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ABSTRACT

Occupants of family-type fallout shelters require fresh ventilation
air at the minimum survival rate of 3 cfm per person. Because cost
limitations exclude the use of auxiliary power plants (diesel or gasoline
engines) to operate ventilating fans or blowers, an inexpensive, simple,
and effactive method of supplying fresh air to home shelters is needed.
It is demonstrated that a minimum air rate can be obtained in home
shelters by inducing draft in the exhaust stack by means of a flame from

) a ke:oaqné burner which can simultaneously provide illumination.

The ventilation test procedure included inducing air to flow through
the shelter, determining the actual cubic feet per minute of air flowing,
measuring air temperatures at inlet, room,and stack, measuring the
pressure drop or restriction to alr flow at the shelter inlet, and find-
ing the effects of various stack sizes and configurations upon air flow
rates. Data were also taken to determine the effect of various stack
sizes and configurations on the fuel consumption of the “eating devices.

Although not originally intended to be a large part of the research

" work, a considerable amount of time was spent in finding a sensitive and

reliable means of measuring low velocity air flcws. This work led to

- the conclusion (incidental cs far as shelter ventilation is conceined)

that bead-type thermistors are not reliable sir measuring devices when
used in a temperature-compensating Wheatstone-bridge circuit.

Ventilatioﬁ of family~type shelters by the induced draft method is
effective and reliable if the following conditions are observed:

1. Wind velocities around the stack outlet are kept to a minimum
or a good ventilator stack cap is used.

2. Filters are not used at the shelter inlet (air taken from body
of house).

3. The intake area of shelter is much larger than the cross-sectional

_area, of the stack.
~ ‘ .
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FOREWORD

The experimental information contained {a this report was obtained
under Coatract No. OCD-PS-64-211 by the Montana State University
department of Mechanical Engineering, Dr. H. F., Mullikin, head, and was
completed on June 30, 1965. The study was under direction of Prof.

C. F. Whitehill., Project leader was O. A, Kubal. N. A. Quintero and
M. P, Wambach assisted in the investigation.

~ The main objective of this contract is to study the ventilation
of a family-type fallout shelter, made on the premise that there will
" be no comsercial electricity or natural gas available to provide heat,
light, or ventilation. Therefore these items must be obtained by
other means. ‘

This study determines the feasibility of ventilating a family
fallout shelter using a flame in a chimney. Stack configuration and
size studies, fuel and burner studies, and the effects of inlcot air
reatriction on the air flow were investigated. From the data obtained,
a ventilation system for a family-type shelter can be designed. Heat
and light are incidental to the ventilation method.
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THEORY

Stack Configurations

- To determine the effects of various stack configurations on air flow,
€ and 8 in, diameter stacks were used having vertical heights of 5, 10, 15,
énd 20, feut, wa elbowrs spaced by a two foot horizéntal.' leﬁgth of pipe
at the‘bottom of the stack were 2lso used cn §aric . cests, See Figufe 1
page 3, ‘The elbows and horizontal run permit about 2 ft § in, between the
centeriine of the original vertical spack and the centerling of the seconILW
elbow., It is anticipated that about 24 ft of horizontal 1ength is all that
will be required in the majority of shelter situations to provide adequate
shielding from fallout radiations, - |

In a prototype basement shelter, the elbows and horizontal length
would permit running the stack out of the shelter near the ceiling,
through the concrete wall into surrounding earth or édjacent basement
space, and then vertically.

!
'It should

be mentioned that all tests conducted for purposes of this ﬂ

i
1

investigation;‘tilized circular cross-sectioned "Metal-Bestos" stack.
f”???}f?gqﬁqu stack has abpuﬁ,a,quarter irch air space between an alﬁ;
mirum inside liner and a glavanized éheet metal outsidé.  Thus, it ic é
type of self-insulated stack, When a stack diametef ié hentiéned, it
always refers ﬁo the inside diameter of4the aluminun iiner;

The vertical portions of the stack can be partially enclcsed'in stud
spaces or run upward through a hallway and can exhaust directly to the
atmosphere or to a ventilated attic, If the stack exhausts directly to

the at*oéphere, a ventilator stack cap should be used, ndt only to utilizei
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Eloowed Stach Configuration and t

Figure 1.
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 Inlet Restrictions L

o}
the "suction® forces of prevailing win’s to aid ventilation, but also
to keep fallout radiation particles and other debris from entering the
shelter, If the atack exhausts to an attic containihg lcuvérs’or other

vent openings, a ven£ilator cap is not needed at the stack outlet Because”f’

" the roof will keep out fallout particles, rain, etc., and will limit wind

effects, Intake air can be drawn from the main part of the house, Out-

side air will enter the house in the normal infiltration method, B, H,

Jennings in Heating and Air Conditioning indicates that for the average

residence the probable air change rate is about 1-1/2 air changes per

hour by natrual infiltration, If the averageé residence is considered to

have a floor area of 1200 sq ft and an 8 ft high ceiling (9600 cu ft of

space), this means that normal air infiltration is about 24O cfm. This
is more than enough intake air for most basement shelters, Used as thé
intake air "plermum®, the house itself would act as the principal filter

for keeping fallout particles from entering the shelter intake, Little

-additional filtering, if any, would be needed at tha intake. Thus a

minimum restriction to air flow at the shelter inlet may be obtained,

The effects of various inlet restrictions were studied in two

.general ways-with closed door and open door tests, A closed door test-

is one in which the door to the shelter is closed and sealed, All air
coming into the shelter passes ﬁhrough 8 in, intake ducts, See Figuré 2
page 5. In this type of test, the flow rate may or may not be greatly |
reduced by the restriction offered by the intake duct, deperding upon the
stack length, diameter, and temperature (or the amount of air trying to
flow)., This type of test is also designated as closed door in order to

distinguish it from an %"open door" test which, as the term implies, i
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Figure 2.

Shelter Air Intake Ducts
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conducted with the shelter door open., In this case there is no mgasurable
pressure drop at the intake and thus flow rate is not limited by any intake
restriction, The limiting factor for flow is the stack itslef, Thus air
flow for an open door test is sometimes called ™unrestricted flow" and
that for a c}osed.door test is called "réstricted flow", 1In botn cases,
the restriction or absence of restriction refers to intake conditions
oniy. | |

Fuel and Burners

To obtain the reqﬁired ventilation air through the test shelter,
a safe, inexpensive, and easily operated combustion unit is needed to
generate héat in the stack bottom, Liquefied petroleum gases such as
propane and buténe were excluded because of their high specific gravities,
Being heavier than air, these fuels would ccllect in the shelter if leaks
developed and would be inherently dangerous from an explosion and fire
standpoint., They also present a problem of storage because pressurized.
containers mist be used, Agein, this would be dangerous if punctures or
leaks developed,

Natural gas would be an ideal fuel to use in the shelter, but it, like

’electricity, cannot be assumed to be avaiiable through normal commercial

chamels during shelter occupancy. '
Gasoline would be unsafe in a shelter situation because of its high
volatility and flammability, It would require special and perhaps expensive
combustion equipment, When held in storage over relatively long pericds
of time, gasoline sometimes hasva temdency to form gums, Their presence
in the fuel could lead to combustion equipment plugging.
At a first consideration it appears that coal, being inexpensive and

relatively easy to burn, would te a good fuel. However, coal presents




. |
prcblems from the standpoint of storagé space and ash removal, Coal burn-
ing devices would be complicated and require more draft than those for oil
or gas bécause of the resistance of the fuel bed, For these reasons coal
;s a test fuel,

was deemed undesirable

It was decidel that kerosene (No, 1 diesel oil) éould‘bth serve the
purpose., This fuel burns with a relatively clean flame, bﬁrners need not
., be complex or expensive, and storage in cauns or other ordinary containers
iSA;élétively safe, It is also suitable as an illuminant when burned in a

'l wick Bmp or wick-type burner,

Flow Equation

To predict air flOﬁ throﬁgh the shelter for stacks gnd condiﬁions in
"addition to those tested; an equation which can be applied to various
inlet and outlet configu?ations and conditions is herein developed and
- discussed, §
! The following equat%s the positive buoyant force of a column of hot
gases with the force of‘friction required to establish and maintain flow,

!
i
1
{

| ' 2 2
(1) g’%;g (fm-fcw-(hv>‘<hx.)'x(év§)*f§(;E

|
1
|
i

where H is vertical stac@ height, tt; and 62,4 is the density of water at
700 F in 1b/cu ft, includgd so that both sides of the eduation are expressed
in the common "feet of fluid flowing" units, In the case of air, it is
more convenient to deal w&th the velocity head (hv) and the friction loss
head (hL) in "inches of w;ter' units rather than "feet of 2ir" units,

( The transformation can beEmade by again using the fundamental buoyancy

relation,

: : Iﬁlllllllllllllllllll
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(2) hy €Ca -I%'ew

where h, = feet of air; €a = density of air in 1b/cu ft; h = inches of
water (gage); and Cw = density of water at 70° F in 1b/cu ft. Thus, it

is seen that,

- (3) B h,-f% (%’%)- 5.2'%'-;

For the velocity head t»mm, h,, in inches of water,

2 ’ , 2
) xgz - 5.2& or nv-xg:-g—-(-%a-

With stack air velocity, V, as feet per minute,

o v2 Ca v2 v \?
) hv 4KT5".'§)'(§7I3‘2".2)(366')'0 =K 1‘,‘55?3‘,’%' K (To‘sv‘é) a

-

By substituting equation (5) into equation (1), we obtain the driving

‘force r- ationship expressed in inches of water."ﬁencegﬂ

2
© g2 (Cm- Cen) = B (<m-fch)-x(m‘g.6) €a

L (v )2
"'fﬁ (I@'E) fa

Equation (6) applies to shelter air flow in general if terms with the

appropriate subscripts are used, Thus,
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| ' v\ 2 AR
(7) g%((m-fch)-chﬁéis) (’m*n;;(m T in

w2 v\ 2
aofize) "€ e (3)

Wheret . H = vertical height of stack, ft
( = air density, lb/cu £t |
“K® duct or sféck entrance loss coefficient
V= air velocit}, £t/min
L = duct or stack equivalent length, ft
D = duct or stack diameter, ft
£ -iduct or stack friction factor

rm = conditions of space surrounding the stack, usually ambient
air conditions

‘1, in = conditions at shelter intake
2, ch = conditions at stack or shelter exhaust

For fhe purpose of using equation:(7) to predict shelter ventilation-

rates that can be compared to test results, the constants and coefficients

had to be evaluated for conditions that existed during
A1l closed door test were made with the air passing into 'the shelter
through an 8 in, diameter duct, This allows the D aﬁd L termms of equation
(7) to be fixed at 0,667 £t and 3.83L ft, respectively, Values for both

of the entrance loss coefficients, Ky and K,, are assumed for the poorest
enﬁrance conditions, i,e., Kj = K3 = 1. This assumption is brsed on several
facts and conditions, The intake duct is a re-entrant type of pipe entrﬁnce
for which the nominal value of loss coefficient is 0,8, In the end of the

duct, however, is an aluminum-foil tubular grid which offers not only
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additional entrance loss, but also additional friction loss, Entrance
to the stack, for all test conditions, is made through the rectangular

hood described on page L3. It represents a hood condition similar to

that describéd by W. C, L. Hemeon in Plant & Process Vgntilation. He
states that for a hood with low face velocity and ralativel} low stack
temperatures, the entry coefficient is 0,9, This coefficient is further
increased in the test case because the heat generating equipment extends
~into tﬁe hood a short distancé and thus disturbs the flow, For these -
reasons it is believed that the assumption of K; = K, = 1 is very reason-
able, _
| In considering the friction factors for thevintake duct and the

stack, it is believed thét the standard tabulated values of f, given as

a function of Reynolds number and pipe relative roughness, are rot entirely
applicable., Both the intake duct and the stack contain obstructions not
normally found in pipes or duct, The intake duct houses the tubular grid
near the entrance, a special thermocouple anemometer, a propeller anemoh--
eter, and a thermocouple probe, The stack contains pressure taps, tﬁermo-
couple probes, and, in ihe case of the 6 in, diameter stack, a layer of
soot on the wall surfaces, The friction factorswere thus obtained ex-
perimentally from a test performed with a 6 in, diameter 15 ft 1ong'
straight stack. A flow was induced in the system and the room entrance
pressure drop, the flow at inlet conditions, and the necessary temperatufes
were measured,. The friction factor ¢t inlet, fy, was thencalculated by
equating the measured A P, to the first two terms on the right-hand side
of the equations (7) and solving for f1. The value arrived at in this
manner is f; = 0,415, When this is compared to tabulated friction values
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it appecars to be extremely high, But when the resistance offered by all
of the equipement in the duct is considered, this value of fy seems reason-

able, With f1 thus establiched, equation (7) was solved for the remairing

unknown quanity, f,. The value of f3 determined in this manner is 0.06L.
Ancther assumptién made at this point was that the friction factors would
remain constant for all diameters and lengths of stack considered, It is
shown in a latter section of this report that ;his assumption is conserv-
ative, o | |
The constants and coefficients thus determined can be inserted into
equation (7) to yield a somewhat refined flow equation, Performing the

substitutions we obtain,

. /w2, (0a8)G.8) (7 \ 2
(8) m(fm-(ch) 1(15%6 €in+ 2 (10;6) €in

Vo \ 2 L, /v,\2
*1(ro'9'6) Con * 008 52 (1555) “en

which, when simplified, yields,
2
() gy (Com - Cen) = 3,365 )(’m( )(ch[uoosu ]

Inépection of this last equation shows the variables to be: barometric
‘pressurg; and ambient, stack, and inlet temperatures (all from density:
considerations, 1,e., C- Pg (0.491)(1LL)/R(T+L60)); intake and stack
air velocities; stack diameter Dp; stack vertical height H; and stack
equivalent leng*h L,,

The equivalent stack length (L;) warrants further discussion, For a

stack without elbows or bends, H = L,, Additionally the stack may contain
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two 90° elbows and a 2 ft section of horizontal pipe., In a manner similgr
to that for finding the friction factors, an equi&alent pipe length for one
6 in, 90° elbow was calculated to be L.2 ft, The total equivalent length of
both elbows and the horizontai.run is thus 10,4 ft. Reference to the 1963

ASHRAE Guide and Data 3ook indicates that the equivalent length of such an ,

elbow is 8 ft. This latter value, however, is based on a relatively long
ductAayStem containing nLy11w flow, 1.,e, forced circulation, whan‘used in
this sense, it is not extremely critical, In the test stack the equivalent
lenéth has a considerable influence on Ilow as shqwnkby the equation, The
use of the lower value of h;2 ft per eltow is justified because of the vary
shat duct arrangehent and because "full® flow around the elbow is never
realized,

The final assumption for use with pquation (9) is that the equivalent
length for all diameter elbows is constant ét L,2 £t per elbow, This is
again a conservative estimate, |

A digital computer program of equation (9) was written in order to
predict flows for many different conditions of stack diameters, stack
lengths, temperatures, pressure, etc.‘ ‘Values from the computer program
are termed 'tﬁeoretical' values, It should be mentioned that for open-
door test predictions, the first term on the right-hand side of equation
(9) vanishes, This mears that there is essentially no restriction to
flow at the shelter inlet. | |

A1l tests were conducted at approximately 5000 ft altit de (Bozeman,
Montana) and thus the experimentai results are in terms of actual conditions,
i.e,, barometric pressure (Pg = 25 in, Hg) and temperatures at 5000 ft,

The computer equation was also solved using standard or sea level conditions
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(Pg = 29.92 in. Hg and Tappient = 70° F) to determine the effect of
altitude on flow,
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DRSCRIPTI(N OF SHELTER

The aheltef used for conducting ventilation test is located on the
Montana State University campus in 30zehan, Montana, Thé chelter was
adapted from an underground blind tunnelrlocated beneath thg floq?‘of the
Mechanical ®ngineering Department's power LaboratoryQ The original tunﬁel

structure was rectangular in shape with internal dimensions of 37 ft by 6

ft, Thelceiling is flat and approiﬂmately 6 ft high, Adjacent to the

east end)of the room is a 6 by 7 ft open entryway, Modifications were
made to the original tunnel to the extent of adding a partitlion and a

door at a distance of 7 ft from the|east end, Thus the space used as a

test shelter was 30 ft by 6 ft dimensions, The walls, floor, and ceil-
ing or the shelter are all 8 in, thick concrete.

The partition, with 2 x i fram%ng consists of 6 mil polyethylene
sheet fastened to the frame with duét tape, Caulking compound and duct

tape were used to close all cracks ﬁetween the partition framing and
, >

- concrete, A 23 ft by 6 ft particleiboard door was installed in the
| .

|

center o¥‘the ﬁartition and sealed ?ith weather stripping.

’ An 8 in, diameter 3.8 ft long $heet metal ducf was installed in* the
polyethylene partition about 2 ft fLom the floor and sealed with tape.
This duct was uéed as the air intaké to the shelter, To assure streamline
flow in the intake, 1 in, diameter ?luminum foil tubes, 12 in, long, were
nested in the upstream end of the 8!in. duct. |

At the west end of the shelter;a 1ft9 in; Squaré section of concrete
was removed from the ceiling throug% which the outlet stacks were installed,
Figure 3 |on page 15 is a line sketcb of the shelter test facility showing |

intake duct and stack locations. See alsc Figure L on page 16 for picture
’ |




«15-

ALITIOY{ 1SF[ HFLITHG 41h07144 "¢ 3¥noiy

LoNG INGIN|

¥0071, |
AYOLLYORYT] ¥3IMQy

NOILILYYy .
IWEY] 3 INITAHIIATOY

NIHLS LSNYHX




16

i

23

i

Stack Extending from Shelter

Figure 4,
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of stack extending from shelter,

Minimums established by the Civil Defense other than the 3 e¢fm
ventilation .ate include 60 to 65 cu ft of space per person and 10 aq ft
of floor space per person, The test shelter, with a floor area cf 180
sq ft and a 6 ft ceiling, provider 60 cu ft of space for each of 18 people,
Based on the minimum air rate, at least SL cfm of outside air is required,

With a rated capacity of 18 people, the test shelter is in the
category of famlly-type shelters. It also represents an ideal family o
basement shelter in other ways, The stack is completely contained within
the power laboratory which has a ceiling.approximately 30 £t high. Intake
air is drawn at the floor level of and exhausted near the celling of the
laboratory, Skylight windows in the T boratory ceiling may be opened to

permit the hot stack gases to escape into the atmosphere,
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INSTRUMENTATION AND CALIBRATION

Air Flow Measurements

For use with ventilation tests a reliable and sensitive method for
measuring low velocity air flows was needed, Because the pressure avail-
able to cause air flow is very small, the method of measuring the air that
flows into the shelter has to be such that their is little or no preésuré
drop, This eliminates an orifice which, by its mature, requires a pressure
drop.

Personnel from Electronics Research, Montana State University, were
consulted concerning the possibility of measuring air flow in a duct
uQing a thermistor probe, Since this group had previousl& conducted
apparently successful research on thefﬁistors, they'agreed to désign
and build the necessary circuitry and thermistor probe,

The thermistof circuit used was a temperature-compensating
Wheatstone-bridge circuit using.transistors to maintain constant current,
Several bead-type thermistors were tried in this circuit without suc-
cess, Much time was spent trying to develop a reliable anemometer
from the thermistors but the probiem of temperature compensation was
not completely solved. Details of the thermistor anemometry, including
calibration procedures, can be found in Appendix A, '

Anoth;r unsuccessful attempt to measure air flow was made using a
hot-wire anemometer, The instrument was neither sensitive enough nor
accurate enough at low air velocities,

In search of an instrument or method to measure air flow through
the shelter, a special thermoccuple device consisting of two thermocouples

wired in series set one behind the other in the air flow stream was
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constructed, Between the thermocouples is a common resistor giving off a
'~ constant quantity of heat, The thermocouples sense the increase in air
temperature caused by heating the resistor and produce a voltaée output
which depends on air velocity, !! sketch of the simple anemometer is shown
in Figura Sa on page 20, Figure Sb shows in part the therﬁucouple and -
resistor wiring diagrams, ASSumptions concerning the design paramenters of
the meter are: '

1, Flow rate fange expected to be measured in one 8 in, intake duct
1s 10 to 150 cfm at actual conditions (70° F and 25 in, Hg).

2. Anemometer will be installed in one of the 1 in, aluminum foil
.tubes and placad in the center of the intake duét.

3. Accuracy in measurement of air temperature difference at thé
highest anticipated.flow is limited to 1°F using iron-ccnstantan
thermocouples,

be A minimum input of LO volts d.c, is available as supply voltage.

S. The specific heat of air throughout the expected flow range is
constant at 0,2l Btu/1b °F,

Calculations for the required size of resistor are given below, The
reader is referred to any standard text on thermodynamics of heat transfer
if a more complete explanation of the basic eqﬁations is desired,

The weight of air pér mimte flowing through the 8 in, intake duct

(wg) is given by the perfect gas law as:

wg = Pﬁ (iﬁ. Hg) x V (£t3/min) x 0,491 (psi/in. Hg) x 1L (in2/£t2)
R(ft-1t/1b °F abs) x Ta (F abs)

. 25(0.491)(1LL)V , 4 0625 ¥
53.3(530)

e T T OS———
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1" Aluminum Foil Tube
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30 Gage Iron-Constantan
Thermocouples

Figure 53, Special Thermocouple Anemometer
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At the lowest flow (V) of 10 cfm,
("8),2 = 0,625 x 10 = 0.625 1b/min
At the highest flow of 150 cfm,

(wg), = 0.0625 x 150 = 9,37 1b/min

Area of the 1 in. foil tube,

Ay =mdy?/l = 0.785 in?
Area of the 8 in. duct,
Ag  =mdg?/y = 50,2 in? | | b
The weight'flcw of air in the 1 ip. tube is giv'lrﬁ‘by multi lying the
weight flow in the 8 in duct by the area ratio, Hence, |
(n)g = (wg)p x Aj/Ag = 0.625 x 0,785/50.2 = 0,00977 1b/min
ard (W), = (wg)p, =x Ay/Ag =~ 9.37 x 0,785/50,2 - 0.1465 1b/min
Heat from the resistor (Q, Btu/min) supplieci to the air is given by
the specific heat equation for constant pressure, Q = wep AT. At the
highest flow with a temperature difference (AT) of i" F,
e = (w)y cpAT = 0 &3 x 0.2bx1
| = 0,0351 Btu/min i

.
If heat from the resistor is held constant at Qn, then AT for any flow is

given by,
AT = Qn/fw cp = 0.0351/C.24 w = 0.1452/w,

Thus the maximum A T, at the lowest weight flow (wy) g » should be:
ATmay ™ 0.1452/0,00977 = 14.87° F

In order t~ hold constant the heat from the resistor at Q,, the power (P)

supplied to the resistor shonld be:
P = 0,351(Btu/min) x 778(ft-1b/Btu)
{
x 1/33,000(ft=1b/min hp) x 746 (watts/hp) = 0,517 watts,
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Because P = IZR = vI, the current (I) required to maintain the above power
(assuming v is constant at 40 V61ts) ist
I=P/v=0,617/40 = 0,015, amps,
The maximum resistance for the anemometer is:

Ry = v/ = L0/0.015 = 2595 ohms.

The thermocouple anemometer was constructed according to the original
ideas and assumptions except that the resistor used was one rated at 1 watt
and 1500 ohms., This resistor,Arather than one of 2595 chms was decided |
upon because of availability anmd its small physical size,

The one-inch foil tube with the meter installed in its center was
placed in the center of the tubular grid at the ‘end of the § in, intale
duct, Appropriate leads were connected to the resistor and thermocoupl:s,
A vacuum tube voltmeter was used to read the generated voltage from the
thermocouples, A preliminary tesplrun was conducted with about 38 volts
input to resistor., This voltage was used instead of LO volts to keep the
power near but less than one watt. The output of the instrument appeared
stabie over the entire range of floﬁ from 10 to 150 cfm, but the change.
in output voltage over this flow range was limited to about 0,25 millivolts.
To extend the output range scale at the vacuum tube voltmeter (VIVM), a
180 K ohm resistor and a small adjustable resistor were added to the cir-
cuit, To obtain a permanent record of output, a 0-10 millivolt recorder
was indirectly connected to the 0-1 volt output scale of the VIVM through
a voltage divider (two arbitrarily chosen resistances) whose purpose was
to again extend the scale range, Arrangement of the equipment is shown
in Figure 6 on page 23, The 20,1 K ohm resistor in series witﬁ the volt-

meter permits close control of input voltage to the anemometer resistor,
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The 0-1,15 ohm adjustable resistor is used to adjust the recorder scale to
zero when the anemometer is in still air. This circuit, with divider re-
sistances chosen by trial and error, allows nearly a 9 millivolt output
range at‘the recorder over the 150 cfm flow range.

Calibration of the thermocouple anemometer indicates that the instru-
ment provides a fairly reliable method of measuring air flows above aboutl
LO acfm, 'See Figure 7 for the calibration curve. Between flows of LO and
20 cfm, the millivolt output does not change enough to sufficiently describe
a §articu1ar point on the circular portion of the curve,

| Although the use of the thermocouple anemometer is somewhat limited at
low air flows, it was one of the two methods finally ﬁsed in the shelter
ventilation tests, It is believed that flow me#surements taken with this
device above LO acfm can be trusted, |

The second method of air flow measurement finally adopted employs an
all-mechanical propeller anemometer, sometimes referred to in this report
8s the "windmill®, The instrument consists of an eight-bladed fan, each
blade being about 1-3/16 inches long, Motion of the fan shaft is trans-
mitted to a gset of indicating dials thfoughha network of tiny gears,

Figure 8 in page 26 shows the windmill, its position at the outlet end of
the intake duct, anc the clamping arrangement for its support,

A stop watch is used with the windmill when a reading is taken because
the dials indicate lineal feet of air rather than air wvelocity, Hindﬁill
operation is somewhat maladroit because the dials must be correctly read
and the readings recorded each time the watch is started and stopped.

Also there is no permanent record from which to later recheck a velocity

reading., Despite these drawbacks, the propeller anemometer provides a




/140

- 120

100

3

-25- |

3

Air Flow, Acfm at Inlet
3

N

/ 2 3 * 7 8 ? 10

3 [ ]
Millivolts

Figure 7, Calibration Curve for Thermocouple Anemometer



Figure 8. Propeller~Type Anemometer
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reasonably accurate and reliable means for measuring air flow,

During calitr#tion of the énemoneters, a laminar flow element,
mamfactured by the Meriam Instrument Company, was used with an accompany-
ing centrifugal blower as the air flow standars, This laminar flow device;
applicable to air flows from O to 200 standara cfm (at 29,92 in, Hg and
70° F), consists of parallel, capillary-size tubes through which the air
flows. The pressure drop across the tubes has a straigﬁt-line relation-
ship with the mass air flow, A calibration cﬁrve ofvthis relationship,
showing pressure drop across the tubes (in, of water) versus standard

air flow (1b per min) is supplied with the element,

To calibrate the windmill and the thermocouple anemometers the laminar

flow element was connected to a small L in, connecﬁion on stack roof jack
shown in Figﬁre L on page 16, This L4 in. connection was used only for
pulling air from shelter during calibration, ﬁxcept for this connection
and the air intake duct, the test room was supposedly air tight, but
becéuse of imperfections in the construction of the shelter it is con-
ceivable that air leaks existed ‘in the system, Since the total amount
of air coming intc the shelter (including leakage air) went 6ut through
the U in; connection, thus intc the laﬁinar flow element, the readings
obtained from the laminar flow element included the total amount of air
drawn into the rocm. Therefore any leakage air is accounted for in the
calibration curve,

Tests covering the entire expected flow range were conducted at

air intake temperature intervals of two degrees from 620 F to 90° F, .

Humidity of the intake air was varied during several of the runs by spray-

ing steam into the stairwell entrance of the shelter, Calibration of
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neither instrument is affected Ly changes in intake air témperature or
humidity. |

The calibration curve for the propeller anémometer, showing apparent
or instrument air velocity (calculated from instrument and stop watch read-
ings) versus actual cfm, is nearly a linear relationship, A representation
of this curve is shown in Figure 9. (Below an instrument air velocity of
18 ft per min the anemometer vanes do not rotate,) All calibration pqints,'
a total of 87, for all temperatures and humidities 1lie within +3,5 and 3,3
percent of the points dictated by the calibration curve drawp.

Tesf'points for the calbration curve described earlier for the thermo-
couple anemometer are ali within +4.9 and -7.6 percent (these beihg the
two most erratic points) of the values read from the curve drawn,

Although the windmill and the thermocouple anemometer do not extend
to extremely low flows, they do permit reliable air flow measurement froﬁ
19 to 143 acfm., Both methods are independent of ambient air temperature
and humidity changes, and either method provides results within good
engineering accuracy, Because the thermocoﬁple anemometer is the least
accurate and the least comprehensive of the two instruments, it is used
only to coﬁfirm the readings obtained by the propeller anemometer, The
two instruments are used simultaneously when testing,

Temperature Measurements

To properly evaluate the effect of the flahe in the chiﬁney, stack as
well as room and ambient temperatures must be determined, The first at-
tempt to measure temperature in a straight 6 in, diameter, 15 ft long
stack involved placing copper-constantan thermocouples every few feet,

The thermccouple wires, with original insulation only, were inserted

through small holes in the stack wall, The thermocouple junctions‘were
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located at about the center of ihe gas stream, This arrangemént p;oved
to be inadequate because representative temperatures along thé stack could
not be obtained, Wide variations in temperatures at different locations
along the stack were caused by thermocouples "seeing® the flame at the
stack bottom and because of tempefature and gas velocity profiles acrosé
the stack cross éection.

To improve the accuracy of temperatﬁre'readings and to provide a
means of taking a tréverse across the stack, movable thermocouple probes
were built. The first probes built, shown in Figure 10a on page 31, consist
of 20 gage iron-constantan thermocouple wires inside steel tubes about 11
in; lcng., The tubes pass through brass cinch adapter tubing fittings
soldered into the stack wall, The angled end of - the probes permits the
thermocouple to be exposed to the gases, yet provides shielding against
direct radiation from flame, : p

A temperature traverse was taken with tnese probes at an average s£ack
temperatﬁre of about 500° F, Some very umisual results were obtained,
especially with the prdbe nearest the combustion chamber., A temperature

difference as high as 175° F occurred between two points, each point being

- about 1/2 inch from the stack wall but on opposite sides.- The higher of - o

the two temperatures was at the "far wall" point, i.e;, with the probe ex-
terding all the way across the stack, Similar temperature differences
were found at all points along the stack length,

1t appeared that heat was being rapidly conducted awzy from the
couple junction by the steel tubing and the large 20 gage wires. Thé
highest conduction rate was when the probe was fully extended,vi.e., when
fhe thermocouple junction was at the "near wall" point, The higher rate

is due to the cool air surrounding the outside of the stack,
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1/L7 Steel Tubing Rubber O-rine ~ Porcelain Insulator

P4

W

~

Cinch Adaotor

Thermocouple Jurniction

(20 gage)
Leads to Recorder
" (a) Oririnal Shielded Probe Desien
1/ Steel‘Tubing Porcelain Insulators

Thermocounle Junction (30 gaze)
with 3/16" Brass HEall

Leads to Recorder

(b) Prass Ball Probe Design

1/L" Steel Tubing Porcelain Insulators 5/32"

Open
End

Thermocouple
Junction (30 gace)

Leads to Recorder

(¢) Final Shielded Probe Desiem

Figure 10. Thermocounle Probe Designs
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To reduce heat conduction to a minimum, the probe design was changed,
| The tuLes.were cut of{ "square® on the end, the 20 gage thermocouple'wires
replaced by smaller 30 gage wire, and porcelain insuiators placed inside
the tubes around the wires over nearly the full length of the tube, As a
type of heat sink for the thermocouples, brass b#lls about 3/16 inch in
diameter were fused onto the couple junctions, This probe design is shown
in Figure 10b on page 31.‘ |

Temperature traverses with this type probe gave good results at 5tapk
heights of 5 ft and above, Temperature readings at the near and far points
all agree within eight rercent of each other for these heights. This
arrangement permits the determination of representative stack temperatures
at points 5 £t or more from the flame,

The brass ball temperature probe is not satisfactory for points close
"~ to the flame, The probe at the bottom of the staék @s eliminated because
it received heat directly from flame and thus gave a reading more repre-
sentative of combustion chamber temperature rather than stack gas temperature,
This readiﬁg was of no value in determining the mean or average stack
temperature,

It was decided that the first temperature along the stack would be
read at & point 2-1/2 ft from the bottom, A third type of probe was
used for this point, See Figure 10c on page 31, This probe, similar to
the ones discussed above, uses a 30 gage junction with no additional heat
sink, The thermocouple is in the center éf a 5/32 inch hole drilled through
the tube at about one-half inch from its end, The probe, used with the small
hole in the tube perpendicular to gas flow, reduces radiation and turbulence

effects and gives fairly reliable and stable temperature readings,
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In order toiobtain the average tempefature at any stack cross sectien,
plots of temperature versus distance across stack wers made, From these
plots it was determined tha* the average cross-sectional temperature for
ali stack heights is given when the probe thermocouples are at 2 in, from
the near wall, (This location applies only for a 6 iﬁ. diameter stack,) f

In an article entitled "Measurement of Mean Temperature in a Duct®, S

appearing in the| September, 1961 issue of Instruments and Control Systems,

it is stated that when only one temperature sensor is used at a particular .

stack cross section, it should be placed at 0,58 times the radius away

from the center,! This is in relatively close agreemeﬁt with the results
obtained through teﬁperature traverse readings. This samc procedure for

locating temperature pfobes was used each time the stack diameter was

ehanged. ! ‘ .

The final locations decided upon for thermocouple probes along the
stack length inciude the shielded probe at 2-1/2 ft and brass ball probes
at 5 ft and ever& 5 ft interval thereafter., Thus for a stack 15 ft high,
four stack tempe;atures were read and recorded,

The mean stech temperature for a particular test was det.rmined by
plotting a curvegof temperature-versus steck height (a linear relationship)
and then selecti%g the temperature at the mid-height of the stack, Thus‘
for a 15 ft stack the mean stack temperature (Tm or Tch) is taken from
the curve at thei7~l/2 ft point, It is estimated that this methcd of
determining the %ean stack temperature is accufate to within L percent,
Cther temperatures determined and recorded during testing included those
of the shelter s%ace, the room above the shelter, and intake air tempera-
ture, These three temperatures were taken by using copper-constantan

!

thermocouples, Stock temperatures were read from a 0-1000° F recorder and

e Wy W A MBS e © G Ly L L
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the remainder from a 0-100° F recorder, Both recorders, Honeywell models
using type J couples, were periodically calibrated by inserting one thermo-
couple in 32° F ice water and adjusting the indicators as required,

Pressure Measurements

At the outset of the project, the nzed to measure the pressure drop
at the inlet to the shelter in relation to air flcw was anticipated, This
relationship was needed in order to determine the permissible restriction

for shelters in terms of filters and still obtain the required ventilation

Cair.

A type *C*" micromanometer, made by B, Vernon Hill & Co,, Chicago, was
cleaned and filled with a special gage fluid having a specific gravity of
0,797. Although the fluid is not water, the manometer reads in inches of
water, the smallest dial division being 0.601 in. of water, The micro-
manometsr is shown in Figure 11 on page 35, |

The instrument was located inside the shelter near the stack, The
main reascn for locating it near the stack is because a pitot tube,‘used
to measure exhaust gas velocity, was installed in the stack and it appeared
desirable to have its coﬁnection hose as short.as possible, Also a

pressure probe was installed at the bottom of the stack for measurement of

' stack entrance pressure drop. To measure the entrance or room pressure

drop (AP.,), one tube from the manometer extended through the ceiling %o
measure ambient pressure and the other tube was open to measure the shelter
pressure, All pressure tubes from the pitot tube, the room pressure drop
arrangement, and the stack bottom converge at a manifold consisting of glass
tees and short pieces of Tygon tubing., Only two hoses run from the manifold
to the micromanometer, With the use of screw clamps in the appropriate

places, measurement of any desired pressure drop is relatively simple,
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An equation for air flow through the shelter was developed in an -
earlier section, Indicated in this equation, written in terms Sf inches
of water, are two terms, the sum of which accounts for the total pressure
drop APm at the shelter entrance., The individual terms account for the
friction loss and the velocity head loss in the intake dﬁct. Theoretical
values of APm, taken from a computer program of the flow equations, are
plotted in Figure 12 on page 37 along with.experimental.d P values ss
measured with the ﬁicromanometer. Pressures are plotted versus tgmperature
difference, i.e., mean stack temperature (T.y) minus ambient temﬁerature
around stack (Tm). Although this grﬁph is for only two different stackl
configurations, it 1is represenﬁative and shows the relative accuracy and
reliability of the micromanometer readings.

The pressuré probe a£ the bottom of the stack consists of a straight
piece of 3/16 in. steel tubing, closed at one end, with 3/6L in. dlameter
holes drilled completely through and spaced about every half inch along
the tube length, The small holes are perpendicular to the air flow,

Used in conjuction with the micromanometer, the pressure probe permits-
measuremenﬁ of the difference in pressure between the shelter space and
the bottom of the stack, i.e., the stack entrance loss,

Because the air was not forced to pass through the intake duct during
open door tests, neither the propeller anemometer nor the thermocouple
anemometer could be used to measure the air flow, Instead, a pitot tube,
installed in'the stack at mid-height, was used to measure the air flow,
To do this the tube was calibrated during the previous closed door test.
Further explanation of calibration follows,

The difference between the static and the stagnation pressures

(ps - po) in the stack is measured using thre micromanometer. The apparent
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stack air velocity is then calcuiated using the basic pitot tube equation.

(10) .Vo - \] 2g(pg -po)/ & (st per sec)

in which & is the air density., BEquation (1C) can be simplified by letting
Ap~ (ps - po); Vsp = Vo ™ stack velocity as determined from the pitot
tube readings; and solving for the air density from the perfect gas law,

Clearly,

| Cw . PB_ Pplos1)(1Lk) 1,327 P
(11) . r v R(Tch * 160) T(53.3)(Ten * L&0) TTen * L&0)

and by substituting these and the conversion factor, 1 in, Hp0 = 5,203 psf,

iﬁto,eéuation (10), we obtain,

(12) Vep = V2gap/r = N2(32.2)(4p)(5.203)(Tyy + 160)/1.327 Py

or

<
.

sp = \252.2(4p) (T, * L6O)/Pp

where Vsp stack gaé velocity as determined from the pitot tube readings,
| ft per sec '
Ap " pitot tube'pressuré reading, in, of H,0
Ten ™ mean stack or chimney temperature, OF
Pg = barometric pressure, in, of Hg

To find the actual cfm of air flowing in the stack, we can write,

(P1)(ACFM)3  wiR4(Ty + L60O)
(Pg) (ACFM) g wsRs(Tch » L6O)




and because the weight of air flowing per minute and the gas constants

are the same at inlet and stack conditions, we may write, if we assume

that the barometric pressures are the same,

ACFM)q = (ACFM): (Tcn * L60)
(13) (ACFM)g = (ACFM)3 m
where . Ten ™ mean stack temperature, °F

Ty = inlet air temperature, °F
(ACFM)4 = actual air flow at inlet, cu ft per min

(ACF'M)s actual air flow in stack, cu ft per min
The terms on the right side of equation (13) are determined from the closed
docr test, The air flow in the stack is also given by multiplying the

cross sectional stack area (Ag) by the true stack velccity (Vgy). Hence,

(1h) ACFMg = Ag Vgt
or
Vst = ACFMS/AS
where Ag is in sq ft. Vst is then compared with Vsp and a constant or

correction factcer (C1) determined from the relationship, .

(15) Vst = 01 vép
Equation (10) is normally used only for incompressible fluids. It can
be used for air with little error .f the pitot tube is calibrated for each

change in stack configuration over a wide range in sir velocities.

Heat Generating Bquipment

Because 1t is assumed that no electricity will be availatle in the

shelter, which precludes the use of electrically driver fans for supplying

L______—_—_-——
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ventilation air, consideration was not given to combustion equiément
requiring electricity for pperation or control,

A first thought was that a small pot turner ﬁsing fuel oil would be
ideal, but a test proved differently. Maximum flow obtainable in a 6 in,
diameter 15 ft straight stack with the pot burner was about 30 acfm at a
stack temperature of nearly LOO® F and a heat output‘of aﬁout 36,000 Btuh,
lThemeason for such a low flow is that most of the pressure drop generated

[ﬁﬁs used to induce proper ¢ombustion in the pot bumer which uses a baro-

metric damper., Little pressure drop was left to induce air to flow through

the shelter., It was concl&ded that a pot burner which requires a large
pressure drop for combustign will not suffice as proper heat generaﬂing
equipment for shelters, i | | |

The next attempt to i%duce a draft by a flame in the chimney ﬁas.to
#tilize a small fuel-oil sﬁaée heater of the wick-type. Because of the
cenfiguration of the hood %hd to conserve space, it was necessary to remove
ithe tank and wick assembly'}rom the space heater body. (In this report
%ﬁe'tank and wick assembly Lre refeff?d ﬁo.as'the Spéce heater.,) When
_ using the tank and wick ass%mbly by itself, it was found that it failed
to burn'correctly due to im#roper draft, Therefore a small chimney‘was
built out of sheet metal_an? placed around the flame. See Figure 14 on
page Ll. With this burner the full beﬁefit of combustion is realized in
generating a pressure differential which causes air to flow through the
shelter, The range of air #low obtainable with the wick-type space
heater in the 6 in, ft highlstack is about 35 to 60 acfm. Maximum mean .
dtack temperature is aroundjiéoo F,

As another heat source, a single kerosene lamp of the type common a
few yeérs back was tried, About 25 acfm of air can be drawn through the
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Dual Space-Heater Equipment




T S - BN w

)|

— oy ey

i

- ™

pay ey Py

<42
shelter when the lamp is operated at ®full" flame, A "three-holer" l:
burner was developed whereby the wicks and glass chimneys of three dif
kerosene lamps were put on one fuel tank, The rectangular fuel tank

nearly one gallon of kerosene, The "three-holer® burner is shown in F

: 13 egﬁgggefhl,m’with this arrangement it is possible to burn one, two,

three lamps at a time to obtain increased heat output and air flow, T

draft generated by burning the threehlamps similtaneously is nearly eq

_alent to that produced by the small wick-type space heater,

In an endeavor to produce air flows greater than 60 acfm, a secont
wick-type space heater was obtained, A portable stand, consisting of &
ﬁiece of 1/2 in, plywood with two 2 x L legs, supports the two burners,
Two 2 in. holes were cut ie'the plywood to supply primary combustion ai
to the burners which set flat on the plywood, With this "dual-burner"

arrangement at the bottom of a 6 in, 15 ft high straight stack, a maxim

"flow of 80 acfm is obtained at a mean stack temperature of about 230° F,

The dual-space-heater unit is shown in Figure 14 on page Ll as it appea:

during cperation, In the same figure are shown th‘ bottom of the intake

hood and a scale balance which is used to determine the welght of fuel

As explained earlier, it cannot be assumed that natural gas will be

. available during shelter occupancy, However, for the purpose of testing

two matural gas burners were utilized in order to reach temperatures‘and
flows considerably abuve those obtainable by the other methods. Mean
stack temperatures of nearly 650° F can be obtained by using the natural

gas burners,




G5 = T

R

G PR

=}3=

Hood Configurations

At the beginning of ventilation tests, a 6 in., diameter vertical stack

was used, The stack entrance loss was measured at a flow of 50 acfm using

a wick-type kerosene burner as the heat generator with no ertrance hood at

the stack. In order to minimize the stack entrance loss, the most econom-

ical and practical hood type had to be determined, Tests were conducted,

all at air flows of 50 acfm, with various hood configurations, The firét
‘hood, conical in shape, was made from heavy aluminum foil; The top dia-
meter of the hood was 6 in,, bottom diameter was 2l in,, and height was
16 in, Stack entrance loss was measured and recorded at a flow of 50 acfm,
The second hood, also of.a conical shape and made from aluminum foil, |
was 5.5 in, high with top and bottom diameters of 6 and 12 in., respectively.
Again the entrance pfessure drop at 50 acfm flow was measured,
The third and final hood tested was made of galvanized sheet metal in
a rectangular shaée of dimensions: height, 13 in.; width, 10 in; and
1ength, 17 in., The pressure drop was measured as before, Stack entrance
losses for the four conditions previously described were compared,
Results showed that éll readings were within 3,5 pefcent of each other, a
negligible difference, From these results it was concluded that‘air flow
by the induced draft methcd is nearly independent of hood shape and size,
Crnsequently, all further ventilation tests were conducted using the
rectangular hood, A rectangular hood is easier to bﬁild‘than a conical

one, isbcheaper, and better accommodates the various types of combustion

equipment discussed in the last section, The rectangular hood is shown in

Figures 1 and 14 on pages 3 and Ll.
Several tests were conducted with a one-inch layer of fiberglass

insulation on the stack intake hqod and stack within the shelter to
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determine the amount of heat added to the shelter in the absence of
insulation. A prototype shelter in which the horizontal portion of the
stack runs through a concrete wall into adjacent earth or space may or
may not be similar to the test insulated condition depending upoﬁ
conductive qualities of the surroundings, However comparisons could
only be made on the basis of what was available. Results shown later

clearly indicated the value of insulation, -
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PROCEDURE

The original model for conducting tests of ventilation air flow
caused by a flame in a chimney was set up with the intent of having a
simple installation iﬁ order to reduce the variables to a minimm, To
accomplish this, the stack was installed vertically out of thé'shelter
--no bends or elbcws-aﬁo minimize friction and velocity loss effects.
Intake air was brought into the shelter through a straight length of
8 in, gaivanized sheet metal duct--no tends, no elbows, or filters.
Because tﬁe stack was completely within the surrounding building, the‘
effects of wind, for testing purposes, were elimiﬁated. This is‘the
simplest set up, though perhaps not the most desirable froﬁ the stand-
point of fallout radiation elimination, that can be achieved in any home
shelter, The stack is vertical, there are no variables induced by wind,
and inlet air is not restricted by conditions other than the intake duct
“itself, | ' -

A group of tests were conducted using various lengths of 6 in,
diameter straight stack., "Straight stack™ means one that is completely
. vertical and contains no elbows, Eends, or horizontal lengths, Pressure,
temperéture, fuel rate, and air fiow-rate data were recorded for the heat-
ing methods of kerosene lamps and wick-type space heaters, Similar data,
excluding the fuel rate, were taken for the matural gas heating method,

The above data were collected in what is termed a "closed door®
test. Open door tests for 6 in, diameter stacks followed the close door
tests., For an open door test, then, the pitot tube Ap and the mean stack
témperature (Toy) are read, the apparent stack velocity is calculated
from equation (12), correction factor €] is applied, and the actual flow

at inlet conditions is found from equaticns (13) and (1L).
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After tests had been completed with 6 in, diameter straight stacks,
two 90° four-piece elbows and a 2 ft long horizontal length of single-
walled duct were ﬁdded to the stack bottom, See Figure 1 on page 3.
Both open door and closed door tests were run with this "elbowed"

stack arrangement, This condition is often referred to as en ®*equivalent

llength" stack, The equivalent length applies to the elbows and is dis-

cussed in detail in a later section, |

~ -~ To f£ind the shelter heat-addition difference, tests were conducted

with and without insulation at constant mean stack temperatures, Fuel
rates for the insulated and the uninsulated stacks were determined by
weighing the amount of fuel used over a period of time, ' From this data
the heat saved by insulation can be calcﬁlated.

Fuel rate data was also taken for several stack configurations
(various lengths and diameters) to determine the relationship between
fuel consumption and temperature difference,

Similar tests, with the exclusion of insulation tests, were also
conducted with 8 in. diamete; stacks ranging in vertical heights from
5 ft to 15 ft, It was deeﬁed unnecessary to conduct insulation tests
for the 8 in, stacks because a percentage value, determined in the 6 in,
tests, can be applied to the other diameters if fuel saving figures are
desired.

To determihe the effect on air flow from the use of ventilator caps,
tests with 8 in. stacks were mnde using two types of caps at the stack
outlet--a two-dirzctional Artis cap and an all-directional Belmont cap.

(Directiomal refers to wind conditions.)
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experimental results with theoretical results in order to indicate

‘or less of the experimental values at ali p?ints.

RESULTS AND CONCLUSIONS

Much of the data collected from experiments and from the computer
programs are presented in this section in the form of graphs, The

first eight figures of air flow versus tempmerature difference compare

the relative accuracy of the flow equation with its associated assump-

tions, The remaining figures supply information on inlet pressure

drop, fuel rates, and the effect of altitudp and ventilator caps on
(3 . !4

flow, A group of curves for designing a vehtilation system are also

included,

Figures 15 and 16 show A T, i.e., mean chinney temperature (Tcp)

N ) I
minus ambient temperature around stack (Tm), versus rate of air flow |

for 6 in. diameter stacks., The friction factors, f; and £, in equatioﬁ

(7), were determined from the experimental cyrve for the straight stac&

!
closed door test, Figure 15, Theoretical values are within 2-1/2 percen

|

The 25 ft‘equivalent length experimentil curve in Figure 16 was us
to determine the equivalent length of +h: two 90° elbows, Experimental
values are again about 2-1/2 percent from theoretical ones, The theore
cal values for the other curves in this figure, as well as for all othe

curves of all diameters, were determined with fixed values of friction

factors and equivalent elbow length, These fixed values are f] = 0.415
fo = 0,06L, and equivalent length = 4,2 ft/elbow. It should be mention
that an equivalent lengtn stack of, say LO ft, means one with a verticg

height of 30 ft, That is, (30 £t vertical);+ (2 ells) (h.z EQ.éT{E)«a

(2 ft horizontal) = LO,L total equivalent stack length, The total
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equivalent length is rounded off to the nearest whole number when presented
in the graphs,

The open door comparison for the 6 in, stacks are shown in Figures
17 and 18, Bxperimental values are again in clcse agreehent with theoreti-
cal values, This indicates that the éhoice of f2 and of elbow equivalents
is appropriate, at least for the 6 in. diameter stack of 15 ft length since
tﬁe-intake terms in equation (7) become zero with an open door, The result-
ing thaofatic:l’v:lues are therefors nct influenced by the inlet friétion‘
factor.,

Air flow-temperature relations for 8 in, diameter stacks with closed
doox are shown in Figures 19 and 20, Because experimental values are
somewhat higher than the theoretical ones, it appears that ;n equations'
(7) one or more of the factors, perﬁaps the entrance coefficients, friction
factors, o~ elbow equivalents, are not constant as assumed, It is believed
that the principal factor contribﬁting to fhe higher experimental values
is the stack friction factor, f3. Original determimation of f3 was for a
6 in, stack which had been in place for nearly five months, Over this
period of time a heayy layer of sooé ¢ollected on the stack walls t§
which inherently offers more restriction to flow than clean walls, The
8 in, stack, however, had no soot on the walls when tested. The aluminum
liner was shiny, smooth, and clean and consequently offered less restric-
tion to flow than a sooted stack, The assumption of a constant friction
factor is thus conservétive. As a result, theoretical curves 1nc1ude'a
margin of safety for predicting air flow,

Resﬁlts of open door tests on 8 in, stacks appear in Figures 21 and

22, MAgreement between experimental and theoretical values in again within




ocS

AowIS JydTenyg -~ 8359] Joo(q uedg
AIWIg J9IBUBEY 49 JOF SOUBINZFTQ eangeaedwe] *sa MG STy *LT eandt

4, ‘(™M1 - W) eoweasz31q eamyeseduey

TOT 1 - ke L Bt ] HHHT ]
4 ri44 4444 4
1 I pe 4+ 13 1411 44 %WL A -
111 44 4 44 444t gl
1111 1 4 4 - + +4 444444 44- 41 444 -
111 4 4 +4-44 444 .u 4. 4- 444444444 14101 44 4 -4 4444 44
1'1“ UULYT n 3 44 4444 ﬁ 144444444 b4 444 444 4444 vu Avw.tl 4 ; “v“w; - v‘ “..,. “
28 444 H4 tr4-44-4-3 444 4 g 44 44 -44-44 4 44 -4 4 §
r‘w‘}l PUSE Sy VE 44443 4- H -4 44 444 - 4444444 + 444443448 1] 444 444 4 44 4 » b 443 44 44
bat - 44 4 44444 4444+ 441
4 444444 44 -4 4441444 444 4 -4 .44 4 b+ 4 w.«
1S ng ey HI3ET I T I T i1 44 134 \ WAL 11111
SERREE " 41143 et HITTE I T 13 1 LT 1 1111 1y HHHH
i v+ 4+ 4 444414 u. 4 44 4 T 44 - i L4444 4 4 +4-+4 44 ZLLL 44 “f
. 41 4 44444 +4 4+ 44 -+ 4 - .
e luss agaaecres isbbattlidusy ERIEERE s eE RS NS R abR AR Lot 1
JA 1 b4 4- - 44 +4 444 14444444 -4 44 4444
ﬂué,ﬁ i Awﬂﬂr 4 me H +4- Lxﬁﬁ# 4444 H44 4] 1t H - 111
44 L4 5444 -+ 4+ 29 t 4+ +44 4444444 - 44 L 44 444. 4 ;
-
-+ 44 $—4— ¢4+ 44 444 42444 44444 44444444 -4 -4 “ +- TTI* ﬁ
TY,M,LL P11t 31111 1+ 4433331031 BOORRSESEYRS 14111313113 M 4434 B ] 1
e 1 pheny 117 AT T s hptany Y
44143 - 4] T3] g and
44444944444 444444480 4
VV!TL,A“A.TI 4 L Tnu.lvul “+ 11Tt 444444 43 4 444 + 4444 +4 4+ 4 4 ﬁ LA4L1 ‘ - ] 4.
¥ b _ 4 44 444 +44 444434444444 444 4+ 44443 44- 444 4 4- +4-
adudeanty 11T HEEET R L 11 ]
lu 4 | 44 444444 444 444 B »1 - p « 44 4 4 b4 4
M 1
{ ; 1444
- 4 44444444 4 v b 444 44444 44 4 4 H4 ¢ 4 4
”:rlh 4 5 [ ;.TA;L 444 4 444 ‘Lllr,r + 44 4443444444 +4 X\Ai 1\ »1‘ - ﬁi 1
4 4.4 -4 444 ++ = rl 4yt 4 44 4 - A HA S‘ ' 1
- + +{ 44 41 -+ 4 44+ 44 444444 \AH - 4 \ L - ]
. sSTw J 444444 ﬁx 14 b 444 “ 4 TT ! “\v& b -
- - L4 4 4 y4-4 4 44 - E
g + 1] b 44444444 4+ 14 % A.A.w»‘ 1\ \\ 8 TNL“
4444 4 44 ﬁ 4.
- +—+ -+ ] L 4 4 4 L4444 ] b} rﬁ _»If» mexh \!W —y -
Fa -+-3 ¢4 44 4 et - 4 H : ' -+ 44 44 44 = -4 4
17 .. 11 L Pog . m LA 711 44433 3
- -4 4 + -4 4441 44 4 4 - 44 ;ﬁ | 34 e “ L t Suioeitss
1 } 44434140 4 44 b . 4 . v P NSRS 44+ b4 4404 4 E
3 { } o 2 + 4 iT 4 444 +H 4 4 44 44
-+ 444 4444 + 44 1 + 3 ‘i W. T ) 111111 -
i =+ 44 | 4 15t + .“d. . 4 \ 1 Ie
T 4 SUSFSESERRRS v - # , ~4-H 44 44 xu -4
[ +3 444 4 S 4% Y;r A*x td- 44 4444 44 4 -4
sEssuli H#LL o= rA 4 49 -4 144 4 ‘n 4 ¥ - <+ 44 3443444444443 +—+4 4
I35 4 B
+1+3- + - 14 44 Ht 4 -‘.“l“ 4 i PRed+4 P 433111 1 444
I 4 !
1 . p] e b4 4 'Y 4 44 4 b4 1444
jaldbdnnsnss 1gesegbafsnnsi= T e H e T pensaspiRdsiusectd
4+ 4 444 c IY 4 X\t Kr 4 4 | +4d 444 44444 444
jnkonké . b weand 2 317 HIGEEES, JenEess
) Arrrl.‘r 1 13 ) ans { 47 AL“A\‘.“ ] 4 44+ b4 4444444
+. — - ¥+ 4 44 44 4 > t
T 444414444 444 L 14 Ez o + 44+ HH rr. 44 u(.
14 111 T+ e mkas + 4444413 T
- oy i1 L) 3444 - <+ - 4 .- "
M - Hll11 1 L . 4 { 4 ]
N -
+ = 2 b4 bt ] 4 -+ 444 44 -+ g Lf“.M”A
1 1 4 I...H. = = W -+ 44444 443
b4 44 ++ 444 -4-4 [ 4 +H] 1] 11
[ == -+ 3 - 4 44 E 44444
-4 31444 ] 4 111
} 44
] ++ At 3 : oF N ++4 4444 44 ~1I + 4
3 rIM) ] 1 444 +4 4 t m ”AI.A.TL# .MA AAT 444 4
t PO i HHH B EH T :

os

oL

og

ob

00|

ol

ozl

19TUI 3% wIdy ‘eqw®y MOTJ ITy



joelg penoqry -- 389] .88 wed
*joelg uoaosmﬂn 49 J0J ©oUBIOJJTQ eanjeredwey *sa uo.n.m Hnd *QT eandt g

-
k

4 (W - 1) eousxezyrq eangyredmey
oos - oo¥ © O0F 00z  ow (o}

T T T T T 0
. 1 { 14 1 1
“ 1 1
444
+44 +4+4+4+ + 44444 |88 E - 44
4 -~ 444 4
4
444 44 4444444+
44 -4-4 4 444 4 O"
-4 +44 444
3 4. F .AiAw w. £ L 4444 LA)TJLAALI 44 -
TR e madeg e febun pesb H T I
’ 44444444 +-4-4 | 4 b 44
s [ 4 M ] 444 444 444
+4-1 +-4-4 <+ $ 44

3

HR
-
i

44— 4

i
T
1
'
'
1
T
‘ v
T P

s
B
e

+
1
1
+
:
1
1
i
T
"
1
N
N
"
L
+
+
e
ol

4
44 +-44-4-+-4 44443444 14 L4
4444 444 44+ p 44 44
E 444 4 +444 o W

'
!
"
e
"
:
!
"
;
4
;
——
:
!
C
-
+
e
¢
!
+
]
:
o
+
i
Ly
T
;
%
*%x
)
X
-
i
T
H
H
:
M
:
T
1
i
;

40TUL 3® WOy 93y MOTJ ITY

4 by 134408
-] 1Y bE e 4 4 1]
444 4 -.A = - b 44 444 b4-4-4444-4 $-4
+ 4 -+ 4 = 4 4 4 44 4 <+ o O
444 4 441 4 4 &
98 5 . IsNanapeins fntunsan
asnsans 111 miytaauit .
44444 4 ddere 444 +-4-4 + $-4
44444 4 vu 44244444 4144434 4 4444
PP UERYS wwe .44 4443444444444 444 444444 ] 114
-
™ +-4 4 4 4 4 -+ 4 4444 8-
4 P 44444444 44 4+ 444 p
F 4444+ 4 -4 44 t- 4 g
4444 = <44 44
44 4444 4 -4+—4 41+-4 -
44444441 4444 44 44
-4 ++
+4 + +-4 44
4 4 +4 s
144 ON
1 b 44
b 4444 FRBEN
49 1
1




| AowYg IYBTRIGG -= §368] J00Q PASOT)

\

oEyg 2038WBTQ 4§ J0F OUSIJITQ Sanjesedie] °sa mOLg ATy ‘6T SINITJ

: 4 (™ - U5) eoueasjyrg eangeredudy,
) [¢]

+

— -t
P DIV U S S

+ T
-
T i
Jehes:
T

T A . cade and

b b ke
e = ot $24]
t :

o
oot oop ovE i ool %
I~ b 4 4. 4 <+ SUgRaS
! g AII.A 3 .TL@LHJ;MLML ] 1113 Hiain ,Ammy Tkl..“xr@uu‘.fﬁ e ﬁW
LR AR R E : xxi“ M@J‘fu%
] SggssapsnaessbusaannisdnRsssisabaivasintty AR A RIS o
RN SUBRBSE 1134 IRRR DRSO RGRDRUBPEOREE M ) 4 14 44 3444 4 ¥ 111
A TRAR RN R R R 1k
! {8 MR b e 4 Z#
3 4 .‘vo.r 44 F 4 4o \A ma T np .L.HAA 114431 4 onM‘NL
¥ 3 S ¥ ! 1 At
ik ibsatedtubba i brbb s LA ARG LRI RAREREES F.sSSEEES )
‘r.ixlid.‘ro,. QL% J‘«w*“f., “‘ i B z.u‘_“.
1 ¢%A Tmh” M M W ] fﬁm‘mx‘
thesRucesecsiestant iR ISERREEEIRIMARYE 1N
4 . + 444 444 +44 } 444 4 .;@A.H 1
.u) +1 43444444 44 4 xw‘» 1y 117 { ..Hrwp.»wlu
wn 11148 M“.g M“Awdm;*‘\.ﬁ . »M 1z M.My. H, 1] ob
[ H H ! 3 ! 4 :
i A *.W;.AA 11 w“A L:_\ J uf A 1
R el i
H ‘ ! 1]
e ML

PR TS SFuRrEPR AL o

13
] : W
: A EREREE:
-] - g .
. T ig o .»t M M 1 m 1
Ehad Lr&c_vr, 114 A.»‘»w»_ 313 134 ; A» et oll
JRERe 4 11444414 314 1 +4{TH :
/ xn?xff 44 ‘LM Lflfhx “ .;.AHAT wyu u Auw E 4 “ “ \M\u 4 a.TMw ‘M www
. T SesehobRRntessubesettoovi SSRERRREE b ! ”» 11331433 1310540
. 4444441+ - A ;,;Aﬁ” 113331151 H w& fAA. ida 4y baaaidiais
4 s R R 7 SEH R RO R
. 3d-p 34 444 44 Ti44-444 44 4 L b L4 w u RESRORREH RESIBRRO !
L» 4344444440444 44 4 4+ 44 . - 1 # SSERE0uN
“J w bl4-444. 44-4.44- ‘“ .Il~ - 4 - _.T_ “ 4 44 MA 4 * +1 HHH OMU\
T DEPEEp i1 44 +4 44448 ted IS B) OO R EH et
‘ . EEEtRsnElinantcrze; conasaRREIRRRIRE- sukd EaRESiasstotasrpsaabesattone:
4 ] i 17 3113851 1% 11115 43335 4]
+ T 444-4 4-4 <+ AWA.. AHLH-‘LNL 4 44 vXA 1 MiA + x+‘A6A “J...ML
S el Y SAiEE R s acesEnabit
4 44 44 -+ + i 443444444444 . 1] 4 1 .AAMAIA “L SESRPNS 144 o
7] b ASNspug 1 Al‘v. d444 4 At et et g s B 08 O 0 10 40 8 W
- . +H : A, i : - 4 u,.“ 4444 1444444 44+ 44 Q.h\
»t 44+ ens s annliRat oottt stoutisant il SSaNeEnal REEgRAEREE RENSAERREY
: Haiia e e e i g i insedpkesatetinabonpbetshists
S e punifESANSEERENEURERISUORVRNS RERRRERY 13 ] RERERSSS
& 111 jesatioanbOsERRssntutibe } Pl i+ 4344 444 Thieapitd
s 444 +44 44 AIrMJAl 444 44 E 4 ”,‘ 4;. 111 31 hietinr
‘ i 1110 IRERS . V“HYAIU i u ‘MA ﬁ. 4 4 4 444 w\.thu -
. -+ + 111 wm ) 34 d4y44 1 44 # 4 rad44 1 4 oLl
i e A
-

4eTul 3® wJoy ‘o3Ey MOTI ITY



. .. Jde3g PSMOQTE == S§383] J00(Q POsOL)
qoesg a0jvwel] ,Q J0J 90UBISJIT(Q OINGesdduP] *sA MOL ITy °Q2 9IWST4g

i, ‘(Mg - U95) eousaezyrq eangsaeduey

L ] i 4444 44 ap! . 444 - + ON
FL‘ 1 { {4 » 4444444t b+ 4 4191 41 3444 3131393 4444 §4
i M - ~+-4 HLLL 1‘11.1141.., 444444344 4444444434 -4 4
L 41 4+ 44-4-44444 4444444 4-4 +4+4-44 + 14444 ~ 44
A »ﬁ § 4+ 444 4444 444444 441 Anpll. 444 44 +
4 4 - 44444404441 B 44444444444 4 44443444 L
w .“vA, i 444 xLJILL .Afr ..‘IL:Ax\“ 4 rll;uﬁllr ).A).‘ﬁ., 444 7 1 v A
1 444444444444 4- 4-4 4 44 4444444 4 add 44 4444 4 44 . 4 444
H -
i +- + 4444 4444 44444144444 44444444 L-4-4-4 4 124
M 44— 4444444444 -+ 44 444 3-4-44 <-4 41444 4 444 A& § .H. 44 44
111 Ehaig a1 idq et g 4-peing T O O T AT s T L
__u 4 444 w 44348444 444441414444 4 “ 4 44444444 + 4+ .me. Lﬁk o4 444
H ? 44444 ﬂ Q 444 44443444 P U 4344 W W [ 444 44
g t.mA S84 = L] Feft 11 44441 HP i i H A (S SENWS
4- 4 44 4 4444 s b4 b3 4844433444 ‘r\ -4 u ‘ MA.. 4
w. M WA 444 4 44 444444 .r ,»n 44 ‘vL‘ 44 H 444 ow
q 4 4 +4 -4 4 p 4 ‘A_A 4444 e y -§.4-4 4 F B 44
m M HA.*LT,A, 44444444 4 1 u 4 4 L‘_\Y%vuw\ .y..ﬁ. A“ ‘.\ 4444 4]
: sdels 44 441 414 11 144 {1447 14T P A1
4 44 44 44 ¢ 4441444 4 XIL Lﬂl g AAM T. 4- 4+ 44 44
3 -4 4 L 444444 444 .@LL 4 @ 4- 4444 4 14 4 di4A 44444441
g . 13131 P 4334144 44 p - . XLw.ALl‘ +4 E l;AvLAi;iL 4144
— -4 4 4 4444 — . 4 4 4 44 1444 s - 4 4 vL A«“n 44444444 41
M IO §S35 1. A TR M AT T A TR T
i . 1414 -+-4- fe L =11 1t A 414 IS +4 44 44 0@
t . 4
X 444 34 444443 +4 - 1 o] 4. . % [ 4O BN SUREES R
} - w 44 1“4.§LL,LY 44 44 - 4 wLi]JvL 4 1.+i 4- .Au WHL L\“““ 4-44 M 144 &L <+ 14
" 44 - ¢LT LL 4 b4 £ ¢ - 44 4 g - “l b4 44 4 444 4 A,,l.\.Hp 4
+ 44444 b 4atd 1-4-4 -3 - Fe ++4-44 44 -4 44 .WL‘X 4 4-44 Lm 44 44 44 444
} Ex 14 A 444 44+t 444144 -4- + 44 4 \ 4444 4444144+ 4
44444 44444 +4 4~ 4+ 34 44- n“ 444 4 ‘ [ S SO B A U8 44 ..
14 D T HITTT HHPITHT LB T A TR S T
fote 13 44 44 1 444444 { V\& 1411 {44 11111414141 Sees 8
4 : "
T T T T e HTTAR T T o
I.w 444 - K he rﬁ-mv L4 +4- 4 1-¢ L“ 444 4 444 17
44 4 4 44 - - XY.‘ re - 4 44 144 144 4444 44444144 4
4444444 4444 44 b4 4444444 Y‘[.\_‘-(‘ +4444 444 4444 .x..\\ 4444 44 4 4 4 44 -4 4 44
ﬂ HHH 3333331330113 133 40 3 Y.T\IYX j THH LA, - 1113
E Fj;fu.f PRGNS !Jaw . fr.ur 1110t t ri 4T T 444 4 44
+bww¢“ 44 4444 444 - y!lL _Al 44444 4444484 AAA‘\YX LLI - u 44 444 444
4“ d 4.4 4 4 - {44 4344443444 AT.] fort” L - 444 -
+ 1444444404441 34 RS 5 $-4-4 4 44 4 44441 44 T ‘M 444444 4444 .AIr%x 4 -
} = PR *. 4 f 1441141 14471 4 4 4 4 HIH4 T ot/
- T -H ] T 11K 1. %\Av.TTLA 2t hsEotanngnannnpERN DS 11113 1]
-5 v.n 4 -4 4.4 4-4-4-4 V‘!A ._.LrA‘ 4 4 4+ 44 4 H 4444 44
444444 +-4 44 44 444 Af, 44 .XLYX.ALL LML { u 4§44 Lu# 44 4444 44 444
+4 444444344 44 4441 14 Lt 4 1t T T4 bl 4+ 44+ 4 -4 44
+4 +44-4 44 .T,LIIX?VI 4 4 44 444 44 -+ 44
4 334 114411 E 44 -
4 S+ 444+ NvL.A- 4 44 444§ 4 44 -
44 444 4444 -4 HEd 4 444 - L : ]
44 T 4 $414+4 41 - 441 44+1114 4 44 T + 3\
u.‘.. 444 = 4 AAKL 4-4 444 ++4 1 44 + 44 ¢4 4
++H TS I I 13T H
S & 1 ] 11
4444 44+44- -+ 4
113 |
1 4 -
311 i [
[t i 3 09/
i
i

18TUI 3® Wjdoy ‘a%ey MOT4 ITy




Aoeys quBTR1UG —— 959] Joog WdQ
‘A0S 2993URTQ 4§ XOF OOWBISIFTQ OaMyBIedR] *sa MOT4 ATy ‘12 Sandiy

.mo ‘(W - W1) eouags J31q eamgexaduey,

008§ o0} 4 oofr oor oo/ o]

T T ) DO 444444 44 00
b4 LIfml ] b ] - *
. ngs 4 . 414444444
B 417 -t 444 4 rlﬁl -4 4 4 4
L {4- H A4+t 4444t E 444444444 4 -ttt 44444t 41+4- s 4444443 44 4444444 -4 4
4 ATX + +4+-4-+4-4-4 -4 4 4444444
<4444 +114-4+-14-§ 44 = 444 44 4 -4
4444 44 44 +4+44+ 414444 4 4444 4 4+-4 44 $44- 44
44 i 4444 44 4 4 444 -4 4 4-44-4- - 444 -4 QQ\
144 - 444444 4 4444 -4 AAﬁsIT 4
‘AHLA LI+ R .AﬁL 4444444441444 ﬁ 4444 444444349 -4 4
44443 1 44 444 A._T ‘L? 4 444444 1444444443 L3143 4-4 4
sEs 444443444444 4+ 41 -4 4 4 4. -4 4 4444444 444 444444444444 —
i+ Nt 9 wr_mﬂﬁaw Wﬂ 133 1 1144 444 1 Aﬁx\ 34
1 “ -+ -+ b R 1+ 4 -4 4 + 4444 T4ttt 1444444 ¢ 44444 ‘;ANJ -
+-4 . 4 4-4 444 44+t 4r4 44444444 44444 344 + 4444444444
T3 69 H ek hiie )i nkodgis igtipenrieSBg ) RSB ERbndasnntsndupvy hdsuns 1]
b -
PORES I8 4- T ++de 44 ittt 44444 H A T3 T 4T o/
+ 444 4 —4 444 4 . 444444 4444 + 1 H 44444434 xALﬁ 444444
— +4 44 1. } 4.4 IRV R PG ORNREBNESBNEE 44 ¥ 4444 H{3
1143 4441 FOSHaN 41433 + 141 4 L ) L1314 41
4 44 - + 4 +4 444444 t4t4++ 4444444434944 +4 4 4+ 44 +4+4+4-3-4-44 .nt +-44 441 1 4 +-4
? 44444444 4444 1444444414443 134713 44§44 +444544-4 va;lLLL LA A4 44441
5 4 - 4444434444 444444143444 -+ 3 44 LTT +1-4-4 4 4 \LLIAT. p
5 444443444 -4 4 -4 44 4 b 44 4 4 4 LLLLIL‘WIAY 44— 44 o _\,L 444 44
[) 4 L. + - TTTLIT 414544441 44444444 4 4444 44 44 444444 4 LLTIL.‘ +4
44 444 4 ﬁLﬁLAlL - 4 —4 AﬁIIAA.In 44 44 LLYTL‘_\. 4 44 ﬁAI. u 4444 2\
4-4.4-4 444 44 4 444 444444 444444 4 444 4 -4 44 ++4+44 +-4-44 44 4 444444444 44
L4 443 44 4 44 4441 4 b444 44444 uw 44 3 ‘m \ff 44 I;.:r
a8 E —~+- 44 +4 4444 4.4 - ‘;.T\.Afxt 4 44
L 44 ‘LﬁTI 4 . 4 ‘LLTﬁLLLA 4 4 B b4 4444044 143443443
1444 44 44434444344 5444 4444 4444 4+ 4444 i 4434434444441 +4-4 34 4444444
44 L 4 44 4-4 44 .ﬁ 44444 § 444 444 E WAL 4444 44 444 4ttt 4 4444
BENTEN 444 1-4-4-4.4 4 44-444-4 14 4444 444 443 ' 44 444444444 A THH it 1444t
4444 444434 4444344443834 4 544 4 44443444844 4444 vxv_\ 44 4+ 4444444445 4444444341
4444 44 4 +44++444 44444444 4 $ 444 4444444444 bt it 4444444444444 14444441444 Ogs
4 -—44-44 444 444434444 Aﬁ‘x 4 4 44 THi 4444444444444 438381444
w v 4 44 4 1444444444 444444444 4443 133333133111 44
1 44444 444+ 44444 4444 Tﬁ.\..l;}..x;lu 44444 4444 +4 4444444
4 t4 44 ¢4 4t 44 4449 mprtd44 4443442 a8y 1] b4 43444444
e 1] SEpERasEREy Py jSSunEFEaNed m T3 et 14431153 143
[ I 13T oA xm an JREES-Zacaunannahunn 3 suie .
L. + 4t 44 .i. IY!I K44 ’ b4 44444 4 ;A;ul( +4+44444-44- 144 —4-.
44141 4444 4- w. 4 .\1 1444 A4 44444444 44 44 +4-4-4 4 4 +44
137 P 33 1 3 ps 3 8 BUGESENS e 4 44 4 L1 . QQ\
ILv 4 1 4-4 4 ~ 4 +444 4 44 444 44 ~+
| 44 4 ] 1 44 J44
1 Fty T4 4444 P+44 1 41 4] ,.r,f 11
2 o8 o gmgs ar 0 1 O + 14 ﬂr +4444 44 LW‘ 44 44444
444 44441 E 44144 444 +-4- 44 444
44 ER R -4 ~+4-4 — 4
5 - 414 34444 4-1 S URLEY BN W 44 44
444 -
++4444-4 44 4. +4-4-44 f—4-44-44 444 > HN
L4 4 - 444 44 4+
44 - 4+ 4-4-
4 4 44 A.Tﬁ 4 -
L ‘_ 44 4 4444
444 B 44
- -
M L = H 4 4
um —H 4 -1+ 1 - Arf - ATvW +44

30TUT 38 WIdy 93y MOTJ JITy




=56=

jdowyg pemoqId -= 8358 xcog uedp |
xoﬂw.no»oauna:wuommocmuouugwhbmuoaaoa.mbhoﬁmuﬁq.mmousm\m.m
., a ,

, (M5 = U951) eouweasyrIq eanjeteduey

oos §. oot oo? 0o/ ]

T TIT T T ob
4ttt ¢4 444844 ) 4 77
+ + 4 1
+ - 44444
= o 4
44 4 444 -+ 44
r ] 4 ] 3] JOBEBNES 4
-4+ v,
- 44 4-4.4- + 4 4 44+ 444
4144444 +HHHH EERENDEaN b 1] pRE® 14 0%
44 -4 4 o 2k e -4 + 44— 44 44 .ALLL 4 -4t 4 44 .
444444 3444443444444 4 444443 4444 $44d 44 44444+ 44 ﬁl\
b 444 44 4444 4-4 4 - lw 44444 +- ﬂM#AiAllALAI; 1..L1141A‘n 44 44 [
. -4 -4 - 4-44 4 4+ 444444444+ +4 b4 4 4 - 44 4
pETE ¥4 1 e 4l g4 wrnA SESUENARIRARAREEANEEREBRERNST \Y 1143 o
i A4 0 44444 4+ 4 4 §4 4 - ok 444 344 14 N Lo}
4-4-44 44 4444344+ 144444 34 4 N -+ 4
4444 Aﬂﬁ Aw QqﬂH H 444 443144 444 » 444 N.L.ﬁ.?.: « p 44 OQ 3
34 v 4 +4- HitH- 11 HI It P e et 4 <44 |
- —4 -4 4 4 4 4 + 44 4 4--4 4.3 44 : g i 4§-4 [o]
<4 4444 44 §4444 444444444 -3 4 . - +444] =
444 4- 444t bt 4 4444 444444444 ‘w\&, 44 \H.. \ +4 4444 44
17 IENENNSRREEN .y FepEes AT l\ 1833
R 44 444+t 14 444 U U R 5 TN O Ny 58 t _x\ 44 4 444 4 - 44
PN 44444 444 p AATW 3+ 44444 4.4 44 4 - T EERE ¢ L‘ 8 414444 44
B 34 444 4144 {4 44444 3 i ‘XT_ 4 444 »uni, V‘l L d i3] ct
4 14 H + L4344l 1ddy N } 4 44 34 xlm. 44 L 4.4 1]
‘ -
4444444 4444 44 444 ffJ; A LT3 SRESE T 44 1A A Lid 4 oo/
44 o + L 4.4 L..T‘u‘ {14334 4. LYI-s 4444444 444444 L\ fENR /2 RRERRBEE e
4 4 44 44 44444 4 4 314434444444 r{.,ﬁil_\f 44 4 quA 434 4-4-4b-4 4 &\.»L X\v 44
PEGENRGNRE 4 auu M 4435730 a4t 11141 333137 1435 (BUGS /0N NSREDRERR o
L AV r_ .uh 4444 .Kl.\llh 414444444414 H 4 P \ ] RO RRENE 344 ()
4 4 4.4 =TT 444 44344 444 F14 . 444 443444 4 4 44 =H .
44 4 2L - 44 444 Axﬁ. ped L 4-4-4-4 - 444 -
- 44444 444444 JF W R 44 4444 -4 . ppe 444444944444
FY 34444494 * -4 444444 4 44 44 444 “ rA 1 44 44 o
N I QN‘ c*
By 14 14444444444 B B 41,411 43334 et - IRASE ape
I RERNRRS ] ] SSNEERURRNRE FEDEREESSE FRENR DO B g0N 133 -
-+ 4+ AL% 444 4444144444 ngbll -4 4 w\\ - -4 4 At 4444 u
| 4.4 4 S S SRNED P QN KAF U 9 I N ) N 180 U 6 N t 44 +4- s -4 4o 4t FEwEe
] jus 3 183N T 1 uﬁwl.;.m‘LY 111 131 L
44444444 44 -4 +-1- 4 WL _LT‘ 44 4-4 ALL..A:‘ o
" 4y 44 24 a4 44444 4444 4T b 4 44444 44 (a4
4 et i H -4 44444 4 4+ed444 4444444 4 AV‘X <44 4 4t 4]
4 4] 44 4 ‘E‘L 4-4-1-4-4 44 4444 441 4+ bt 44 4 ~+ -t 444444 -4 44 4 4444
+ - ¢ ov!
+ 4444 Ang 4+4-4+4 1444 44 A4 A4yt
4 44 y 4444+ § 444 1 4
L4 44t fi 4 4 4444 4 4 4 —+ +44-d 4444 -4 44 4 Kl;“. —+-4 441 44 444 ¢+ 4
+444 4 sy - 4444+ LAlﬁ Lded o 14 4 441
444 44441444 4-4 T4 H4444- +4-44 +-40+1 G444 4-
4 44 EEde 44 p 4 Y\L{» b {4 p
"+ 3T {44 W -4- 44 -LlllLLLvth\ .
444 4444 44 444 ,\Lﬁ -4 4+ 4444+ 44
A‘A +4- 44 44 -4 4 ‘WA - 4 44 44 \
A
p 110% 114 LT LT o9
L rSaind? - 14 J
rL 44 mhvnr\ b 1 A% b4
44 P t+414 1 L4
-
44 - v.mqvklﬂ 444
3
By 1 i | ] 4
1 1 1 1

off




-C7a

tolerable 1limits, There are several wild points on the graph in Figure 21,
esperially at flews ar-rs 77 acfa, Tha arratic behéviér of the pitot
PO TR B r@adihgs is attributed to location of the pitot tute in the
»'Ak,only seven feet directly above the flame or point where the air veloc-
1ty was established and ihus, at high fiows, in the path of very turbulent
air, With the elbowed arrangement, the points of Figure 22 again follow a
smooth curve above 150 acfm air flow, The elbows and short horizontal
lengths of stack tend to straighten the flow by the time it reached the
pitot tube, '

Figure 23 on page 58 illustrates the effect of inlet restriction
given by an 8 in, diameter intake duct on air flow in 6 and 8 in, stacks
~of 15 ft height., At a temperature difference of only 1C0° F, unrestricted
flow for the 6 in, stack is reduced by 18 percent by an inlet restriction
of oaly 0,006l iﬁches of water, Under the same céndiiions, unrestricted
flow for the 8 iﬁ. stack i8 reduced by 32 percent by an inlet restriction
of 0,01L5 in, of water. It appears from this comparison that in actual
shelter situations, if an intake duct is to be used, its crcss-sectional
area should be at least dpublé that of the stack area in order to nearly
eliminate any effect from inlet restriction, This "double the area®™ rule
should be used as a rule-of-thumb for estimating purposes only, |

To further investigate the effects of room AP in relation toc 4 T
and air flow, a test was conducted in which a piece of cardboard with
several small holes through it was taped over ihe inlet ehd of the intake
duct. This arrangement simulated an air rilter, at least in‘its effect
upon restraining flow, Pressure drop, temperatures, and air flow were
measured, Results of the test appear in Figure 24, The curves show that

a small piressure dorp causes a severe reduction in flow frcm that of the
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unrestricted condition, At a AT of 530° F, for example, air flow is 154
acfm with an open door and L8 acfm with the restricted éoﬁdition. The
decrease in flow, almost 70 percent at a AT of 500° F, is caused by a
APy of only 0,0577 inches of water, This indicates that filters cannot
be used with the induced draft method of shelter ventilation because there
are very faw, if any, filters available that offer less than 0.1 inch of
uatgr restriction and retain reascnable efficiency at the air flow rates
being Eonsidered. Thus iﬁ is fecommended that only c#en door shelter
situations be considered when designing with this system of»ventilation.

The effect of altitude on air flow for any given tempera-...e differ-
ence is negligﬂble‘ as shown in Figure 25, Values for these three sets of
curves were taken from the computer results, Actural conditions for the
5060 £t altitude curves varied as follows; barometric pressﬁre-—?h.59 to
25,22 in. Hg; inlet temperature--72 to 820 F., The sea le vel curves are .
for the sﬁandard conditions of 29,92 in, ‘ig barometer and 70° F tempera-
ture, | |

The decrease of standard air flow at 5000 ft altitude is less than

- 1.b percent for any given temperature difference, This means that aegli-

- gible error is introduced when air flow-temperatnre dlfference values from ... .. ..

ithe curves are used for altitudes of zero to 5000 ft.

The curves in Figure 26 illustxate the effect on air flow of two typ€s
of ventilator stack caps, The Artis cap, from which air emerges hcrizontally
at’two sides only, does noﬁ produce any noticable change in air flow from
that of the uncépped-stack condition, With the Belmont stack cap, air
emerges from all sides in a dowrward direction, i.e., air flowing up the
stack must.reverss directions in order to leave t!- .- p, This motion

reduces the uncapped-stack flow by about 8 porcent as thown in the curve,
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The flow resistance offered by the Belmont cap amounts to approximately
5.5 ft equivalent length as calculated from the equation (9). Similar
results were obtained from a straight stack test (not shown).

It should be remembered that the ventilator cap tests were conducted

' in the absence of wind, In actﬁgl-shelter apélications where windbéonditiOnS -

are present, the use of a Belmont cap or a type L Breidert Air-X-Hauster
cap (built specificallj for fallout shelters) will have less dampening
effect on air flow than that shown by the curves, These caps are built
so that the outflow of air, is actually increased by an aspirating effect
of the wind regardless of the wind direction, i.e., the wind produces a
suction at the cap outlet, Thus, in generai, a goéd ventilator stack
cap can be considercd to offer little restriction to air flow at a shelter
exhaust when used with the induced method of ventilation. To add a factor
of safety, however; it is recommended that the cap equivalent length be

v

accounted for in the shelter design,

Surface temperatures of the stack inside the shelter and of the hood
were observed with and wiphout insulation, At a mean stack temperature
of 200° f,‘the surface of the top of the hood approached L4000 F with no
insulation, With éne inch of fiberglass insulatibn and the same me#n stack

temperature, the surface temperature of the insulation on the hood was

T ot S e e

reduced to less than 100° F, This surface temperature reduction is impor-

tant when trying to minimize heat addition by radiation,

5 e s e s,

There can be a substantial fuel savings with the use of insulation
as indicated by the data presented in Figure 27 on page 64, Although this
data is'for a closed door arrangement which was ruled out in previous |

discussions and it represents savings realized from irsulating two elbows, i

, |
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horizontal stack and hood (not just hood and one elbow as would be normal),
1t is still significant,

The two curves for 6 in, stacks illustrate the effectiveness of insu-
lation placed cn the hood, elbows, and horizontal length of stack, For
any given air flow covered by the two curves, the fuel (kercsene) consump-
tion for the uninsulated stack is decreased bv about 15 percent by thé
addition of 1 in, of fiberglass insulation, This iS percent may not be
realized in a normal installation because some of the 'orizontal plece
and one elbow may be in soil or space that is much betjer conductor than
the fiberglass, The percentage decrease in fuel rate is seen to apply over
the entire flow range for the 6 in, stack condition described, Over an
extended shelter occupancy, this savings could mean.a considerable decrease
in amount of fuel, and fuel cost, Also seen from ?igure 27 is the relative
effectiveness ¢f the ®"three-holer® lamp and the dual space-heater burner,

This simple test indicates that stack insulation 14 very important.
If a single walled stack is to be used, it should be insulated with a
minimm of 1 in, of fiberglass in order to obtain maximum efficiency,
Due to the high cost of insulation, an insulated singléiwall stack would
coct about the same as self-insulated Metal-Bestoé stack, Metal-Bestos
stack is easier to handle, install and requires less maintenance than
an insulated single-wall stack,

A few tests were ccnducted using a white gas camp cook stove and a
two mantle gas lantern. With both types of heaters it was observed that as
the gas burned from the tanks, the tank pressure decreased, As a result the
stack temperature and air flow decreased. Thus, gas stoves and gas lanterns

are not recommended as heat generating equipment for shelters, This equipment




b6
requires frequent tank pressurizing to maintain constant air flow; the
flame must be turned off to refuel the tank; and the fuel is inherently
dangerous because of the possibility of explosion and fire in the shelter,
In extreme emergency situations, however, gasoline-type heaters could be
used if proper precautions are observed, A two mantle gas lantern will
produce flows approximately equal to that of two kerosene lamps, A two-
gas-burner camp stove will pro@uce floss abdtt equal to the two space
heater unit.,

TaSle 1 on page 67 indicates the relative merit of the kerosene burners
used in this investigation, The éolumn headed maximum temperature difference
gives the minimum of the maximum values, i.e., tﬁe lowest values of maximum
iemperature difference that could be reached day after day without trimming
the wicks, ‘In some tests, higher maximum values were obtained btut these
were always shortly after the wicks were trimmed or new ones installed.

Figure 28 gives the relation between temperature difference and
expected fuel rate in gallons of kerosene per hour for several stack
arrangements, |

Curves on the following pages are to be used for the design of induced
draft ventilation systems. The fouf graphs of temperature difference versus
flow rate are for L, 6, 8, and 10 in, diameter zero equivalent length stacks,
i.,e., straight stacks-no elbows or caps, and for vertical heights of 5, 10,
15, 20, 25, and 30 ft, The values used in plotting these graphs were ob;
tained from the computer program of the {low equation for the open door
condition, The validity of the equation was previously established, The
plots are for standard atmospheric conditions (29,92 in. Hg and 70° F) and‘

straight stacks, Effects of barouetric changes for altitudes between O and
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TABLE 1
Maximum Temperature Difference Obtainable for 6 and 8 in.
Diameter Straight Stacks of Various Lengths with Different
Types of Burners
' Diameter Vertical Height Max, Temperature Type of Burner
Inches Feet : Difference, °F
k2 3 Kerosene Larps
5 81 1 Space Heater
167 2 Space Heaters
34 3 Kerosene Lamps
é 10 78 1 Space Heater
- 143 2 Space Heaters
: 32 3 Kerosene Lamps
15 70 1 Space Heater
: 112 2 Space Heaters
: 2y 2 Kerosene Lamps
5 L2 3 Kerosene Lamps
S5 1 Space Heater
120 - 2 Space Heaters
: 21 . 2 Kerosene Lamps
8 10 o o3y 7 3 Kerosene Lamps |
39 1 Space Heater
83 2 Space Heaters
32 3 Kerosene Lamps
15 35 1 Space Heater
71 2 Space Heaters
20 60 2 Space Heaters

S o ® .
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5000 £t are so small that pressure corrections do not need to be applied
to these graphs, |

Because it is recommended that at least two elbows And a éhcrtlength
of horizontal stack be used, corractions to the straight stack curves must
be made according tc ithe equivalent length of the added restriction, The
.effect of adding elbowé, horizontal lengths, and vent caps to the vertical
stack can be taken into account by use of the correction facwrs given in
Figufes 29, 31, 33, and 35 or in Table 2, These correction factors were
obtained by dividing the theoretical air flow rates obtained with a straight
stack by the theoretical flow rate cbtained with a stack system containing
0 to 21 equivalent feet of added restriction,

These factors are to be applied to the required cfm value before enter-
ing the graphs for straight stacks. The required cfm of air flow is known
from the size of an actual shelter in which a ventilation stack is to be
installed, The stack diameter, vertical height, number of elbows, length
of herizontal run, and type of vent cap (if used) must be assumed as a
starting point in the design.

A more éomplete explanation of the design curves, tables, and method
of design 1s given by an example,

Sample Design Problem

It' is desired to design a ventilation system for a shelter which requires
a total of 100 cfm of fresh air, Assume that the shelter is such that it
will conveniently accommodate an 8 in, diameter, 15 ft high stack with two

90° elbows and 3 ft of horizontal run., A Belmont cap is desired at stack

outlet,
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TABLE 2

Flow Correction Factors to be Applied to Zero Equivalent
Length Cfm Curve for Bffects of Added Stack Resistance

Vertical Added

Stack Eq. Stack Diameter
Height Ft L & gn -10"
0 1,000 1,000 1,000 1,000
5 1,180 1,153 1,131 1.115
g 9 1.271 1,23k 1,205 . 1.184
13 1.336 11,296 1,264 1.238
17 1.387 1.345 1.309 1,285
21 1.L28 1,384 1,38 1,322
0 1,000 1,000 1.000 1,000
5 1,133 1.117 1.104 1,095
10! 9 . 1,208 1.185 1.166 1,152
13 1.2684 1.2L0 1,217 1.201
17 1,312 1,285 1,262 1.242
21 1,352 1,323 1.297 1,278
0 1,000 1,000 - . 1,000 1,000
5 1.10L 1,091 1,085 1.078
15! 9 1,169 1,150 1.1h1 1,130
13 1,221 . 1,199 1.186 1.17h.
17 1,26 1.2L40 1.227 1,212
21 1,300 1.276 1.261 1.245
0 1,000 1,000 1,000 1,000
-5 1,087 1.080 1.17h 1,068
20! 9 : 1.1LhL © 1,130 1,122 1,114
13 1.189 1.193 1.163 1,152
17 . 1,228 1,211 1,199 1,188
21 1.264 1.24L 1.232 1,219
0 1,000 - - 1,000 . .1,000 11,000
S 1.07L 1,070 1,063 1.059
251 9 1,122 1,114 1,107 1,099
) 13 1.165 1.153 1,1Lk 1,135
17 . 1,201 1,188 1,182 1.168
21 o 1,233 1,219 1,207 1,198
0 1,000 1,000 1,000 1,000
. 5 1,064 - 1,061 1,057 1,053
30! 9 1.107 1,100 1.094 : 1,091
13 1,146 1,137 1.130 1.124
17 1,179 1,169 1,161 . 1,153

21 1,209 1,197 1,190 1,181




Step (1)

Step (2)

Step (3)

“Step (L)

Step (5)

Step (6)

Calculate equivalent length of added restriction., From previous

discussion it is known that:

.1 900 albow = 4,2 eq. ft

1 Belmont cap = 5.5 eq. ft
3 ft horizontal run = 3,0 eq. ft

“fﬁé;éfé}e; tﬁe total equivalent length of the added restrictions

= 2 x}4,2*1x5,5¢* 3= 16,9 eq. ft added restriction,

Figure 3h which gives tha correction tactor to be applied to an

8 in, diameter straight stack to account for the equivalent length

of added restrictions, From this graph at an equivalent length of
16,9 £t and a vertical height of 15 ft, read a correction factor
of 1.225.

Multiply the desired air flow by this correction factor.

100 x 1,225 = 122,5 cfm,

Enter Figure 33 which gives the desired temperature difference

to obtain 122,5 cfm wiﬁh an 8 in, straight stack of 15 ft

J

vertical height (already corrected forrlbows, etc.); At 122,5

cfm we read a temperature difference 01'570 F. (This means that

Af ambient air is at 80° F, the mean stack temperature must be

57 + 80 or‘137° F.)

From Figure 28 the fuel rate at a temperature difference 57° F
for a 15 ft 8 in, diameter stack is about 0,04 gal per hour.
Table 1 indicates that two space heaters will provide the rz-

quired temperature difference and thus the desired 100 c¢fm of

ventilation air,

When using this design procedure the designer should be aware that

more thah one set of conditions will provide the desired ventilation rate,

SV
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A thorough invertigation of sevéral of the possible sets of conditicns
should result in the most economical design, In considering the most
economical design, the cost of the stack-system, fuel, and type of bummer
for each of the possible systems should be compared, |
When deciding upon the type of burner and the fuel rates, the designer

'should remember that the values given in Figure 28 and Table 1 are approx-

imate, This approximation results from laboratory results because of the
difference in pefformance of the various available burners. The "golden
ruie" of over-designing should be observed in the last two Qesign steps.
As ﬂo fuel data is available for 4 and 10 in._diameter stacks the designer
must‘reach a decision on the type of burner and the fuel rate without actual
values, Figure 28 for 6 and 8 in, diameter stacks should be of some help |

in reaching this decision because it shows the trend followed by the fuel

rate as it varies temperature and stack parameters,

As a sample shelter cost analysis, consider the system discussed in
the design problem above, The following is a list of representative prices

of equipment and materials,

1 5 ft length 8 in, Metal-Bestos stack $13.00
1 8 in. 90° elbow _ 1,00
1 2 ft length 8 in, duct 1,00
1 8 in, Belmont cap 7.50
1 Space Heater 14.00
1 sq ft fiberglass insulation 1 in. thick 10
Kerosene per gal .18
Rectahgular Hood 7.50




|
|
;

The cost of equipment and materials for the sample shelter is thus,

- «81-

15 £t stack $39.00
2 elbows 2,00
3 £t horizontal run 1,5
8 in. Belmont cap 7.50
2 Space Heaters 28,00
Kerosene (13.5 gal/2 weeks) 2,80
Hood - 7.50
10 8 ft insulation L.00

Total $52.30

R B e k- s 14 WS © com e ry i s o -

This total price 1s for the conditions described by one set of
shelter parameters. Smaller diameter stacks lower the total cost -
larger diameter stack increase the total cost. This analysis should

be helpful in estimating the cost of any shelter ventilating system of

this type.

i
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SUMMARY

As stated previously, the fallout shelter tested has an occupant
capacity of 18 people and requires, as a bare minimum, at least 54 cfm

of fresh ventilating air, It is concluded that this minimum ventilation
y o B

rate can be obtained by burning kerosene in the base of a chimney or

stack, .

Results of this ventilation investigation indicate that the maximum
air temperature difference between the inside and outside of the stack
(Teh - frm) that is of benefit for home shelter is arovnd 300° F, With
an ambient temperature of 70° F, this means that the maximum mean stack
temperature of benefit is about 3700 F, The return for higher stack gas
teﬁperatures is insignificant.

The highest stack temperature obtainable with the kercsene wick-

type .burners used in the test is about 230° F, depending upon stack
U . " :

~ ¢‘ameters, length, mumber of elbows, etc. It is feasible that a wick-

type burner could be designed to produce a maximum stack temperature of
370° F, Wick-type burners are de§irab1e because they require éssentialiy
no pressure droﬁ for efficient combustion and they can be used to light
the shglter. | | |

The lowest fuel comsumption réte is obtainable when the intake hood
and the portion of the stack that is within the shelter is insulated. A
minimum of one inch of commoh fibérglass insulation is recommended, For
high efficiency and lo§ maintenance cost, Metal-Bestos stack is recommend-
ed for that portion of the stack that is outside the shelter, .

Family-typé shelters in general can be adequately ventilated by the

induced draft method if certain qualifications are observed. The shelter
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should be located in the basement of the house so t.at air can be drawn
from the main part of the house, In this manner the house‘uill serve
as the rﬁdiation-particle filter for the shelter inlet, Outside air
will infiltrate naturally into the house through window cracks, under doors,.
etc. in sufficient quantities to be available to ventilate the shelter,
Filters should not be used at the shelter inlet because in general they
‘offer tco large of restriction to air flow and reduce ventilation rates to
below minimum values, If an intake duct is used, its cross-sectional area
should be at least twice tﬁat of the stack. An open door is recommended, .
The stack should contain at least two elbows and a short horizontal length
of duct, This is essential for providiﬁg shielding from fallout radiation
rays., A good ventilator stack éap should be used if the stack e:chausts
directly to the atmosphere to insure that fallout particles, rain,lsnow,
and othgr debris do not enter the shelter through the stack, If a stack
cap is not used, the stack should exhaust to a ventilated attic, The attic
will minimize wind effects, eliminate falldut particles from entering stack,
and prevent vitiated‘air from recirculating through the house and shelter,

Although keroéene wick-type burners are recommeided for induced draft
ventilation, it seems feasible that in an extreme emergency situation any
flame from whatever equipment is available--such as a gasoline camp-cook
stove-could be used to induce the draft., Ventilation efficiency and safety
aspects would be reduced but perhaps, and most important, human lives could
be saved,

An impingement-type filter which could possibly be used in some shelters
was discovered at a date too late tc investigate completely., The filter is

produced by the Air-Maze Corporation and it offers less than 0,1 in H50
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restriction at air velocities down to about 70 fpm, The efficiency is

low at minimum velccities but perhaps it could be used to advantage.

Further research is required to determine its feasibility.

Some aspects of family-type shelter ventilation by the induced draft

method warrant further investigation, Future research should center

around the following objectives:

1.

2.
3.

L.

intent of reaching 370° F stack temperatures.
*

Investigation ofrkerogene wick-type burner design with thb

|

Fuel investigation including storage and safety controls,

Economic analysis of all phases of the induced draft method of

. shelter ventilation,

Investigation of the possible use of a low restriction filtering

systen,




APPRNDIX



— L] N .

e

-86-
THERMISTOR ANZMOMETRY

Extensive investigaticn was conducted concerning the possibility of

using a bead-type thermistor as an air anemometer, The attempts were un-

successful and the results useless as far as ventilation was concerned,

but the research work was important and warrants recording.

Although nearly four and one-half months were spent investigating
thermistors with no apparent useful reshlts; it is felt that the time
was justified for three principal reascns. First, thermistors, if appli-
cable, would allow measurement of extremely low velocity air flows (start-

ing at zero velocity) as well as high flows, No other method of flow

 measurement known pernits, with sufficient accuracy, measurement of

flows with a velocity lower than about 4O ft per min (nearly 15 efm in
an 8 in. duct), Thermistors would have allowed measuremert of the
natural ventilation through the shelter, OSecondly, a permanent record
of output voltage and thus of fiow would be available with this method,
This is desirable because it establishes a reference and affords one the

opportunity to recheck measurements later on if the need arises, Thirdly,

it is possible that thermistors other thén“thé'béadlfyﬁéméﬁd"éiféﬁitS”"WWN‘"““mm

other than the bridge-type may be used successfully in air flow measure-
ments, MNo more time could be spent on thermistor investigatior, buf
the knowledge gained from this experience should be useful as a starting
point in further thermistor research, |

For use as an air measuring device, the thermistor was built into

~probe form, Two small parallel holes were drilled through the length

of a two-inch long 1/2 in, diameter nylon rod which is pointed on one

end, The fine wires of the b~nad thermistor were inserted through the
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holes in the rod and cemented in place., Unly the bead protruded from
the pointed end of the nylon rod, After wire leads were soldered to
the bead wires, the rod was fastened into the end of 5 in. long piece
of 9/16 in, diameter stiff cardboard cylinder, the bead remaining ex-
pcsed. The entire probe was stuck through a cne-inch ciameter rubber
cork, When the assembly was inserted into a hole in the gide of the
8 inch intake duct, the bead was positioned in the air stream by ad-
Justing the length of prote extending beyond the cork, The probe was
held rigidly in place due to a tight fit between the rubber cork and
the hole in the side of the intake duct, |

Figure 36 on page 88 shﬁws the original bridge circuit designed
and build for the thermistor air anemometer. Thé circuit coﬁsists |
basically of a Wheatstone-bridge with the thermistor as one resistance
leg, In a leg adjaceﬁt to the thermistor is a decade resistance which
permits compensating for themnistor bead temperature changes caused by
intake air iemperature changes. In the leg opposite to the thermistor
is an adjustable resistance used to zero the voltage ouﬁput of the
bridge., 'Twp transistors, connected together thermally, are included to
provide a constant current through the thermistor when a constant 4O
volts is supplied to the bridge circut,

Output froﬁ the thermistcr bridge was connectéd to a Leeds & Northrup
Speedomax 0-10 millivolt recorder, Thermistor output is sensitive to air
velocity, and because the cubic feet per minute of air flowing in a fixed-
size duct depends directly on the velocity, the output can be plotted

against air flow rate, Thns, the recorder provided a direct indication

and a permanent record of air flow,
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During ca}ibration of the thermistor, a laminar flow element, produced
by the Meriam Instrument Company, was used with an accompanying centrifugal
blower as the air flow standard, This laminar flow device, applicable to
air flows from O to 20d standard cfm (at 29,92 in, Hg and 70° F), consists
of parallel, capillarf#size tubes through ﬁhich the air flows, The pressure
drop across the tubes has a straight-line relationshlp with the mass air
flow, A linear calibration curve of this relationship, showing pressure
drop across the tubes (in. of water) versus standard air flow (1b per min)
is supplied with the element, |

Zquipment required to operate the thermistor included a L0 volt d.c.
poﬁer supply, a voltmeter, two decade resistances for use in the bridge
circuit, a millivolt recorder for recording‘thermistof output, and a
thermoéouple temperature recorder for Cetermining temperature of air in
the vicinity of the thermistor probe. This equipment, with the exception
of;thé tempefature recorder, is sﬁown in Figure 37 on page 90 as arranged
and used in the shelter.

To calibrate the thermistor, the blower and laminar flow element were
' connected at theuexhaust of the shelter to draw air ihrough the intake and
sheltef space, This permitted accurate calibration because it included any
air leaks in the shelter. The calibration procedure for the thermistor
probe located at the center of the eight-inch intake duct follows:

1, With probe in still air (cap ends of the 8 in, duct), set the out-
put 2810 édjust on the bridge box until the millivolt output on recorder
is zero,

2. Note temperature of air in duct, read fﬂe milliamps and volts
through prote, and calculate by Ohms Law the resistance to be set on the

temperature compensation decade box,
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Equipment Used with Thermistor Anemometer

Figure 38.
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3, Uncap duct and set laminar flow element at a manometer reading

which corresponds to the maximum flow desired, Set output span adjust on

bridge box until about 10 mv show on recorder, Ohce output adjust is

initially set, do not change,

L. Take readings at various points between zero and maximum flo

At each flow setting repeat step 2 and reset the temperature compensation

decade resistance if temperature changes, At each reading record ihc es

of water at manometer, duct temperature, and millivolt output., The |

metric pressure should be recorded at starf of calibration,

5. From the calibration curve supplieé'with the Meriam Instructi
manual, read the standard aif flow (pounds per minute at standard con<
ditions of 29,92 in, Hg and 70° F) corresponding to m#pometer reading,
Multiply standard pounds per minute by the b#rometric pressure correcJ

factor and temperature-viscosity correction factor from instruction

mamal to obtain the real pounds per mimute flowing at actual conditii

of pressure and temperature, Find the actual cubic feet per minute (x

For a more complete description of theLCalibfation procedure and re-

lated calculations, the reader is referred to the "™eriam Instruction
Manual A.28836" publiéhed tiy the Meriam Instrument Company and supplie
with their laminar flow instruments,

After collecting data as outlined above, a thermistor culibration

(o 1

I'C=

on

jon

ns

cfm)

curve of probe output (millivolts) versus flow (actual cubic feet per min-

ute - acfm) was plotted. The curve, nearly linear and also approaching

verticality, accormodated flows from zero to 150 acfm, Also drawn was;
. L
curve of resistance (ohms) versus intake temperature (°F) for use with

tempe rature compensation decade resistance box,

a

the
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Two months were spent in conducting preliminary ventilation tests énd
becoming acqminted with the operation of various combustion equipment,
temperature aﬁd pressure equipment, and the thermistor flow device. During
this period of time results of low measurement had been fairly consistent
and réprddﬁcible. Then for several days the zero setting of the thermistor
1n‘st111 air seemed to drift from conditions dictated by the temperature
versus resistance calibration curve. Previous examination of litefature
on thermistors and comments by Electronics ResearchVpersonnel'indicatgd
the possibility that thermistors may lose their reliability with use and
time due to loss of calibration, No definite reasons for a possible
calibration loss were cited except that perhaps the thermistor bead
deteriorates enough to change the heat transfer characteristics of its
surface.

To check out the above theory, it was decided to recalibrate the
thermistor device, Two or three calibration runs, conducted according to
the procedure outlined previously, covering the entire flow range from
0-150 acfm produced completely different and disassociated thermistor 6ut-
put readings, No sensible relationship between output and flow could Be
found, At this point we decided that the thermistor was completely
deteriorated or "burned up", The surfrce of the bead appeared brown and
somewhat charred, |

Another thermistor bead similar to the first was acquired from the»&
eiectronics laboratory. The only difference in the two thermistors was in
the so-called response time, The second bead had a response of 25 seconds
as compared to 2 seconds for the original bead, It was anticipated that

the longer response time wculd decrease sensitivity enough to provide a
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more constant recording of output on the millivolt recorder, thus, making

output easier to read,

In probe form, the second thermistor had an aluminum shield around the
bead, The bead was located in the path of a diametral hole which ran
through the hollow cylindrical shield, With the hole parallel to the air
flow path, straighter flow lines around the bead than.previously obtained
were expected at all rates of flow,
| Several calibration runs were conducted with the shielded probe in-
stalled in the intake duct, The millivolt recording deviated from a
straight line by as much as three-fourths of a millivplt but readings were
averaged with a polar planimeter, The flow-millivolt curve had many
erratic points; enough that the results were unreliable,

It was again decided to use another thermistcr, The third thermistor
bead chosen required the same design voltage and current and had the sahe
response time (2 seconds) as the original one, In érder to retard the re-
sponse time slightly, epoxy was added to the thermistor in the form of a
thin coating over the bead,

Before starting to calibrate the new thermistor, further investigation

of bridge circuits and instruments was carried out, It was discovered

that curren@ through the probe waé not constant as had been originally
planned.during circuit design, It was strongly believed that this was the .
ﬁain cause for the wide variations in millivolt output from thermistor,

' The designer of the original circuit was again contacted and the.
problems were discussed, As a possible solution, a new circuit which com-
pletely eliminated the thermistor bridge box was attempted, A number of

decade resistances replaced the bridge, the ldea being to obtain closer .
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control of probe current, A caiibration run proved, however, that the
contrary was true, Current and voltage ccntrol througﬁ the probe was not
only difficult to control but also unwieldy and inconvenieﬁt. Due to this
fact, the third thermistor was overloaded with a power surge and burned out,

The tréin df thought returned to the original thermistor bridge cir-
cuit, After lengthy counseling with Professor Drummond of thg Mechanical:
Engineering Department, it was agreed that the bridge should work satis-
factorily.if.a few minor changes in operational methodg vere made,
According to Fenwal Elec£ronics, Inc,, Framingham, Massachusetts, in their
*Thermistor Hanual"vbrochure, bead thermistors should be.able to dissipate

a maximum of about BSQ milliwatts of power at a maximum safe continuous

" current of nearly 18 milliamps, With the first three thermistors operat-

ing with LO volts at the supply, the probe current (about 12 m.a,) was

well under the maximum allowable value, This indicnrted that previous
burn-outs were caused either hy pdwer surges or by allowing the thermistor
to set too long in still air with full power applied, .

For the fourth thermistor probe the bridge supply voltage was in-
creased to 47 volts which allowed nearly 15 milliamps through probe, This
increased the possibiliﬁf of bead "burn-out", but according to the thermis-
tor characteristic curves, these power and current levels were tolerable,
Thé main object of the power increase was to try to produce a more nearly
horizontal calibration curve than was obtained originally.

Previous experience indicated that the method for calibrating the

temperature compensation resistance or so-called zeroing of the millivelt

.output scale was deficient. The still air method originally used was

changed somewhat by sealing the probe and a thermocouple in a pyrex
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beaker which in turn was immersed in a larger container of water, The
temperature inside the beaker containing the thermistor was varied by
changing the temperature of the water in the buter'container. Readings
of temperaturc and thermistor resistance were taken when conditions in the
flask reeched equilibrium, In this manner a calibration curve for teme
perature cémpensation was obtained for air temperatures ranging between
60° F and 100° F, Results of later spot checks reveasled that points were
reproducible-within two percent of those on the curve. o

Calibration of the thermistor for air flow measurement was again
accomplighed using the laminar flow element as before. Flow tests were
again resumed using a flame in the stack, After one day of testing, the
coﬁpensation resis@ance required to zero the output scale had drifted to
. the point where it was 30 ohms (about 20 percent) above what the calibfa-
tion curve dictated, A check of the thermistcr bead indicated it too had
burned up or at least disintegrated beyond useful purposes.

In an attempt to resolve the thermistor burn-out problem, it was dis-
covered that the epoxy being used to coat the thermistor beads begins to
deteriorate above 2 temperature of about 270° F, The thermistors had been
operating at a temperature of nearly 350° F, Perhaps as the epoxy d ays,
the heat trﬁnsfer characterintics of the unit change enough to adfersely
gffect the resistance-teﬁperature relationship of the thermistor, This
phenomenon may account for the zero shift in output and add to the
deterioration rate of the thermistor itself,

It was believed that the only way to check this theory was to try
another thermistor without an epoxy coating, A probe of this type was

built and installed in the intake duct, In order to decrease the
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possibility of further burn-up, the power through the bead was limited to

100 milliwatts which was 30 pel*cent below the maximum tolerable level, A
resistancé of 2550 ohms, found by trial and error and connected in par-
allei with the thermistor, allowed operation at about 83 milliwatts with
the original L0 volt bridge supply. 7

A temperature compensation calibration curve was again obtaiﬂed by
the previously described watér immersicn method, A flow check revealed,
as lad been anticipated, that [the bére thermistor bead was too sensitive to
ai Lrelocity changes, This was apparent from fhe millivoit output record-

ing, Recorded millivolt values at flows abtove 80 cfm deviated as much as

15 percent from a straight liné when plotted, Figure 39b on page 97
éhowg the degree and rapidity‘of millivolt output deviation, ?ﬁe char;
~ speed during this particular éun was six inches per minute,

In an attempt to reduce %he sensitivity of the probe to the higher
velocity air flows, two more é in, intake ducts, also about L ft long,
were installea immediately abJVe and below the first one., Still using
§n1y the single probe in the qfiginal duct, a complete calibration run
with‘allAducts open was start%d. With the triple int;ke arrﬂngemént, the
velocity past the probe shoulé have been aboﬁt one-third of the value
previously obtained with a siégle duct, A spot tect at about 100 acfm
revealed fhat the output recoéding was as erratic with three ducts as with
one, This is still not under%tocd. ’

Another attempt to 1inearize the thermistor output consisted of fill-
ing the end of the center ducﬁ with cne iﬁch diameter aluminmum foil tubes,
twelve inches long, placed wigh their longitudinal axis parallel to the

lorgitudinal axis of the main.duct, The tubular ®grid" ends about four
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.. sult was a family of linear calibration curves of milli
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inches from the thermistor. We found that the tube arrangement straighten-

ed the air flow.path before it passed by the probe to the extent that the

maximum millivolt output variation was under 7 percent at the highest air

,flo# rates of 150 acfm, This was within tolerable limits because the ocut-

put readings were averaged anyway by taking planimeter readings,

With some hope in the thermistor method of low measurement restored,

_calibration was continued, These hopes were again shattered near the end

of the run when the témpérature compensation resistance setting began
drifting as it had with the epoxy-coverad beads., From this behavior it
was concluded that temperature compensation is not practical with this type

of thermistor bridge circuit., A possible explanation is that the rate of

~heat transfer from the thermistor differs at different air temperatures

and thus the thermistor resistance is perhaps not a constant for any par-
ticﬁlar temperature,
Endeavoring to find a solution, the compensating rFsistor of the

bridge was arbitrarily fixed at 725 ohms and calibratidh tests conducted

!

;s. The final re-

at several different but constant intake air temperatu
olts versus‘flow,
one curve for each temperature, Nearly all points for each curve were
reproducible within 25% which amounts to a maximum flow deviation of about
7 cfm, It was decided to prcceed with ventilating Lests and rely on
this arrangement of air flow measuremenfs, keeping in mind the accuracy
of calibration,

After several days of testing, using kerosene lamps as the heat

source at the stack, the millivolt recorder failed to operated, Several

parts including tubes, fuses, a rectifier, and transformer had burned out,
I
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Another recorder was borrowed from the Physics Departmnent, Montana State
University, which necessitated another calibration rau, After this had baen
done, more test data collected, and graphs plotted of flow versus stgck
temperature, it was very evident fha'c the thermistor method of measuririg
air fldw, as it was arranged, was not accurate enough for practical
purposes., The points on the experimental flecw-temperature graph were 80
widely scattered that no reasonablé curve §ou1d be drawn through them,
Because stack temperature measurements were reasonably aécurate, the major
- difficulty was éssumed to arise from the thermistor ind its related cir-
cuitry, Thus, at this point it was decided to abandon the idea of measur-

ing air flow with bead themistors,
The difficulties and problems encountered as outlined in this section

caused additional people to investigate the possibility of therﬁistor air
flow measurement, Further information on thermistors, their applications,
and factors influencing flow measurement via thermistors, is given in a
thesis by Mr, Bill Cousineau, ‘Thefmisun'Anemomethy Including Effects of

Ambient Pressure and Humidity", Montana State University, June 1965.
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EXPERIMENTAL DATA

The data tabulated on the following 23 pages constitute the experimental
values used in preparing the various curves presented earlier, A list of
symbols and their meaning are given for quick reference,

Tin = air temperature entering shelter, op
Tch ® mean stack air temperature,
Tem = air temperature surrounding the stack op
AT = temperature difference, (Tch - Trm) bp
AP, = shelter inlet pressure drop, in, 326 :
AP(pitot) = static and stagnation pressure difference as measured with
pitot tute, in, H0
Acfm = actual cubic feet per minute of air flowing at inlet conditions
Pg = barometric pressure, in. Hg : ‘

Date: 1/7/65 ‘PB = 24,59 in Hg : Heaters: Natural Gas
Conditions: Closed Door, 15 ft Straight Stack, 6 in, Dia,

: , AP Acfm AP¢,.;
Run No.  T4n,°F  Ten,F T,  AT,F  in. B0 ftg/min 1n.(§§8°

1 74,5 253 79 - 174 .0093 82.0 ,0138
2 75.0 253 79 21l .0110 88.5 .0178
3 75.5 30 79 260  ,011k4 92.5 0196
L 75.5 370 79 251 .0116 h.0 L0223
3 5.5 227 g2 WS .08 5 L0122
6 7545 200 79 11 .007 7h.5 .0107
7 4.5 167 79 88 ©  ,0052 6645 0079
8 4.0 257 79 178 .0098 8L.0 .0150
9 4.0 28l 78 206 0105 88,5 .0170.
10 74,5 351 79 272 0118 9L.5 ---

11 7h.5 L3lL 80 354 ,0121 97.0 .0259




Date: 1/9/65

..],Ql-

Pg = 25.18 in. Hg

Heaters:

Natural Gas

Conditions: Closed Door, 15 ft Straight Stack, 6 in, Dia,

4P Acfm AP(pitot)

Run No. Typn,°F Ten,F  Tem,%F  AT,%F  in, Hy0 ft3/min  1in, HyO0
1 m.0 185 79 106  .0078 72,0 0100
2 75.5 L2 79 163 .0092 81.6 01451
3 76.0 274 81 193 .0100 85.5  .0158
I ' 76,0 310 82 228 0106 88,7 0184
5 76.0 333 82 251 0118 91,3 0204
6 76.0 359 82 277 L0119 92.5 .0210
7 76.0 o7 83 324 L0125  95.0  .0222
8 76.0 213 87 126  ,0087 7.8 L0112

P

Date: 1/12/65

B = 25,01 in. Hg

_Heaters: 1 Space

Conditions: Closed Door, 15 ft Straight Stack, 6 in. Dia,

1 76.5

2 77.0
S 77.0

Lo 77,0

Date: 1/13/65

122
L0
156
172

Conditions:
1 77.0 118
2 77.0 136
3 77.0 15k
L 77.5 17h

78
79
79

79 .

Lk
61

77
93

Pp = 25.15 in, Hg

78
78
78
78

Open Door, 15 ft Straight

Lo
58
76
96

0036
0045

- ,0051

0060

47.0
54.6
59.4
©63.7

Heaters:

Stack, 6 in, Dia,
69.5

66.9
71.5
7945

.0046
.0059
0072
.0078

2 Space

0083
0079
.0093
,0118

Heater

Heaters
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Date: 1/1L/65 Pg = 25,22 in, Hg Heaters: 2 Space Heate
Conditions: Open Door, 15 ft Straight St~ck, 6 in, Dia,
: Apm Acfm Ap(pitct)
Run No,  Tyy,F  Tep,F Ty, F  AT,F  in, H0 ft3/min 1in, HO0
1 77 128 78 g) - - e 60.9 00065
2 77 12 T 65 - - 66.5 «0079
3 78 159 79 80 - - - 72.1 0096
L 78 210 80 130 - .- 8Ll.6 L0142
Same Conditions except Natural Gas Heaters
5 78 155 80 75 --- 70.3 +0090
6 79 119 79 Lo --- 5h.5 .0051
7 79 139 79 60 --- 67.3 0080
8. 79 165 8o 85 - - 71.5 0095
Date: 1/1L/65 Pp = 25,22 in, Hg Heaters: 2 Space Heate:
Conditions: Closed Door, 15 ft Straight Stack, 6 in, Dia,
1 133 .78 . 55.0 ,00L2 51.8 . ,0057
2 77 151 77 84,0 .0050 58.8 0069
3 78 175 77 98.0 L0071  65.0 L0091
L 78 230 79 151,0 ,0084 76.0 0123
Same Conditions ercept Natural Gas Heaters
5 79 122 79 L3 0042 L7.7 0047
6 7 150 78 - 72 .0058 60.5 0069
7 79 186 79 107 .0068 €9.5 . 0091
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Date: 4/19/65 Py = 25,19 in, Hg " Heaters: Natural Gas

Conditions: Open Door, 15 ft Straight Stack, 6 in, Dia,

; APm Acfm AP(pitOt)
" Run Yo.| Ty, Tch,F Tpm,°F AT,F  in, Hp0 ft3/min  in. Hy0

: 1 7L 181 67 11y --- 81k L0128 y
g 2 75 206 68 138 - - - 89.7 40159
3 £ 238 69 169 .- - 91.8  .0177
| 25 0 186 - --  95.6 097
5 7 282 T 211 - - - 95,2 .0202
6 15 302 72 230 - - - 97.3 40218
7 75 339 72 267 -~ -- 10017  .02U7
8 7% 26l 76 188 - - - k.3 L0190
9 E 76 287 77 20 - - - 95.5 0202
T 322 77 b5 - - - 98.2  .0223
n 76 347 78 269 - == 1000  .0240
12 7 390 78 312 - -- 1025 0263
13 M RER 3 --- 1038 L0277
Date: 1/20/65 B 2,89 in. Hg ' Heaters: Natural Gas

Conditions: Open Door, 15 ft Straight Stack, € in, Dia,

1l 76 201 76 125 - - - 85.3 .01h2

2 76 A7 M . 10 --- 921 017
3 7% 293 80 213 - --  97.6. L0211
Lo 76 378 79 299 - --  102,0  ,0257
5 % hos 79 326 - .- 10L.3 .0259
6 1 7% Ko 79 1 --- 1090  .0296
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Date: 1/27/65
Conditions: Closed Door, 15 £t High 31bowed Stack, 6 in, Dia,

Py =

=104~

2L4.91 in, Hg

APy

Heaters:

Acfm

2 Space Heater

Ap(pitot) Fuel Rat
Bun No, Tin,F Tch,F Tmm,°F AT,°F in, H20 f£t3/min in., Hp0 1b/min

Date:

L RV S — R VR SO

A0 TN« IS D TN U N VC T S

7.5 118
n.s 138
72,0 175
72,0 253
72,0 225
72,5 187
1/28/65
Conditions:
3.5 226
4.0 242
4.5 175
Mo 152
74.0 132
4.0 224
7h,5 282
7.5 318
75.5

3h0

n
71
73

76
77

Closed

71
71
b
4
77
79

80

80
8o

T

L7

67
102
178
1L9
110

24,90 in. Hg

0025

L0038

0047

L0059

.0050

0047

L2.8
L9.7
517

68,3

65.2
58.8

.00L0
.0060

.0068
0103

0084
0079

,00228
.00369
.0065L
o7
.01010
00688

Heaters: 2 Space Heater

Door, 15 £t High Elbowed Stack, 6 in, Dia,

U5
171
101
78
55
ws
202
238
260

.0057
0062
-00L1
»0033
0027

o -

.0063
0068
.C068

éL.7

68.5

57.0
52.0
L45.0

65.1

71.5
4.0

75.2

.0093
.0108
.DO6L
.00LO
.0038

.0089

L0115
0130
+01L5
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Date: 2/3/65 PB = 25,07 in, Hg Heaters: Natural Gas

Conditions: Closed Door, 15 ft High Elbowed Stack, 6 in. Dia,

Run No. Typ,F Tep,F  Tpm,F  AT,%F  in, Hy0 in, Hy0 £t3/min

1 6.8 30 82 238 ,0073 L0180 740

3. 77,0  Lh2 83 359 L0077 L0187 79.8

L 775 L76 83 393 .0078 0154 80,3

5 77.5 503 83 L20  .0078 0201 80.3 .
Date: 2/L/65 Pg = 24,94 in, Hg Heaters: Natural Gis

Conditions: Open Door, 15 ft High Elbowed Stack, 6 in. Dia,

1 78,0 175 82 93 - - - .0080 63.6
2 18,0 212 81 131 --- ,0107 . 7Ll
3 78.5 245 82 - 163 --- 0124 75.3

4 78.5 - 272 82 )’ 190 - == - L0137 7.4

5 790 300 8k 226 --- .0153 80,6
6 719.0 38 85 ' 233 - - - .0162 81.8

7 9.8 33 86 | 287 --- L0185 8. &

8 795 3% 85 3 --- 019k 85.5

9 78.5 L35 81 3% ---  .0212 86.9

10 79.0 502 79 k3 - .0225 88.1
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Dates 2/9/6% Py = 24.95 in, Hg Heaters: 2 Space Heaters
Conditionss Closed Door, 1% High Elbowed Stack, 6 in. Dia,
' APm Acfm Full Rate
Run No, Tyn,F Teh,F Tem,F AT,OF in, H0 ft3/min  1b/min
1 74.0 267 75 192 0071 70,0 L0159
2 75.5 268 76 192 L0072 70.0 0160
3 75.0 26 76 188 0070 €9.5 0143
L 7.0 262 76 186 0070 70,0 0152
5 75.0 261 76 185 L0070  69.5 0162
6 75.0 259 77 182 0068 68.5 0158
7 75.5 251 77 7L 0062 68,2 0149
8 76.0 b6 77 169 0062 68.0. L0125
Date: 2/11/65 Pp = 25.11 in. Hg Heaters: 2 Spce He#ters
Conditions: Closed Door, 15 ft High Elbowed Stack, 6 in, Dia,
: - A Acfm Fuel Rate
Run No. T4n,F Top,F  Tpm,F AT,OF  ft3/min 1b/min  Ty,OF* Tp,OF*¥
1 75.0 268 73 195 70.5 0156  L,50 225
2 75.0 262 73 189 €9.5 .0159 L& 221
Same conditions as above except 1 in, of fiber glass insulation
was added to surface of hood, elbows, and horizontal length,
74.0 259 70 189 69.5 01352 140 1th
L 74,0 266 72 194 70.0 101364 157 108
5 77.5 263 77 186 0.0 01353 146 103

¥*Tp = surface temperature of top of entrance hood,
#iTp = surface temperature of top side of horizontal length,
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Date: 2/18/65 PB = 25,34 in, Hg Heaters: Natural Gas
Conditions: Closed Door, 10 ft High Elbowed Stack, 6 in, Dia,

Conditions: Closed Door, S ft High Blbowed Stack, § in, Dia,

Acfm AP,
Run No.  T4n,F  Ten,”F  Tym,F AT,F . ft3/min  in, Ho0
1 77.0 120 79 L1 3L.5 005 ;
2 77.0 176 79 9T k9. L0010
3. 77.5 149 | 80 69 L3.0 #0025 i
4 75.0 196 122 | 53,5 0047 g
5 76.5 238 70 16, 59.0 .0052 %
é 77.0 291 77 21 63.7 0063 g
7 77.5 350 77 273 66.5 0062 !
8 135 382 76 306 - 68.0 40063 'g
9 78.0 L7 78 392 70.0 0067 §
10 78,0 57k 79 Lss 7.5 | .0065 §
Date: 2/22/65 Pp = 21,86 in, Hg Heaters: Natural Gas g
;
1 78;5 118 77 Lkl 26.0 0011 :
2 78.5 146 76 68 33,5 L0013 ..o
3 70.0 182 70 112 39.0 - 0020 |
L 70.0 239 72 167 W63 ..0028 .
] 69.5 287 72 215 L9.0 .0032 ‘
6 70.5 362 72 290 52,0 .0035
7 705 k12 2 3o 53.5 .0035
8- 0.5 L91 72 h19 Sha7 .0035 j
9 70.5 570 72 L98 55.7 0035




Dates

2/25/65
Conditions: Closed Door, 15 ft Straight Stack, 8 in. Dia,

=108~

PB - 25.15 in, Hg

" Heaters:

Kerosene

Lamps

_ Pen  Acfm AP(pitot) Fuel |
@un No, No, of lamps Tin,°F Ten,F Tmm,°F AT,%F in, H0 ft3/min in, Ho0  1b/mi
1 1 67,0 1 63, 28 .0038 54O L0012 - -
2 2 68,0 102 6§“ 3, 006k 66,2 L0027 - -
3 3 70,0 112 7L Ll 0078 72,7 L0035  ,003
| Same Conditions except Natural Gas Heaters
b - 72,0 137 67 70 L0078 72,7 .0035 - -
5 - 7.5 168 68 100 L0150 107.2 007 - -
6 - 72,0 209 7 138 .0200 126,0 0098 - -
7 - 72,0 26 69 177 . .0230 - 137.5 0118 = - -
‘Dates 3/2/65 Py = 25.27 in. Hg Heaters: Kerosene Lamps
| Conditions; Closed Door, 10 ft Straight Stack, 8 in, Dia,
1 1 n.o - 96 78 18 L0024 36,2 o - -
2 2 72,0 107 79 28,003  L7.5 L0013 -
3 3 72,0 119 80 39 .00k 55,8  .,0023  ,003
Same‘Conditions except Natural Gas Heaters
b - 725 W9 8L 68 .07 73.5 L0028 - -
s - 73.0 179 81 98 0100 86,0 oWk - -
6 - 73,0 208 81 127 .0127  96.2  .0059 - -
7 - 73.0 279 83 196 0178  115.5 0092 - -
8 - 73.5 320 83 237 0193 122,3 0110 - -
9 - 72.0 38y 82 302 L0219 128.5 .02k - -
10 - .0 L3887 364 0329 139.0 0167 - -
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Date: 3/2/65 PB = 25,21 in, Hg Heaters: Natural Gas

Conditions: Open Door, 10 ft Straight Stack, 8 in. Dia,

Run No. T4 ®  Ten,F T rams F AT,OF ?i?}m ﬁ:(ﬁ;féoﬂ

1 73.0 118 n L7 103.0 0060

2 73.0 162 7 ! 129.0 L0110
3 73.0 203 no 132 150.0 047

4 75.5 235 7 18, 153.0 0160
5 73.5 . 280 72 208 162,0 ,0191
6 W.0 338 73 265 10,0 L0245
7 7.0 a0 7L 316 195.0  .0280
8 74.0 2680 72 208 172.0 .0209
9 74,0 2L5 72 73 162.0 .0182
Date: 3/3/65 Py = 25.2L in, Hg lleaters: Natural Gas

Conditions: Same as above,

10 71.0 90 76 1n 58.0 0019
11 . T1.5 126 76 50 103.5 0062
12 72,0 156 78 8 18,5 008k
13 72,0 202 79 123 138.0 0125
1L 72,0 230 80 150 153.0 0159
15 72.5 295 82 213 169.0 .0213
16 72.5 Lo 83 257 170.5 0229
17 73.0 381 8l 297 178.0 0262

18 73.5 L25 87 338 179.0 0278
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Dates 3/L/65 ‘ Pp = 25,31 in, Hg Heaters: Natural Gas

Conditions: Closed Door, 5 ft Straight Stack, & in, Dia,

| Actn AP,
Run Ko, Tin, oF Tehs °F T roms °F AT,OF £43/min in, Hp0
1 74.0 120 9 k1 40.3 L0031
2 7S . W 83 6 5 .00L9
3. 7.5 10 8 106 67,5 0070
L 72.5 L8 noo kz.o 0087
5 73.0 | 278 ¢! 207 ég.s : .0105
6 73.0 312 72 . 240 93.2 0117
7 7.5 k0 72 68 98.7 0130
8 73.5 L5 75 380 1070 L0152
9 73.5 532 76 456 111.0 .0159
Date: 3/6/65 | Py = 25,32 in, Hg Hea€;rs: Natural Gas
Conditions: Closed Door, 10 ft Stralght Stack, 8 in, Dia,
‘ Filter Restriction i
L

70.5 170 68 102 (23;7 0179

2 72.0 240 68 172 E 31.5 0283
3 72.0 283 68 215 25.5 . L03L7
I 72.0 320 69 251 38.0 .0386
5 72.0 355 69 286 L0.0 ,0L28
6 72,0 380 70 310 h1,2 LOl3L
7 72.0 ~ L20 69 351 L2.5 0472
8 72.0 ~ Léo 69 S L5.0 .0501
9 72.0 512 69 LL3 1h7.2 0532

10 68.0 575 69 506 49.0 - .0592
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Dates 3/9/65 Pp = 25,16 in, Hg Heaters: K.L.*, S.H,™,
| and N,0,H*,

Conditions: Closed Door, 10 ft High Elbowed Stack, 8 in, Dia,

Acfm zsp(pitot) Fuel Ra
un.Nc, No, of Heaters Tin,F Tch,F Tmm,°F AT,F ft3/min  in, Ho0  1b/min

1 K.L. 74.0 97 74 23 38.8 0008 ---
2 2 K.L. » 75.0' 110 78 32 L48.0 0015 ---
3 3 K.L. 750 120 76 L - 55,5 L0019 ~ ,0033L
b 18.H, 6.0 157 - 82 75 73.0 L0031 - -
5 2 S.H, 76,0 198 82 116 8L.5 .0051 .00910
6 2 s.H. : . 77.0 228 85 143 90.5 .0058 01330
7 NG, 77.5 2440 88 152 °  91.8 0055 ,‘- - -
8 N.G. | 79.0 310 88 222 105.0 1+0070 - -
9 N.G. 70.0 382 ' 89 293 113.5 0091 -
0 N.G. 79.0 L2 89 331 116.3 .0150 ---
1 | N.G, 79.0 559 - 89 L70 125.0 L0134 ---
12 N.G. 76.0 250 Bl 169 97.7 L0059 - - -
Date: 3/11/65 . Pg = 25,03 in, Hg Heaters: Natu;al éas
Conditions: Open Door, 10 ft High Elbowed Stack, 8 in, Dia,
Rn M. T, T,  T_%F  AT,F ;S;m 3:(523“)
1 78.0 116 01 35 78.0 .0031
2 . 78.0 15, 81 73 97.1 .0051
3 ' 79.5 178 - 83 95 106,5 0064

*K.L. = Kerosene Lamps
##5 H, = Space Heater

M G, = Natural Gas
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Date: 3/11/65 (contimed)
. Acfm AP(pitot)
Run No, = Ty,F  TepyF Ty, F AT,F  ftd/min in, H,O
4 78.0 185 81 104 | 118,0 o W0079
5 78.5 206 83 123 119,0 - .0078
6 78.0 238 8 157 1200 L0097
7 78.0 273 81 192 1310 0112
8 78.0 300 81 219 136.8 0125
9 78.0 340 81 259 140.5 - «0139
10 78.0 385 80 305 166 L0160
n 78.0 L35 81 354 © 151,0 .0180
12 78.5 508 81 k29 1525 0200
13 79.0 560 81 479 153.5 -7 .0212
Dates 3/11/65 Pg = 25,03 in, Hg Heaters: Natural Gas
Conditions: Closed Door, 15 ft High Elbowed Stack, 8 in. Dia,
1 79.0 120 83 37 5945 0023
2 79.6 IV 82 62* *77.0 7 L,00Lo
3 79.0 184 82 102 - 95.0 0055
L 79.0 228 82 116 110,2 L0072
5 79.0 265 83 182 118.0 .0083
6 78.0 321 83 238 128.5 .0107
7 78,5 353 83 270 133.0 L0118
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Date: 3/12/65 Py = 25,12 in, Hg Heaters: Natural Gas

Conditions: Closed Door, 15 ft High Elbowed Stack, 8 in, Dia.

Acfm AP(pitot)

Run No, Tin,F Tchs F Trm, F AT, OF ft3/min in, ﬁzo
8 0.0 3199 . .. 78 301 138,0 0127
9 75.5 117 77 340 137.7 .0152
10 755 450 78 32 1385 L0159
11 75.5 L69 17 392 1.5 0183
12 75.5 572 78 L9k 149.0 .0193

13 5.5 392 78 314 139.2 0139
- 74.0 LL8 37 - 1h3.7 0162
15 75.0 491 8 413 146.6 0175

Date: 3/13/65 Pg = 25,09 in, Hg Heaters: Natural Gas

Conditions: Open Door, 15 ft High Slbowed Stack, 8 in, Dia,

1 72.0 102 67 33 85 .0036
2 73.0 143 68 75 115.0 .0070
3 73.5 187 70 117 132,5 | .0100
L 73.5 240 71 169 150,2 .0138
5 73.5 287 71 216 159.0 0166
6 73.5 367 75 292 1700 .0210
7 7.0 113 7o 36 172.7 0229
8 70,0 LéL 78 386 175.8 .0250
9 4.5 551 80 L7 179.2 0283
10 75.0  L98 80 418 176.0 .0259
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Date: 3/15/65 Py = 2L.80 in. Hg Heaters: Natural Gas
Conditions: Closed Door, 5 ft High Elbowed Stack, 8 in, Dia,

Acfm AP
Run Nou  T3n,F  Tens® T, F AT,%  ft3/min in, HLO

1 76.0. 130 & 50 L5.0 «0035
2 76.0 152 - 8o 72 53.5 0040
3 76,0 212 80 132 68.8 L0069
L 61.5 262 65 197  80.2 .0085
5 69.0 320 65 255 87.0  ,0096
6 69.0 368 65 303 91.5 .0110
-7 69.5 Ly - 65 3L9 93.9 0112
8 69.5 L67 66 Lol 95.5 .0115
9 69.5  5k2 67 L7s 9747 (0119
Date: L/7/65 Pp = 24.82 in, Hg Heaters: Natural Gas

Conditions: Ciosed Door, 10 ft Straight Stack, 8 in, Dia,,
Artis Vent Cap at Stack Outlet

1 69.5 113 69 Ly 63.5 .0063
2 76.0 188 - - 69 897 85.5 .0100'
3 80,0 205 69 136 | 99.0 0132
L 690 " 263 70 193 108.3 }.0162
5 69.5 295 n 22l 116,0 0171
é €9.5 360 70 290 12h.7 0201
7 71.0 391 71 320 129.3 0209
8 69.0 Lé5 [} 394 133.5 0218
s 70.0 550 71 L u79 135,0 .0219
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Date: L/7/65 Pg = 24.82 in, Hg Heaters: Natural Gas

Conditions: Closed Door, 10 ft Straight Stack, 8 in, Dia,,
Belmont Vent Cap at Stack Outlet

J | Acfm AP
Run No, Tin,F  Teh,°F Trm, °F AT,OF £43 /inin in, H0
1 S om0 13y 77 57 67.8 L0065
2 1.5 . 210 78 132 92.5 0116
3 7.5 160 - 80 80 - 77.0 .008l;
b 7.5 250 . 80 170 100.0 +0137
5 72.0 310 8o 230 109.0 40160
6 72.0 30 80 290 16,5 0173
7 720 LS8 g0 - 3718 1225 - .0180
8 72,0 5ko 80 L6 1260 .0192
Date: L/S/65 Pg = 24.79 in, Hg Heaters: Natural Gas
| Conditions: Closed-Door, 10 ft High Elbowed Stack, 8 in. Dia.,
Belmont Vent Cap
1 73.0 141 83 58 60,0 0055
2 73.5 202 g3 119 78.0 0092
3 74.0 252 - 83 169 89.0 .01
L 7.0 311 83 228 96.8 0129
5 7%.0 350 83 267 100.5 0133
6 .0 Lk 83 381 108.0 L0158
7 h.s 527 83 m 111.5 0155
; B5 170 83 87  70.5 L0077
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Date: L/12/65 Pp = 25,13 1n; Hg Heaters: Natural Gas

Conditionss Closed Door, 10 £t High Zlbowed Stack, 8 in. Dia.,
Artis Vent Cap

| ' Acfm APy
Run No, Tin,oF Ten,F Trm F AT, OF £+3/min in. H0

é4.0 112 62 50 58.0 .0057

1
2 65.0 5 62 . 83 73.8 .00n8
3 65.5 180 - 62 118 84O .6100
L 65.5 21 62 152 92,0 0109
S 66.0 268 63 205 101,0 0134
é 66.0 336 6L 272 109.5 0150
7 66.5  Lis & . 3/ 165 L0169
8 66.5 Lg2 65 L27 119.5 ,0173
Date: L/13/65  Pp= 2L.79 in. Hg Heaters: Natural Gas |
| Same Conditions except Belmont Cap replaced Artis Cap
1 £9.0 n2 12 L 50,0 .00L5
2 ~70.0 165 73 .92 . 73.0 .0075
3 70.5 227 [ 153 81.8 0112
L 70.5 281 7h 207 93.7 0127
5 70.5 352 76 276 104.0 0142
6 7,0 = L7 78 339 108.3 0119
7 7.0 522 79 Lh3 112,2 .0158
8 7.0 266 79 187 95.3 0113
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Date: L/13/65 Pp = 24,79 in, Hg Heaters: Natural Gas

Conditions: Closed Door, 10 ft High Elbowed Stack 8 in, Dia,,
No Vent Cap

Acfm APy
Run No, TinsF - Top,F T rms F AT,OF £t3/min in, Hp0

1 69.5 112 72 Lo 52,0 .00L5
2 700 163 73 90 76,5 | .0080
3 0.5 19 . 75  _1&&4 933 | L0118
L 71.0 33L 7L, 257 110.7 .0160
5 no 398 w0 30 use L0169
6 n.S  Lst 79 b8 121,58 .0182

Same Conditions exéept Straight Stack

1 71.0 133 80 | 53 69.0 | L0075
2. 71.0 167 8o -, 87 84,0 #0116
3 71.5 222 80 12 102,0 | ,0160
L 71.5 292 . 8 i 212 116.5 | .0192
5 7.5 338 80 b 258 127.5 | .0225 -
6 72.0 Lo2 80 322 136.0 0247
Conditions: Closed Door, 10 ft Straight Stack, 8 in, DiL., Belmont Cap
1 7.0 136 80 56 6.5 .0068
2 71.0 173 80 93 80,5 0112
3 71.5 236 80 156 98.0 . 0146
b 7.5 309 80 229 108.0 § 0168
5 1.5 363 8o | 283 117.5 f ,0200
é 72.0 L38 80 358 123.0 - 40210
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Fuel Data

Dates L/21/65 Pg = 2L.81 in, Hg
Conditions: Open Door, Various Lengths of 8 in. Dia,,
Straight Stack
Acfm Fuel Rate Stack
Run Noo Tin,F Ton,F Tim,F AT,F ft3/min 1b/hr Height, ft Heaters
1 69.0 110 77 33 72 .2015 5 3 K.L.
2 9.0 109 76 33 712 205 s 3 KL
3 - 69;0 -k 77 27 82 | 22060 10 ~3 KL -
L 69.5 103 78 25 80 .2080 | 10 3 K.L.
5 70,0 - 101 78 23 83 .2075 15 3 K.L.
6 7o 13307 6 11 .5190 20 2.4,
7 .0 131 72 59 113 . .5280 20 2 5.H,
8 1.5 1Lo 73 67 131 5400 15 2 S.H.
9 71.5 14O 4] 6 130 5260 15 2 S.H.
10 71.5  1LO 75 65 130 +5310 15 2 S.H.
1 1.5 155 ] 80 127 6670 10 2 S.H.
Date: L/23/%5 Pg = 24,67 in, Hg Fuel Date
12 69.5 132 69 63 128 +5350 15 2 S.H.,
13 70,0 132 69 63 128 «5550 15 2 S.H.
1 69.0 158 72 86 131 6720 10 2 S.H,
15 0.5 150 72 18 126 L6660 10 2 S.H.
16 70.5 190 71 119 120 . 7250 5 2 S.H,
17 70,5 190 7 119 120 . 7380 5 2 S.H,
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Date: L/26/65 Py = 25,30 in, Hg Fuel Data (Kerosene)

Conditions: Cren Noor, Various lLengths of 8 in, Dia,, Xlbowed Stack

Acfm Fuel Rate Stack

Run Mo, Tin,F Teh,OF Tym,F AT,F f£t3/min 1b/hr Height, ft Heaters
1 68,5 105 63 L2 64,5 L2250 5 . 3EKL.
2 £9.0 101 67 b 760 +2035 10 3 K.L..
3 69.0 101 69 32 83.1 .2085 15 3 K.L.
I 69,0 167 € 98 1206  .LSO . 15 2s.0.
1 59,0 179 3 110  120.2 .48L0 10 2 8.0,
¢ £5.0 202 3 132 101.0 $7620 s 2s.i.
Date:  27/65 . PB = 25,16 in, Hg ' Fuel Data (White Sascline)

Conditions: Open Door, Various Length of 8 in. Jia, Elbcwed Stack

1 £9.5 96 72 2 51k 1038 - S 2 1051 ¥

2 70.0 91 70 21 59,9 0998 10 2 M.G.L.

3 7.5 178 8s 93 113.0 5400 10 2 G,RB.2,5.™*

L 7.5 157 86 7 115.0 .5090 15 2 5.B.C.3.

5 1.5 167 91 7% 83.2 4510 5 2 3.E.C.C,
.Datq: L/28/¢5 Py = 25,15 in, Hg Same Conditions

é T1.5 201 73 128 99,5 »7180 S 2 G.B.C.S,

7 70.5 185 75 117  119.8 « 7530 10 2 G,B,C.S.

8 71.0 188 75 113 121.5 8060 10 2 G,B.C.S.

#2 M,G,L, = 2 - Mantle Gasoline Lantern

#*2 G.B.C.S, » 2 - Gas-Burner Camp Stove
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Date: L/28/65 PB = 25,15 in, Hg | Fuel Data (Kerosene)

Conditionsy Open Door, Various Lengths of 8 in, Dia,, Klbowed ftack

Acfm  Fuel Rate Stack

Run No. T4n,F TchyF TpmoOF AT,F ft3/min 1b/hr Height, ft Heaters
1 7.0 WS 75 70 1150 4720 18 2 S.H,
2 7.0 160 77 83 12é.8 .5880 15 2 S.H.
3 . 71,0 173 79 9k 128.,0 . 6770 15 2 S.H.
L L0 17T 79 98 129.5 L6810 15 2.
5 71,0 135 80 55 104.7 3480 15 2 S.H.
6 73.5 109 79' 30 71.8 »1363 10 1 S.H.
7 73.5 123 79 LL 85.h .2280 10 1 S.H.
8 73.5 10 78 62 97.2 3190 10 1 S.H,
9 73.5 169 . 76 93 112,2 5220 10 2 S.H.
10 74,0 181 107 119.1 6200 10 2 S.H,
1 40 189 72 117 1232 69%0 10 2 S.H.
12 69.5 133 62 P! 102.0 3420 - 10 1 S.H.
Dates 5/3/65 Pp= 25;02 in, Hg Same Conditions
13 05 10 6 37 62,0 L0991 5 1 S.H.
1 70.5 145 68 77 84,1 +30%0 5 1 S.H.
15 72,0 130 €9 €1 75.8 +2080 5 2 S.H.
16 72.0 169 70 99 92,2 1540 5 2 S.H.
17 73.0 215 72 143 103.6 .9150 5 2 5.H.
18 75.0 177 72 105 93, 6300 £ 2 S.H,
19 72.5 208 72 136 101,8 .7850 5 2 S.H.
20 73.5 191 75 116 96,7 6050 5 2 S.H.




Date: 5/5/65

Conditions:
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PB = 24,80 in, Hg

Acfﬁ

Fuel Data (Kerosene)

Run No. T4y, %F T, T, F AT,%F £t3/min 1b/hr

Fuel Rate Stack
Height, ft Heater

Open Door, Various Length of 8 in, Dia, Straight Stack

1
2

3

Date:

v o© 9 o wn &

10
13
12

Date:

N

w 5w

5/6/65

5/10/65

7.5 115
7.0 129
7.0 172
67.5 160
67.5 181
€8.0  1h2
68.0 131
68.0 100
68.0 96
68.5 125
68.0 133
68.5 113
Conditions:
72.0 120
72.0 163
72,5 220
73.0  2L8
7.0 202

75
Tl
75

Pp =

€0
61
60
61
é1
61
62
€2
62

85
82
82
81
8L

Lo
55
97

78.0
90.0
112.0

2ho98 ino Hg

100
120
82
70
39
35
63
71
51

Py = 25,1h in, Hg
Open Door, Various Length of 6 in, Dia,, Straight Stuck

35
81
138
167
118

113,0
120.0
127,0
121.0

96.5
100.0
128.1
133.0
117.5

40,0
56.2
67.0
70,0
63.5

1926
3200
L6u70

Same Conditions

<6400
. 7630
6110
.L280
.2200
.2160
5140
5460
»3330

5

5
5

5

5
10
10
10
15
15
15

15

1 S.H.
18.H,
2 S.H.

2 S.H.
2 S.H,

2 S.H,

2 S.H.
1 S.H,
1 S.H.
2 S.H.

2 S.H.
2 S.H.

Fuel Data (Kerosene)

«1329

«3LL5
.7850
.8360
5420

5
5
5
5
5

1'S.H,
1 S.H,
2 S.H,
2 S.H.
2 S.H.
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Py = 25,1k in. Hg

Fuel Date (Kerosene)

Conditioné: Open Door, Various Length of § in, Dia,, Straight Stack

ch»

Acfm

Fuel Rate
°F T.,°F AT,%F ft3/min 1b/min

Stack

Height, ft Heater

1 75.0
2 750
3 5.5
Lo 76.0
5 760

Date: 5/12/65

) 76.0

7 76.5

126
170
215
233
130

145
203

93 33 46,0
92 78 66,0
90 125 775

0 W3 8L.0

89 B Sh.s

Py = 25.03 in, Hg

87 78 71.0
91 112 81.5

.1630 10
L4200 10
.8020 1w
o 10
.2300 15

Same Conditions

1610 15
L8210 15

1 S.H
1 S.H

2 S.H

284

1 S.H

1S.H

2 S.H
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