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SECTION I 

Solar System Design 

Goal: Design on absorption air conditioning system for a tropical 

climate residence 

Purpose: To use the known techlnology of absorption air conditioning 

utilizing flat plate collectors for space cooling in a 

tropical climate. In effect, yea; round cooling is required. 

Activities of System Design 

1. 	Determine Industry's progress to date.
 

2. 	 Evaluate known and constructed systems. 

3. 	 Evaluate and choose types of buiding materials from those 

available in Third World cc'ntries. (Example, brick, 

concrete block, wood, insulation, double glazed windows, 

etc.)
 

4. 	Design the buildings to minimize cooling losses.
 

5. 	 Building design should allow for use of natural air flow 

when practical. 

6. 	 Preliminary equipment selection for absorption air 

conditioning system. 

7. 	 Complete preliminary drawings of buildings. 

8. 	 Estimate coui.tructed cost of system. 

9. 	 Perform economic analysis to determine practicality of actual 

construct ion.
 



(2)
 

When the notion of examining an absorption air conditioning system
 

utilizing 
flat plate solar collectors was first considered, ve analyzed
 

using a system commercially available in the 
United States. This being the 

case, the only choice was the Lithium Bromide System. 

With further analysis into the operation, we came to the conclusion 

that a totally solar dependent system would not fu.Lction effectively in 

humid tropical climates such as in the Dominican Republic and the Republic 

of 	Panama.
 

Assumptions
 

Design Conditions:
 

Outside temperature: 90OF
 

Inside temperature: 750 F
 

Average Relative humidity: 78%
 

Reasons for not selecting Lithium Bromide System
 

1. 	Difficult to achieve acceptable cooling effect if water heated
 

from solar collectors is below 1900F.
 

2. 	The lithium bromide/water absorptive cooling system is typically 

de-rated when used in conjunction with solar panels. To 	illus

trate this point, the Florida Solar Energy Center system has 	 a 

de-rated 25 ton 	 lithium bromide/vater system using evacuated tube 

solar collectors. The system actually produces at peak capacity 

17 	 tons of air conditioning. 

3. 	 Without a sophisticated sensor device system the Li Br/H 2 0
 

system is subject to "freezing" 
 up and plugging circulation lines 

with crystallized i Br. The 	 remedy is to thaw the Liae. 
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4. 	 The Li Br/H20 fluid circulates at [ressu res less than 1 psa. 

Higher pressure sy.stemus are usually easier to maintain and 

service. 

5. 	The atmnospheric conditions in, the hirad tropics usually have the 

solar intensity characteristic of a large anount of diffused ra

di.ation and a les:er qiti;t{ity of direct radiation. Therefore, 

under these conditions., in general the most sensible application
 

is using flat plate collectors to collect the diffused radiation.
 

Concentrating collectors are ruled out because they require direct
 

radiation to func:ion. The use of concentrating collectors would
 

not supply a constant dependable source of energy since under
 

clouded conditions you collect little or no energy.
 

6. 	 To achieve sufficiently high temperatures from a solar collecting
 

system, a fairly costly setup is necessary. As an example, the
 

Li 	 Br/H 20 absorption system funded by DOE at the Florida Solar 

Energy Center at Cape Canaveral built in 19803 cost approximately
 

$250,000.00. It produces 17 tons of air conditioning. Fe W
 

individual home owners could afford a similar system. An excep

tion 	to this case would be the DOE dmnstratLon at Dr. John 

Yellott's residence in Phoenix, Arizona. The Li Br/}1O system 

was 	completed in March 19S0 At a cost cf $32,000, of which $12,000 

was 	the declared cost of the Japane;e Yazak.i equipment, $15,000 

the 	instalIntion cost and $5,000 for instrumentation. Ihe system 

produces three tons of air conditioning. Flat plate collectors 

are 	utilized to supply the necessary hot water. biis system 

apparently functions well in the low humidity of less than 10% 

and 	beneath the cloudless skies of Arizona. Unfortunately, those
 

climatic conditions do not exist in the humid tropics.
 

http:250,000.00
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conc lus ion: 

Through the examination of the Lithium Bromide/water system, it was 

decided that a more appropriate system would be the ammonia/water system. 

This system has been in use for many years using a compressor or 

conventional generator as the heat source insteadl of! cerg y from the sun. 

Al. though, presently there is no comiercially produced three ton air 

condition ir system available, foilowing are the reasons why we decided to 

use this system. 

Peasons for Using the Ammonia/Water Systems: 

1. The system will function at optimum design conditions with hot 

water at 140 "F. This is quite easy to achieve with even a well 

designed hoie-made panel. 

2. 	 There is no chance of problrns with crystallization as is true of 

the i Br/.12 0 system. 

3. 	 Air-ionia is relatively easy to obtain in any country. 

Drawbacks of the Ammonia/Water System: 

1. 	Presently there is no commaercial ly available ammonia/water system for 

so]ar appli catins. 

2. 	 Ammonia requires the respect that any volatil , gas demands. However, 

freon is more dangerous to work with than anmonia. 
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SECTION II 

D-esI,, A-etscnired for the and ivelyCoolo .esAct Lye P P :Reidence 

Each home builder has to evaluate nmu;ic i.o ns conditiLons acceptable or 

not acceptable to the occupants of the home. 

a. 	 Whi.ch areas in the home must have a condi.tioned atmosphere. 

b. 	 What effect will the present or future uti.lity rates have on 

the 	homeowner.
 

c. 	 What bu:i.lding practi.ccs s iould he used to result in good insul.a

tive qum .iLles of the hone. 

d. 	 What is the home builder's budget. 

e. 	 To what degre can passive air cond itionilg be used 

f. 	 Do any government snpported .incentives exist to make construc

tion ofi tle system more attractive than a conventional type. 

Thle 	Selected Design 

Total Area of Residence 	 144 m 2 

245 m
 

Area Coo.ed I 00N Act:ive 75 m22
 

Hybrid Area (Act Lve/Passive) 24 m2
 

Numb,:r of Co]lectors (4 >: 8') 144 mn2
 

Area 	 Cooled IOC0% Pass:ive 



Area Drscriptions: 

Passive Area - Kitchen
 

Maid's quarter's
 

- Lauadry/Service area
 

Active Area 	 - Bedrooms
 

- Family Roomi
 

Hybrid Area 	 - Living Room
 

- Dining Room
 

Principles designed into Active Area:
 

1. 	 The exterior walls for the actively cooled areas are insulated 

with earth 

2. 	 The roof is welt insulated and also are insulated suspended 

ceiling panal is used. 

3. 	 Windows are kept at a rminnimlr size and well blended to reduce 

heat transfer. 

4. 	 In the event the active system malfuncti.ors, the windows can be 

utilized to create a cross ventilation. 

5. 	 The active areas should be constructed to prevent air leakage to 

the extent practical. 



SECTION If 

CONSTRUCT ION ATER ALS: 

Roof: Asbestos - Cement Panels will be used to cover the entire ruof. 

Roof Insulation: 2" roof insulation will be used throughout the house. 

Insulated Suspended Ceiling: Suspended Ceiling with ]" insulation will be 

used in the actively cooled area and partially 

in the hybrid area. 

Gypsum board ceiling: Gypsum bcard w.ill be used as ceil ing 

throughout the passively cooled area. 

Walls: The wall will be 8" x 16" x 8" concrete 

blocks w.ith eart[hi berm backfill and water

proof s:ale on the e::terior bedroom walls. 

Floor : The floor wi]. hbe typi canl concrete slab construc

tion w i.tb terrazo floor tile. 

Windows: Windows wil_ be singi.e glazed in the active 

and 1 ybrd areas. The passive area will use 

jailnsie-type windows. 

Additional Air Circulation: Overhead fans could be insta]led in the pas..ive 

area to increase air movement. 
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SECT[ON 1V
 

LOAP CALCULATIONS 

1. 	 Walls 

2
89.55 m
TOTAL AREA: 


253.75 m
AREA COVERED BY EARTH: 

AREA SUBJECTED TO HEAT: 

2 

89.55 - 53.75 = 35.80 m = 385.4 ft2
 

TERIAL,: CONCRETE BLOCK WAIL 8"
 

U: 0.274 (ASIIRAE 1977)
 

DEITD: 11.3 DETD = Design Equivalent Temperature Difference
 

T : 90 0 F
 

Tin: 75 of
 

AVERAGE RELATIVF 1[UNII)ITY: 78Z
 

HEAT LOAD: U.A. DETI)
 

O.274385.40.1.3
 

1193.3 BTU/h
 

2. 	ROOFING ABOVE AIR CON!)'I ONE) AREA 
22 

1065.24 ft
2 

AREA: 99 m 2 


*69Z OF THE ABOVE AREA WILL BE COVERED BY SOLAR COLLECTORS 

*31% WIoLL BE I NSUI.ATE[D WIIT F lB tRGLASS 
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a) 	 ,___ -_ - COLLEICTORS 

otV,-L _r j - AS BESTOS-CEl"ENT 

- FIBERGIASS INSUATION 

Rfg 3.2/inch. 

R - -------- -------- -------

1 	 1 
Rf Rac __ 

h (c+r) 1 fg ac li (c+r) 4 

R£ 1/2 + 3.2 + 0.2 + 1/4 = 4.15 

U 1 /PhR	 U = 0.24a ,1'a 

WE NEED TO OBTAIN A LOWER U, SO OUP, SYSTEM WON'T DEAL WITH A BIG hEAT 

TRANSFI:R VALVE. 

WITII 2 INCHES OF FIBEI';IASS: 

RT 1/2 + 6.4 + 0.2 + 1/4 = 7.35 

Ub 0.136 DI)r- 34 

LOAD: 0.69 x 1065.24 x 0.24 x 34 + 

0.31 	x 1065.24 x 0.1.36 x 34
 

= 7524.7 BTU/h
 

3. LOAD 'TiIIOUH 'LE FLOOR = 0 
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4. FE NEST R'A'LI" ONi 

AREA OF WINIOWS 449.5 m = 532 .6 f L2 

LOAD = AREA x GLASS FAC''OR 

(ASIRA 1917 P. 25.41) 

GLASS = REGULAR SN,,GLE GLASS 

CLASS FACTOR AT To (90 0 F) = 241 BTU/hr .EL2 

LOAD = 532.6 x 24 = 12,783 BTUL/hr. 

5. INFILT!\TION 

1:1 BTU/ft 2 

LOAI): 1.1 x 

OF GROSS 

1193.3 = 

EIXPOSEI) WALL 

3.13 BTU/Ihr 

AREA AT To (90 0 F) 

6. OCCUt'ANCY 

225 BTU/hri/,Perso n x 2 Person/ Br x 3 Br. 

LOAD_= 1350 BTU/Hr. 

7. APPLI.CANCES 

LOAD 1200 BTU/ 
fir. 



TOTAL SENSL ThE HEAT IOA[)
 

1193.3 + 752A.7 + 12783 + 131.3 + 1350 + 1.200
 

S.H.L. = 25364 BTUJ/hr 

LATENT HEAT LOA) 30Z 01' TillE SENSIB,E 

L.H.L. = 7609.2 BT[J/hr 

TOTAL LOAD: (LATEN i' + SEINS[[,,E) 

32,973.2 tTU/hr 

TOTAL LOAID PER DAY: ASSUMING THAT THEI SYSTEM WILL BE OPERATED 10 HOURS 

PER DAY. 

LOAID/DAY : 32973.'2 x 1.0 = 329,732 BTU/ DAY 

1= TU! ft2 ifCOLLECTOR OUTPUT .000 AY. 

COLLECTOR AREA: 329,732/1000 

2
 
:329.7 ft
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SECTION V 

ABSORPTION AIR CONDITIONING SYSTEM 
NH3 /H 2 0 

2 / 
EXPANSION VALVE 

__ _CONDENSER 

° 80 

T..OW 3 ABSOBER 80 

P E' S S U P --- --- ''-"I 

EHIGH PRESSURE 

GENERATOR 

40 0 

5 6 

E VA PG0. ATO I' 80'F CO L L1ECTOR S 

S yr-.b 0 1. s 

T ::Temperature, OF 

P -- Pressure, PSIC 

X Coc'ncentration, in terms of Nil3 

W = Flow Rate 

h enthalphy; BTU/]b 
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T P CONC. W h 3 TON 
0 PSIG lb. Unit 

TIME BTU/lb. 

esign Criteria 

140 140 1 1 677 73.3 

80 140 1 -1 132 73.3 

40 60 Z 1 1 132 73.3 

40 60 1 1 623 73.3 

80 60 .60 6.76 -4 495.51. 

6 80 60 .60 6.76 -3.7 495.51 

7 140 140 .53 5.76 52 422.21 



* % 	 (14) 

E: 600 	 

100 

20 

1'0	 I _ 

10 0	 

H4±[ 
'S 

28L2."	86 L'r" tin) polnl7
 

2r, crit:cct po nt
 

296 

* 40-30-2 0 2 0 0.30 40 50 .O 8090100 120 140 150 180200 2302 70~Temnpercloe, deg F 
FIo. 1 h-cure-tempeira titi rd Itin.;nlItr !..itti rattAt %,lir of refdrig, ts 

-20-1~ 	 . 20. 

2 	 _ 

I22
 

I00 Z 

in 

50. 	 .......
 
.............................
 

F~~~g.~-r~~coI4114. -, R 	 ......y n~IIf;t~j~r~l~n 'V 	 ,.. 

0.10 	 0.20 0.30 0.40 0.J.) 0.6., 0.70 
' " " ' " "Liquid phos,, con¢..n~rct~on x I, Ib N'H ;it.r b ;i;ld i3 

Fig. 14 ;lhpl .tl pro ritlles orlriiilitl ll lulli ; " 
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Table.~ 33. FC' S Omarl - i*dA-nIcl;.I-. :,;,'), , 

Tem.. C-1.-,f: -I ,.... '".. ~ lr'O 

*ii'~ ! , ,.,1. 

0 30 4! 
3.31.92 
3 3 1 

. 
0.0'.0. 
0. f, 

; .9,1 

2.91.1 
4;. 2' 

5,7..
5:' 

i 
1 

j2 

1217/I2.4 U.I:)! 2 
1(* ) f'.I2 1L 

1 0 
I. 2,
I.~' 

1. ;;2 

1.3X,21.1112lIt 
6 3<i (,).'1 7. 71 41.. 61.6 0.1113 I.2 1'! 1.311 

a :)Q C YI- l 7 f 5 6 5; 61 1.3 U. 116! 1.2oll1 . 3 1r 

10 3!. S1 -. 06 7 3673 W' I l t.9 0.I' I. 1)") 1317 
12 f.31 0.143 1 6 1, 0. ,.- . 6,1, .12 I. , 1. 11S 
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4 3 
I rl'-, 

.1 
6 '1;,. 
. I 62.S 51 .7 C,1 .2 

0.11 
0.1) 12I 

1, 
fl11 

1. 
1 ,j 

22 
204 . 1 
53.3 

D :/
0. ".),.i 

91-
5 6,71 

(1.7 
61., 

5-0.3 
5".! 1 

! F3. 
f13.3 

0.I11U/
0.1 ;-31 

I I ,1' I .7,V 
14 1') I.745% 

241 
25 

52.5 
5 .,' 

0 .0.;5 
0.0 : 

!.. 
5 2!1 

5 1 
7 1.3 

.9 
54 .I 

t1 
..; 

0.1 -'2 
0.17', 1I 

I II,') 1.2,37 
1I ' I.2 1 

28 51. 2 0.02_+1/ 5.( 1 73.5 51 ,.4 6l'.9 0. 161 I . 0,. .)21 

3,5 5.71 0.3fi'3'3 4.3", 73.7 5, '.8 62,.. 0.1;;, I 11.17 1.?7L;.) 
32 62.2 ) 'G. ; I 4.,",17 7/.9 5,. I 621. . 0.17,-; I I f 1.27-6 
34 64. 1 0.62,111 4.), 1 541 .4 0 .1.S 0.11 I % I 1. ".7M 
36 
33 

67. 
7:. 1 

0.03? 1 
00232 

4. ) I 
4 ' , 

,. 
E1.6 

5 1..7 
541.9 

622.0 
62..5 

0. 11 
0.L 

Y I.f!,:I 1.2!,i 
I) 12,,1 1.015." 
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41
S4."r, 

7 - 3
V 5'1 

(1.fii1
0 " 

3.,'?
3. 511! . 2 , .5 

'I ?..753 ).q9 c . .9
! .C ' 0.19)2

O(. 2,'11 1 1731
Ib;l 

1.2i;2
I.,.2 11 

43 85..6 0.02"14, 3 .- ,3 53 7 52).1 f24.5 0 .2'2 ;I.:12.l 1.2 -,6 

51) O/ 0.0235 3 '' r 9 52/.3 U43.? C. I, I.l,i 1.2.' 
52 
54 

92. 
95.23 

("071 
0..2,71 

3. ,1 
3. f,1 

1).2 
)0 ?., 

525.5 
5?1.7 

(..237 
(12'.1 

0.21. 
(.2192 

1.0212 
1.0197 

I1. 21 
1.2t3-

56 99.91 0.0 3l1 2. ',; 104.7 511.8 6".6 3 0.22;, 1.0121 1.217 
58 13.7 0.O.;02 2.F1I 13 9 52..0 623.9 0.227 1.01lo 1.2323 

60 17.6 0.()2'17 27., 17. 51 1 67.3 0.2322 0.9912 1.72'i 
6; 
64 
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0 .t1r,$ 
0.0I1 

2.f.', 
2. 5' 

11. 
113 7 
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5.113 

C ';.7 
6-3.0 

0.21 
0.2 13 

. .9'")111.72 
0.9321 1.2231 

66 1:3.2J.4.4 0 .1 ,2.973 . 1. 1. 512.4 0.04.1 1.i22 
63 124.3 i.020,2- 2.3) 11. 3 I 510.5 621.8 0.241) 0.96t6 1.2170 

711 
72 
74 
76 

12 . 
[3 4 
1 .1 
1,3. 

0.0 ,2 
0. "2,)S 
0.r ,$, 
0.0.1 

2.31' 
2. .;; 
2.11 
215) 

120.S 
122.8 
11 . I 
121..I 

5,. 
5) '. 
5"1.7 
532?.7 

(2 . 1 
62, 
621.8 0 
631.1 

0 3.3) 
0. ,7 
. 2 

0. 2t,; 

. V) ,'3 
0.?,7',11 
.95.1 
. 93 ' 

1.214,) 
1.213 
I. ")'3 
1. 2-)Y) 

78 147.9 0.0i..',1 2.021 12).7 5,).7 6310.4 0.276 0.9314 1.22J 

to 
82 

I1I.n 
133. 

0.02,,,
, 

0 0', '0.2]171 
1.'1 
1.0,2 

132.0 
134.3 ' 

4)1.7 
4. 7 

63.7 
£31.0 

0.27' 
0.2701 

(f.9242 1. V)1 
I.1.;, 

Ell 
86 

111.7 
169.2 

0.01.,1 
U.020 1 

1.E; 
1.7)2 

1i.6 
131.9 

4, .7 
4-,?.6 

611.3 
.1.5 

0..3 
0.25;. 

0. 91" 
0. 'i 

1.1 3 
I I. 

83 174.8 0.0'4,93 1.711, 141.2 4).6 V1. 0.2 l 0.-;,', I. 

90 
92 

1 ., 
1,6. 

0. 02L7 
C0 n.nII ; 

I. f 
I .61 

, I.1.4 
1,.F. 

€:"1.5 
4-'.4 

612. 0 
632.2 

D.2 63 
0-3. 

r 
0. 3 
0.6 13 

1 1I.IS 
1.1E3 

91 
9sz 
93 

192.7 
1 319 
203.3 

0.0?7.i 
(.02tIl 
C.02/l 

I.% 
.111 
1. ,$ 

1;1.2 
13).5 
13.9 

4. .3 
1' I 

4 .3.0 

61 . , 
f32.6 
6",2.9 

.1.,1 
0.3, 
0.313 

0.)5y1 
( .F..73 
0.F;;33 

I.17":1 
1.I7,1 
1.1733 

iCO 
lOS 

211.9 
2 ;.9 

0.027 17 
0.02*"*!') 

1.41', 
1.31), 

I ? 
I!'I. ' 

4477. 8 
472.3 

6 3.0 
611.4 

0.316' 
0.1.3239 

0., 3) 
0. :.' 

13.I17,
} 

1..163i 
II 2; .0 0i.07-T)9 1.217 Il.0 4 , . 7 631.7 0.-17! 0.y19 I I 5, 
1" 
12,1 

2',. 2 
2 ,..l4 

0.02,, 13 
. l 

1.1 
1.017 

-
1.0. 

4"1.9 
413.0 

633.9 
631.0 

0.31-1' 0. 002 3 1 .I 1.i/ 
0.3516 0.75'1 I.1427 
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1. To Calculate the P at 1;2 140 PSIG
 

Using Refrigerant Pressure Gage vs. Temperature, 0F chart 

(Mark' s Mechanical Eng. Handbook (9-6; Figure 1 ). Knowing the 

pressure at 1 and 2 must be equivalent or the vapu: and condensate 

will not flow we can deduce the pressure at 2 :is the same as the 

pressure at 1. Tn addition, the pressure at 2 is controlled by the 

temperature of the condenser. For 80°F the pressure at 2 is 140 PSIG. 

2. Calculate the p at 3; 4; 5 60 PSrG 

Using the same chart as in ], we can calculate the pressure 

at 3 and 4. These pressures will be equivalent. We know that after 

passing through the expansion valvo the temperature drops and the 

pressure also decreases. Using 40 0 F from the Refrigerant Pressure 

Gage vs. Temperature Chart we find P = 60 PSIC; P4 = 60 PSIG. 

The same holds true for the P5 P = 60 PSIG. 

3. Determine T at 6. The '' 6 T 5 since a pump is the only element 

between 5 and 6. The heat is negligible for this calculation. 

4. The pressure 6 and 7 are the same as I and 2, i, 2, 6, 7 re

present the high pressure side of t , system. While 3,4,5 represent 

the low pressure side. 
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5. Cal cu l atin tP C 	 LO nt ra t 1ons fo the S y q Q.qCgc r 

Since Nil has a boil ing point much lower than water at 14001"3 

in the generator, the tMH3 will boil off. In e ffect, 1, 2, 3, 4 

will be pure Nil 3 e can also deduce thaL in the absorber we w.i 1. 

have a strong solution of NH3 and [n the gen ralor since the Nil 3 

is he in boiled off, a weak solution of KH3 wil l exist. 

6. 	 Concentrat ios. 

The formula to determine a concentration of each substance of 

a 	 compound is x = NH3 
3 

NH3 +H20
 

7. Calculate the Concentrat ion of NH3 

Use 	 the Enthalplhv vs. Liquid Phase Concentration of NI 3 

(Mark' s and book 

140 0 F; P7 = 140 PSIGfor NHi3 at point 7 for 	 T1 

X = .53 

8. 	 Calculate the Concentration of NH3 in the absorber 

Use the same chart as in 7. 

=T 5 = 800° P5 60 PSIG
 

X5 6 the X at 6 is the same as X5
 

6 6
 



9. To have simple algehraie equations to usie, we can reduce the 

unknowns by assuming we will calculate the no. of lbs. of NH 3 in 

terms of I lb. of H2 0. 

Absorber
 

X =X = .6 for # 2 0
 

X 3NH3 .6 = NH
 

N 1 3+ H 2 0 	 3 i ... 
N3 2 NH + 1 

.6 Nil3 + .6 = NH3 

NH 3 =-. 6 1.5 # 

.4 = 

Total Solution 6 -# 1, + ; 1.5# 2.5# 

Gene rat or
 

X7 = 53 = NH3 53 NH "
 

NU + H 0 NH+.
3 2 NHt + 1 

.5 NH 3 + .53 NH3 

NH = .53 1.13 # 

3 


.47
 

1 + 1.13 # 2.13 #
 Total Solution 7 = 


10. 	 To determine the amount of solution that is c:irculating; 

subtrnct thQ quant ty of souLion for the generator from the 

quan t ot solu tion the absorber.of 	 for 


#
2.5 - 2.13' 37 



11. 	 To deliver 1 NH 3 the required circulation is: 

1 = Total Solution 5 ;]= Solution 5 
37 

.37 2.51iSolution of Absorber 5 

= 6.76'Solution 5, 6 

1 Total Solution
 

377 	 1Solution
Solution of CeneraLor5 .37 	 75J37 

= 5.7611Solution 7 


12. 	 h = enthalphy 

Use chart from Mark's Handbook; 19 - 12; Figure 14 

h for P1 = 140 PS[G TI = 140F h = 677 BTU/ib. 

This is in the liquid phase of ammonia 

h 2 	 h3 because the vol.ume does not change from 2 to 3. 

Use Chart in Mark's Handbook 4-34, F:igure 33 for
 

T - 8001
 

This is in the saturated liquid state h2 = h 3 ' 132 BTU/lb. 

n4 is determined by the saturaf:ed vapor temperature of 

ammonia. T4 40 F h4 623 BTU/Lb. 

From Mark's Handbook 4-34; Figure 33 
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h :Is de termined from the liquid phase of ammonia 

Use cliartL from Mark's Handbook; 19 - 12; Figure 14 

h 5 4 BTU/I b. 

h 6 

h 6 6 h + V5 (P - P 555") = -4 + 0.02 (144) (140-60) = -3.7"_ BTU/Ib. 

J 778
 

V5 Volume at point 5 

J Conversion factor 

h 7 is dete rmi.necd from Mark's 1landbook; 

19 - 1.2; Figure 1.4 

h 7 = 52 BTt/lb. 

1 #13. Calculate Q values for NH3 circulating 

Con . eS o r 

E, , ++ 1 1. I 1 2 = PE 2 + KE2 + U2 + P 2 V2 + W 

+= 
1Q 2 PE + KB,'; + U2 + P2 V22 + 

PE, + KB,E + U1 P 1 2 2 2 2 

U1 1
 

U2 2
 

].Q2 = h 2 - h = 1.37 - 677 = -545 BTU/hr #N1I 3 

Ev apora t o r 

3Q4 = h 4 - h 3 = 623 - 1.32 = 491. BTU/hr. #NHl 3 
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We know 1. ton of Air Cond it ioning = 144 BTU x 2000 # 

i lb. I ton 

24 Hours 

1 Ton 	 A.C. 12000 BTU/hr. 

However, we have determined from our buildinn design that three (3) 

tons of Air Conditioninn is necessarv: 

3 Tons AC X 1.2000 BTU/hr. = 36000 BTU 

Ton AC hr. 

The 	flow for 3 tons needed is:
 

3 36000 	 BTIJ
 
hr. #t
 

h 
 73.3 NH 3 /hr. 

491 BTU/lb NH3 

For 3 Ton system 

The lbs. of NH 3 in 1, 2, 3, 4 are 73.3 NH 3/hr. 

for 5 and 6 

73.3 # ( 5 ) 73.3 # (6.76) = 495.5 #
 

= 73.3 . (5.76) = 422.21 # 

73.3# q 7)for 7 

14. 	 To determi ne COP for system 

COP = Coefficient of Performance 

+16 h 6 6Q7,1 = 1 hI + ?7 t 7 

6.76 (-3.7) 	+ 6Q7,1 = 1 (677) -- 5.76 (52) 

25.10 = 1001.53 BTU677 + 299.52 +6"7,1 " 
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COP Refrigerant Effect 
=_491 BTU/hr. 

Heat Input to Generator .49 

1001.53 BTU/hr. 

For 3 Ton System 

Cen era tor 

67,1 = 1001.53 BTU x 73.3 ,NH 3 7 3,A[2.]5 BTU/hr, 
hr.
 

15. To calculate collector Area
 

Collector Area = Q generator x hours working per day 

Average. BTU/ft 2 day co llectable 

Assume the average collectable BTU/ft day= 1000 BTU/ft day 

Assume panels to be used will be standard 4' x 8' panels, 

Single glazed, co'nmercially produced panel. Assume average cost 

per panel with mounting hardware would cost $340/32SF. 

Assume system will work 10 hours per day. 

Collector Area = 73412.15 BTU/hr. x 10 hours/day 

734.12 SF 
1000 BTU/ft day 

Number of 4' x 8' Panels 734.12 SF 

= 22.9 23 Panels 
32 SF/Panel 

http:73412.15
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SECTION TV 

ECONOMIC ANALYSIS 

The Present Worth and the Annual Cost Methods were used to analyze the 

feasibility of the system. 

1. Present Worth Method: 

Under the present worth method the investment is valued at 10%, 

escalation assumed to be 8% par year, and the systems co have a life 

of 20 years. The total present worth of the solar system is $25,018 

while the conventional system is valued at $25,235. It is evident 

with a 20-year life and the assumed first costs they are nearly 

equivalent. 

2. Annual. Cost Method: 

The assumptions for calculating the annual cost differ from those 

used with the present worth method since the team was not in total 

agreement as to the cost of money an] the useful life of the system. 

The assumed rate of interesL is 12% and the lif. of the project is 15 

years. The cost of electricity was varied from $0.11/kwh to $0.27/kwh. 

Ile poinr of break even is approximately $0.26/kwh. 
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COST OFAN>.ONIA/L,!,VIER ABSORPTION AI [,CON 1IVI O'IN(F SYSTI'EM. 

- 23 SOLAR COILILECTORS INC. MOUNTILNG IIARlDlAqU\'' $340.00 Each $ 7,820 

- COST OF AMION liA/WA'I'IR ABSORPTION SYSTEM FOR MATERIALS AND ASSEMBLY 

(NO SIIIPPING CIIARCES INCE. NO SYSTFM DESIGN FEES INCL.) ...... $10, 180 

TOTAL CAPITAL COST ......... $18,000
 

YEARLY MA'INTINANCI" 

1% CAPITAL COST $ 180. 

OPERATIONAL COST BASFD ON AN ASSUMED ELECTRICAL LOAD OF .745 kwh 

EI,ECT|RICAL. LOAI)/YEAR = 

.745 KV11 x 10 HOURS/DAY X .8 x 365 DAYS/YEAR 

2,175 KW/ YEAR 
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COST OF CONVENTIONAL SYSTEM: AIR COOLED. 

- 3 TON ARKLA ACT - 36 -

AIR COO.ED 

PACKAGE: CHILLER + FAN COIL $ 3,966 

- DUCTS. 150 ft 0 $1.50/ft $ 225. 

- ESTIMATED ,AB'OR COST $ 2,000. 

- CONTINGENCIES 0% $ 619. 

TOTAL CAPITAL COST $ 6,810. 

YEARLY MAINTENANCE 

2% CAPITAL COST $ 136. 

OPERATIONAL COST BASED ON AN ASSUMEI) ELECTRICAL LOAD OF 3 KWH 

ELECTRICAL LOAD)/YEAR 

3 KWIH x 10 Hlours/ x .8 x 365 DAYS/YEAR 

8,760 KWH/YEAR 



(26)
 

tRESlENT WOH EiODII. 


Assume Rate of Interest 10,0 Esclat i.on = 8% 

SOLAR 	 CONVENT;ONAL
 
($) 	 ($) 

Total First 

Cost Present WortLh 18,000 6,810 

Life = 20 Years 

Annual Operat [rig 

and Maintena-ice Costs 419 1,.J0 

Present Worth 7,018 18,425 

of Annual 0 & M 

Present Worth 25,018 25,235 

n
P.W. 	Factor = a (a - 1) where a [1 + escalation rate] 

a - 1 1 + interest rate 

n = Project Life 

20 
P.W. Factor = (1.08) ( .982 - 1 	 .982 ( .693 - 1) 

1.10 	 .982 - 1 

.982 - 1
 

P.W. Factor 	 .982 (-.307) = 16.75 

- .018 

P.W. = P.W. Factor 	 (Annual Operating and Maintenance Costs) 

P.W. - 16.75 (419) 	= 701.8.25 = $7,018
 

http:701.8.25
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CONVENTIONAL SYSTEM
 

P.W. = P.W. Factor (Annual.0 & M Costs)
 

P.W. = 1.6 .75 (1100) $18,425 
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ANNUAL COST METHOD
 

Case 1: 

Assumptions: 

General 

Electric Rate = $0.11/kwh 

Rate of Interest 12% 

Life of Project = 15 years 

Solar 

Capital Cost = $18,000 

Annual Maintenance = $180 

(1% Capit11 Cost) 

Annual Operating = 2175 kwh/year x$0.11/kwh = $239 

Conventional = Air Cooled 

Capital Cost = $6,810 

Annual Maintenance = $136 

(2% Capital Cost) 

Annual Operating = 8760 kwh/ x $0.11/ 
year kwh 

Compar [son 

1. Solar 

a. Capital Recovery = A- P (A/P, 12%, 15) 

$964 

= 18000 x 0.1-47 

= $2646 
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Comparison (Continued) 

I. Solar 

b. Operation = $239
 

c. Main tenauce= $180 

Total Annual Cost = $3065 

2. Conventional 

a. Capital Recovery = A = P (A/P, 12%, 15) 

= 6810 x 0.347 

= $1001 

b. Operation = $ 964 

c. Maintenance = $ 136 

TOTAL ANNUAL COST = $2,101
 

CASE 2:
 

Assumptions:
 

General
 

Electric Rate = $0.15/kwh
 

Rate of Interest = 12%
 

Life of Project - 15 years
 

Solar
 

Annual Operating = 2175 kwh/ yr x $0.15/kwh= $326 

Conventional 

Annual Operating = 8760 kwh/y r x $0.15/kwh = $1314 



(30)
 

C opi so 

1. Solar 

a. Capital Recovery A 	= P (A/P, 1.2%, 15) 

= 18000 x 0.147 = $2,646
 

b. Operation 	 = $ 326
 

c. Maintenance 	 = $ 180 

TOTAL ANNUAL COST = 	 $3,152 

2. Conventional
 

a. 	 Capital Recovery = A = P (A/P, 12% , 15) 

= 681.0 x 0.1.47 = $1001 

b. Operation 	 = $1314 

c. Maintenance 	 = $ 136 

TOTAL ANNUAL COST 	 = $2451
 

CASE 3:
 

Assump tions:
 

Ceneral
 

Electric Rate = $ 0.25/kwh
 

Rate of Interest = 12%
 

Life of Project = 15 years
 

Solar 

Annual Operating = 2175 kwh/year x $0.25/kwh = $544 

Convent ional 

=Annual OperaLing 8760 kwh/year x $0.25/kwh = $2190 
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Comparison
 

1. Solar
 

a. 	Capital Recovery = A = P (A/P, 12% , 15) 

=18000 x 0.147 = $2646 

b. Operation 	 =$544
 

c. Maintenance 	 =$180
 

TOTAL ANNUAL COST 	 =$3370
 

2. Conventional
 

a. 	Capital Recovery = A = P (A/P, 12% , 15) 

= 6810 x 0.1.47 = $1001 

b. Operation 	 = $2190 

c. Maintenance 	 = $ 136 

CASE 4:
 

Assumptions:
 

Ceneral 

Electric Rate = $0.27/kwh 

Rate of Interest = 12% 

Life of Project = 15 years 

Solar 

Annual OporatLg = 2175 kwh/ x $0.27/kwh = $587 
yr
 

Conventi.ona 

Annual Operating = 8760 kwh/y r x $0.27/kwh = $2365 
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Cornpar i:on1 

1. Solar 

a. Capital Recovery= 

b. Operation = 

c. Maintenance = 

A = P(A/P, 12%, 15) 

18,000 x 0.147 = $2646 

$ 5U7 

$ 180 

TOTAL ANNUAL COST = $3413 

2. Conven-t i.oJia.l 

a. 

b. 

c. 

Capital Recovery 

Oporating 

Nalti enance 

= A P (A/P, 12%, 15) 

=6810 x 0.147 = $1001 

=$2365 

=$ 136 

TOTAL ANNUAL COST =$3502 

SUNMiARY CHART COST OF 

0] 

ELECTUCrTY 

0.15 

$ /kwh 

0.25 0.27 

TOTAL 

ANNUAL 

CosT ($) 

CONVENTIOIAL 

SOLAR 

2101 

3065 

2451 

3152 

3327 

3370 

3502 

3413 
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SECTION VII 

CONCLUSIONS 

Considering the analysis in general terms a number of events need 

to occur before the Ammonia/Water absorptive system will be more attractive 

than the prc,;eset coniventional air cooled systems available. 

1. 	 The price of commercial solar panels needs to drop. 

2. 	 The cost of electricity must exceed 11 cents per kwh. 

3. 	 Mass product[on of the ammonia/water system must approach the 

present co3:t of the air - cooled conventional system. 

4. 	 If a government considers general acceptance important, the 

capital costs should be subsidized. 
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Assume Rate of Intercet 107 Escalation 8Z 

SOLAR CONVENTIONAL
Cs) Cs) 

Total First 

Cost PeL'.,;sen t Wort:h 18,000 6,8:1.0 

Life = 20 Yearns 

Anmual Operating, 

and Malintenance Costs 419 1,100 

Present Worth 7,01.8 18,425 

of Annual 0 & M 

Present Worth 25,018 25,235 

nP,W. Factor = a (a - 1) where a [I. + escalation rate] 

a - 1 + interest rate 

n Project Life 

P.W. Factor = (1.08) ( .98220 - 1 .982 ( .693 - 1) 

1.1.0 .982 - 1. 

.982 - 1
 

P.W. Factor = .982 (-.307) 16.75 

- .018 

P.W. = P.W. Factor (Annual Operating and Maintenance Costs) 

P.W. - 16.75 (419) - 7018.25 = $7,018
 


