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INTRODUCT I ON

This report summarizes the results of screening analyses aimed at the .
definition of an optimum configuration of a Rankine-cycle solar-powered air
conditioner designed for residential applications. These investigations are
conducted in fulfillment of Task 4 of Contract NAS8-3078. Initial studies
revealed that system performance and cost were extremely sensitive to condensing
Yemperature and fo the type of condenser used in the system. Consequently, the
screening analyses were concerned with the generation of parametric design data
for the four d:fferen+ condenser approaches defined in Figure 1 and identified

o .as follows:

(a) Concept A--Ambient air condenser

(b} Concept B--Humidified ambient air condenser

{(c) Concept C--EQapora+ive condenser

(d) Concept D--Water condenser (with a cooling tower)

All systems considered feature a high-performance turbocompressor and a
single refrigerant (R-11) for +he power and refrigeration loops. The selection
of R-11 as the working fluid is supported by the results of fluid evaluation
studies reported in Reference 1.*¥ The data (presented in subsequent discus-
sjons) were obtained by computerized methods developed to permit system charac-
terization over a broad range of operating and design conditions.. The criteria
used for comparison of the candidate system approaches are listed below.

(a) Overall system COP (refrigeration effect/solar heat input)

(b) Auxiliary electric power for fans and.pumps

(c) System installed cost or cost to the user

BASEL INE DESIGN CONDITIONS

. For The purpose of comparison, the following Interface condl?lons were
‘'usad to generate parametric system characteristics: .

(a) Water temperature at boller inlet {(thermal storage temperature):
- 366.5 K (200 F)

(b) Room return air Temperafures 299.8 K (80 F) db, and 292.6 K
(67 F) wb

(c)' Amb|enT air Temperafures 308.2 K (95 F) db, and 297 K (75 F) wb

The 366.5 K (200 F) water temperature from the thermal storage units is
representative of the level attainable from a flat-plate solar collector. The

*¥References are presented at the end of this document (before appendixes).
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room return alr and ambient air temperatures are those specified by the Air
Conditioning and Refrigeration Institute (ARI) for the purpose of rating
air conditioners. All screening analyses were performed for a 10.5-kw
(3~ton) alr conditioner capacity.

METHODOLOGY

The logic used by the computer program is iilustrated in Figure 2. Bas-
icaily, The computation of component and system characteristics follows the
approach described in Reference 2. Cycle parameters defining the conditions
of the refrigerant within the power and refrigeration loops of the heat-
exchangers are used fo perform thermodynamic analyses. |In these computa-
tions, it is essential that the efficiencies of the furbine and compressor
be estimated accurately and that the speed of these two components be matched
to provide realistic refrigerant conditions through the loop and also to assure
design feasibility for the turbomachinery. For this purpose, generalized
compressor and turbine performance models were used in the computer program.

The efficiency of a single-stage centrifugal compressor can be determined
by analytical and exper1men+al data correiated in terms of the following
parameters:

(a) Adiabatic head | ~ (d) Tip mach number

(b} Adiabatic head coefficlent (e} Reynolds number

(c) Specific speed

INPUT DATA COMPYUTAT [ONS OUTPUT DATA
. ® SYSTEH FLOWS
- + SYSTEH COP
CYCLE EYCLE *REFR ICERANT CONDITIONS
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Figure 2. Methodology Used in Screening Analyses
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The data of Figure 3 show the achievable efficiency of cenfrifugal com-

‘pressors plotted as a function of specific speed and tip Mach number., The plot

is based on experimental data extending to specific speeds as low as 0.02. The
data are representative of recent machines that feature efficlent exit diffusers
and are fabricated using modern techniques to minimize friction losses by smooth
surface finishes and assure high volumetric efficiency by maintaining close
tolerances throughout. ' These fabrication constraints do not preclude low produc-
tlon cost as evidenced_by present reciprocating engine furbocharger technology.

The effIC|ency plot of Figure 3 corresponds to :mpeller diameters larger
than 10.2 em (4 in.) and Reynolds numbers higher than 10°. For smaller com-
pressor sizes and lower Reynolds numbers, the efficiency obtained from Figure 3
must be corrected to accouni for additional losses. The size correction factor
also derived from empirical correlation is shown in Figure 4. The Reynolds

- number correction factor can be computed by

l—ﬂ ) (106) 0.1

—'ﬂ* Re
where n is the corrected eff:cnency and M* is the efficiency defermlned for
Re > 106,
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As for the centrifugal compressor, radial reaction furbine data have been
collected from published |iterature. - These data were correlated and the gener-
alized plot of Figure 5 was prepared. The data below 50 percent represent
~extrapolation of the test data. Actually, the range of designs used in the
screening analysis is well above 50 percent; the reason for the extrapolation
is stability of the Iterative computer calculations.

The efficiency data of Figure 5 apply to machines with Reynolds numbers
larger- than 200,000. For lowar Reynolds numbers, a correction factor must
be applied as follows: ' ' '

-0.2
1M [Re : ) .
l—ﬂ*’°4+06\200000 '

where 1 is the rorrecfed turbine eff|0|ency and n* is The val ue obfalned from
Figure 5 for Re > 200,000. : :

Through an iterative procedure designed fo match the compressor and turbine
- speed and power, the computer program determines the system flows, refrigerant
conditions, and the system COP.  These refrigerant data, or cycle data, are then
used together with specified interface and heat exchanger approach temperatures
‘o generate problem statements for the heat exchanger, fans, and pumps. The
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characteristics of these components are then determined in terms of parameters
that can be related to cost. Finally, the models described in Reference 3 are
used to determine component and overall system cost.

ASSUMPT [ONS

A number of assumptions were made in order fo develop relatively simple
but sufficiently accurate techniques for the characterization of the components
and the enfire system. These assumptions are summarized in Table 1. Most of
- the date concerned with component characterization were derived from commercial
equipment catalogs and are representative of typical design condifions for this
type of equipment. The equ1pmen+ cost models are substantiated in Reference 3.
The system cost model used is also from the same document; equations used in
the computer. program are as follows: -

System factory cost = 1.65 (T major component costs)
User's cost = 6.13 (Z major component costs)-
COMPUTER L ISTING
A listing of the computer program is presented in Appendix A, which also.

includes the nomenclature of the input data. The program was written in
Fortran Y. languago-for use on the UNIVAC 1108 computer. Examples of the
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TAE

MAJCR ASSUMPTIONS FOR CO

Cycie analysis

Refrigerant properties from publication, by Allied Chemical, "Geneiron 11
Thermodynamic Properties!", 1957,

2. Saturated vapor and liquid properties used in table form.
3. Vapor and liquid refrigerant assumed Ideal fluids with cp vapor =
586.6 J/kg K {0.14 Btu/lb F) and cp liquid = 879.9 J/kg K (0.21 Biu/
tb FJ.
4. R-11 saturated vapor at boller and evapora?or outlet; safurafed liquid
at condenser outiet.
5. Heat exchanger pressure drop on refrigerant side assumed 5 percent of
inlet pressure.
6. Turbocompressor mechanical losses assumed 10 percent of turbine power.
Dry condenser 1. Heat transfer surfece: 0.95-cm (3/8-in.} dia copper tubes with wavy
aluminum fins. Tube piich: +riangular on 1-in. center. Core
density: 3560 ka/m3 (35 Ib/f+3).
2, Overal! heat fransfer coefficrenf- 669.6(w/K) tube row/m?2 of face area
(118 Btu/hr F) fube row/it? of face area; data from commercial wnits at
face velocity of 2.54 m/sec (500 fi/min).
3. Air-side pressure drop: 4P = 21.9 (no rows)o 746 N/m2 (0.088
{no rows) 0.746 in. H20}; data from commercial unit at face velocity
of 2.54 m/sec {500 f+/minZ},
4, MWrap-up factor: 10 percent of core weight; typical of commercial
equipment.
5. Cost: §1.67/kg ($0.76/1b tot.}
Evaporative 1. Heat transfer surface: copper tubes with extended surface inside; tube
condenser thickness: 0.41 ma (0.016 in.).

i 2. Evaporative side heat capacity, g, w = 0.506 AhA, where Ah, J/kg, is the
log mean difference between the en+halpy of alr at the metal femperafure
and the enthalpy of air &b inlet and outlet conditions, and A is the
surface area in m2 (in engllsh units q, Btu/hr = 373AR(Btu/lb) A(§+2)).

3. Condensing coefficient is taken as 1702 w/KmZ (300 Btu/hr f+2F).
4. Ajr-side pressure drop taken as 124.4 N/ml (0.5 in. HZQ)
5. Cost = $5/kg ($2.3/1b) of core weight.
6. Pump cost: 540 fixed.
Humidifler/ 1. Condenser sizing based on same assumptions as dry condenser above.
‘condenser 2. Humidifier performance' effecftveness of ‘90 percent assumed; (Tdb-in -
Tdb out)/ (Tdb in - Twb) =
3. . Humidifier pressure drop faken as 24.9 N/mZ (0.1 in. H50).
%, Humidifier cost: 0.2 (condenser cost).
"Liquid 1. Heat transfer surface: copper tubes; tube thickness: 0.41 mm
condenser {0.016 in.).
2. Condensing side heat fransfer coefficient confrolling, h = 1135 w/Km?2
(200 Btu/hr f12F).
3. MWrap-up factor: -2.0-
4, Cost: $§3.3/kg tot ($1 53 1b fot).

FOLDOUT FRAME \
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LE 1
PONENT AND SYSTEM DESIGN

i. Water outlet temperaiure assumed in the system calculations.

2. Fan_power: PW in watts = 10.1 Q where Q in kw (PW In watts = 2.96 x
1073 Q where @ in Btu/hr); typlcal of commercial cooling towers.

3. Water pump power: PW In watts = 6.5 Q where Q In kw (PW in watts =
1.9 x 10=3 Q where Q in Btu/hr); typical of commerical equipment.

4. Cooling tower cost: 3(40 + 6.5Q) where Q in kw, $(40 + 1,905 x
10-3Q where Q in Btu/hr).

Cooling tower

Boiler 1. Heat transfer surface: Copper tubes with extended surface inside;
tube thickness: 0.41 mm (0.016 in.).

2. Bolling side heat transfer coefficient Is controlbling; h = 1135 w/K
m2 (200 Btu/hr f12).

4. Cost: 33.3/kg tot. (51.53/1b tot.}.

freon pump 1. Wet motor design.
2. Pump efficiency: 50 percent.
3. Pump cost: %40 (fixed value).

Water pumps 1. Same efficiency and cost as above.
Fans 1. Axial flow blowers
. 2. bOPyor, N/m2 = 4/3 APgyraT + 37 (4/3 AP + 0.15 in. Hp0).
3. Fan efflciency: 70 percent; motor efficiency: 70 percent.
4. Fan waight: See Figure 5 of Reference 3.
5. Fan cost: $1.9/kg (30.88/1b)

Motor 1. Motor efficiency: 70 percenT-
2. Motor cost = (10 +32.5 kw) where kw is output power.

Evaporator 1. Heat transter surface: 0.95~cm (3/8-in.} dia tubes with wavy
aluminum fins; tube pifch: fraingular on 1-in. center; core
density: 560 kg/m3 (35 1b/f13).

2. Overall heat transfer coefficient: (1) dry portion, 669.6 (w/k}/tube
row/ m2 of face area (118 Btu/hr F/tube row/ft2 of face area; (2) wet
or condensing portion, U = 1870 {(w/k)/tube row/m? of face area (330
But/hr F/tube row/ftZ of face area). Data from commercial units at
face velocity of 2.54 m/s (500 §+/min).

3, Air-side pressure drop, AP = 21.9 (no rows) 0.746, N/m2, (0.088 (no
rows)0-746 in. Hz0) for dry portion; for wet. portio. "AP increases
by factors of 1.36. Data from commercial units at face veloclty of
2.54 m/sec (500 ft+/min).

4. Wrap-up facfor: 10 percent of core weight.

5. Cost: 1.67/kg tot ($0.76/1b tot).

ST _f\-; JEI N ﬁ{;y‘:»&‘}gg rz
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computer input and oufput are présented in Appendix B for the four system
concepts defined in Figure 1. The output data include:

{a) Refrigerant temperature, pressure, ethalpy, flow rate, and density
af the system stations dafined in Figure 1

{v} Heat exchanger flows, temperatures, hzat loads, and UA requirement
{c) Heat exchanger weight and cost
{¢} Fan characteristics inclucing flow, pressurs rise, and power

(e) Wetbulp temperature of the air at inlet and outlet of the evaporator
~and cendenser where applicable

() Cyc[e characferisflcs power loop efficiency, refrigeration loop
COP, and overall system COP. COP is defined as follows:

refrigeration |oad
compressor power input

Refrigerafion'loop COP =

refrigeration load
boi ler heat inpuf

Qverall system COP =

(g) Turbine and compressor characterisiics: efficiency, impelier diameter,
and speed o

(h) Electric power requirements for the fans and pumps
(g) System cost data

The program was writTen using ithe english system of units as defined in the
nomenclature and the output data printouts.

SCREENING ANALYS!S RESULTS

As mentioned previously, four condenser arrangements defined as concepts A
through D were investigated. Design point data were generated for a range of
cycle conditions (refrigerant temperatures) and heat exchanger approach tem-
peratures. TemperaTure profifes through the system heat exchangers .illustrating
approach temperature in ferms of fluid inlet and outlet temperatures are shown
in Figure 6. The schematics and plots shown depict counterflow heat exchanger
configurations. This arrangemenf was used for T1llustration purposes only. In
practice, The heat exchangers will generally be of a cross-counterflow design.
However, the approach Temperature remains a major design factor in de+erm|n|ng
the size of heat exchangers of any flow CGWrrguraflon

The system characteristics obtained by computer analysis were plotted in
terms of the significant design parameters and are discussed below. The condi-
tions listed in Table 2 were used for purposes of comparison. Data presented
later show the sensitivity of the system to water temperature at boiler inlet
as high as 300 F.

74-10996(7)
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TABLE 2

BASELINE DESIGN CONDITIONS

Parameter ' Design Condition
Water inlet temperature to the boiler 366.5 K (200 F)
Ambfsnf alr drybulb temperature 1308.2 K (95 F)
Ambient air wef@ulb temperature 297 K (75 F) i
| Room return ai'r't'jl;‘ybulb temperature 299.8 K (80 F)
Evaporating +empera?uré 280.4 K (45 F)
‘Room ré#urﬁvair wefbujb.femperaTure 292.6 K (67 F)
System cabvaci'fy ' | 10.5 kw (3 tons)

" Concept. A,.Ambient Air Condenser

The schematic of Concept A is presented .in Figure 7 below. Parametric
performance and cost data are shown .in Figure 8.
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Figure 7. Concept A, -Ambient Air Condenser
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1. Effect of Condensing Temperature (Figure 8&)

The condenser and its fan constitute the most sensitive equipment in ferms
of system cost, size, and electrical power. While the system COP increases at
low condensing femperature, resulting in lower boiler and condenser heat loads,
the [ower AT (condensing femperature - air temperature) potential for heat trans-
fer with a fixed ambient air heat sink overshadows this effect. As a result, both
system power (with condenser fan as the main contributor) and system cost
increase rapidly as the design condensing temperature drops below about 320 K

(115 F). At that conden51ng temperature and for the conditions listed on +he

figure, the overall system COP will be about 0.3.

The sensitivities of these parameters at a condensing temperature of 319 K
{115 F) calculated in terms of condensing femperafture are as follows:

COP sensitivity: - -0.017/K (-0.0092/F)
Power sensitivity: -0.12 kw/K (-0.065 kw/F)
Cost sensitivity: ~$190/K (~$104/F)

An overall system-leve! ftrade can be performed involving system COP and cost
because both COP and cost increase as condensing temperature drops. However,
at 319 K (115 F), a 0.1 improvement in system COP will cost $1120; this repre-
sents a prohibitive cost increase for higher performance. A condensing tempera-
ture of 319 K (115 F) appears about minimum for +his type of system designed for
the conditions listed in Figure 8a.

2. Effect of Condenser Approach Temperature (Figure 8b)
The condenser cooling alrflow w can be approximated by

Q .8 |

W= o= =t x
Cp ATair P a

cond” 'air in)—A'approach

where Q is the condenser heat load, cp is the specuflc heat of the cooling air,
and TCond is The condensing temperature. Reference is made to Figure 6 for
definition of +he approach temperature,AT approach, in terms of the fluid
temperatures af inlet and outlet of the condenser. . As shown by this correiaflon
and plotted in Flgure 8b, the cooling airflow through the condenser increases
rapidly with increasing air temperature for fixed values of the condensing and
ambient air temperatures. This effect overshadows the low condenser UA
requirements and smaller condensersize because the thermal design requirements
are relaxed at higher approach temperature. For example, the condenser ‘
required af 4.2 K (7.5 F) and 8.3 K (15 F) approach temperatures are estimated as

- 50 KJ/sec mzK (8810 Btu/hr. £+2 F) and 68.2 kJ/sec m2 K (12,000 Btu/hr f+2 F),

respectively. As a result, system cost and electrical power requirements Will
increase with The condenser design approach temperature. In terms of system
cost and electrical power requirements (and also detail design of the condensing

= 74-10996(7)
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heat exchanger), an approach temperature of 5.6 K (10 F) appears fo be a
‘reasonabie compromise for the operating conditions noted in Figure 8b.

3.  Effect of Boiling Temperature (Figure 8c)

The cost and power dependancy on boiling temperatures are relatively
mild by comparison to condensing femperature. In this case, the major effect .
is the mosT favorable system operating conditions (higher COF) obtained at
higher boiler temperature. As the boiling temperature increases from 344 K
(160 F) to 355 K (180 F), the quantity of heat processed at +the condenser.
decreases from 60.4 kw (206,300 Btu/hr) fo 44.9 kw (153,100 Btu/hr) for a
10.5-kw (3-ton) capacity air conditioner. This effect is reflected in the
.plo+ of Flgure 8c. .

The sensitivity of the sysfem charac+erls+|cs To bonllng femperafure
(around 355 K (180 F)) are:

. COP sensitivity: _ - +0.008/K (0.0044/F)
Power sensitivity:  =0,035 kw/K (~0.019 kw/F)
Cost sensitivity: . —$60.4/K (-$33.6/F)

These data show that the COP sensitivity due fo boiling temperature is about
one-half of that due to condenstng +empera+ure, while power and cost are only
one—Thlrd as sensitive.

The plot of Figure 8c'shows'Tha+ high boiling Yemperature is highly
desirable. Boiler design considerations, however, [imit the boiling tempera-
ture to abou+ 258 2 K (185 F) with a water inlet temperature of 366.5 K (200 F).

4, Effect of Boiler ﬂgproach Temperafure (Figure 8d)

The bOIIer anproach temperature has oniy a negiigible effect on system
cost and electrical power requirements. The only significant effects are
_ system level considerations such as water flow rate and thermal energy storage
tank thermal management. For a fixed water temperature at boiler inlet of
366.5K {200 F), a lower approach temperature will reduce the hot water flow
considerably-and -enhance thermal energy utilization if adequate stratification
is provided in the water sforage tank design. This presents significant sys- -
tem operational advanfages because water at a high temperature level will be
- available for a longer period.

: Wl#h a fully mixed tank, the on!y advan#age of a lower approach temper-—
ature is the lower pump flow required. However, a higher boller effectiveness
- will be required. Detail design studies of the boiler will be necessary in
final selection of the boiler approach:+temperature, For the conditions noted
near the selected design point, an approach of 4.2 K (7.5 F) appears acceptable
in view of The high heat fransfer coefficients achievable on both stdes (waTer
-and R-11 side) of Thls unlf

T JTR. - o o  74-10996(7)
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5. Effect of Evaporator Approach Temperature (Figure 8e)

The evaporating ftemperature was fixed at 280.4 K (45 F} for all system
concepts considered. This represents a maximum value fto provide for latent
heat removal and control of humidity within +the air condi+ioned space. Deta
similar To that presented previously are shown in Figure 8e. -As_ shown, the
evaporator approach temperature has only a relativeiy small- effec+ on overal |
system cost and power requirement. The only iimiting factor 15 the evaporator

- alrflow rate, which exceeds the AR| specification of 0.054 (m /sec)/kw (400

cfm/ton} at approach temperatures higher than 9 K (16 F). An evaporator

approach temperature of 5.6 K (10 F) appears reasonable in view of the thermal design

of the evaporator and the ARl flow limitations.

TaotLing: 355-4K {180F)
Teonp.? 319-3% {115F)
Teyap.: 280.4R (U5F)

BOILER AND COMDENSER AFFROACH
TEHPERATURE: 5.56K (10F)
INTERFACE CONDITHONS: SEE TABLE 2
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Figure 8e. Effect of Evaporator Approach Temperature
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6. System and Component Characteristics

Previous discussions have been concerned with the characteristics of
the system as a function of cycle parameters and heat exchanger thermal design.
As a result of fhese discussions, a design point was selected for Concept A
equipment corresponding to the interface data of Table 2. The characteristics
of this system and its components are |isted in Table 3. '

Concept B, Humidified Ambient Air Condenser (Figure 9)

Examination- of the computer data for Concept B shows a dependence of system
characteristics on boiling temperature similar to that for Concept A. Further-
more, the boiler and evaporator approach temperatures have only a mild effect
on overall air conditioner cost and power requirements at conditions near the
selected design point for this concept. The major parameter affecting cost,
power, and COP is again fthe condensing temperature and the condenser approach
temperature. The relationshipsbetween these factors are shown in Figure 10.

WATER FROM
STORAGE TANK

366.5K (200 F).l e
f FREON

(:> (:) PUMP

— - BOILER
ROOM RETURN AIR| - - -
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TURB INE / C
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e e —

WATER )}
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Figure 9. Concept B, Humidified Ambient Air Condenser
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TABLE 3

SYSTEM AND COMPONENT CHARACTERISTICS FOR CONGEPT A

Design Condifions
Capactty: 10.55 kw (3 tons)

Hot watar supply tempareture: 366.5 K (200 F)
Amblent temperatures: 308.2 K (95 F) db, 297 K (75 F) wb
Conditioned air retern tempersturas: 299.8K (80 F} db, 292,6 K {67 F) wb

QOveorall System Paramsters

Car: 0.519

User's cosi: 33970

Electrical power reguirements: .46 kw

Cycle Data
Boiling temperaturg : 338.2 K (185 F)
Condensing temparature: 310.9 K (100
’ Evaporafing temperature: 280.4 K (45
Power loop efficiency: 10 parcent
Refrigaratian loop COPY 3.75
Cveral| CaP: 0,319

F3
F}

Equipment Rata

1. Heat Exchangers

Botiler

Condensar

Evaparator

HumidTfier

teat load, kwi87ulhr)
UA, Kn/u’K (Bufhr 52 F)
Cold fluid

inlet temperature, K(F)
Qutiet temperature, KLF)
Flaw rate, kg/sec(lb/hr)

mfsec (efm)
msfsec (gam)

Hot fluid
tnlet temperature, K(F)

Outiet temperatura, KC(F?
Filow rate, kg/sec (Ib/hr)

20.3 (69,(30)
36.2 (6390}
R-T1

311.7 (101.3)
358.2 (I85)
0.102 {808) .

Watar

* 366.5 (200)

362.3 (192.5)

31.0 (104,600)

38.1 (6705}
Humldlfied air

298.2 (/7N
305.4 (90)

3.67 (7780)

R-11

332,01 ¢120.1)
316.9 (100}
0.168 (1328)

10.55 (63,000

R-i1

280.4 (45)
280.4 (45)
0.066 (520)

Return air
Z99.8 (80} db
292.68 K {67} wb

285.9 [55) db,
285 (53.4) wb

38.2 {130,500)
Water
294.3 (70)

.05 (122).

Ambient air

308,2 {95) db,
297 (75) wh
208,2 (77) db,
297 (75) wb

mfsec (efm) | . = - 0.40 (850) - | 3.67 ¢7780)
m/sec {gpm) 0.0012 (i8.4) - - -
2. Turbomachines
' Turbine Compressor
Flow, kg/sec (1b/hri - 0,102 (808) 0.066 (520
Inlet pressure, k N/m” {psial 592.9 (86) 55.16 (B}
Pressure ratio 3,47 N
Dtameter, cm (in) 4.93 (F,94) 5.65 (2.24)
Speed, rpm 61,716 61,16
.Efficlency, % 78.9 724
3. Blowers and Pumps )
Condenser Evaporator Frean Water
8lavwar Blawer Pump Punp
Flow, kg/sec (ib/hr) v . - .0.102 (808) . | 0,152 €1200)
" m/sec (eim) 3.67 (7780) 0.40 (850) - -
lnlet'pressur,'k N/m2 (psTal 101.3 (4.7 101.3 (14,7 162.6 (23,8) iol.3 (14.7}
Prassure rlse, N/ (In, H,00 | 147 (0.59) 214 (0.86) - -
Pressure ratio - - - 3.83 2
‘Electrical powar, kw : S 0.180 . 0.064 0.105

- AIRESEARCH MANUFACTURING COMPANY
OF CALIFORNIA
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1. Effect of Condensing Temperature

In this case, the ambient air drybulb temperature is reduced by about
10 K (18 F) from 308.2 K (95 F) by adiabatic humidification upstream of the
condenser. As a result, significantly lower condensing temperatures can
be achieved without significant cost and power penalties. As shown in
Figure 10a,condensing femperatures of 310.9 K (100 F) can be used for design,
corresponding to a COP of 0.48. - This represents a 50 percent increase
over Concept A. Concept B also results in significant cost savings (about
$2000 for a 10.5-kw (3~ton) unit) and a 20 percenf savings in fan/pump power
Tequirements.

As the condensing temperature drops below 310.9 K (100 F), both system
cost-to-the-user and system power increase rapidly, alfhough +he performance
of the .system improves. Again, in this case this effect is due to the much
higher condenser airflow rates necessary at lower condensing ftemperatures.

The cost increase associated with the higher COP at a conden51ng temperature
of 310.9 K (100 F) is estimated at %780 for 0. increase in COP. Tentatively,

" @ condensing temperature of 310.9 K (100 F) is selected for this approach.

2. Effect of Condenser Approach Temperature

This effect is depicted in the piot of Figure 10b for conditions repre-
sentative of system design point. Again, the condenser airflow requirsd
increases rapidly with approach temperature above a AT approach of 5.6 K
(10 F). The higher heat exchanger effectiveness and weight required at low
approach temperature is more than offset by the much lower cooling airflows
necessary. There are no apparent problems in designing the condenser for
a 5.6 K (10 F) approach.

3. §Xs+em and Component Characteristics

Table 4 summarizes the characteristics of the system {(and its components)
identified as Concept B and shown schematically in Figure 9. Design point
conditions are listed in the table. Boiling temperature is taken as 358.2 K
(185 F) for a boiler approach of 4.2 K (7.5 F}; evaporating temperature is
280.4 K (45 F) for an evaporator approach of 5.6 K (10 F}. The condensing
" temperature is 310.9K (100 F)} for an approach of 5.6 K (10 F). Under these
condiTIons, sysfem COP is 0.480. .

Concepf C, EvaporaTtve Condenser (Flgure 1)

A schematic of +his arrangemen+ is shown in Flgure 11 WaTer is sprayed
on the tubes of The condenser where it evapora?es The vapor formed is eptrained
by the airstream through the unit. The air is only used as a means for evapor-
~ating water. Af ‘inlet, near-adiabatic saturation will reduce the drybuib
temperature of the air to about 298.2 K (77 F). As the air drybulb femperature
increases through the unit, its capacity for water vapor increases rapidly
AT outlet, the drybuib Tempera?ure of The air ex1+1ng the condenser is Iower
fhan at inlet. . L :

74-10996(7)
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TABLE 4

SYSTEM AND COMPONENT CHARACTERISTICS FOR CONCEPT B

Design Conditions

Capacity: 10.55 kw (3 tans}

Hot water supply femporature: 366.5 K (200 F)

pmbient temperatures: 308.2 K (95 F)} db, 297 K {75 F) wb

Condi+ioned zir return temperatures: 299.8 K (BC F)} db, 292.6 K (67 F) wb

Overall System Paramaters

coP: 0.326
Electrical powsr requirements: [.72 kw
User's cost: $5630

Cycle Data
Boiier femperature: 358.2 K 1185 F)
Condenser temperature: 319.3 K (115 F)
Evaporeter temperaturs: 280.4 K (45 F)
Power ioop efflclency: B.5%
Refrigeration loop COP: 4.27
Overall CQP: 0.326

Equipment Data

I. Heat exchangers Beller Condenseor Evanra+u‘
Heat load, ku (BTu/OF) 32.5 (110, 1000 42.6 (145,500 10.55 (36,0007
UA, kw/mzK (Btu/hr f?z ) 57.9 (10,200} 57.3 (10,100} -
Cold fluld R=11 fmbient alr R~I1.
Intet temperatura, K{F) 319.9 (116.2) 308.,2 (95) 280,4 (45)
Qutiet femperature, K{F} 358.2 (185) 313.7 (105) 280.4 (45}
Flow rate, kafsec {Ib/hr} 0.169 (1337 - 0.069 (545}
m/sec (efml - . 6.63 (14,050 -
m/sec (gpm) - o - -
Hot fiuld viater R=it Return air
Inlat femperature, K(F) 366.5 {2000 330.2 (134.6} 269,8(80) db,292.6
{67) wb
Qutiet temparature, KI{F} 362.3 1192.5) 3193 (15} 285.9(55) db, 285
: : (53.4) wb
Flow rate, kgfsec {iB/hr) - 0.238 (1882) -
wfsec lcfm) - - 0.4 (850)
m/sec (gpmd 0.0019 (29.3) - -
2. Turbomachines
. Turblne Cempressor
Flaw, kg/sec (Ib/hrl 0.169 (1337) 0.069 (545)
Intet pressure, KN/n> (psia) 592.9.(86.0) 55,16 (B.0)
Prassurs ratio 2.66 4,04
Diametar, cm {In.} : 4.63 (i.82) 6.70 (2,641
Speed, rpm 58,720 58,720
Efflctency, percent " 0.41 a.7
3. - Blowers and Pumps
S Evaporator Condensar Freon
Blowar Blower Pump_
Flaw, kg/sec (ib/hr) - - 0.169 (1337
m/sac: (cfm 0.4 (848) - |- 6.63 (14,050 I
Intet pressurs, kN/m2 (psla} 101.3 Q4T 101,33 {i4.7) 212.4 (30,8}
Pressure rise, h/n® (In,H0) 214 (0.86) 102 (0.41) -
Pressure ratlo - - 2.93
Einctrical power, kw | e.e [.45 . a.1
. - C REPRODUCT S o v e - T4=
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In Concept B, the water-carrying capacity of the condenser airstream
-is limited by the wetbulb temperature of the air at inlet 297 K (75 F),
and condenser cooling is affected essentially by sensible heat transfer. In
Concept C, the water capacity of the air increases through the heat exchanger
as the drybulb temperature of the alr increases. Also, much higher heat trans-
fer coefficients can be achieved by water evaporation on the surfaces of the
condenser tubes,

Parametric data generated by computer indicate that the boiler and
evaporator approach temperatures have only minor effects on the overall system
cost and electrical power requirements. As before, these parameters were
seslected as 4.2K (7.5 F) and 5.6 K (10 F}, respectively. For maximum COP, a
boiling temperature of 358.2 K (185 F) was selected.

1. Effect of Condensing Temperature

Figure 12Za shows system cost and power requirements as a function of con-
densing temperature for ftwo values of the approach temperature, 5.6 K (10 F)
and 8.3 K (15 F). A} condensing temperatures above about 314 K (105 F), cost
and power are about the same for the two values of the approach temperature.
At lower condensing temperatures, the lower approach yields preferable char-
acteristics. Further, in order to achieve a condensing temperature as |ow
as 305.4 K (90 F) with attendant high COP (0.66), the lower approach is
necsessary. '
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Figure 11. Concept C, Evaporative Condenser
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2. Effect of Condenser Approach Temperature

In this case, the approach temperature is defined as the difference
between the condensing temperature and the wetbulb temperature of the air at
condenser outiet. As the approach temperature increases, both cost and
power requirement increase since more alr Is required to carry the water load.
The optimum occurs at an approach ftemperature of about 5.6 K (10 F) with a
condensing temperature of 305.4 K (80 F). Thus, with a condenser temperature
of 305.4 K (90 F), +the temperature of the air at condenser outlet will be
799.8 K (80 F) -- wetbulb and drybult. The system cost and power are con-
siderably lower than either Concepts A or B over the range investigated.

3. System and Componen+ Characteristics

Table 5 fists the significant system characteristice and component per-
formance for the design of the system corresponding to the schematic of -
Figure 11. The data are presented for a condensing temperature of 305.4 K~
(90 F), a boiling temperature of 358.2 K (185 F), and an evaporating temperature
of 280.4 K (45 F)}. System overall COP is .691 -- a considerable improvement
over the fwo concepts (A and B) discussed previously.

Concept D, Water Condenser/Cooling Tower (Figure 13)

This arrangement also has the potential for low condensing femperature
through the use of an efficient cooling tower. The cool water from the cooling
Tower is used as ‘the condenser heat sink so that condensing temperatures on

WATER FRCH
STORAGE TAHK

366.5k (200 F)l * FREON

B @ @ PUHP

80 ILER
A004 RETURN AiR

294.8K (B0 Fidb
2592.6K (67 Flub

EXPANS N

JCOHFRESSCR
TURB INEj7"

AMBIENT AR
308.2k {45 F) WATER
297K (75 Flwb PUHP

]
WATER ! T"-’___ .

e —— —— — ————

BLEED WATER

FEED 5.97703

Figure 13. Concept D, Water Condenser/Cooling Tower
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TABLE 5

SYSTEM AND COMPONENT SUMMARY FOR CONCEPT C

Deslan Condltions

Capacity: 10.35 kw {3 tans)
Hot water supply temperature s 366.% K 2200 F)

Ambient Temperatures: 308.2 K (95 F) db, 297 X {75 F) wb
Conditloned alr return temperatures: 299.8 K (80 F) dh, 292.6 K (67 F) wb

Querali System Parameters

cCoPe 6,69!
Electrical power requirements: .15 kw
Usar's costi $3055

Cycle Dave
Boiling temperaturc: 358.2 K (185 F)
Condensing temperature: 305.4 K (90 F}
Evaporating temperature: 280,4K (45 F)
Power lcop efflciancy: 0,108
Rafrigeration locp CCP: 7.12
Overal! COPS 0.691

Equipront Data

I. Heat exchangers

Bollaer Condansar Evaporator
Beat foad, ke {Btu/hr) 14.4 (51,980) 24,3 (87,560) 5.56 (36,000}
UR, kw/® K (Btu/be FHOF) 27.2 (4800 - -
Cold fiuld R-11 Alr and evaporated water R=-t1
Inlet tewmporature, KIF) 3062 (91.4) 308.2 (95} db, 297 (75) wb 280.4 (45}
Qutlet temperature, K{F} 358.2 {165} 299.8 (80} db, 293.8 (80} wb 280.4 {45}

Flow rate, kg/ssc {1b/hr)
m /sec lefm)

msfﬁec (gpm}

0.07% (592)

Water evep.: 0.018 (144.6)
air: 1,91 (4050)

0.064 (5043

Hot fluld VWater Rl Return alr
Intet temparature, KLF} 366.5 (2003 316.7 (1iD.9) 799.8 (B0} db,
292,6 (67} wh
Gutliet temperature, K{F) 362.3 (192.5) 305.4 (90} 285.9 (55} db,

Flew rate, kg/sec (ibfhr)

0.139 (1097

285 (53.4) wb

Vi

m/sec (cim - - v.4 (850
m3fsec (gpm} 0.000% {13.8) - -
Z. Turbemachlines
Turbine Comprassor
Flow, kg/sec (1b/hr) £.075 (592 0.064 (504}
Iniet pressure, kN/mz {psia} 592.9 (BE) 55,2 (8)
Fressure ratio . Z2.62
Diametar, em (In.} 5.54 (Z.18) 5.54 {2.18)
Speed, rpm 58,470 58,440
Efficlency, percent 770 3.8
3, PBlowers and pumps
Condenser Evaporator Freon Water
Blower Blower Fump Pump
Flow, kg/sec L{u/hr) - - 0.075(592) 0.127 Ctanth
m/sec Cefm 1.91 (4050 0.4 (8513 - -
tnlet pressure, kN/m2 (psial 101.3 (14,7 101.3 (14,7} 137.8 (20} (10131 14,7
Pressure riss, h/m® (in. 0,00 | 204 (0.82) 214 (0.86} - -
Pressure ratlio - - 4.52 2
Electrical power, kw G.830 : BN : 0.050 9.088
¥ 74-10996(7)
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the order of 305.4 K (90 F) can be achieved. For water—to-air heat pumps, ARI

-standard 240 (Reference 4) specifies a water temperature at condenser inlet and

outiet of 297 K (75 F) and 308.2 K (95 F), respectively. The 297 K (75 F) inlet
temperature appears very optimistic in view of the 297 K (75 F) wetbulb ‘emper-
ature of ambient air for air-to-air heat pumps. Further, there appears to be

- no firm basis for the 308.2 K (95 F) condenser outlet temperature other than

limiting the water flow rate and the AT through the cooling tower. In this
study, the cooling water temperature from the cooling fower was taken as

299.8 K (80 F) because this temperature level is more consistant with an ambient
air wetbulb temperature of 297 K (75 F).

As for the three previous concepfs, the boiling temperature selected in.
final evaluation was 358.2 K (185 F) to maximize COP. The approach temperatures
at the boiler and evaporator were taken as 4.2 K (7.5 F) and 5.6 K (10 F), respec~
tively. Figure 14 shows parametric data related to the operation and design of
the condenser. ' -

1. Effect of Condensing Temperature (Figure i4a)

Both power consumption and system cost increase with condensing temperature
primarily because of the lower system effectiveness. In this case, however, the
condensing heat exchanger/cooling fower constitute a very efficient heat rejec-
tion system; thus, the impact of these components on total system cost and power
is not as pronounced as for other competing approaches. The optimum design in
terms of condensing temperature occurs at about 305.4 K (90 F). With a water
temperature of 299 K (80 F) at condenser infet, this imposes severe |imitations
on the approach temperature (as shown in Figure 14b).

2. Effect of Condenser Approach Temperature

The high heat transfer coefficient afforded by fthe water coolant loop

~allows the design of a very efficient condenser with a low approach temperature.

The 2.8 K (5 F) approach selected may have to be increased as a result of con-
denser detail design investigations. However, this does not represent an
unreal istic design point for this unit.

3. System and Component Characteristics

Table 675ummarizes the characteristics of the system and its components at
design point. Cycle operating parameters were selected as follows:

':.Bbfiing.?emperafufe: ' .358.2 K (185 F)
Condensing temperature: 305.4 K (90 F)
"EQapéfafihé'+em§éra+afe:':280.4*K:(45 £
In this case, fhef?éry low system power reflects the low pressure drop of the

ambient air Tthrough:the cooling tower. The value used in the computation of
cooling tower power was taken as representative of existing cooling fower

~ equipment.
— B _ . 74-10996(7)
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Figure 14. Parametric Data for Conbepf D
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TABLE 6

CONCEPT D SYSTEM AND COMPONENT SUMMARY

Boslgn Condltions

Capacity:

10,55 kw (3 tons)

Hot ater supply temperature:

366.5 K (200 F)

Ambient ?emﬁarafuras: 308.2 K (95 F) db, 287 K (75 F) wb

Conditicned alr return temperatures: 299.5 K (50 F} db, 292.6 K (67 F) wb

Water temperature from coollng fawer:

299,8 K (80 M)

Overal | System Parameters

User's cost:

COP: 0.691
Electrical power requirements:
$3730

0.65 kw

Cycle Data

Boi | ing temperature: 358.2 K (185 F)
Condensing temperature:
Evaporating femperatura:
Power loop sificiency: (0.8 percent
Refrigeration icop COP: 7.12

Overall COP: 0.691

302.4 K (30 F)
2680.4 K (45 F)

Equipment Daia

Heat exchangers

Boiler

Condenser

Evaporatar

Heat load, kw (Btu/hr)
UA, ku/mPK (Btu/hr $12 F)

15.2 (51,950)
27.2 (4800)

25.65 {87,560}
68.8 (12,140)

10.55 (36,000}

AIRESEARCH MANUFACTURING COMPANY

~
CARKEYT|
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QOF CALIFORNIA

Cold fluld R-11 Cooling fower R=11
water
Inlet temperature, K {F} 306.2 (9.14) 299.8 (80) 280.4 (45}
Outlet temperatura, K (F} 358,2 (i85) 302.6 {85) 280.4 (45
Flow rate, kg/sec (1b/hr) - .075. (592) - 0.064 (504)
m2/sec {ctm) - - -
m3/sec (gpm) - 0.0022 (35) -
Hot fluid Water R-11 Return air
Inlet temperature, K (F) 366.5 (2001 316.7 (110.4 299,8 (80) db, 292.6
{67} wb
Qutlet femperature, K (F} 362,3 (192.5) 305.4 (90) 255.9 (55) db, 285
(53.4) wb
Flow rate, kg/sec (ib/hr) - 0.139 (103.7) -
m3/sec (cfm) - - 0.4 (850)
w3/sec (gpm) .0009 ¢13.8) - -
2. Turbomachines . Turbine Compressor
Flow, kg/sec {ib/hr) 0,075 (592) 0,064 (504)
Inlet pressure, kw/m? {psia) 502.9 (86) 55.8 (8,0)
Pressure rarfo_ ) 4.1 2.62
Diamatar, em (in.) 5.54 (2.18) 5.54 (Z.18)
Speed, rpm 58,440 58,440
Efficiancy, percent 7.1 3.6
.- o Cool ing - Tower | . Evaparator Freon . vater
3., Blowers and Pumps Blovwar Blowor Pump Pump
Flaw, kg/sec (ib/hr) - - 0,075 {592) { 0.127 (l000)
m3/sec (ctm) 2.61 (5000}
tntet pressura, kN/mZ (psia} CH01G3 (AT 101,35 (a7 | 21378 (20 101.3 14,7
Pressure rise, N/m' (In.HZOI 54,7 (.22) 214 (.86) - -
Prassure ratio = ‘ - 4.62 2
Electrical power, kw .26 0,18 0.05 0.17

T4-10996(7)
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COMPARISON OF APPROACHES

" Baseline LiBr/H_0 Absorption System

Data published by Arkia (Reference 5) on the anticipated performance of
a LiBr/H,0 absorption air conditioner designed for solar application and
featuring an evaporative condenser are summarized in Table 7. The installed
~price of such a system (including fans) is estimated at about $2500 to $3000
{private communication from Arkla Industries distributor).

The LiBr/H,0 air conditioner has been widely used in conjunction with solar
systems and is generally acceptable as the baseline air conditioner. The four
~ Rankine-cycle air conditioner concepts discussed in this report were compared to
the LiBr/Hy0 system to determine advantages in ferms of overall system parameters.
The characteristics of the Rankine systems investigated are summarized in Table 8,

Concept Evaluation

o Concept A, featuring-an ambient air dry condenser, yields excessive system
costs and COP's. The high condensing temperatures (319.3 K (115 F)) characteris-
tic of this approach result in a COP of 0.33 and excessive condenser size and
ambient cooling airflows. As a result of fthe low-COP high-condenser heat loads,
high condenser effectiveness, and very high airflows, the cost of the system is .
prohibitive.

In Concept B, a humidifier upstream of the condenser reduces the drybulb
temperature of the ambient air and thus provides an effectively lower femper—
ature heat sink. With this approach, condensing temperatures of 310.9 K (100 F)
can be achieved without excessively penalyzing the system. This reduction in
condensing temperature improves cycle COP significantly by comparison to Concept
A (from 0.33 to 0.52).  As a result, the condensér heat load is reduced consider-
ably; the ambient airflow necessary for cooling also is reduced, and finally,
system cost becomes more attractive. By comparison to the Arkla LiBr/H,0 ;
system, Concept B Is not competitive; COP is considerably lower (0.52 vs 0.65);
installed cost is higher (%4000 vs $2700); and auxiliary electrical power (for
fans and pumps} also is higher (1.5 kw vs 0.88 kw). Therefore, Concept B is
rejected on the basis of all three evaluation criteria. : '

Concept C features an evaporative condenser where water is evaporated to -
the ambient airstream from the outer surface of the condenser tanks. As shown
in Table 8, the installed cost of this system is comparable to that of the Arkla
LiBr/Hz0 used as a baseline. The condensing temperature can be reduced to

305.4 K (90 F) with an amblent wetbulb temperature corresponding to ARl conditions

(297 K (75 F)).  The COP of Concept C is 0.69, which is slightly higher than
that of the Arkla unit (0.65). The power requirement is estimated at 1.15 kw,
which is 'slightly higher than that of the Arkla unit. This concept represents a
~ significant Tmprovement over Concepts A and B and is considered competitive with
the Arkla system. Off-design performance of Concept B must be determined to
fully evaluate the advantages of this approach by comparison fo the Arkla unit.

" Concept D incorporates a cooling tower that provides the cold water used
-as the air conditioner heat sink. The performance of this concept as expressad
by COP is ihe same as for Concept C, 0.69. The installed cost is higher than
- Concept C primarily because of the added use of the cooling Tower; power = -

requirement, however, is subsfan+ially lower. ’ :
_ 74-10996(7)
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TABLE 7

ESTIMATED PERFORMANCE OF WATER-FIRED ABSORPTION AIR CONDITIONER

Cooling capacity

Hot water source temperature
Chilled water temperature

Evaporative heat rejection

Water consumption

Coefficient of performance .

Electrical consumption

10.54 kw (3 tons)

© 363.7 K in/358.2 K out (195 F in/185 F out)
285.9 K in/280.4 K out (55 F in/45 F out)

- 298.7 K (78 F wb air in)

25.2 pm3/sec (24 gal/hr)

0.65 .

875 watts maximum

"TABLE 8

COMPARISON OF APPROACHES

Capacity:

10.55 kw (3 tons)

Hot water supply temperatures:

- Ambient air temperatures:
Conditioned air temperatures:

366.5 K (200 F)
308.2 K (95 F)db, 297 K (75 Flwb
©299.8 K (80 Fidb, 292.6 K (67 Fiwb-

Dry Evaporative '} Cooling
: Condenser Humidifier Condenser Tower
Parameter (Concept A) (Concept Bl {Concept C) - | (Concept D)
Condensing

temperature, K(F)

Condenser
(cooling tower)
‘airfiow, m3/sec,

(ctm)

Boiler water flow,

! m3/sec (gpm)

Evaporafor
_alrflow, m /sec
(cfm)- :

CopP

| Electrical power -

requirements, kw

User!'s cost,
dollars

319.3 (115)

1 6.63 (14,050)
{0.0019 (29.3)

0.4 (850) .

0.326

1.72

310.9 (100)

3.67 (7780)

0.0012 (18.4)

0.4 (850)

10.519

11.46

3970

305.4 (90)
1.91 (4050)
0.0009 (13.8)

0.4 (850)

10.691

1.15

13055 .

305.4 (90)

2.61 (5000)

0.0009 (i3.8)

0.4 (850)

0.691

lo.es

3730

5630

AIRESEARCH MANUFACTURING‘ COMPARY
OF CALIFORNIA
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Detailed fnvestigations of Concept D are warranted to verify by detailed

"analysis the system cost obtained using the cost model developed ear
This program. : ' ‘

 Operation at Higher Boiler Temperature

fier in

While the COP of the absorption system remains about the same over a wide
range of heat source temperatures, the Rankine-powered air conditioner per-
formance increases significantly at higher boiler femperature. The

Figure 15 show this effect.

temperature at boiler inlet of 422 K (300 F). This temperature leve
be obtained with a low-performance concentrating col lector without sun tracking
The high COP, relatively low cost, and reasonable power requirements

features.

seem to warrant further investigations at te
sidered under the present contract.

OVERALL SYSTEM COF

SYSTEM ARRANGEMENT: - CONCEPT C (SEE FIGURE 11)
SYSTEM CAPACITY: 10.5 kw (3 TONS)

CONDENS ING TEMPERATURE: 305.4K (90F)
EVAPORAT ING TEMPERATURE: 280.4K (45F)

data of

COP's as high as 1.0 can be obtained at a water

1 could

mperature |evels higher than con-

BOILING TEMPERATURE: T urpo IN - 8.3K (15F)
~ EVAPORATOR AND CONDENSER APPROACH TEMPERATURE: 5.6K(10F)
1.2 ' ~a6
1.0 o ]
. » 7 5 -
» - 2
LY ]
0.8 - — : — h o
. A RSN R B2
]
-
I_.
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‘Figure 15. Concept C Characteristics at Higher Boiler Temperature
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CONCLUS |ONS

" The investigations conducted have shown the fol]ow1ng

(a) COP's as high as 0.69 can be obtained with a Rankine-powered system:
using water evaporation fo enhance condenser performance.

(b) Detailed sfudles are required To defermrne The deSIrablilfy of an
evaporative-type condenser by comparison to the use of a cooling
+ower

(c} On the basis of COP, cost, and elec+r|c power usage +he Rankine-
powered system is comparabie to state-~of-art LiBr/Hp0 absorption
systems.

(d) Off-design performahcé analyses are necéééary to fully assess the .
relative merits of the Rankine-powered and absorption systems.

{e) The present investigations of: Rankine-powered systems should be
extended 1o include higher therma! source temperatures as attainable
from semi-concentrator type solar collectors. At source temperatures
of 422 K (300 F), COP's higher than 1.0 can be achieved; this
compares very favorably to the LiBr/H,0 absorption system.
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APPENDIX A

COMPUTER PROGRAM NOMENCLATURE AND LISTING

This appendix contains a definition of the computer program input

~nomenclature and the |isting of the program. The program was written in

Fortran language for use with the Univac 1108 computer.  The nomenclature
is given in Table A-1, which defines all input data required for execution -
of 'RANKIN' as contained in the NAMELIST 'INPUT'. The data are presented
in the same order as they appear in the computer program input data |ist.
The computer program listing is presented in Figure A-1.

TABLE A-1 |
INPUT DATA NOMENCLATURE FOR 'RANKINY

YIST

TTH

HVT
HLT

PT
RHOVT
cp
GAMMA

AK

DPP
EFM.

. GR
RHOL

EFPUMP

Viscosity of refrigerant at 15 tabulated temperatures TT, centipoise
15 temperatures at which viscosity VIST is given, °F

17 temperatures at which following saturated liguid and vapor properties are given,
°F

Enthalpy of saturated. vapor at temperatures TTH, Bfu/Ib

Enthalpy of saturated |iquid at femperatures TTH, Btu /1b

Saturation pressure at +empera+qres TTH, psia

Density of saturated vapor at temperaturas TTH, 1b/(cu ft)
Specific heat of vapor at onstant pressure, Bru/{(°F){Ib)
SpeC|fic heaf ratio of vapor S

Ratio of sonic velocity to square root of absolute +empera+ure, ff/(sec) (V“R)

‘Molecular weight of refrigerant

HX pressure drop expressed as a fraction of inlet pressure .

. Mechanical efficiency of furbocompressor shaft, In. fraction

Refrigeration load, Btu/hr

 Liquid density, |b/(cu {1}

.Efficiénéy.of liquid pump, tn fraction

AIRESEABCH MANUFACTUR!NG COMPANY
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TABLE A-1 (Continued)

TITLE
NTB
18T
NTC -
TCT
NTE
TET
KCR

UAER
EFFAN

CPL

TG
™

NDTE
DTET
NDTB
DTET

- NDTC

DTeT
NTBIN
TBINT
NTCIN

TCINT

Name of refrigerant

" Number of boiler temperatures to be used {maximum of B allowed)

Boiler tfemperatures to be used, °F

Number of condenser temperatures to be used (maximum of 8 allowed}

Condenser temperatures to be used, °F

Number of evaporator Témperafures to be used {(maximum of 8 al!owed)

Evaporator femperafures to be used, °F )

Control index for the fype of condenser employad; 1 for dry condenser, 2 for wet
‘condenser, 3 for condenser using a prehumidifier, 4 for wa+er—cooled condenser
In conjunctlon with a cooling tower

UA per sq ft front area for a dry condenser, Btu/{hr)(°F)(sg ft}

Fan efficiency (combined aerodynamic and electrical)

Specific heat of |iquld refrigerant, 8+u/(1b}{°F)

. Air temperatures at evapora?or inlet, ou*lef condenser inlet and ou+|e+ respectively,

F

Wet bulb temperatures of air at evaperator inlet, outlet, condenser inlet and outlet

respecflvaly, °F

Number of evaporaTor approach Temperafures +o be used {max imum of 5 allowed)
Evaporafor approach temperatures to be used, °F
Number of boiler temperatires ¥o be used (maximum of 5 allowed)

Boiier'fempera+ures +Q be used, °F

-Number of condenser temperatures fo be used {(meximum of 5 al|owed)

Condenser temperatures to be used, °F
Number of b01ler inlet ho+ wa?er +empera+ures +o be used (maxlmum of 5 allowed)
BO|[er |nlef hot water Temperafures +o be used, °F

Number of condenser Inlet cooling water temperatures fo be used for the case
KCR = 4 (maxlmum of 5 allowed) _

Condenser inlet coollng water +empara+ures to be used, °F

AMRESEARCH MANUFACTURING COMPANY -~ S S o 7'4.-'10.996.(7')."
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000033
000034
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800036
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000038
000039
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1
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REYTSED FOK FORTAAN IV Repahd
DIMFNSION  X(2)r -¥{2)

o Iloa)

28

31

34
37
uo

43
4b

49

IF(NOwK 133109 160%

'IP(KD-foP1119|13fT

TLONNPe]

CIBIsILO4Y

60 TU 46
IL,0mNP
youy(ILo)
RETURN

DD 22 ILOR2eNP

1F{XDexCIL0)}25s 16522
COnTINUE

IHIw]ILa

ILONIH]wE
IF(NU=@Iqbrdgr28

Pl 43 Ja3gnp
IFCILO=1F40940y )
IFCTHIwNPYSU 3737

IF (Ra#XDaXCILOw])mdCIHT#1)) 37437040 °

ILomItoel

GD YO 43
IHImIHI+]

CONT INUE

Yomo,0

PNEL 0 .
00 49 18ILOyIHI
PNRBNY (XDwX(]))
pO 58 IwIl0sIHI

C RPN/ (X0eX(I))

52
53

58

D0 55 J]LO¢IH]
IF(Jal)X2455,%2
PAR/{X(II=N(JY)
CONTINUE
YORYO+PRYLIY
CONTINLE
RETURN

“END

Figure A-1. Computer Program Listing
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" nooooT
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- nodo0R

no0o0to
40001
aooola

p00D1Y

aoopid

. ae0pQ1s

a00016
0000y

" poooie
000019
. 000020

pooo2t
bonge2
LLE LY 31

000024

000025
neopo2s
noooey
0000238
gooo2y
000030

S ap00M

a00032
000033

000034

Q00038
nooo03s
noegy?
noonls
0ohaze
0onoLo
00004}
[+11: 37 ¥
000043
noogyy

noaooo
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20

22
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12
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SUBROUTINE MEWTOA (NS pHGD X oY g XD s YN XHINe XSaX e ER)
SFT Miel T #AlN PRDGRAM HBEFORE CALL FE#TAN,  THE WARTIME
FIoDS X FOR Y20 RIVER AGDFL TF KFCALCUL AT1N6S REQLTIAFNDY

GIYES NGOx2 IF CONVERGEMCF WEACHED,

1 FORMAT (1HOyIEXCEFDED 20 TTFRATIUHS 1N NEWTON')
2 X9 X8 Y

FORMAY: (1O0Xet)
ERYZ1%0 7610, U]

ESE LY

x8xy’

IF (ABSCYY«ER) Byf,5
TE(N1YTeé07

Yosy

Xh=X

XEX04 (XMAYRYNINI¥D, 01
IF{XmXMAXI 2L 021914
XKOw{XMAXRXHIN)*0,0)
GO To 21
SLUPER(YwY()/{XukD}
IF {SLOPEY 4046,40
yosy :

Xo=Y¥

ANReY/SLOPE
IFCNL4BI20420492
Xx0,59(X+%0)
IF{NI+R0)22022¢ 28
WRITE (691)

HRITE (&92) K:NDlKSOvaoiﬂLOFE!ER
NimQ

ERaS ¥EQ

CRNTINUE
IF(XmXKINI s Ly 12
XBXHIN

IF(XaX0)9484%
IF(A=XMAXIGr | 3yi3
EmXMHAX

IF(¥eX0)99819

NGUal

RETURN

NGOmZ

Nimi

RETURN

END
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}g( 000008 . c KAIN PROGYAH FOR RANKTWE REFRTGERATTUMN PYCLE XaCe FeAWG  AQY 1975

aooon2 - [

g 000003 o LT FHSION *t|5101rli)'utlb)-Ptxs);Hrlhlovpprlﬁ)-nunr1ﬁ)'v|artssa

P apoooy : DI#ESSIAL TTLBYFCOND{G oY)

5 000n0S . DINENSION TGUIoHG(UY +DTHX (U)o TH{H)

o © 00a00é : REAL MTCyMweNSNCoNBCIMLINST

g 000007 - DYMENSION JTHCLT) enVICLTYIoPTCIT Y RHNYT LI 7Y 0 HLTILY)

o ogopod . BIMENSION TRTE8I s TCT(H)#TETIB)

= ngagos PIMFMSION QTET(S)eOTHTIS) P DYCTCS)aTRTIFTISYCTLILTLS)

= faoaic . GIFENSINN RDATE(2)}«RTIME(Z) vDATIMF(S)

= >

g - aonoly -, ) C .

= opsol2 . DATA RTIME+RDATE /éH 12K a6H 30/

2 no0013 DATA NATIME /6HRUK ONiéH shH  AeaHE vhH /
. goapid . ] DATA (COND(Tel}oImLe53/00RY CONDENSER EMPLOYED v
n=z 00a0is UATA (COND(Te2)0Ix)y5)/

Sa a000te 1 tWET CONDENSER ERFLDYFD 17
E%g 00007 DATA tCUNntIt!)!Ill15J/lPHECDULEHfHUHID!FIER EMPLOYED 1/
23 noooLs - DATA (COND{Tea)eImie$)y
£z 000919 S JCODLING TOWER EMPLOYED 1/
nooco2¢ - NAHELTIST ZIMPUT/ VISTyTTyTTHeHVTyHLTyPToRHOVT 4 CP o GANMAY AK
oopo2! LeMreBRPYEFHIUR ) RHOL 4 EFPUHP s TITLE ¢ NTR)TERT s NTCeTCTeNTEYTET
BN 10T 1 F- - 2 KCRy UAERWEFFANSCPL
. 000023 . . 3 TGe TNy NDYE«DTEY ¢ HDTBeDTBY e NDYCoDTCTONTNINS TRINT ¢ NTCINS TCINT
. 000024 c.
;ap0ods c
. aopopae 1 CONTINJE
000087 : UAE®D,
0Q0028 ) : ZRa0,
0gooae READ (5eINPUTHENDRESD)
0000%0. . NPAGERD _
006831 Nad ;
000032 ARITE ¢392) TITLE«{COMD(I+KERYy 13145}
0800033 2 FORMAT t1H{»24Xe 1S0LAR PUWERED AIR TONDITIONIAG SYSTEH USTING!«
pooold i UXeA&/2SXy5AB/7)
000038 . ERITE(or INPUT)
000034 DO 95 NTHININML ) NTRIM
000037 TBINRYBINT(NTEINL)
0Q0G38 C EVAPORATING TEMP VARIATION
- 000039 Uh 95 NER{NTE
000040 . - T(1YaTET{HNE)
- 000041 - T(SIAT(L) )
ooogde c CONDENSING TEMP YARIATION
000g43 ’ 00 95 NAW{4NTC -
PLLELLT TLUISTCTINA)
aonQLs - 0D 95 NB=L¢NTR
000048 . POWRLT=O0,
: 00DO4T - POnRWMEO,
N - 060048 PONRFORO 0
: ) . 00044 . DPCTY®O,D
000050 FANCO®O,
000051 NTFTEO,D0
I d 000052 TCTINTRT (MUY
o 0503 €. EVAPORATOR APRROACH TEKP
b — 000054 - DD 25 NDTELwWiNDIE
.2 000055 DTHX{1)=DYET{NDTE!)
T8 0000586 : DR 95 ADTRLalinDTA
GO acapsy . DYRY(2)ADTBT(NDTEL)
:3 000058 C CONDEMSER APPROACKH TERP
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ANYdWOD ONIINLDVINNYIN HOHVISIELY {(AsFrarewr =)

500059
000060

6000&]
panGh2
nonosl
000064
400065
000046
200067
000048
200069
nonoTo
poboYl
000072
400073
0000TY
annoTs
aDooTh
nooary
0DooTA
0000TY
G000AQ
o0nR3Y
ofjooa2
joooal
ono8g
BOCOAS
400086
H00COBY
000088
noooaY
000090

000091
‘nooo9e

nooonl
000054
0000WNS
000094
0ono9eY
a00008
000049
n0oino
00010t
0gojoz
509103
poolny
pa0ios
nadios
090107
000508
6090109
ngol o
nooi1l
00012
00013y
206414
0poiLs
00041e
000117
aooiia

701

DO 95 NDTCIm1eSDTC
CTHX(3)2DTCTINDTCY)

IF(KCR oNE. 4) GG TO 3

DD 95 NTCIR{ELpsTOIN
TCIFaTCINTIHTCINGY

CONTINUF

KGNTHO

DN 701 Kmiy3 .

CALL LAGINZELsTTRa LT a2 T{T)PL7}4PT)
Catl LARINZ(ZrTTnelTe 2y TP 1) 9PTY
CALL LARINZ2(32TThel7a2eT{u)eP(u)P1}
FCaYae {(T)e(1,+DPP(2))
P{SYap{()}"(1,¢DPP(L1)])

PCSYap(d)a(l ¢DPPLIY)

Pi21mP(3)
P{BYaP([3)

CALL VAROR(P(1)
CALL VaAPRR{P(T)
CALL LAGINZ2(4T
HiSIan(u)
Hib)mM (&)

ISR ESL
w(1)®n{f)/(H{1)mptad)

w(bImw(l)

Widtww{l}

wWink{i) /60,

CALL TURGPREPLAIWTCIDoPLR) 0 W) wP(T1TLT IR LAY W]}
W{T)%AT7 ®&D,-

CALL PHTRIFTAYSH(R)oT(2) e HHN(R) )
HlRYMH(1)ALHEZEFCF/TT8,3

widymu () o

wio)mm(y) -

WEIIRW(R)4W(B)

w(4)Ea(3)

REBYREW(ZISH{2)4w (BISHIB)) /(W(2IFKAYD

CALL PrATRIP(3}9H[I)oT(3}yRNO(I)})
QUIINACIIN(H(3)=H{NY)

PUHPRP {8} =P {4)

yLaw{b) /RHOL /3806,

PRRLPaYL¥PUMP¥ UL, /, TIB/EF PHMP

DAPWRSPwREPEI 413

HieYaH(U)+DNPNR/n6)

TLR)wT(H)4DOPWR/(W(A)*CPL)

QIZIMN(bI*(H(T)wH{&))

CoPm@{13/€Ql2)+DRANRR)

NAMELTST /CHECK/ToPsHoUsRHUSEFCYEFTomsEFCFYPRRLELCOP
CONTINUE . :
Ci{l AUILER

CALL EVip

CALL CONDSHIKECR)

IZP(KONY (NE, 0) GO TQ 95

TwieTw(l)

THURTW(U)

JF(MCRELLUYTW3Ix] ,ERD

IF(KCR,EQ ) THUR) LE2D

TGCuTG(3)

TGAwTG{4)

IFL{KCR.EN.3) TGC2TG3

IF(KCHEG.4ITGCHTRTM

IF{KCR EQ, 4} TGHRTCOLT

LIS RIS RELLLTARE!
YTV ekt T)eRHDET) )
kel

[
*
THeITa2eTLU) s H(H) 2 HLT)

"nghre A—1;‘ (ConTinued)
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AT XA 2T T
il

VINEOAITYD 40 ¢ .

ANYIWNDO ON:ENLOVANNYH HOBYISIUIY

L~y 9dbey

(1)9660.1-L

oonil9
ngojeo
00012}
nonia2
noaies
naniay
000125
000125
oool127
0goy28
aong29
aenilo
o003l
ognyse
006033
006134
0anyis
000136
009137
6po13s
000139
000140

S apeisl

ngolue
a60143
apoisy
a06igs
aooind
noru¥
Goolu8
100149

C 000150

0015y
apoise
ago}s3

vaolsu

000155
0001%%
00018y
000158
nocEsy
6O0LED
008144
booiée
600163
noaisd
000165
000166
000147
0c0{aE
ap014%
0on1yo
pan(7l

popL72

000173
000174
200175
000176
000177
ogo}7d

IF(KCRER Y GCEwbOM,

[PLET {V7AH

IF (RCR,FQ,2) Uaded,0

PCOPRW(TIFEH(T) =t ) /il 2)

RCOPRALI)/(w (130 (H(P}=n{1]])])

CNSTIECNSTH+GOSTE4LSYCH 10U, +40,+FANCF+FASCT

COSTFw] 45%C08TY

COSTume, 1 3#CO8T!Y

PTOTEPONNFE+PORRFL4PUNRCT+PONRUPPHRLP
RO NPAGEENPAGEY]

Cas, - WAaTE (1&6BATTME)

C TON t2B¢DATIME)

WRITE (5390) VITLE,(GCOND{L1XCR)s IBL45)yDATINE NPAGF
90 FORMATCIHL////77/¢ 24Xy ISOLAR POHEREN. AIR CONDITIGHNING SYSTEM USThR

E1ad4X g AB /208X 5480 I1SXvSAB20Xe 1PAGE Fo13//

2 T3o'sTAt10~/Inl115-lTFHPEnATunE'rIi'lpﬂFssuﬂt'Tub.lF

INTHALPYITAL ¢ IFLPe RATEITTH IDFNSITY TLRs TRFG FITA341PSTAY

RTUT W PATU/LAY TA32 LI B/ZBRITIBILR/CY FTI /)

DO 9] m=|+B

"WRITE(O4F2INTTIN)yPENY g B (M) ew (N} RHO(N)
9] CONTINUE
92 FPRMAT(IB1BF15,48)

wRITELE¢97)

97 FORMAY(//] HEAT HOT FIUTOD col FLUIR
1. ui WEIGHT cosT FAN DP  FAN PORER [} WET
isuULa({F) 1/ :
! . I FYLHANGER F
Lo TEYP(FY FLU TEHP{F) (ATU/RRS (L8 4
L{TLEE (YNwH20)  {WATTY (BTU/HR) ™ ouy!/
4 [2x1 (LR/RY N oy
st (LA/HR) IN T (DEG F} HX Fal Hx FANI /)
WRITECOvFBIGITGEL e UGERI ok (S o TLS) e TCL) W ULEHTERTFE«COSTELFANCE S

1 DPET e« PORRFE

1eR0L)eTH (1Y TH(R)
wRITE{&299) wSA“nTHTmlTHﬂH1rH(b)uT(ﬁ)rT(T)!lAE:NTBvZRuCDSTﬁ;;F.
1ZRe IR G (2]
WRITE(br 0204331 T(I) T(a)vGCotcc-Isu.UAs'uTcouch.coar:.
IFANCCYDPCTePOWRFCQE3) t T3 9T U)

S6 FORMAT( ' Evapt
TTLOeF S N FB, e FT 7B ikt FT o LeFO 1 aF T 2 aF T 1vFd, 2ok 10 1eFE1,0¢
2FT¢14FH,1)

g FOR"AT{ | HOILER?
LT 0 KA, 0gFB ol eFT i rFB 00FT el iFbedvFT. 20 FT 1 pFa,25F 0. 1 Fll 0y
2FTcleF8, 1)

102 FURHAT({ ) CONDNBRI -
ITIOIFA D IFB L 1F T, eFB OtFT I eFb, LeFQ,2p8FY 1 oFU,ZeaF10,LsFi1 00
BF7 . 1sFE, 10
HnITE(blIDﬂl

104 FORMAT(///% COEF OF PFRFUPHANEE'IT30r'THRRB'COHPRSSSUR!rTbUcIELFCT
{RIC PONEY REGDC(WATTI!r 1904+ 18YSTEH COSY(S) !/ )
NRITEL6110SIPEOPYDEYPONRFE ICOSTF

105 FrtwHAY (! PUWER CLPI+f1SeFB,3,T30ICOMPR DIACIAY! s TUSFALI
2TBU IEVAR FANESTTS)FE, 30 TIUs IFACTNRY [OST  14T[NAGeFA,N)
WRITE(@1106YRCOPyFFOF 1 POWRFE :

106 FORMAT(! REFRIG COP!sT15rF8,3¢TI0y1CORPR FFFI(TUStF8c3e TA04ICONES

[R FARIZTTS)FB8,3)
ARITECEe30TICOPeNCIPORRCTHCOSTU
107 FORMATI! SYSTFY COPI«T)ISaka,3vTi0IRBMI 1 TUGNFA, u|1nn|ch TUWER Fan
LHaFTSeFA,Ta 190 VUSER CuSYLaTL0Sy FB, O
WHETE (b i0H)OTyPONRWP

Figure A-1. (Continued)
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nanlal

000162
000583 -

0oN184
900185
000384
oqnyay
oonies

000189 .
060190

000191
aoo192
000193

00§94 -

000195
000194
TLELY
000198
000199
boazng
TLELT
000202

ou020d

ponadd
0064205
000208
aoazaT
000208
000209
oQo2i0
00021}
son2ig
noeneis
000214
00a21s
300216
000217
00ndlB8
onngiy

aofigeo

paoR<y
000222
ooQ22s
oonz24
ooo22%
00022é
gga2Y
000228
agae2y
oqonalde
60T
200232

00023y’

400234
Q0fe3S
000236
000337
000238

108 FOMKATITI0v ) TURAN DIA{INY 19 Ta54F8,T4To0e I4RTER PbﬂpllTTHuFd 33

WRITE(&y JORYEF T PwRLP

109 FORMAT(TIOWITURBN EFF14TUSF8, 30 ThG!'FRFGN AUMP Ly TT50FB435)

coa

[N 23

an

OOOOGOoOaonaon

WHITE(brLIDIPTOT
110 FNRMAT(TADy VTATAL e T7G59F8,35)

. 9% CONTINUE

60 TO |
150 STOP

FUNETTON VISCF(T)

CALL LAGINZCBTToR329ToVISCFIVIST)

VIACFoVISCF%6, T19TEmH
RETURN

SUBRDUTINF VAPOR(P T ¢HV o HHOV)
CaLL LAGIHZ(i?gPTrlTv?v?uhSViHVT)

CALL LAGINRLIBePT+1{T12+PyRHOVSyRHOVT)
CALL LAGINZ(I9sPTeiT+2¢PyTSeTTH)

HYBHSY+EPT (TwT8)
RHOVERHAVS# (TS+db0, YV IT+UBO,
RETURN

SUBROUTINE PHTR(PoHnT.Rﬂ;
nNimi

B0§ CONTINUE
CALL VAPOR(PsTyHI4RH)
DHjsHaH!
ERE, (05%H

)

CaLl NE“TﬂwaI!NGD!T!hﬁipTUthlﬂ'-ﬂﬂ.-dBU.|FR)

GO TOCa01e&02) NGO
602 CONTINUE
‘RETURM

SUBROUTINE TURCPR{PELaTCL+PEOIWEoPTT s TTTPTO W)

THIS 13 TURBOCNHPRESSOR DESTGN ROUTINE
PLY CCOMPRESSOR INLET PRESSURE
ol COMPRESSOR INLET TEMPERATURE
PEO COHPRESSOR OUTLET PRESSHRE
L1+ CUMPRESSON MASS FLODWe Lh/HIN

FTI . TURAINE INLFT PRESSURE

171 TURAINE INLET TFAPERATURE

PYD TURBINE OUTLET PRESSURE

DATA GG/32.1T4/

Ax] 98T /4w
EKNGAMHAZ (GAMMAm]Y )
EK1I®]./ER

DHCREKFRE(TE1) 4460, 3B ((P(2)/FL1))FFEKIw1,I4TT8,3
DHTHEKFRR(T(T ) b0 )8 (dam(PCBY/P(T)IRREKLISTTA,D

RHOCRRHD{1)
vISC=YISCF{T(1)}
UTCHSARTIGGFOHC/0,00) -
SVRAREERRT(TCI+4bD,) )

-ﬁiédre A—i.
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nop2ay
000245
00024k
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000249
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000281
o002z
900253
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a0025k
0002%?
a00gass
000299
000260
0026
0062k2
CO0ReY
000254
00n265
000266
00267
noNg2ead
00026Y
00aze
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000272
00a273
000274
200278
poazZTe
toa2Ty
fioneta
000279
0GOZE0
0002a8]
000282
000283
apo2ay
000285
000284
000247
GonEsa
000249
000290
LLTFLT
100292
000293
0eoR94
000295
HEELT
200297
aonzea

a0

ano

=

E

180

¥

MTCRUTC/5Y

VEiRwC /&0, XRHOC)

NENCRSURTIVCI)YZ 60/ (GGHFDHC)I¥*0,T5

HECRQ, 1

AT0E] E+20

CONTINJE

NEENSC/NSNE

DESUTCRTR0, /{3, 1U4L6%1 L)

DYMEMSTON NSGT(SOQ)¢ECTISOI4MTETLS)

BATA NSCT/ '
$o020 oty o0b¢ 208 100 120, 1dpyTby 200425
B0 oty 4060 408y S10ra 20 allyelbe 200,25
3,020 SURy 060 08y 101 120a1dne160,201,250
So029 40Uy 400+ 0By Vvl 2reilvelbpr20r 25
$e029 2045 1061 08y 4 10ra)2oatleelbe 00,25/

DATA ECT/4bS ¢ B0, H61 B8R0 00 310, 7E0,92¢,920,91¢
19b1Ty oTBe BUS5e 8Ty ABs 8% ¢ ,9¢ 89y BB
2a57e oTUBe (810 +BUe (B5¢ LBEs BAESy 8T¢ (47s 4B5s:
34500 o702 27550 T7%¢ oB15s 821 o025y B350 B2 480
UakBy wb260 470y oT3y 275 7551 aTbe ,T55¢ T TR/

DATA MYCT/0q4r Dy oS0 ter 1,TL/

EFSEXYIMAP (L NSCTeECTo IR MTCT 592024 NSCoMTLHARE)

EFEFSal, 0

FEECT OF IHPELLER SIZE

RIMENSIDN DET(TI¢EFEFST(7)

PATA DET/far L1a51 241 2aBe 3,0 %,5¢ 4,/

DATA EFEFSTZ 8y 3881 493y b5 ,9Bs 991 1,/

IF(DC LTl JCALL LAGINZLINUCDETs 792 BC+FFEFS2EFEFSTY
EFCREFSVEFEFS

CORRECT FAR REYNOLDS NUMBER

EFCFRFFL

RERUTCHRRIOCADE/[12,2YT150)

IF(RE oL Te JoES)

TEFCFl yn(]  %EFCI¥ (| ,E¢6/REI*%0,3

HPCRWEXDHO JCEFCF*33D00,)
EFNTRWCTDHC/ (EFCF *EF M4 PHT)

gATA FFT/,B07

NLug

CONTINUE

HUNEFWTY/EFTY

OTESQRT(GG¥DAT)*TR0, /(5. {41bxNE)

HTI=H(T) )

HICRRTIwDHTREFT/778,3

H{8)=HTN " )

CALL PHTRU(P(AYpHCBRI £ TC8) ¢2HNCR))

RHOTERHOTA)

yISCTRyvIBCFET(B))

YTURWT /(60 ,%¥RROT)
Q3CTw

NSTEALHTARTIVTO) 760,/ (GGROHT )%, 75

DYHENIINN NSTT(A0)¢EFTTLAU)+PTT(8)

DATA OTT/1e0e §45¢ 2,09 340 Sey b,/

DATA MNBTT/

SoUr 0Ly 4029 ,03¢ 08y U6 ,0By .10 120 18y
Ea0y w010 402y N3y AUy 06 0By 210 2329 L1y
Fa0y o011 402r 403y 089 o080y LO0Ry ol¢ 4120 ,10¢

Figure A-1. (Continued)
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0060303
o0n304
000305
100308
noa3oT
noo308

nge3oy

non3ic
000314
000312
0op3ty
0go3ly

neo31s.

ao03ls

000317
000318

000319

000320
80032
000322
000333
000334
60003285
000326
000327
000328
000339
000330
00033}
000332
006333
NO0334
000335
000334
0003137
0003538
000339

008340
000348¢"

0006342
000343
0aNINY
000344
000348
000347

.apnsag
. 000349

006350

| 00035)

000352
000353
0003354
go03%s
000355
neolsy
000358

Fali oO0Ly o02¢ ,0de ,0de 0o (089 .19 129 oLify
5,08 401y loz! w03y JDUy -1 'oa'_l|' 120 Wldy
$a0¢ 208w L02¢ (O30 4048r L0869 08y 19 129 oidt/
UATA FFTT/ .
101085 029,550 0070 ,b98y 78 047299, 715,70y
2Cay 3751 .50Ua 030,098, T08r JHE0,TTTe  This,745,
0. v alb5r ALy TO0U4y  T57 9 o819 aBI5) BRS¢ ,B06¢sTEI
u°|!i50u'!555!|7u}l.TQEQ|55?||530!|B7Ut|55270530!

5 Ouv o556 JT0r o7761 B30y (B%by 918y 911y LBSEy BT1y

200

201

ene

1717

b figy .556' ai0e .77&! .ﬂ3D- «A%hy STLAY 915 (RGU, LAY
EFT1= xYZ“ﬁpflthTT!‘FTT!1“|DTT!5|?|E|NSTlnTlﬂhsal

KETE2U  ¥wT/(h0,$vISLIRLTY

IFIRET(LTy 24E5) EFTIHowli mEFTIINC, B4 (6H (RET/R.F5) #hm, 3}
DEFTHENT=¥FTI

CALL MEHIUHfﬁliNGO!EFT!DEFT!EFTU!“EFU!.3511!.?2551.“0519)
G- TG Clo0e200) ¢hGO

CONTINUE

IF(WT «GELWTD) GO TD 201
WYORWT

HACmNSC+,005
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DTBRTLAVGIDTLsDT2)
HBX2060,

UABRQLR21/DTH

ABWUAM/HE - -
WTRImABRId4 % ,016%,32]
WTEEWTB!*2,00
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RETURN
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RETURNM
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TART(L) 40, é*(TA'Y(l))
Nidw

CONTINUF
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UAEL®UAFRE2, /D27

Figure A-1. (Continued)
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Go YO (TTT4T78)+ NGD2

CONTINUE .

RETURN

SUHRONTTHE VAP

Tr(aalt<1)+nTH:(1)
HWERHWF(TC1))

HG{1IsHWF{TH(1))
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CALL NEHTDH(NH!NEOQlAC!DGC|ACU!DUCO!ACH!ACK!EHE)

GO TO (41Q0s811)e NGOY
GOATINUE
WTCImACK1HY %, 0]5%,32]
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Fféﬂfe_A*1.
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‘Figure A=1. (Continued)
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Figure A-1. (Continued)
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APPENDIX 8

COMPUTER INPUT/QUTPUT DATA FOR SOLAR-POWERED
AIR CONDITIONING SYSTEM CONCEPTS

This appendix contains computer input and output data for the four system
concepts defined in Figure 1. The data presented are in english units. Input
data units are defined In Appendix A, and output data units are given on the
prinfouts. The data are presented as follows:

Figure B-1. Input Data, Concept A
Figure B-2. Output Data, Concept A
Figure B-3. Input Data, Concept B
Figure B-4. Oufput Data, Concept B
Figure B-5. Input Data, Concept C
Figure B-6. Oufpuf Data, Concept C
‘Figure B-7. Input Data, Concept D
Figure B-8. Output Data, Concept D

74-10996(7)
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Figure B-1. Input Data - Concept A
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Figure B-2, Output Data - Concept A
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Figure B-4, Output Data - Concept B



h
jERERC}

A4 )

23
e

YINHOAIYD J0

-8 eSéd,
(L)96860]-VL

ANYdW DO EJNIHD.I.DVJDNVH HJIYVASAUIY

SINPUT

. VIST

11

TTH

HYT

HLT

PT

RHOVT

Efm

RHOL
EFPURP
TITLE
NTB
TBTY

NTE
TCT

NTE
TET

I F NN Y]

SCLAR PHWEREL ;IR CONDITIONTING SYSTEM USIhG Rwl]

nET COMDENSER EMPLOYED

.QSDHQDOQ-UE!.
2 12250000md1 1

5000000060400
400006000400y

+0000000AUFVDYy -

«16000G00+03
JEJND0UODIURY
50000000402,
s 12000000508y
w200G00000403,
+280NC000+93y
JBTE29999402y

297389995402y .

2 10TEL1995403,

o 11616999403
212284999403y

s00000000+00y
plBi20000#02)
33080000402,

510700004025

9 70369999402y
s 13869999400y

« 702999994014
233180000402y

¢ 10352992403,
sR49UTOD0403y

2 22600000m0) e

+45350000400)
+TBO09999400

223330000401y
+SHE00GODHUTy

+14000000400,
211400000401,
+ 19800000402

216500000403y~
40000000402,

210500000403y

1374000040 T
+19999999m01]y

249999999001,
WH9999999u9 1)y

(HI999999m01y .
WB99999%9400
«36000000408;
291000000402y
+80000000#P0y -

$ 296180204150

W
(LN

«1B500000403¢

L00000000406Gs -

. iy
JUN000004027
2 00000000¢00y

i
«45000000+020

1 NE500{00wi] s
¢ 12820000001y
«O0000000400y
00000000400y
L4N0000C0+NE
s2000DGD0+03y
s2000000A+NE2y
«50000000+02y
14000000403,
222000000403y

(H9949999402y
sTIBTIT94 024
109599403y
(11812999403,

$ 39800000401
220270000+ 0R
«JT4BOGUO+02
oS5T60000402

«14190000401y
1071000002y
2455000004024
213158000403,

«H153999G=01,y
27550000400
105200004018
295800000 )y

14999999501
24099999001,y
WE999909%m0 ]y
c59989999=01y

s 185000004034
200000000400

11500000403,
G0000O0UA+N0Y

p50000U00+02y

Figure B-5. Input Data ~ Concept C-
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Figure B-7. lnput Data ~ Concept D
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Figure B-7 (Continued)
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