328/ 
REAL T7(6) /-0.00646.0.68256.1.82499.-6.95325,7.80647.-2.94454/ 
REAL T8(6) /-0.00496,0.51043.1.47607.-5.41985.6.00546,-2.28162/ 
REAL A01(6) /0.01407.1.06226.-5.59131,12.15034.-11. 7 8092.4.20070/ 
REAL A02(6) /0.01819.1.86277.-9.24831.19.49443.-18.56094.6.53940/ 
REAL A03(6) ~0.01905.2~47900.-11.742~.24.14037.-22.64299.7.89954/ 
REAL A04(6) /0.01862.2.96400.-13.4870.27.13020,-25.11877,8.68895/ 
REAL A05(6) /0.01423.4.14384.-16.66709.31.30484,-27.81955.9.35959/ 
REAL A06(6) /0.01056.4.71447.-17.33454.30.91781 .-26.63898.8.79495/ 
REAL A07(6) /0.00819,5.0176A.-17.21228.29.46388.-24.76915.8.05040/ 
REAL A08(6) /0.00670.5.18781.-16.84820.27.90292,-22.99619,7.38140/ 
REAL All(6) /0.00228,O.34559.-1.1990e.2.22336,-~.05287.0.72376/ 
REAL AI2(6) /0.00123,0.29788.-0.92256,1.58171.-1.40040.0.48316/ 
REAL AI3(6) /0.00061,O.26017.-0.72713.1.14950.-0.9~138.0.32~05/ 
REAL AI4(6) /0.00035,0.22974.-0.58381.0.84626.-0.67666.0.22102/ 
REAL AI5(6) /-0.COC09.0.15049.-0.27590.0.25618,-0.12919,O.02859/ 
REAL AI6(6) /-0.00016.0.10579.-0.15035.0.06487.0.02759.-0.02317/ 
REAL AI7(6) /-0.00015,0.07717.-0.09059.0.00050,0.06711.-0.03394/ 
REAL AI8(6) /-0.00012.0.05746.-0.0567e.-0.01855.0.06837.-0.03191/ 
REAL T01(6) /-0.00401.0.74050.7.20350,-20.11763.19.68824.-6.74585/ 
REAL T02(6) /-0.00438.0.57818.7.42065.-20.26848,19.79706.-6.79619/ 
REAL T03(6) /-0.00428,0.45797.7.41367,-19.92004.19.40969,-6.66603/ 
REAL T04(6) /-0.00401.0.36698.7.27324.-19.29364.18.75408,-6.43968/ 
REAL TD5(6) /-0.00279,0.16468,6.17715,-15.84811.15.28302.-5.23666/ 
REAL T06(6) /-0.00192.0.081eO.4.94753.-12.43481.11.92495,-4.07787/ 
REAL TD7(6) /-0.00136.0.04419,3.87529.-9.59069.9.16022,-3.12776/ 
REAL TOe(6) /-0.00098,0.02576.3.00400,-4.33834.6.98747 ,-2.38328/ 
OI~"SION TR(9).A(8.6),T(8.6),AO(8.6),AI(8,6).TD(8.6) 

C TR(l)= TRA~SMISSION FACTOR .DIRECT 
C TR(2)= TRANSMISSICN FACTOR ,DIFFUSE 
C TR(3)= ABSORPTION FACTOR .DIRECT, OUTER 
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3191 C 
3192 C 
3193 C 
::194 C 
::?195 C 
3196 C 
H97 C 
3198 C 
::199 
3200 
::201 
::202 
3203 
::204 
3205 
::206 
::207 
::208 
3209 
::210 
::211 
3212 
::213 
::214 
:!215 
3216 
'::217 
3218 
3219 
3220 
'::221 
'::222 
::223 
::224 
3225 
::226 
3227 
~.c.2e 

::229 
3230 
::231 
3232 
::233 
::234 
3235 
3236 
~23~ 

3238 
~2:!q 10 
::240 
2241 
3242 
::243 
324. 
~245 

::2.6 
32.7 
32.8 

TR(.)= 
TR(5)= 

.DIFFUSE.OUTER 

.DIRECT .INNER 
TR(6)= .DIFFUSE.INNER 
TR(7)= COSINE OF INCIDENT A~GLE 

TR(8)=TYPE CF GLASS 
TR(9)=ID CODE FOR THE GLAZING 

10 =1 SINGLE GLAZING 
10 =2 COU8LE GLAZING 
DO 10 .1= 1.6 
A( 1 • ..I)=A1 (..I) 
A(2 • .I'="2(..I' 
A(3 • .II=A3(.I) 
A( •• .I)=A.(.I) 
A(5 • ..I'=A5(.I) 
A(6 • .II=A6(.I) 
A(7 • .I,=A7(..I' 
A( e • .I'=A8( .I' 
T( 1.J'=Tl(.I) 
T(2.Jl=T2(.I1 
T(3 • .I,=T3(J' 
T( •• Jl=T.( .I' 
T(5 • .I'=TS(JI 
T(6.J)=T6(J' 
T(7.J'=T7(J' 
T(8.J)=T8(J' 
AO( 1.J)=A01 (.I, 
AO(2 • ..I'=.A02(.I' 
AO(3.J,=AC3(J) 
AO( •• .I)=AO.(.I) 
AO(5 • .I)=AC5( .I) 
AO(6.J)=A06(.I) 
AO(7.J'=A07(J) 
AO(8.J)=AD8(J) 
AU1 • .I'=AIH .I' 
AI(2 • .I)=AI2(.I) 
AI(3 • .I)=AI3( .I) 
AI(4.J'=AI.(J) 
A[(5 • .I)=AIS( .I) 
AIC6 • .I)=AI6( .I) 
AI(7.J'=AI7(.I) 
AIC8.J)=AI8( .I) 
TD(I • .I)=TD1(J) 
TD(2.J)=TD2(J' 
TD(3 • .I,=TD3( .I) 
TO( •• .I)=TD4(.I) 
TD(5 • .I)=TD5(.I' 
TD(6 • .I)=TD6(.I) 
TD(7 • .I)=TD7(.I) 
TD(8 • .I)=T08(.I1 
ETA=TR(7) 
L=TR(8) 
ID=TR(9) 
IF (ID.EO.2) GO TO 30 
TR( 1 I=T(L.1) 
TR(2)=T(L.l)/2. 
TR(31=A(Loll 
TR(4'=A(L.1)/2. 
DO 20 .1=2.6 
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3249 
3250 
~251 

::252 
::253 
:!254 
'::255 
::256 
::25" 
::2Se 
'::259 
::260 
::261 
::262 
3263 
326. 
3265 
3266 
::2E"7 
3268 
<1269 
::270 
3271 
3272 
3273 
<127. 
3275 
3276 
::277 
3278 
3279 
<1280 
3281 
3282 
3283 
:!2SA 
3285 
3286 
3287 

32S8 
3289 
3290 
3291 
3292 
3293 
3294 
3295 
::296 
::297 
3298 
3299 
3300 
3301 
3302 
~30:3 

~:!O. 

3305 
3306 

TR(1)=TR(1)+T(L • .I)*(ET.A**(J-l1) 
TR(2)=TR(2)+T(L.J)/(J+1' 
TR(31=TR(3,+.A(L.J'*(ETA**(.I-1" 

20 TR(.,=TR(.)+A(L.J,/(J+11 
TR(S)=O 
TR(6)=0 
GO TO 50 

C 
30 TR(1,=TO(L.1) 

TR(2,=TD(L.l'/2. 
TR(31=AC(L.l , 
TR(4,=AO(L.1'/2. 
TR(5,=AI (L.l' 
TR(6'=AICL.l'/2. 
DC 40 J=2.6 
X=ETA**(J-ll 
TR(l,=TR(l'+TO(L • .I'*X 
TR(2,=TR(2)+TD(L • .II/(J+l1 
TR(31=TR(31+AO(L • .II*X 
TR(4,=TR(41+AO(L.J'/(.I+1' 
TR(SI=TR(51+AI(L.JI*X 

40 TR(6'=TR(6'+AICL • .1'/(.1+11 
50 TR(21=2*TR(2' 

C 

TR(4)=2*TR(.) 
TR(6)=2*TR(6) 
RETURN 

END 
ii:FOR.IS A35 

SU8ROUTINE TEMPSH (MONTH • .I.1.NK.RMD8S.RMDBW.RMDBWO.RMD8S0.TA) 

C 
c ••••• **.~.**.** •• *****.************************.*** •• ************* 
C 

DIME~SICN RMC8S(2.I.RMCBW(2.) 
IF (MONTH.GE.6.AND.MONTH.LE.9) GO TO 20 
IF (J.I.GT.1) GO TO 10 
TA=RMDBW(NKI 
GO TO 40 

C 
10 TA=RIIDBWC 

GO TO .0 
C 
20 IF (J.I.GT.l) GO TO 30 

TA=RMDBS(NK' 
GC TC 40 

C 
30 TA=RMDBSO 
.0 CONTINUE 

RETURN 
C 

END 
aFOR.IS A36 

FUNCTION WBF (H.PB) 
C 
C •••••••••••• *********** •• ***.************************************* 
C 
C THIS PRCGRAII APPROXIMATES THE WET-BULB TEMPERATURE WHEN 
C E~THALPY IS GIVEN 
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:07 
308 1 C 
30C; 
310 
311 
312 C 
31:: 20 

::314 
.315 C 
316 30 
:::17 
~lA 

319 
320 
321 40 
322 
::23 
324 
325 
226 
327 50 
221! 
::29 
330 C 
331 60 
332 70 
:::33 
::::::4 C 
::35 80 

::336 
~:::3"" C 

.,C 

100 
C 

IF ( ... , 30.30.10 
Y=LCGIHJ 
IF (H.GT.ll. 7 58J GC 10 20 
W8F=0.6041+3.48Al*V+l.3601*V*V+0.97307*V*V*Y 
GG TC 100 

WBF=30 • .,185-::9.6e200*Y+20.5841*Y*V-l.758*Y*V*V 
GO TO 100 

WBl=150. 
PV1=PVSFIW81) 
Wl=0.622*P~1~IPB-PVlJ 

Xl=0.24*WB1+(1061+0.444*WBIJ*Wl 
Vl=H-XI 
WB2=IoB 1-1 
PV2=PVSF(W82) 
W2=0.622*PV2~IP8-PV2) 

X2=0.24*IoB2+(1061+0.444*WB2)*W2 
V2=I1-X2 
IF (Yl*V2) SO,60,50 
we 1=WB2 
Vl=Y2 
GO TO 40 

IF (Vll 80,70,80 
WBF=WBI 
GO TC 100 

WEF=WB2 
GC TC 100 

Z=Ae5(Yl~V2) 

WBF=(WB2*Z+WBl)~ll+ZI 

RETURN 

::338 
333<; 
3340 
:::341 
~::42 

::::43 
::344 
3345 
3246 

END 
.,FCR,IS A37 

C 
C 

334"" C 
2348 C 
::349 

::50 C 
351 C 
352 C 

':7C"2 

3354 
3355 
2356 
::3S~ 

3358 
335., 
3360 
3361 
::::€2 
33€3 
3364 

COMPILER (FLC=ABS) 

****************************************************************** 

5U8POLTINE WD (MM) 

***********************************************************-****** 

INTEGER INCMI176,2),TAPEl,TAPE2 
COMMON TAPEl.TAPE2.NCl.ND2.INPUT(1100) 
MT=TAPE2 
JF (MM.EO.O) MT=TAPEI 
NL=176 
IF (MM.EO.O) NL=83 
NM=NOI 
NOl=N02 
NC2="M 
IF (NCl.NE.N02) GC TO 10 
N02=2 
CALL NT RAN (~T,24,26) 

58d 

3365 
3366 
336 7 

CALL NT~AN (~T.2.NL.INCM(1.1)'L.22) 
10 IF (L.LT.OJ GO TO 30 

CALL NTRAN (MT,2.NL.INCM(1. N02 ),L.22) 

DO 20 J=l,NL 
DO 20 K=I.6 
JJ=(K-l)*6 

3368 
::369 
::370 
3371 
3:: 7 2 
3373 

JK=(J-l)·6+K 
20 INPUT(JK)=FLC(JJ.6.I"C~(J.NCl)J 

GO TO 40 

3374 
33715 
::376 

C 
30 WRITE (6.50) L 

STOP 

C 
40 CONTINUE 

3377 
3378 
::379 
::380 
::381 
2::82 
33fl3 
3384 
3385 
3386 
338 7 
~3P.A 

3389 
3390 
3391 
3392 
3393 
3394 
339'5 
3396 
~397 

3398 
33-;9 
3400 
;:"01 
;:"02 
;:ta03 
3404 
;405 
;:4010 
340'" 
340e 
:!40o; 
3410 
~Al1 

;412 
3413 
3414 
2415 
3416 
;:417 
;:1118 
::419 
3420 
;:421 
3422 

C 
C 
50 
C 

RETURN 

FORM~T (20HO INPUT ERROR 

ENO 

Lo=l110) 

.,FOR.IS A~8 
SUBRO~TINE WDX (I"') 

C C .** •• ***** ••• ***.* ••••••• ** •• *.*****.* •• *** •• ***************.***** 

DIME"SlON IDJTA(10) ~054.06.07'OI0.011.CI2.013.014.015.016~ • C 
2 JDATA(10) ~C60.C61.062.C63,064.C65.066.067.070.071~ • 
3 KDATA(1

0
) ~030.C17.020.021.022'023.024.025.026.0271 

DATA KX ~041~ 
00 10 KKo=l.10 
IF (IW.EQ.IDATA(KKJ) GC TO 20 

IF (IW.EQ.JOATA(KK» GO TO 20 

IF (IW.EC.KD~TA(KK» 
GO TO 30 

10 CONTINUE 
IF (IW.EQ.KX J GO TO 40 

11Ii=ICCOOOO 
GO TO 50 

C 
2C I,.=KK-l 

GO TO 50 

C 
30 IW=-(KK-ll 

GO TO 50 

C 
40 1 .. =10 

50 RETU~N 

C 
END 
SUBROUTINE WINTER (A.U.ITYPE.NEXP.CFMWT.DBIN.OBWT.UG.TGW.R~I.RHO. .,FeR.IS A39 

.UENOW.UCELNG.AENDW.ATCHT,AIRCHG) 

C C .* ••••••••••• *.*.*****.*.** •• ****************.*******.******.***** 

C DIME~SION .(301. U(30J.ITVPE(30J 
CALL CBR~ (D8WT.R~0.WO) 
CALL DBR~ (CeIN,R~I.WII 
DTo=DBI",-CBWT 

59d 



~423 

~424 

~425 

~426 

:!427 
~428 

~429 

~430 

~431 

C 
C 

DW=WI-WO 
OWINTS=I.08*CFMWT*DT 
OWINTL=4.5*CFMWT*DW*10~0. 

DO 20 I=I.NEXP 
IF (ITYPE(I).EO.6.0R.ITYPE(I).EO.7) GO TO 20 
IF(UCEL~G.EO.O •• OR.ITYPE(I).NE.l)GD TO 5 
X=U(I)*A(II+1.08*AIRCHG*ATC~T/60.+UENDW*AENDW 

Y=UCELNG*A( 1) 
TATTIC=(X*DBWT+Y*CBINI/(X+Y) 
QWIN1S=O.INTS+Y*(DBIN-TATTIC) 
GO TO 20 
IF (ITYPE(I).NE.5) GO TO 10 
OWIN1S=O.INTS+UG*A(1)*(DBIN-TGW) 
GO TO 20 
CONTINUE 
OWINTS=OWINTS+U(I)*A(I)*DT 
CONTINUE 
TOTAL=OWJNTS+OWINTL 
WRITE (6.30) OWINTS,QWINTL.TOTAL 
RETURN 

30 FORMAT (//~OH HEATING LOAD IN BTU PER HOUR /26H SENSIBLE 

:!432 
~433 

3434 5 
::435 
~436 

3437 1 C 
~438 

3439 20 
::440 
2441 
3442 
~443 

~444 

:!445 
3446 
3447 
~44e 

'::44C; 

3450 
3451 
3452 
3453 
'::454 
'::/fSe 
~45~ 

'::457 
~458 

3459 
~4fO 

3461 
3462 
~463 

~4f4 

3465 
~466 

:!467 
~468 

~469 

~470 

3471 

2LCAD = FIO.0/26H LATENT LOAD = FIO.0/36H 
3---------------------/26H TOTAL LOAD = FI0.0///) 

C 
END 

2FOR.IS A40 
FU~CTION WKDAY (YR.MO.CAY) 

C 
C ~ •• ** •••••• *~*.* •• ****~*.**************************.************** 
C 
C 
C 
C 
C 
C 
C 
C 

3472 C· 
3473 10 
3A74 
~475 2C 
3476 
3A77 
3A7e 
~479 

34RO 30 

WKDAY=1 SUNDAY 
WKDAY=2 MONDAY 
WKDAY=3 TUESDAY 
WKOAY=4 WEDNESDAY 
IIKCAY=5 THURSDAY 
WKDAY=~ FRIDAY 
IIKDAY=7 SATURDAY 

INTEGER YR.D~Y.WKCAY.TCAY.FSTDAY 
DIME~SION FSTDAY(121 /31.59.90.120.151.181.212.243.273.30A.33A. 

2 365/ 
N=YR/4 
ND=N-485 
IY=2 
IF (ND.EO.O) GO TO 40 
IF (NC.LT.O) GO TO 10 
IADD=2 
GO TO 20 

ND=-ND 
IADD=-2 
DO 30 ..I=I.ND 
IY=IY-IADD 
IF (IY.GT.7) IY=IY-7 
IF (IY.EO.O) IY=7 
IF (IY.LT.O) IY=lY+7 
CONTINUE 
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~4Bl 

~482 

'::483 

AO 

';484 
3485 
~486 

~4e7 

~48e 

3489 
3490 C 
~"'91 5C 
~492 

~493 

~494 

~A95 60 
~A96 70 
349"" 80 
~A98 

3499 
3500 

MD=YF:-"*4 
IF (MD,EO.O) 
IF (MC. EO.l) 
IF !I'O. EQ.2) 
IF (MD.EQ.3) 
IF ( IWK.GT .7) 
IF (MO.NE.l) 
TD~Y=DAY-l 

GO TO eo 

DO 60 ..1=2012 

IWK=IY 
IWK=lY+2 
IWK=IY+3 
IWK=IY+4 

lWK=IWK-7 
GO TO 50 

IF (MO.NE.J) GO TO 60 
TDAY=FSTCAY(J-l)+DAY-l 
GO TO 70 
CONTINUE 
IF (~D.EQ.0.~ND.MC.GT.2) TDAY=TDAY+l 
NTX=TDAY/7 
NDX=TDAY-7*NTX+IWK 
IF (NDX.GT.7) NDX=NDX-7 
WKDAY=NCX 
KV=YR/I00 
KTEST=YR-KV*100 
IF (MO.GT.2.0R.KTEST.NE.0) GO TO 90 
KV=KV-l 

3501 
~502 

3503 
'::504-
~SOS 

3506 
350 7 

~50e 

~509 

::510 
~511 

'::512 
'::513 
::e14 
'::515 
'::516 
'::51 7 

~51e 

~519 

~520 

3521 
3522 
::523 
::e24 
~525 

~526 

3527 
::528 
::529 
~530 

::531 
::532 
3533 
3534 

9C LV=KV/4 

535 

LTEST=KV-LV*4 
IF (LTEST.EQ.2) WKDAY=WKDAY+l 
IF (LTEST.EQ.l) WKDAY=WKDAY+2 
IF (LTEST.EQ.O) WKDAY=WKDAY+3 
WKDA 'r=WKDAY- ~*( L V-4.) 

100 IF (WKDAY.LE.O) WKDAY=WKDAY+7 
IF (~KDAY.LE.O) GO TO 100 
IF (WKDAY.GT.7) WKDAY=WKDAY-7 
RETURN 

C 
END 

2ELT.IL A4t 
C THIS IS A MAIN PROGRAM FOR DECODING WEATHER BUREAU TAPES. 

DIMENSION DB(24).DP(24).WB(24).WS(24).PB(24).TC(24).TOC(24).PR(24) 
2,PS(24) 

INTEGER WPDS(IO) /13.ll.16.19.22.34.4~,A6,68.70/ 
INTEGER WLON(lO) /~.2.~.~.3.4.1.1.2.3/ 
INTEGER TAPEl,TAPE2.DAY.CITy.YEAR.OUT(24).OUTPUT(24.10) 
CO~MON TAPE1.TAPE2.NOI.N02.INPUT(11001 
TAPEI=7 
T~PE2=8 

READ (S.60) NDYSKP.NDAY 
NSKIF=4*NOYSKP 
CALL NTRAN (TAPEl.7.NSKIP) 
NOt=l 
NC2=1 
DO ~O N=l,NDAY 
CALL DECODE (WPOS.WLDN.I0.0UTPUT.0.YEAR.MONTH.DAy.CITY) 
DO 30 K=I.IO 
DO 10 J=I.24 

536 to 
537 

DUT(JI=O~TPUT(J,KI 

CALL ERF:CR (CUT.KI 
538 DO 20 J=1.24 
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~53C; 20 
~540 3-0 
3541 
:!S:42 
3543 
3544 
3~45 

3546 
354-7 
3548 
~549 

::550 
3551 
2552 
::553 
~554 40 
~e55 

3556 
3557 50 
:!5Se 
::559 C 
::560 C 
3561 60 
::562 70 
3563 80 
~564 C 
~565 

35E5: 

OU1P~TlJ.K)=OUTlJ) 

CONTINUE 
DO 40 J=I.24 
WS(J)=OU1PUT(J.l) 
D8(J)=OUTPUT(J.3) 
WB(J)=OUTPUT(J.4) 
DP(J)=OUTPUTlJ.5) 
PB(J)=OUTPUT(J.6)/100. 
TC(J)=OUTPUT(J.7) 
PR(J)=OUTPUT(J.9) 
PS(J'=OUTPUT(J.I0) 
TO=2 
ITK=CUTPl.IT(J.8) 
IF (ITK.EQ.2) TO=I. 
IF (ITK.EQ.8.0R.ITK.EO.9) TO=O. 
TOC( J)=TC 
WRITE (E.80) YEAR.MONTH.DAY.CITY 
IF -(N.EO.l) WlUTE (15.70) DB.OP.WB.WS.PB.TC.TOC.PR.PS 
WRITE (8) DB,DP.WB.WS.PB.TC.TOC,PR.PS,YEAR,MONTH.DAY.CITY 
END FILE 8 

FORM .. T (l0l7) 
FORMAT (12FI0.3) 
FORMAT (22H DATA PROCESSED FOR 4120) 

END 
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QAZ*MYFILE(1).MEYER(42) 
1 1.2,0.1,0 
2 FeRT MEYEP BLDG 219 

3 0.,0.,0 •• O • • 0. ,0. ,0.,1.,1. ,1 •• 1 •• 1. ,1. ,1.,1.,1. ,1. ,0. ,0.,0 .,0 •• 0 .,0 .,0 
4 0.,0 •• 0., 0.,0.,0., 0., 1., 1., 1 ., 1.,1., 1., 1.,1 •• 1. , 1 ., o. ,0. ,0. ,0 •• 0. ,0 •• 0 
5 0 •• o. ,0. ,0. ,0. ,0. ,0. ,1. ,1. ,1. ,1. ,1 .,1 .,1 .,1 .,1 .,1 • ,0., ° .,0.,0., ° ., 0.,0 
6 0,0,0.0,0.0,0,,2,.2,,2,.2 •• 2,.2,.2,.2,.2,,2,0,0,0.0,0,0,0 

0,0,0.0,0.0,0,0,0,0,0.0,0,0,0,0.0,0,0,0,0,0,0,0 

a 0.0.0.0,0.0,0 •• 05,.05 •• 05,.05 •• 05,.05 •• 05,.05,.05 •• 05,0.0,0,0,0,0.0 
9 0,0.0,0.0,0.0,0,0,0.0,0,0,0.0,0,0.0.0.0,0.0,0,0 

10 0.0.0.0.0,0,0.0,0,0.0,0.0,0,0,0,0,0,0.0,0,0,0,0 
11 0,0.0. 0 .0.0.0,0,0,0.0.0,0.0,0.0,0.0.0.0,0.0,0.0 

12 85 •• 85 •• 85 •• 85 •• 85 •• 85 •• 85 •• 78 •• 78 •• 78 •• 78 •• 78 •• 78 •• 78 •• 78 •• 78 •• 7e •• 85 •• 85 •• 8S. 13 af •• E! •• ef •• es. 

14 eo •• eo.,60.,60.,6 0 •• 60.,60.,68.,68.,68.,68.,68 •• 68.,68.,68.,68.,68.,60 •• 60 •• 60. 15 6C •• 60 •• 60 •• 60. 
16 ~C.,ef •• 2c.'60. 
17 31.0,Q 

18 a •• 2t •• 232"~'8'20 •• 74.9.20.'66 •• 44.'0.1.76.5.38 •• 5 •• 2 56.,20. 19 OFFICE 
20 0,0.0 
21 3 

22 .C312,.12,5S.,.259.0 
23 0.0,0,0,0.2 
24 1.08 •• 58,125.,.2,0 
25 G~SUM BOARD 3/a-IN 
26 AIR SPACE 3'4-IN 
27 CCMMON BRICK 13-IN 
28 2 

29 .0312,.12.55.,.259,0 
30 .L5,.024 ,3.5,.157,0 
31 GYPSUM BOARe 3/S-IN 
32 FG WeOL 6-IN 
~~ 3 

34 .0312,.12.55.,.259,0 
35 0,0,Q,0,1.0 
36 .0312 •• 12,SS',.259,O 
37 G~PS~~ BCARD 3/a-IN 
38 AIR SPACE 4-IN 
39 GYPSUM BOARD 3/8-1N 
40 3 

41 ,Cl,O.122,6~.,O.3,0 
42 .0625,.094.32.,.2.0 
43 .17,.094,32 ••• 2,0 
44 ASPHALT TILE 1/8-IN 
45 wCOO FLOOR 3/4-IN 
4~ WOOD SUBFLOOR 2-IN 
47 4 

48 0.0,0.0 •• 7 
49 .073,0.094,32.,.6,0 
50 0.0,Q,0,0.08 
51 .05,.?50.~5 ••• 4.0 
52 ATTIC SlOE RESISTANCE 
53 WCOO 7'8-IN 
S4 BUILDING PAPER 
55 GHEEN SLATE 1'2-IN 
Sf I 

57 1.08 •• 583,125.,0.2,0 
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58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
a8 
89 
90 
91 
92 
9~ 

94 
<;5 
96 
97 
<;8 
99 

100 
101 
102 
103 
104 
105 

END PRT 

BRICK 131NCHES 
3 
.25.0.024.3.5 •• 157.0 
.024 •• 12.55 ••• 259.0 
C.O.0.O.0.7 
FG WOOL 6-INCHES 
GYPSUM 80ARD 1/4-IN 
CEILING SIDE RESISTANCE 
o 
1 •• 3 ••• 2.21 ••• 5 •• 5.65 •• 2000 •• 1 •• 1 ••• 02.1. 
3.3,8.17 
78 •• 68 •• 72000 •• 72000 •• 65.,50. 
0.0 
2.3.1.2 
35 •• 93.3.10.7 
1.5.3265 •• 0 •• 0 •• 0 •• 0.88.0. 
0.0.0.0.0.0.0 
Q.O.o.O.o.o.O.O 
2.1.370 •• 0 •• 0 •• 0 ••• 7.0 
0.0.0.0.0.0.0 
0.0.0.0.0.0.0.0 
3.10.4.5.0 •• 1.06 •• 55.0 •• 0 
0.0.0.0.0.0.0 
0.0.0.0.0.0.0.0 
~.1.793 •• ~0 •• O •• O ••• 7.0 
0.0.0.0.0.0.0 
0.0.0.0.0.0.0.0 
3.10.155 •• 90 •• 1.06 •• 55.0 •• 0 
0.0.0.0.0.0.0 
0.0.0.0.0.0.0.0 
4.10.50 •• ~O ••• 61.0 ••• 9.0 
0.0.0.0.0.0.0 
0.0.0.0.0.0.0.0 
6.3.374 •• 1 eo •• o •• o •• O •• 0 
0.0.0.0.0.0.0 
0.0.0.0.0.0.0.0 
2,1.918 •• -90 •• 0 •• 0 ••• 9.0 
0.0.0.0.0.0.0 
0.0.0.0.0.0.0.0 
3.10.80 •• -90 •• 1.06 •• 55.0 •• 0 
0.0.0.0.0.0.0 
o. O. o. o. O. o. o. 0 
8.4.3265 •• 0 •• 0 •• 0.,0 •• 0 
Q,O.O.o.o.O.o 
0.0.0.0.0.0.0.0 
.37 •• 08.470 •• 6.5 •• 02.1. 
0.0.0.4.1 

mXQT JIMBAR.NESLD 

CCNGRATULATICNS •• NOW YOU ARE ON NBSLD 

WE ASSUME YOU HAVE ALREADY PREPARED THE DATA 
CN NBS DATA FORMS •• IF YOU HAD NOT .PLEASE TURN OFF 
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11"1E TERMINAL ANO I-IAVE YOUR CAT A READY ON Tt"E DATA FORMS 

RUNID.RUNTYP.ASHRAE.ICETAL,METHOO 
RLNID ••••••••• I0E~TIFICATION OF THE RUN 

1 NEED RESPONSE FACTOR DATA 
2 SKIP RESPONSE FACTOR DATA 

RLNTYP •••••••• TYPE OF RUN 
1 ENERGY CALCULATION •• NEEDS WEATHER TAPE 
2 DESIGh LeAD CALCULATION 
3 DESIGN AND ENERGY LOAD CALCULATIONS 

A5HRAE •••••••• O USE RMTMP 
USE ASHRAE WeIGHTING FACTORS 

IDETAL •••••••• O NO OETAILEO OUTPUT 
DETAILED OUTPUT 

METHOD •••••••• O REGULAR TREATMENT FOR THE ROOM 
•••••••••••••• 1 SPECIAL TREATMENT OF THE ROO~ 

FORT MEYER BLDG 219 
LIGHTING SCHEDULE FC~ WEEKDAYS 
EQuIPMENT USAGE SCHEOULE FOR WEEKDAYS 
OCCUPANCY SCHEDULE FeR WEEKDAYS 
LIGHTING SCHEDULE FOR wEEKEND 
EaUIPMENT SChEOULE FOR WEEKENDS 
CCCUFANCY SCHECULE FeR WEEKEND 
LIGHTING SCHEDULE FOR THE VACATION PERIOD 
eQUIPMENT USAGe SCHECULE FOR THE VACATION PERIOD 
OCCUPANCY SCHEOULE FC~ THE VACATION PERIOO 
T~ERMOSTAT SETTING FOR THE COOLING SEASON 
THE~MOSTAT SETTING FeR THE HEATING SEASON 
RMOBWO.RMDBSO,RHW.RHS 
CATA SrEET NO 1:NDAY.N$KIP.TAPE2 
DATA SHEET NO 2 +3 :~CNTH.DAY.ELAPS.CBMAX.RANGE.WBMAX. 
OATA SHEET NO 4: NAME OF THE ROOM 
DATA SHEET Ne 5:IROT.ISKIP.INCLUOE 
DATA SHEET Ne 6 N/L.K.P.C.R 
DATA ShEET NO 7: DESCRIPTION OF EACH LAYER 
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OBMWT.TGS.TGW.UG.LONG.LA~.TZN.ZLF.RHOW 

IRF= 

WALL CCMPOSIIICN 

LAVER L(ll K(ll (11 C(I) RES( II DESCRIPTION 

"C 

1 .031 .120 55.00 • 259 .00 

2 .000 .000 .00 .000 .20 

3 1.060 .5BO 125.00 .200 .00 

lIME INCREMENT DT= 1. 

THERMAL CONDUCTANCE 

RESPONSE FACTORS 

J X V 

0 1.6144 .0000 

1 -.6456 .0003 

2 -.1642 .0047 

3 -.1045 .0162 

4 -.0753 .0271 

5 -.0581 .0331 

6 -.0467 .0350 

7 -.03B7 .0341 

S -.0326 .0319 

C; -.0279 .0291 

10 -.0240 .0262 

11 -.0206 .02.33 

12 -.0161 .0207 

13 -.0156 .0182 

14 -.0138 .0160 

1~ -.0121 .0141 

COMMON RATIO CR= '87392 

DATA SHEET NO 7: DESCRIPTION OF EACH LAVER 

\; 1 l 

OF LAVERS 

GVPSUM BOARD 3/6-IN 
AIR SPACE 3/4-IN 
COMMCN BRICK 13-IN 

U= .431 

Z 
4.2967 

-2.51"'0 
-.4141 
-.2144 
- .1370 
-.0974 
-.0739 
-.0586 
-.0480 
-.0402 
-.0342 
-.0293 
-.0254 
-.0221 
-.0192 
-.0168 
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IRF= 2 

WALL CC~PCSITICN 

LAYER LUI Ke II 
NO 

ell C(II REsell DESCR IPTION 

1 .031 .120 55.00 .259 .00 
2 .250 .024 3.50 .157 .00 

TIME INCREMENT DT= 1. 

THERMAL CONDUCTANCE 

REsPONSE FACTORS 

.J X Y 
0 .5709 .0650 
I -.4771 .0286 
2 -.0001 .0001 
3 -.0000 .0000 
4 -.0000 .0000 

COMMON RATIO CR= .00157 
DATA SHEET NC 7: DESCRIPTION OF EACH LAYER 

68c1 

OF LAYERS 

GYPSUM BOARD 3/8-IN 
FG WOOL 6-IN 

U= .094 

Z 
.1406 

- .0469 
-.0000 
-.0000 
-.0000 

IRF= 3 

WALL CCMPOSITION 

LAYER LCII K(II e I I CCII REse II DESCR IPTION 
NO 

.Q31 .120 55.00 .259 .00 
2 .900 .000 .00 .000 1.00 
3 .031 .120 55.00 .259 .00 

TIME INCREMENT DT'7 I. 

THERMAL CONDUCTANCE 

RESPONSE FAcTORS 

.J X Y 
0 1.0350 .5905 
1 -.3771 .0674 
2 .0000 .0000 
~ .0000 .0000 

COMMCN RATIO CR= .00000 
CATA SHEET NO 7: DESCRIPTION OF EACH LAYER 
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OF LAYERS 

GYPSUM BOARD 3/8-IN 
AIR SPACE 'I-IN 
GYPS~M BOARD 3/8-IN 

u= .658 

Z 
1.0350 
-.3771 

.0000 

.0000 



IRF= 

wALL CCMPO~ITICN 

LAYER LeI) K( I) (II C( II RE 5(1) DESCRIPTION 
1\0 

.010 .122 69.00 .300 .00 
2 .063 .094 32.00 .200 .00 
3 .170 .094 32.00 .200 .00 

TIME "INCREMENT DT= 1. 

THERMAL CONDUCTANCE 

RESPONSE FACTORS 

J X Y 
0 1.0303 .1583 

-.6150 .2094 
2 -. C221 .0217 
3 -.0018 .0018 
4 -.0001 .0001 

COMMON RATIO CR= .08120 
DATA SHEET NC 7: DESCRIPTION OF EACH LAYER 
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OF LAYERS 

ASPHALT TILE V8-IN 
WOO~ FLOOR 3/4-IN 
WOOD SUBFLOOR 2-IN 

U= .391 

Z 
.8785 

-.4640 
-.0214 
- .0017 
-.0001 

IRF= 5 

WALL COMPOSITION 

LAYER LU) K( II 0) C( I) RES( I) OESCR IPTION 
NO 

.000 .000 .00 .000 .70 
2 .073 • C94 32.00 .600 .00 
3 .000 .000 .00 .000 .08 
4 .050 .750 95.00 .400 .00 

TIME INCREMENT OT= 1. 

THERMAL CONDUCTANCE 

RESPONSE FACTORS 

J X Y 
0 .7870 .3149 
1 -.1623 .2824 
2 -.0082 .017'7 
3 -.0004 .0010 
4 -.0000 .0001 

COMMON RATIO CR= .05392 
DATA SHEET NC 7: DESCRIPTION OF EACH LAYER 

7ld 

OF LAYERS 

ATTI C SIDE RESISTANCE 
WOOD 7/8-IN 
BUI LOI NG PAPER 
GREEN SLATE 1/2- IN 

U= .616 

Z 
3.0529 

-2.3962 
-.0385 
-.0021 
-.0001 



IRF= 6 

WALL CCMPOSI1ICN 

LAYER 
1>0 

L( I) K(l) (II C(I) RE S( I) DESCRIPTION 
OF LAYERS 

1.080 .58~ 12:.00 .200 .00 BRICK .13INCHES 

TIME INCREMENT DT .. 1. 

THERMAL CCND~TANCE 

RESPONSE FACTORS 

.J X Y 
0 4.3078 .0000 

-2.5235 .0015 
2 -.4152 .0181 
3 -.2149 .0457 
4 -.1373 .0609 
5 -.0974 .0627 
6 -.0733 .0576 
7 -.0:73 .0501 
8 -.0457 ·0425 
9 -.0369 .03:5 

10 -.0300 .0294 
11 -.0245 .0242 
12 -.0201 .0200 
13 -.0165 .0164 
14 -.0135 .0135 

COMMON RATIO CR ... 81966 
D~lA SHEET Ne 7: DESCRIPTION OF EACH LAYER 

72d 

U= .540 

Z 
4.3078 

-2.5235 
-.4152 
-.2149 
-.1373 
-.0974 
-.0733 
-.0573 
-.0457 
-.0369 
- ,0300 
-.0245 
-.0201 
-.0165 
-.0135 

IRF= 7 

WALL CCMPOSITION 

LAYER L(I) K(I) ( 1) C( I) RES( I) DESCRIPTION 
NO OF LAYERS 

1 .250 .024 3.50 .157 .00 FG WOOL 6-INCHES 
2 .024 .120 55.00 .259 .00 GYPSUM BOARD 1/4-IN 
:3 .000 .000 .00 .000 .70 CEILING SIDE RESISTANCE 

TIME INCREMENT DT" 1. 

THERMAL CONDUCTANCE U" .088 

RESPONSE FACTORS 

J X Y Z 
0 .1393 .0438 .4112 
1 -.0505 .0423 -.3121 
2 ~.0005 .0022 -.0104 
3 -.0000 .0001 -.0004 
4 -.0000 .0000 -.0000 

COMMON RATIO CR ... 03509 
DATA SHEET NO 8: ROOMNO.OLITY.OEOPy.OCU.FLCG.FRAS.TS.CFMV.ARCHGS.ARCHGW.ARCHGN.ZNORM 
D~TA SHEET NO.9: IW.IL.TUL.TLL.OCMAX.OHMAX.ITHST.ITK 
DATA SHEET Ne 10: NS.NW.NN.NE.L.W.H 
DATA SHEET 11 AND 12: ROOM SURFACE DATA AND EXTERIOR SURFACE SHADOW 

ROONNO HT AG NOFLR OCU ARCHGS ARCHGW 
1.0 10.7 3265.0 1.0 ~1.0 1.0 1.0 

LAT LONG TZN ZNORN 
38.0 76.5 5.0 1.0 

OLITY OEClPX CFIIV OBIN TG TV RHIN 
3.0 .2 2000.0 68.0 44.0 65.0 60.0 

NEXP ITK I THST 
10 0 0 

73d 



-.J 
oJ>. 
p.. 

-.J 
U1 
p.. 

DATA S~EET NC 13: UENOW.UCELNG.AENDW.ATCHT.AtRCHG.AIRNT 
OA1A SHEET NO 14: lEXTSO.lEXMS.leXME.NTVNT.NVENT 

I.END. 
.4 

SURFACE 
1 

UCELM 
.1 

NO \TYPE 
1 

AE~DW 

47C.O 
IHT 

ATCHT 
6.5 

lRF 
5 
1 

10 
I 

10 
10 

3 

ABSP 
.88 
."0 
.00 
.70 
.00 
.90 
.00 
.90 
.00 
.00 

U 
.42 
.32 

H A 
3265.00 

370.00 

WAZ SHADE UT 
.08 
.43 

10.89 
.43 

10.89 
1.27 

.66 

2 2 
3 3 

2 
3 
4 
6 

1 
1 

-1 
1 

-I 

1.06 
.32 

1.06 
.61 
.45 
.32 

6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
.00 

4.50 

.00 
.00 
.00 

90.00 
90.00 
90.00 

IBO.OO 
-90.00 .43 

S 
E 
7 
e 
9 

2 1 
-I 

I 
10 

4 

1.06 
6.00 
6.00 
1.46 

793.00 
155.00 
50.00 

374.00 
918.00 

80.00 -90.00 

.00 
.00 
.55 
.00 
.55 
.00 
.00 
.00 
.55 
.00 

10.~9 
3 

10 8 

SHADOW CASTING DATA 
HT FL 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 

FP 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

AW 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

RADIATION INTERCHANGE FACTORS 

BWL 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

BWR 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

.25 

D 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

FPl 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

3265.00 

Al 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

61 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

.00 

CI 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

SURFACE I 2 3 
.001 
.000 
.000 
.001 
.001 
.001 
.000 
.001 
.001 

,.001 

4 
.096 
.102 
.102 
.000 
.000 
.000 
.102 
.091 
.091 
.096 

5 
.019 
.020 
.020 
.000 
.000 
.000 
.020 
.018 
.018 
.019 

6 
.006 
.006 
.006 
.000 
.000 
.000 
.006 
.006 
.006 
.006 

.042 

.013 
.013 
.048 
.048 
.048 
.000 
.048 
.048 
.042 

8 

.111 

.118 
.118 
.106 
.106 
.106 
.118 
.000 
.000 
.11\ 

1 .000 .041 
2 .366 .000 
3 
4 
5 
6 
7 
8 
9 

10 

.366 

.395 

.395 

.395 
.366 
.395 
.395 
.E75 

.000 

.047 

.047 

.047 
.01.! 
.047 
.047 
.041 

~EATI~G LCAD IN BTU FER HCUR 
SENSIBLE LOAD 
LATENT LOAD 

TOTAL LOAD 

125946. 
6820. 

1327E6. 

SOLAR DATA IQSUN/QGLASSI 
I 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
o. 

o. 
o. 

o. 
O. 

4 
O. 
O. 

5 
o. 
O. 

6 
O. 
O. 

7 
o. 
O. 

e 
o. 
O. 

9 
o. 
O. 
10 
O. 
O. 

o. 
O. 

c. 
O. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

c. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

8. 62. 122. 176. 219. 247.259. 253. 230. 191. 140. 81. 23. 
o. o. o. O. O. O. o. O. o. o. O. o. O. 

3. 14. 39. 71. 98. 116. 123. 120. 105. 81. SO. 18. 
o. o. o. o. o. O. o. O. O. o. O. o. 

7. 

O. 

O. 
2. 

o. O. o. O. o. O. O. O. o. o. O. 
8. 17. 34. 53. 66. 72. 69. 58. 41. 22. 10. 

O. 
4. 

3. 12. 19. 24. 28. 30. 33. 77. 12 •• 159. 175. 160. 86. 
O. O. O. O. O. O. O. o. o. O. o. O. O. 

O. 
2. 

3. 
O. 

o. 
O. 

51. 
O. 

o. O. O. O. O. O. o. O. O. O. O. O. 
8. 13. 16. Ie. 20. 21. 37. 73. 99. Ill. 102. 5 •• 

16. 24. 
O. O. 

o. 
O. 

o. 
o. 

31. 35. 
o. O. 

o. 
o. 

o. 
o. 

38. 42. 
O. O. 

o. 
o. 

o. 
o. 

187. 224. 21 •• 176. 119. 54. 
o. o. o. O. o. O. 

99. 159. 204. 225. 206. 110. 
o. 

o. 
O. 

39. 
O. 

o. 

o. 
o. 

37. 
O. 

o. 

o. 
o. 

32. 
O. 

o. 

o. 
o. 

27. 
O. 

o. 

o. 
O. 

19. 
O. 

o. 

o. 
o. 

8. 
O. 

o. O. 
O. 25. 

O. o. o. 
92. 111. 104. 

O. 
83. 

O. 
48. 

O. 
21. 

O. 
20. 

O. 
19. 

O. 
17. 

O. 
14. 

O. 
10. 

O. 
4. 

o. o. 
o. o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
O. 

ROOM NAMEa OFFICE MCNTH= 8 
DAY MHR QLMAX CLOAY HLDAY OBA 

8 21 16 -78a.2. -716519. o. 85.5 

••••• YEAR = 2000 ••••• MONTH = 8 ••••• DAY = 21 

TIJIIE 
1 
2 
3 

6 
7 
8 
9 

10 
\I 
J2 

DeOUT 
79.4 
78 •• 
77.6 
17.0 
76.8 
77.2 
78.2 
eo.o 
82.6 
85.6 
89.0 
92.2 

weOUT 
69.7 
69.4 
69.2 
69.0 
E9.0 
69.1 
69 •• 
69.9 
70.6 
71.5 
72.4 
73.3 

OalN 
84.4 
8:!.6 
82.9 
82.3 
81.8 
el.8 
82.7 
78.0 
78.0 
78.0 
78.0 
78.0 

RHIN QLS 
53.6 o. 
54.8 O. 
56.1 o. 
5'7.2 o. 
58.2 o. 
58.2 O. 
56.5 o. 
60.0 -36082. 
60.0 -40255. 
60.0 -44q28. 
60.0 -49980. 
60.0 -55125. 

QLL 
O. 
o. 
O. 
O. 
o. 
o. 
O. 

-8260. 
-7266. 
-7266. 
-7266. 
-7266. 

.39 

FP2 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

9 
.010 
.010 
.010 
.009 
.009 
.009 
.010 
.000 
.000 
.010 

o. 
o. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
o. 

o. 
o. 

o. 
O. 

A2 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

o. 
O. 

o. 
O. 

o. 
o. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
o. 

o. 
O. 

~I 

.71 

.54 

.54 

.54 
.54 
.54 
.54 
.54 
.54 
.54 

B2 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

10 
.675 
.366 
.3f-6 
.395 
.395 
.395 
.366 
.395 
.395 
.000 

o. 
O. 

o. 
o. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
o. 

O. 
Q. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
O. 

C2 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
o. 

o. 
O. 

o. 
o. 

o. 
O. 

o. 
O. 

o. 
O. 



13 94.6 73.9 78.0 60.0 -61245. -7266. 

14 96.2 74.3 78.0 60.0 -67573. -7266. 

15 96.8 74.5 78.0 60.0 -71931. -7266. 

16 96.2 74.3 78.4 60.0 -72000. -6842. 

17 <;4.8 74.0 '78.0 60.0 -71305. -7342. 

18 92.6 73.4 85.0 52.5 -24316. O. 

1<; 90.0 72.7 85.0 52.5 -1 7 841. O. 

20 87.4 72.0 85.0 52.5 -13144. O. 

21 85.2 71.4 85.0 52.5 -9202. O. 

22 83.2 70.8 85.0 52.5 -5660. O. 

23 Al.6 70.4 85·0 52.5 -2594. O. 

24 80.4 70.0 85.0 52.5 -28. O. 

OEA = 85.54 
CLDSUM = -716519. 

TOTAL COOLING CONSUMPTION PER OAY -716519. BTU 
TCTAL HEATING CCNSUMPTICN PER CAY O. 8TU 
TOTAL COOLING CONSUMFTION FOR THE RCOM OVER THE DAY PERIOD = -.71652+06 BTU 
TOTAL ~EATING CONSUMFTION FOR THE ROOM OVER THE DAY PERIOD .00000 BTU 
MAX COCLlhG LOAD = -78842. MONTH = 8 DAY = 21 HOUR = 16 
MAX HEATING LOAD = O. MONTH = 0 DAY 0 HOUR = 0 
TCTAL COCLIhG CONSUMFTION FOR 1 ROOMS -.71652+06 BTU 
TOTAL HEATING CONSUMPTION FOR 1 ROCMS .00000 BTU 
DATA SHEET NO 4: NAME OF THE ROOM 

2PR1.S QAZ*MYFILE.~EyE~1 
FURFUR NS26H-03/05-12:01 
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QA2*MYFILE(1).MEYE~1(1) 

1 2.1.C.O"O 
2 FORT MEYER BLDG 219 
3 
4 
5 

" 7 

8 
9 

10 
II 
12 
I~ 

I" 
15 
16 
17 
IS 
19 
10 

.11 
22 
23 
24 
25 

2" 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3S 
39 
40 
41 
.2 
.3 
"'I 
.5 
'I" 
'I" 
'IS 

.9 
50 
51 
52 
S3 
54 

S6 
57 

0 •• 0 •• 0.,0.,,0 •• 0.,0 •• 1 •• 1.,1 •• 1.,1 •• 1 •• 1 •• 1.,1 •• 1 •• 0.,0 •• 0 •• 0 •• 0 •• 0 •• 0 
0 •• 0 •• 0 •• 0 •• 0. ,0.,0.,1 •• 1 •• 1 •• 1.,1 •• 1 •• 1 •• 1.,1 •• 1 •• 0.,0 •• 0 •• 0 •• 0 •• 0 •• 0 
0 •• 0 •• 0 •• 0 •• 0 •• 0 •• 0., I., 1 •• 1. ,I •• 1 •• 1 •• 1. ,I. ,I •• 1. ,0. ,0 • • 0 •• 0. ,0 • • 0 •• 0 
0.0,0.0,0,0,0 •• 2,.2,.2,.2,.2 •• 2 •• 2 •• 2 •• 2 •• 2.0.0,0,0,0,0.0 
0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0 
0,0.0.0.0.0.0 •• 05 •• 05 •• 05 •• 05 •• 05 •• 05 •• 05 •• 05 •• 05 •• 05.0.0.0.0.0.0.0 

0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0 
0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0 
0.0.0,0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.0,0.0.0.0.0 
85 •• 85 •• 85 •• 85 •• 85.,85.,85 •• 78.,78.,78 •• 78.,78 •• 78 •• 78 •• 78 •• 78 •• 78 •• 85 •• 85 •• 85. 
Sf •• Es •• es.,e5. 
60.,60.,60.,6C.,60 •• 60 •• 60 •• 6S.,68.,68.,68 •• 6e •• 68 •• 68 •• 68 •• 68 •• 68.,60.,60 •• 60. 
~C.,60.,60.,60. 

6c •• eE •• ~0.,~o. 
31.0,0 
8 •• 21.,232.,~6.8,20 •• 74.9.20.,66 •• 44.,0.1.76.5.38 •• 5 •• 256 •• 20. 

CFFICE 
0.0.0 
1.,3.,.2 • .21 ••• 5 •• 5.65 •• 2000 •• 1 •• 1 ••• 02.1." 
3.3.8.17 
78 •• 68 •• 72000 •• 720CO •• 65 •• 50. 
0.0 
2.3.1.2 
35 •• 4i3.3.10.7 
1.5.3265 •• 0 •• 0.,0 •• 0.88,0. 
c.o.o,o.o.o.o 
c.o,o.c.o.o.o.o 
2.1.~70 •• 0 •• 0 •• 0 ••• 7.0 
0.0.0.0.0.0.0 
0.0.0.0.0.0.0.0 
3.10.4.5.0 •• 1.06 •• 55.0 •• 0 
O.D,O.C.O.o.o 
0.0.0.0.0.0.0.0 
2.1.793.,90.,0.,0 ••• 7.0 
o.o,o.e.o.o,o 
0,0,0.0,0,0.0,0 
3,10.155 •• 90. ,1.06 •• 55.0 .,0 
o.o.O.c.c.o.o 
0.0.0,0.0.0,0.0 
4.10.50 •• 90 ••• 61,0 ••• 9.0 
0.0.0,0,0,0,0 
0,0.0.0.0,0,0,0 
6,3.374.,180 •• 0 •• 0 •• 0.,0 
o.o,o.O.C,O.D 
0.0,0.0.0.0.0,0 
2,1,918.,-90 •• 0.,0 ••• 9,0 
0.0,0.0.0.0.0 
0.0.0.0.0.0.0.0 
3.10.80 •• -S0 •• 1.06 •• 55.0 •• 0 
o.o.o.e.o.D.O 
0.0.0.0.0,0.0.0 
8.4.3265 •• 0 •• 0 •• 0 •• 0.,0 
0.0.0.0,0.0,0 
0.0.0.0.0.0.0,0 
.37,.08.470.,6.5 •• 02.1. 
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sa 0.0.0 ••• 1 
5~ 

END PRT 

~XCT JIMB~R.~eSLC 

CCNGRATULATICNS •• NOW YOU ARE ON NBSLD 

WE ASSUME YC~ HA~ ALREADY PREPAR€D THE DATA 
eN NBS CATA FORMS •• IF yOU HAD NOT .PLEASE TURN OFF 
THE TER"INAL AhD ~AVE YOUR DATA READY ON THE DATA FORMS 

RVNIO.RUNTYP.ASHRAE.I0ETAL.METHCD 
RUNID ••••••••• JDE~TIFICATIDN OF THE RUN 

1 NEED ~ESPONSE FACTOR DATA 
2 SKIP RESPONSE FACTOR DATA 

RLNTyP •••••••• TyFE CF RUN 
1 ENERGY CALCULATICN •• NEEOS WEATHER TAPE 
2 CESIGN LOAD CALCULATION 
3 CESIGN A~C ENERGY LOAD CALCULATICNS 

AS~RAE •••••••• O USE RMTMP 
USE ASHRAE WEIGHTING FACTORS 

IOETAL •••••••• O NO OETAILED OUTPUT 
DET AILEe OUTPUT 

METHCO •••••••• O REGULAR TREATMENT FOR T~E ReOM 
•••••••••••• •• 1 SPEC J AL TREA TMENT OF THE ROOM 

FORT MEYER BLDG 219 
L.IGHTING SCHEDULE FOR lIIIEEKDAYS -
ECUIPMENT USAGE SC~EOUL.E FOR ~EEKDAYS 
OCCU~ANCV SCMEOULE FeR WEEKCAY$ 
LIGHTING SCHEDULE FOR WEEKEND 
EculFMENT SCHEDULE FOR wEEKENDS 
OCCUPANCY SCHEDULE FOR weEKEND 
LIG~TING SCHEDULE FOR THE VACATION pERIOD 
ECUIPMEN~ USAGE SC~ECULE FOR T~e VACATION PERIOD 
OCCUPANCY SCHEDULE FOR THE VACATION PERIOD 
THE~MCSTAT SETTING FOR THE COOLING SEASON 
T~ERMOSTAl SETTING FOR T~E HEATING SEASON 
R~cewO.RMDBSO.Rk •• RHS 
CATA SHEET Ne I:NCAY.hSKI~.TAPE2 
DATA SHEET NO 2 +3 :MONTH.DAY.ELAPS.OBMAX.RANGE.WBMAX. OBM.T.TGS,TGW.UG.LONG.LAT,TZN.ZLF.RHOW 
DATA SHEET NC 4: ~AME OF THE ~CCM 
O.TA SHEET NO S:IROT.lSKJP.JNCLUOE 
DATA SHEET NC 8: RCCMNC,QL.ITV,OEQPV.OCU.FLCG.FRAS.TS.CFMV.ARCHGS.ARCHGW.ARCHGM.ZNORM 
OATA SHEET NO.9: lW.IL.TUL.TLL.QCMAX.OHMAX.ITHST,ITK 
O~TA SHEET NO 10: NS.NW.NN.NE,L.W.H 
OATA S~EeT 11 AND 12: ROOM SURF~CE DATA AND EXTERIOR SURFACE SHAOOW 

78d 

DATA SHEET NO 13: UE~OW.UCELNG.AENOW.ATCrT.AIRCHG.AIRNT 
DATA SHEET NO 14: .IEXTSO. IEXMS.IEXME .NTVNT.NVENT 

ROOM NAME= OFFICE MCNTH= 
DAY MHR QLMAX CLOAY HLOAY OBA 

1 1 24 67266. o. 833917. 33.4 
1 2 8 74977. o. 1557859. 24.0 
1 3 8 69210. o. 1339045. 28.8 
1 4 8 51 ~73. o. 767721. 41.8 
1 5 24 46525. o. 829164. 36.1 
1 ~ 6 54181. o. 1099831. 31.3 
1 7 8 49389. o. 982197. 35.5 
1 8 4 43912. o. 923993. 35.5 
1 9 4 44824. o. 851840. 36.7 
1 10 24 49385. o. 871738. 37.6 

11 9 C;4:!47. o. 1239178. 28.5 
12 4 54753. o. 1079643. 32.6 
13 24 46914. o. 855627. 37.5 
14 24 71760. o. 1394308. 24.4 

1 15 17 72942. o. 1742967. 17.4 
1 16 7 72919. o. 15e8378. 22.8 
1 17 15 74586. o. 1768679. 13.8 
1 Ie 11 73e47. o. 16801:65. 18.2 
1 19 4 74156. o. 1430075. 25.0 
1 20 5 63771. o. 1141373. 32.5 
1 21 8 46194. o. 765276. 40.3 
1 22 5 31B52. O. 436868. 48.6 
1 23 24 4S698. o. 335641. 49.1 
1 24 8 68003. o. 1301764. 25.4 
1 25 6 56741. o. 1157575. 30.0 
1 26 6 48566. o. 826622. 38.5 
1 27 37008. o. 707440. 40.8 
1 26 8 40155. o. 797525. 37.2 

29 8 43283. o. 789407. 38.5 
30 8 42105. o. 789377. 38.0 
31 8 43971. o. 875430. 35.2 

MCNTHLY COOLING LOAO= .cooooooo BTU 

MCNTHLY rEATING LOAO= .32761124+08 BTU 

MAX CCCLI~G LOAO = o. MONTH = o OAY = o HOUR = 0 
MAX HEATING LOAO = 74977. MCNTH = 1 DAY = 2 HOUR = 8 
TCTAL COCLl~G CONSUMPTION FOR 1 ROOMS .00000 BTU 
TCTAL HEATI~G CC~5UMFTICN FOR 1 ROOMS .32761+08 BTU 
C/ITA SHEET NO 4: NAME OF THE ROOM 

ilBRKFT PR I~TS 
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