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ABSTRACT 

A comprehensive survey of t he  cu r r en t  s t a t e  of the  

absorp t ion  cool ing  technology has been conducted. This 

survey d i scusses  the bas i c  and appl ied  abso rp t ion  cool ing/  

hea t ing  technology, ana lyses  t h e  c u r r e n t  s t a t e  of the  a r t  

inc luding  the d i scuss ion  of l i m i t a t i o n s  and p o s s i b l e  so lu-  

t i o n s , ' i d e n t i f i e s  a r e a s  where promising developments a r e  

i nd ica t ed ,  l i s t s  t he  c u r r e n t  products and a c t i v i t i e s  of 

the absorp t ion  indus t ry ,  and p re sen t s  the c u r r e n t  RD & D 

e f f o r t s  of the  U, S. government. 

The main s u b j e c t s  covered i n  t h e  survey a r e  a s  f o l -  

lows: P r i n c i p l e s  of absorp t ion  cool ing  technology (NH 3 - 
H 0  cyc l e  and H 0-LiBr Cycle) ,  Adaptation of abso rp t ion  

2 2 
cool ing  technology f o r  s o l a r  cool ing  a p p l i c a t i o n s ,  Thermal 

performance of absorp t ion  cool ing  u n i t s ,  Comparison of 

NH -H 0  absorp t ion  with H 0-LiBr abso rp t ion ,  Commercially 
3 2 2 

a v a i l a b l e  s o l a r  absorp t ion  u n i t s ,  General t r ends  of t he  

absorp t ion  cool ing  indus t ry  toward s o l a r  a p p l i c a t i o n ,  Ab- 

s o r p t i o n  cool ing  system performance i n  a c t u a l  i n s t a l l a t i o n s ,  

L imi t a t ions  of abso rp t ion  cool ing  technology, Solar-powered 

absorp t ion  h e a t  pumps, and U. S .  ERDA a c t i v i t i e s  r e l a t i n g  

t o  s o l a r  absorp t ion  coo l ing .  

The t rea tment  of  the above s u b j e c t s  is  intended t o  be 

b a s i c  and comprehensive i n  order  t h a t  t h e  gene ra l  readers  

may understand the c u r r e n t  a s p e c t s  of abso rp t ion  technology 

i n  s o l a r '  coo l i n g  a p p l  i c a t  ions.  
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Introduc t ion  

So la r  cooling. of bu i ld ings  seems very a t t r a c t i v e  s i n c e  s o l a r  energy 

i s  a v a i l a b l e  a t  p r e f e r r a b l e  environmental condi t ions  dur.ing the ho t  summer 

days. The commercial success  of s o l a r  cool ing  systems, however, depends 

l a r g e l y  on i t s  economic v i a b i l i t y  a s  w e l l  a s  i t s  t echn ica l  f e a s i b i l i t y .  

There have been s e v e r a l  d i f f e r e n t  approaches t o  s o l a r  cool ing  technolo- 

g i e s .  Although the re  a r e  l a rge  numbers of v a r i a t i o n s  t o  each approach 

( a c t i v e  system),  they can be b a s i c a l l y  c l a s s i f i e d  as: Rankine/vapor compres- 

s i o n  cyc le s ,  hea t  pump c y c l e s ,  adsorp t ion/desorp t ion  c y c l e s ,  humidi f ica t ion /  

dehumidi f ica t ion  cyc le s  and absorp t ion  cyc le s .  Numerous t echn ica l  papers  a r e  

a v a i l a b l e  on the above s u b j e c t s ,  some of which a r e  l i s t e d  i n  Reference 1. 

Active R & D work i s  being pursured i n  a l l  of the  above c a t e g o r i e s  i n  the 

U.S.A. So la r  Div is ion  of ERDA i s  sponsoring a t  l e a s t  one p r o j e c t  i n  each ca t e -  

gory and p lans  t o  expand such a c t i v i t i e s  v i s  RFPs and PRDAs. A t  the pres -  

s e n t  time none of  t he  cool ing  systems mentioned above i s  commercially a v a i l a b l e  

except  s o l a r  abso rp t ion  systems i n  a  l imi t ed  quan t i t y .  

The absorp t ion  technology has been a  s i g n i f i c a n t  c o n t r i b u t i o n  t o  s o l a r  

cool ing  s i n c e  the  technology has been we l l  developed and i t s  t e c h n i c a l  f e a s i b i l -  

i t y  r e s u l t e d  i n  commercial products  which a r e  c u r r e n t l y  a v a i l a b l e .  

I n  t h i s  paper ,  d i scuss ion  w i l l  be focused on abso rp t ion  systems only.  

The t reatment  of t he  s u b j e c t  w i l l  be b a s i c  and comprehensive s o  t h a t  the  gen- 

e r a l  readers  could understand a l l  t h e  c u r r e n t  a spec t s  of  t h e  abso rp t ion  tech- 

nology i n  s o l a r  cool ing  a p p l i c a t i o n s .  



1. What i s  "Absorption Cooling Unit" and How does it work? 

Absorption coo l ing  u n i t  ' is  a  hardware h i l t  on the  p r i n c i p l e s  of one 

of t h e  thermodynamic abso rp t ion  cool ing  cyc le s .  Although the  comprehensive 

t rea tment  of the s u b j e c t . c a n  be found i n  References 2 and 3 ,  two b a s i c  cyc l e s  

w i l l  be v r i e f l y  descr ibed  f o r  t h e  quick r e fe rence .  These a r e  NH -H 0 and 
3 2 

H 0-LiBr c y c l e s ,  which have been commercially s u c c e s s f u l .  2 

1.1 NH -H 0  Absorpt ion Cycle 
3 2 

The cyc le  was c?r ig ina l . ly  d e ~ d 7 ~ e . d  f o r  gar , - f i red units. Air-cuuPinp of 

absorberlcondenser  components was p o s s i b l e  due t o  h igher  grade energy inpu t  

than  t h a t  from t h e  f l a t  p l a t e  s o l a r  c o l l e c t o r s .  The schematic diagram of  the 

c y c l e  i s  shown i n  F ig .  1.1-1. 

The cyc le  works a s  fol lows.  Nearly pure a m o n i a  vapnr from t he  r e c t i f i c r  

i s  l i q u e f i e d  i n  the  condenser.  Condenser h e a t  i s  removed by t h e  method of 

a i r  cool ing .  Sa tu ra t ed  l i q u i d  from the  condenser i s  coo1,ed down f u r t h e r  

tliruugh t h e  r e f r i g e r a n t  h e a t  exchanger (RHX) and i s  expanded i n t o  the  evapor- 

a h + .  Sudden p re s su re  decrease  ac ros s  t he  expansion valve c a ~ l s e s  r e f r i g e r a n t  

b o i l  i n s i d e  the  evapora tor ,  thus absorbing h e a t  from the  c h i l l i n g  medium, ( i .  e . ,  

coo l ing  e f f e c t )  . 
Ammoilia vapnr from the  evaporator  is then absorbed by the  ammonia-poor 

l i q u i d  i n  the  absorber ,  thus r e l e a s i n g  abso rp t ion  h e a t .  Ammonia-poor l i q ~ ~ i d  

from the  genera tor  g ives  up some h e a t  t o  the  ana lyzer  while  pass ing  through the  

ana lyze r  h e a t  exchanger and f u r t h e r  coola down by exchanging hear: ~ i t h  a m o n i a -  

r i c h  s o l u t i o n  from the  absorber .  This ammonia-poor s o l u t i o n  i s  even tua l ly  

mixed wi th  ammonia vapor i n  t he  absorber  t o  produce ammonia-rich s o l u t i o n .  

It is  then  pumped v i a  r e c t i f i e r  and s o l u t i o n  h e a t  exchanger t o  t he  ana lyze r .  



Enthalpy of t h e  ammonia-r ich  s o l u t i o n  inc reases  a s  i t  passes  through the 

r e c t i f i e r  and t h e  s o l u t i o n  h e a t  exchanger. Absorber h e a t  i s  removed by the  

ambient a i r .  The ammonia-rich s o l u t i o n  of feed s o l u t i o n  is d i s t i l l e d  i n  the  

ana lyze r .  The ammonia-rich vapor from the  top of the  ana lyzer  i s  f u r t h e r  

p u r i f i e d  i n  t he  r e c t i f i e r  by the  condensat ion of water vapor i n  t he  mixture .  

The r e s u l t s  of t he  d e t a i l e d  a n a l y s i s  by the  mass and energy balance a r e  

t abu la t ed  i n  Tables 1.1-1 and 1.1-2. The number a t  each p o i n t  i n  F ig .  1.1-1 

corresponds t o  t h a t  i n  Table 1.1-1. The numerical values i n  pa ran thes i s  i n  

Table 1.1-1 a r e  t he  i n i t i a l l y  given values and o t h e r s  a r e  de r ived .  The follow- 

ing assumptions a r e  'made reasonable and r e a l i s t i c .  

(a )  Equil ibr iums a t  p o i n t s  '1, 4 ,  9 ,  10 and 11 

(b) Sa tu ra t ed  l i q u i d s  a t  po in t s  2  and 6a 

(c )  RHX temperature approach --- 30°F 

(d) SHX temperature approach --- 5OF 

(e)  No p re s su re  drop except  ac ros s  valves 

The cyc le  performance (CP) is  the  r a t i o  of QEVA t o  QGEN and the  c o e f f i c i e n t  

of performance (COP) i s  based on the 75% genera tor  e f f i c i e n c y .  The COP of 

about 0 .4  is the  t y p i c a l  value of  the  commercially a v a i l a b l e ,  a i r - coo led  gas 

abso rp t ion  u n i t . ,  The decrease  i n  COP due t o  f l u e  l o s s e s  i n  t h e  g a s - f i r e d  

u n i t  is n o t  encountered i n  solar-powered u n i t .  For t h e  c y c l e  descr ibed  above, 

f o r  a  t y p i c a l  g a s - f i r e d  u n i t ,  i t  i s  'evident  t h a t  t h e  concent ra t ing  s o l a r  

c o l l e c t o r  i s  needed t o  ope ra t e  t he  a i r -cooled  NH - H  0  cyc l e .  The same ana lyses  
3 2 

can be a l s o  performed a t  lower genera tor  temperatures .  

1.2 H 0-LiBr Absorption Cycle 
2 

Although the  o p e r a t i o n a l  p r i n c i p l e s  a r e  t h e  same a s  t he  previous one, 

H20-LiBr cyc l e  is l e s s  complicated than t h e  NH -H 0  cyc l e ;  i . e .  a  s imple 3 2 



b o i l e r  could r ep l ace  the  d i s t i l l a t i o n  column (genera tor ,  analyzer  and r e c t i f i e r )  

i n  NH -LiBr cyc l e  -because o f '  t he  non-vo la t i l e  na tu re  of the  LiBr. Here, water 3 

i s  the  r e f r i g e r a n t  and s o l u t i o n  conta ins  l i t h ium bromide d isso lved  i n  water .  

Re fe r r ing  t o  F igure  1.2-1, h e a t  i s  app l i ed  t o  the  genera tor  t o  vaporize 

water ( r e f r i g e r a n t )  from the mixture of H20-LiBr s o l u t i o n .  Water vapor from 

the  gene ra to r  then passes  t o t h e  condenser,  where i t  condenses t o  l i q u i d  water ,  

l i b e r a t i n g  the  h e a t  of condensat ion.  Cooling tower water i s  gene ra l ly  used f o r  

t h e  d i s s i p a t i o n  of condenser hea t .  Liquid water from the  condenser passes  through 

t h e  expansion va lve ,  and i t  immediately vapor izes  i n  t he  evaporator  due t o  t he  

sudden p re s su re  drop ac ros s  t h e  expansion va lve .  The requirement of evapora- 

t i o n  h e a t  of water  i n  t he  evapora tor ,  t hus ,  produces the  cool ing  e f f e c t .  

A t  t he  absorber ,  water  vapor from the  evapora tor  i s  absorbed i n  t he  water-  

poor s o l u t i o n  coming from the  genera tor  v i a  the  s o l u t i o n  h e a t  exchanger (SHX). 

Here, h e a t  of abso rp t ion  i s  a l s o  d i s s i p a t e d  t o  t h e  cool ing  tower water .  Resul t -  

i n g  wa te r - r i ch  s o l u t i o n  from the  absorber  i s  then pumped back t o  t h e  genera tor  

v i a  the  s o l u t i o n  h e a t  exchanger. The s o l u t i o n  h e a t  exchanger (SKX) i s  employed 

t o  reduce the  genera tor  h e a t  input  and t o  decrease  the  amount of absorber  h e a t  

d i s s i p a t i o n ,  thus ,  improving the  cyc l e  COP. P re s su re  reducing va lve  i s  a l s o  

necessary  between the  s o l u t i o n  hea t  exchanger and the  absorber  t o  main ta in  the  

h igh  and low p res su re  s i d e s  of the  abso rp t ion  cyc le .  

The c y c l e  diagram is shown i n  F ig .  1.2-1 and the  corresponding a n a l y s i s  i s  

included i n  Tables 1.2-1 and 1; 2-2 wi th  the  fol lowing assumptions. 

(a )  Equil ibr iums a t  p o i n t s  2, 4 ,  5 ,  and 7 

(b) SHX temperature approach --- 1 0 ' ~  

( c )  No p re s su re  drop except  a c r o s s  va lves  



The COP of the given cycle, 0.78, can be comparable with the COP of 0.72 

of the commercially available solar-powered H20-LiBr units. The absorber/ 

condenser components of this cycle can not be air-cooled due to the low 

0 
operating absorber temperature at 90 F. 



VAL. 

High Pressure 

----- Low Pressure 

REC (Rectkf i e r )  CON (Condenser) 
ANA (Analyzer) RHX (Refrigerant Heat Exchanger) 
AHX (Analyzer H ~ a t  Exchanger) EVA  vaporat at or) 
GEM (Generator) Pull (Solution Pump) 
SHX (Solution Heat ~xchanger) ABS (Absorber) 
EXP. VAL. (Expansion Valve) 

1 Z, 
Fig. (1.1- 1) S tandsrd NH 3-H20 Absorption Chiller 



Table  1.1-1 

Mass and Energy Balances  o f  S tandard  NH - H  0  Ab'sorption Cycle  19 
3  2  

Tab le  1.1-2 

Mass and Energy Balances  of S tandard  NH3-H20 Absorp t ion  Cyc le  
19  

Q Q 
(B tu/mih) (B tulmin)  

QEVA 47 9  Qm 198 . 

QGEN 850 QsHX 291 
QPUM 4 QRHX 60 
QABS 

. , 
8 50 

QCON 486 CP 0.564 
QREC 167 COP 0 . 4 2 3  
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F i g .  ( 1 . 2 -  1) Star-dard H,O-LiBr Absorp t ion  Cycle 
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Table  1 .2 -1  
2 

Mass and ~ n b r ~ ~  Balances  o f  S tandard  H20-LiBr Absorp t ion  Cycle  

( m g )  (OF) ( l b  Imin) ( ~ t u / l b )  = (W x E) 
P t (Btu) 

Tab le  1.2-2 

Mass and Energy Balances  o f  S tandard  H 0-LiBr Absorp t ion  Cycle  
2 

(B turn) (B tum) 

QEVA l o o i  QCON 1069 

QAB S. 1210 COP 0.78 



2. How can the .absorption unit be adapted to solar cooling? 

2.1 NH -H 0 Absorption Units 
3 2 

Gas-fired absorption units have been developed exclusively in the past for 

the residential or light commercial applications. Naturally, the choice was 

NH3-H20 unit since the absorber/condenser components can be air-cooled at the 

generator temperature of the gas-fired units. Although air-cooling reduces 

COP of the unit significantly, economic considerations of .the residential- 

size unit favors the elimination of the cooling tower, which is required for 

water-cooled units. 

0 
The generator temperature of the gas fired unit (?350 F) is usually too 

high to be adapted to solar cooling system using flat plate solar collector 

0 whose collection temperatur;! is limited up to about 210 I?. Lower generator 

temperature is possible in the air-coded mode by increasing the ammonia 

concentration of the weak and strong solutions. Lowering of generator 

temperature, however, would require larger heat transfer surfaces in'condenser 

and absorber, and more electrical power fnr sn3u t i on  pump and fan. 

The practical range of the generator temperature of the air-cnnled mi,+- 

may lie between 2 5 0 ~ ~  and 3 5 0 ~ ~ .  In the case of water-cooling of absorber/ 

0 0 
condenser components, generator temperature may range from 200 F to 250 F. 

Water-cooled NH -H 0 units, however, are not preferred over water-cooled 
3 2 

H 0-LiBr units because of its lower COP, higher pump work and toxic nature 2 

of NH refrigerant (i.e., di.rect. expansion coil is not a1lnwp.d) ; IS well-as the 3 

higher complexity of the unit. Table 2.1-1 shows the theoretical comparison 

between H20-LiBr unit and NH -H 0 unit both water-cooled) .' At the same 
3 2 

operating conditions, COP of the NH3-H20 unit is 0.57 compared with 0.75 of 



Table 2.1-1 . 

Compari'son between H 0-LiBr and NH -H 0  Absorption Units  
2 3 2  

4. (both water-cooled) . 

H 0-LiBr Unit 2  

p t  i n  
F ig .  

(1 .2 -  1)  

p t  i n  
F ig .  

(1.1- 1) 

NH3-H20 Unit 

Absorber 5  9 2 ' ~  (54%) (b) 6A 90°F (55%) 

Evaporator 4 4 2 ' ~  4 4 2 ' ~  

Condenser 2  1 0 5 ' ~  2  1 0 5 ' ~  

Ge'nerator 7 1 7 9 ' ~  (58%) 11 1 7 9 ' ~  (50%) 

Rec i r cu la t ion  Rate (a )  13.5 

HX Ef fec t iveness  7 5% 

COP 0.75 0.57 

Pump Head 6  f t - H O  
2  

444 ft-H20 

Pump Work (Theor .) 0.0005 HP/ton 0.055 HP/ton 
* 

( a )  Rec i r cu la t ion  Rate = r a t e  of weak s o l u t i o n  c i r c u l a t e d  per  u n i t  r a t e  

of r e f r i g e r a n t  generated 

(b) Unit  = l b -L iBr / lb - so l ' n  

(c )  Uni t  = lb-NH / l b - s o l ' n  
3  



H 0-LiBr unit and the pumping power requirements of the NH unit is more than 2 3 

100 times that of the LiBr unit. 

In summary, air-cooled NH -H 0 unit can be operable at the generator 
3 2 
'0 

temperature range of 250 to 350 F, which suggests that the concentrating- 

type solar collector should be used. The attainable COP of the unit may range 

from 0.5 to 0.7 at the generator temperature range mentioned above. Major 

modifications necessary to change from gas-fired to hot-water powered, occurs 

in generator where heat exchange mode changes from gas-to-liquid to liquid-to- 

liquid. 

2 . 2  H 0-EiBr Al~sur;pLlu~~ U I I ~  ts 
2 

H 0-LiBr units have been developed for both smail residential ( 3  tons 
2 

of cooling) and large industrial applications (up to 1700 tons of cooling). 

These units can either be hot-water or steam powered. 

Due to the unit operation at lower generator temperatures as seen in 

Table 1.2-1, the LiBr unit has been the primary candidate for solar cooling 

applications. The major disadvantage of LiBr unit is .the requirement of the 

cOOling tower since the lower absorber/condenser temperature is required to 

avoid the crystallization of LiBr. , Crystallization occurs at the discharge 

end of the solution heat exchanger to the absorber, and it would hinder 

solution flow through the said heat exchanger. Referring to Table 2.1-1, if 

0 
we assume absorber/condenser temperature of 125 F for air-cooling while the 

0 
evaporator temperature is fixedat 42 F, the concentration of the saturated 

strong solution at absorber outlet is 64% and the saturation temperature of 64% 

strong solution at the condenser pressure (100 mmHg), is 225'~. Assuming the 

same recirculation rate of 13.5, t,he calculated concentration of the weak solu- 

tion saturated at 100 mHg should be 69%, which.exceeds the crystallization 



concentration of 68% at 100 mmHg. At the recirculation rate of 16, the weak 

solution concentration becomes 68% and.its corresponding equilibrium temperature 

would be 245O~ at 100 kg. . . 

In summary, air cooling of LiBr unit is not possible due to the crystal- 

lization of LiBr and also increased generator input temperature. Water-cooled 

LiBr units can be operable at the generator input temperature of 170 to 2 1 0 ~ ~  

from the flat plate solar collector. Attainable COP of such units may range 

from 0.6 to 0.8. 

Most industrial H 0-LiBr units have been designed to have the generator 
2 

input temperature greater than that expected from flat plate solar collectors. 

Typical low pressure steam temperature from gas or oil boilers is 244OF at 12 

0 
psig. Temperatures of other sources, such as hot water could be about 250 F. 

Although commercially available LiBr-H20 units were designed for higher 

heat input temperatures, they can be used for solar application without 

major modification. Capacity of the unit, however, is decreased as the tem- 

perature level of the hot water to the generator is reduced. It, in turn, 

reduces the amount of energy input to the generator. 

Figure 2.2-1 shows the cooling capacity of non-residential units as a 

function pf generator inlet water temperature. Although the derated capacity 

of the units varies among different manufacturers, the average values were 

used in the plot to merely show the general trends. The unit has 100% cooling 

0 
capacity at the generator inlet'water temperature of 240 F. With the 4 3 O ~  

reduction in generator inlet water temperature, 50% of the nominal capacity is 

lost or derated. 



In summary, industrial H 0-LiBr units today could be used for solar 
2 

applications with no equipment modifications, but with derated capacity. 

Major R&D work is, however, needed to modify the existing absorption units 

for the optimum solar applications. 



b 1 I I I 1 I 

- - 

- - 

- - 

- - 

NON- RESIDENTIAL ABSORPTION UNITS 
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Fig. (2.2-1) Performance of Non-Residential Absorption Units as a -. 

Function of Generator Inlet Water Temperature 
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3. What could be the maximum performance of the absorption unit? 

3.1 Carnot Cycle. 

The heat operated absorption refrigeration cycle can be regarded as a 

combination of heat engine cycle and. mechanical refrigeration cycle. The ' 

ideal coefficient of performance for the combination 0.f the above cycle is: 

COP = (Tge;;Tsink ) ( Tsink Tevap - Tevap ) Eq. 3.1-1 
2 

The above equation applies to the Carnot Cycle with the following assumption. 

Tsink = Tabsorber = Tcondenser 

Figure 3.1-1 is a plot of Eq. 3.1-1. The Carnot Cycle COP of absorption 

unit was plotted against the generator temperature with the heat sink temper- 

ature as a parameter. The evaporator temperature of the absorption chillers 

0 
could range from 3s°F to 40 F. The cross-hatched block in the figure re- ' 

presents the region of possible solar application. The generator temperature 

range (k180°F to 250'~) was so chosen that it includes the operating range of 

H20-LiBr and NH -H 0 units. The heat sink temperature range of 85% Q 125OF 
3 2 

could cover both air-cooling and water-cooling. From Figure 3.1-1, it is 

easily seen that the Carnot Cycle COP of absorption unit could range from 0.5 

to 2.5 at the realistic operating conditions for solar applications. (See 

the cross-hatched block) . 



Fig. (3.1-1.) Carnot Cycle COP of Absorption Unit as a Function of 
Generator Temperature 

- 17 - 



3.2 Non-Ideal Cycles 

The Carnot Cycle d iscussed  i n  Sec t ion  3.1 i s  an i d e a l ,  r e v e r s i b l e  one, 

thus  achiev ing  maximum t h e o r e t i c a l  COP. 

The p r a c t i c a l  abso rp t ion  cyc le s  employing e i t h e r  NH3-H20 o r  H 0-LiBr can 2  

n o t  achieve  Carnot performance due t o  t h e  hardware l i m i t a t i o n ,  i r r e v e r s i b l e  

p roces s ,  working f l u i d  p r o p e r t i e s ,  e t c .  The COP of abso rp t ion  u n i t  i s  def ined  a s :  

COP = 
Qevap - Cooling E f f e c t  - 
Q ~ e n  Generator Heat Input  

AHvap 
COP = 

AHvap + ( ~ H d i l )  (Rr + 1) 

Eq. 3.2-1 

Eq. 3.2-2 

where AHvap = h e a t  of vapor i za t ion  of r e f r i g e r a n t  

(NH o r  H 0) , Btu / lb  of r e f r i g e r a n t  
3  2 

AHdil = h e a t  of d i l u t i o n ,  Btu / lb  of s o l u t i o n  

Rr = r e c i r c u l a t i o n  r a t e  

= mass r a t e . o f  s o l u t i o n  leaving  genera tor  per  u n i t  mass r a t e  of 

r e f r i g e r a n t  leav ing  genera tor  

Equation 3.2-2 s t a t e s  t h a t  t he  va lue  of COP i s  always l e s s  than  1.0 

u n l e s s  t he  value of AHdil i s  ze ro  o r  nega t ive .  Heat of d i l u t i o n  ( ~ H d i l )  of 

i d e a l  s o l u t i o n  i s  zero .  Therefore ,  t he  t h e o r e t i c a l  COP of t h e  c y c l e  employing 

i d e a l  s o l u t i o n ,  could be 1.0.  Non-ideal s o l u t i o n  has e i t h e r  nega t ive  o r  

p o s i t i v e  d e v i a t i o n  from t h e  Raou l t ' s  law. Both NH3-H20 and H 0-LiBr so lu-  
2 

t i o n s  have nega t ive  d e v i a t i o n s  and the  h e a t s  of s o l u t i o n  o r  h e a t s  o f  d i l u -  

t i o n  are exothermic. i - e . :  AHdil > 0  

Therefore ,  t h e  t h e o r e t i c a l  maximum COP of the  abso rp t ion  cyc le  u s ing  conven- 

t i o n a l  working f l u i d s  such a s  NH3-H20 and H20-LiBr can n o t  exceed 1.0.  



The f l u i d  combinatipn. e x h i b i t i n g  p o s i t i v e  d e v i a t i o n  from the  Raoult '  s  

law has endothermic h e a t  of s o l u t i o n  and t h e  term, AHdil, becomes negat ive .  

Then, t h e o r e t i c a . l l y ,  t h e  COP o f  Eq. 3.2-2 could  exceed 1 .0 .  A t  t h e  p r e s e n t  

t ime,  no such p a i r s  have been i d e n t i f i e d  f o r  commercial use.  . 

I n  b r i e f ,  maximum t h e o r e t i c a l  COP of  t h e  abso rp t ion  u n i t  us ing  p r e s e n t l y  

a v a i l a b l e  working f l u i d  could n o t  exceed l . 0 . a n d  t h e  p r a c t i c a l  COP of  t h e  

commercially a v a i l a b l e  s ing le-ef fec t  u n i t s  could range from 0 .5  t o  0 .8 ,  

mainly depending on the  type of abso rp t ion  cyc le  employed, a i r - c o o l i n g  or  

water cool ing  of  absorber/condenser components, and the  kind of  working f l u i d s  

used.  



4 .  What is the difference between NH3-H20 absorption units and H 0-LiBr 
2 

absorption units? 

Both NH -H 0 and H 0-LiBr absorption units have b'een commercially avail- 
3 2 2 

able. NH -H 0 units are usually gas-fired and are favoured for residential 
3 2 

applications since the absorberlcondenser components can be air-cooled. 

H 0-LiBr units, on the other hand, use hot water or low pressure steam as 
2 

their power source, and industrial application of such units have been common 

due to the requirement of cooling towers. 

For the solar application of absorption units, H 0 - L i B r  units have been 2 

preferred to NH -H 0 units mainly because the former units can be operable 
3 2 

at lower generator temperature, which can easily be obtained from flat plate 

solar c'ollectors. 

4.1 Comparison between NH -H 0 units and H 0-LiBr units 
3 2 2 

a) Water-cooling versus Air-cooling 

Ammonia-water absorption units are the only commercially available ones 

that can be air-cooled. As mentioned earlier in Section 2.1, air-cooling 

of NH3-H20.units may be practical in the generator temperature range of 
., 

250 --. 3 5 0 ~ ~ .  Again, water-cooling of NH -H 0 units is possible in th gener.a- 
3 2 

tor temperature range of 200 -- 2 5 0 * ~ ,  but is not preferred over water-cooled 

H 0-LiBr units due to the reasons explained in Section 2.1. 
2 

Water-Lithium bromide units can not be air-cooled because the LiBr 

concentration in the generator could exceed the crystalization limit of LiBr 

when the temperature of absorberlcondenser components is increased for air- 

cooling. The detailed explanation is contained in Section 2.2. The H20-LiBr 

units, thus, require water-cooling of their absorberlcondenser components and 

the cooling tower is normally employed. Maintenance of the cooling tower is 

also essential to control the scaling and corrosion problems. Addition of 



t he  cool ing  tower t o  t he  s m a l l ' s i z e  absorp t ion  u n i t  could inc rease  the  

i n i t i a l  c o s t  of t he  u n i t  s i g n i f i c a n t l y .  

b) So lu t ion  Pump 

Mechanical s o l u t i o n  pump i s  needed f o r  NH3-H20 u n i t  t o  pump the  working 

f i i d  from the  absorber  p re s su re  t o  the genera tor  p re s su re .  The s o l u t i o n  pump 

i s  d r iven  by e l e c t r i c  motor, t hus ,  consuming e x t r a  e l e c t r i c  power. Theore t i ca l  

pump work of NH -H 0 u n i t  i s  on the  order  of 0.05 HP/ton. 
3  2  

Water-Lithium bromide u n i t s  could use  a  v a p o r - l i f t  pump, and g r a v i t y  

r e t u r n  of s o l u t i o n  from absorber t o  genera tor  could be p o s s i b l e  due t o  the 

smal l  p re s su re  d i f f e r e n c e  between t h e  high and low p res su re  s i d e s  of the  u n i t .  

The t h e o r e t i c a l  pump work requirement of t h i s  u n i t  is on the  order  of 0.0005 Hp/ton, 

which i s  about 1/100 of NH -H 0  u n i t .  Commercially a v a i l a b l e  H 0-LiBr u n i t s ,  
3  2  2  

o f t e n  employ mechanical s o l u t i o n  pump. It i s  we l l  known t h a t  t he  r e l i a b i l i t y  

of t h e  s o l u t i o n  pump i s  the  key t o  t h e  commercial success  of t h e  abso rp t ion  

u n i t s .  

c )  D i r e c t  Expansion Evaporator (D-X c o i l )  versus Ch i l l ed  Water 

Evaporator 

Ammonia i s  considered flammable and tox ic  and i s  n o t  recommended t o  be 

used i n  D-X c o i l ,  which has d i r e c t  con tac t  with t h e  a i r  t o  be condit ioned.  

Therefore ,  s e p a r a t e  c h i l l e d  water loop has t o  be added, subsequent ly i nc reas ing  

t h e  cool ing  system c o s t .  

I n  H 0 -L~B;  u n i t ,  t he  r e f r i g e r a n t  i s  water and the  D-X c o i l  can be 
2  

s a f e l y  employed. I n  p r a c t i c e ,  however, the  c h i l l e d  water loop is a l s o  

employed wi th  the  H 0-LiBr u n i t  s i n c e  the re  i s  no s u f f i c i e n t  p re s su re  head 
2 

a v a i l a b l e  f o r  t h e  r e f r ige ran t -vapor  t o  t r a v e l  from evaporator  t o  absorber  

e s p e c i a l l y  when the  d i s t a n c e  between them i s  s i g n i f i c a n t  a s  i n  s p l i t  systems. 



The advantage of employing D-X c o i l  t o  e i t h e r  NH - H  0  or  H 0-LiBr 
3 2 2 

u n i t ,  thus may n o t  be p r a c t i c e d  o r  r e a l i z e d .  The need of co ld-s ide  s t o r a g e  

of c h i l l e d  water i n  t h e  abso rp t ion  cool ing  system i s  a must t o  minimize 

t h e  d e t e r i o r a t i o n  of system COP due t o  the cyc l ing  of t h e  u n i t ,  e s p e c i a l l y  

when t h e  cool ing  load i s  low. It means t h a t  t h e  c h i l l e d  water loop i s  a l s o  

a  must t o  the  abso rp t ion  u n i t .  

d )  C o e f f i c i e n t  nf Performance (COP) 

A s  a l r eady  i n d i c a t e d ,  the  poss ib l c  COP of the  NH3-H20 urli t  ranges from 

0 
0 .5  t o  0 . 7  a t  t h e  genera tor  i npu t  temperature range of 250-  350 F  wi th  a i r -  

coo l ing  of t he  absorber-condenser components. 

The poss ib l e  COP of the.water-cooled H 0-LiBr u n i t  v a r i e s  from 0.6 t o  
2  

0 .8  a t  t h e  gene ra to r  i n p u t  temperature range of 170 -- 250°1?. 

e )  Other Fea tu re s  

Sepa ra t ion  of  NH from NH -H 0  s o l u t i o n  i s  a  d i s t i l l a t i o n  process  s i n c e  3 3 2 

both NH and H 0  a r e  v o l a t i l e .  NH -H 0  u n i t ,  t h u s ,  r e q u i r e s  a d d i t i o n a l  compo- 
3 2 3 2 

n e n t s  such as ana lyzer  and r e c t i f i e r  t o  f u r t h e r  p u r i f y  NH -rich vapor fxom 3 

the gene ra to r .  I n  a d d i t i o n ,  a r e f r i g e r a n t  h e a t  exchanger (RHX) i s  u s u a l l y  

employed t o  MI -H 0  u n i t  i n  order  t o  i nc rease  t h e  u n i t  COP. See F igure  1.1-1. 
3 2 

I n  the H20-LiBr u n i t ,  H O i s  v o l a t i l e  b u t  LiBr i s  n o t .  Therefore ,  t he  
2  

gene ra to r  component can be a  s imple b o i l e r ,  



a 
5.  What kind of abso rp t ion  u n i t s  a r e  commercially a v a i l a b l e  f o r  s o l a r  

a p p l i c a t i o n ?  ' 

5.1 Arkla Absorption C h i l l e r s  

Arkla I n d u s t r i e s ,  Incorporated i s  t h e  only  manufacturer i n  t he  U.S.A. 

t h a t  provides H 0-LiBr abso rp t ion  u n i t s  designed f o r  s o l a r  a p p l i c a t i o n s .  
2 

These a r e  S o l a i r e  36, Model WF36 and S o l a i r e  300, Model WFB300 abso rp t ion  

c h i l l e r s ,  which a r e  the  second gene ra t ion  s o l a r  u n i t s .  

5 .1 .1  S o l a i r e  36 C h i l l e r  (Model WF36) 

It i s  nominally r a t e d  a t  3  tons.  With genera tor  input  water temperature 

0 
between 1 7 0 ' ~  and 2 0 5 ~ ~ ~  and wi th  condenser i n l e t  water temperature of 85 F, 

the  u n i t  can  produce from 0.5 ton  t o  3.5 tons of cool ing .  The u n i t  employs 

a  smal l  he rme t i ca l ly  sea led  s t a i n l e s s  s t e e l  c e n t r i f u g a l  pump t o  t r a n s f e r  

s o l u t i o n  from absorber  t o  genera tor .  

S p e c i f i c a t  ion and dimensional views of S o l a i r e  36 i s  contained i n  

. Table 5.1-1 and Figure  5.1-1 r e s p e c t i v e l y .  F igures  5.1-2 and 5.1-3 r ep re sen t  

the  capac i ty  and COP of t he  Arkla S o l a i r e  36 as' a  func t ion  of genera tor  i n l e t  

water  temperature r e s p e c t i v e l y .  It  i s  noted t h a t  t he  h e a t  s i n k  temperature,  

Tc, p lays  an important r o l e  on both the  capac i ty  and the  COP of t he  u n i t .  

It i s  a l s o  seen  i n  F igure  5.1-3 t h a t  t he  u n i t  was optimized a t  the genera tor  

temperature of about 1 9 5 ' ~  based on the  COP of t h e  u n i t  a t  t h e  i n l e t  con- 

0 
denser  water temperature of 85 F. 

The t r a d e  p r i c e  (or  b u i l d e r ' s  c o s t )  of S o l a i r e  36 i s  about $2880.00 

( e f f e c t i v e  5 /1 /77) .  The c o s t  of the  cool ing  tower is a d d i t i o n a l  and i s  

be tween $400.00 and $500.00. 



T a b l e  5 .1 -1  
S p e c i f i c a t i o n  o f  A r k l a f s  ~ o ' l a i r e  36 6 

. . . . . . .  DESIGN DELIVERED CAPACITY. Btu/h 36. 000' CONDENSING WATER DATA 
. . . . . .  DESIGN DELIVERED CAPACITY. Tons 1.M.E 3.0' Design. Heat Rejection . Btu/h . . . . . . . . . . . . . . .  86.000 

ENERGY REQUIREMENTS . . . . . . . . . . . . . . . . . . .  Design Inlet Temperature. OF 85 

Design Hot Water Input . Btu/h . . . . . . . . . . . . . .  50.000 Design Outlet Temperature . OF . . . . . . . . . . . . . . . .  99.3 

Design Hot Water Inlet Temperature . OF . . . . . . . . .  195 Permissible ~ a n g s  of Inlet Temp . . . . . . . . . . .  7 5 9 0  to 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Design Hot Water Outlet Temperature. OF . . . . .  .185.9 Design Flow. gpm 12.0 

Permissible Range of Inlet Temp . . . . . . . . .  170 to 205 Pressure Drop . Feet of Water. at 12 gpm . . . . . . . . .  9.6 
. . . . . . . . . . . .  Design Hot Water Flow. gpm . . . . . . . . . . . . . . . . . .  11.0 Permissible Range of Flow. gpm 9 2 5  to 

Pressure Drop . Feet of Water. at 1 1 gpm . . . . . . . . .  9.8 Pressure Drop . Feet of Water. at 25 gpm . . . . . . . .  33.9 
. . . . . . . . . . . . . .  Permissible Range of Flow. gpm . . . . . . . . . . . .  5 to 22. Maximum Working Pressure. psig 100' 

. . . . . . . . . . . . . . .  Pressure Drop Feet of Water. at 22 gpm 29.9 Unit Water Volume Gallons Approx 3.0 . . . . . . . . .  
Maximum Working Pressure. psig . . . . . . . . . . . . . .  100 FOR COOLING TOWER SELECTION 
Unit Water Volume. Gallons . Approx . . . . . . . . . . . . .  3.0 Maximum Heat Rejection . Btu/h . . . . . . . . . . .  106.000 
Electrical Voltage. 6U Hz . 1 Phase . . . . . . . . . . . . .  1 '1 5> RangeS0F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14to17 
Maximum Wattage Draw . .  : . . . . . . . . . . . . . . . . . . .  250 Minimum Permissible Sump Temperature . OF . . . .  753 

CHILLED WATER DATA 
Design Inlet Temperature. OF 55 

SERVICE CONNECTIONS 
. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  Hot Water Inlet and Outlet 1" FPT 

Design Outlet Temperature . OF . . . . . . . . . . . . . . . . .  45 . . . . . . . . . . . . . . .  Chilled Water Inlet and Outlet 1" FPT 
Design Flow . gpm . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.2 .. . . . . . . . . . . .  Condensing Water Inlet and Outlet 1 FPT 
Pressure Drop . Feet of Water. at 7.2 gpm . . . . . . . .  4.6 

. . . . . . . . . . . .  Premissible Range of Flow. gpm 4 to 13 PHYSICAL DATA, APPROXIMATES 
. . . . . . . . .  . . . . . . . . . .  Pressure Drop. Feet of Water. at 13 gpm . . . . . . . .  12.5 Operating Weight. Pounds : 6754 

. . . . . . . . . . . . . . . . . . . . .  . Maximum Working Pressure. psig . . . . . . . . . . . . . .  100 Shipping Weight Pounds 6805 
. . . . . . . . . . . . . . . .  . . Unit Water Volume . Gallons . Approx . . . . . . . . . . . . .  1.5 Crated Size Inches 36W 34D. 75H 

NOTES: 1 . Capacity at design conditions . For capacities at other conditions. see Page 4 . 
2 . Units ehuipped for operation on 230V-50Hz-1 Ph available on special order . 
3 . Thermostatic switch to control tower fan MUST be used . Set to "cut out" at 75OF . 
4 . Includes circulating water weights . 
5 . Units as shipped contain Lithium Bromide charge . 

F i g  . (5.1-1) D i m e n s i o n a l  Views o f  A r k l a ' s  S o l a i r e  36 6 
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5.1.2 S o l a i r e  300 C h i l l e r  (Model WFB300) 

The u n i t  i s '  nominally r a t e d  a t  25 tons and produces 25.5 tons of 

0 cool ing  a t  t he  des ign  genera tor  i n l e t  water temperatur'e of 195 F and a t  

0 
the  des ign  condensing water temperature of 85 F. The u n i t  uses  magnet ical ly  

d r iven  c e n t r i f u g a l  pump which i s  he rme t i ca l ly  s ea l ed .  

The cool ing  capac i ty  and the  COP of the  u n i t  v a r i e s  widely with f i r i n g  

0 0 
water temperature between 160 F and 200 F a s  shown i n  F igures  5.1-4 and 

5.1-5. Although the  u n i t  was designed a t  t h e  genera tor  i n l e t  water  temper- 

a t u r e  of 195OF, Figure 5.1-5 shows t h a t  t h e  maximum COP of t he  u n i t  occurs  

0 a t  the  genera tor  i n l e t  water temperature of 180 F. Again, the advantages 

of us ing  lower h e a t  s i n k  temperature (Tc) a r e  .shown i n  both  F igures  5.1-4 

and 5.1-5. However, t h e  e f f e c t  of h e a t  s i n k  temperature,  Tc, on t h e  COP 

o f  S o l a i r e  300 i s  much l e s s  t han  t h a t  of  S o l a i r e  36 a s  can be compared i n  

F igures  5.1-3 and 5.1-5. 

Also shown i n  F igures  5.1-6 and 5.1-7 a r e  the  COP and t h e  c a p a c i t y  

of S o l a i r e  300 versus t he  genera tor  i n l e t  water temperature wi th  leaving  

c h i l l e d  water temperature a s  parameter.  F igure  5.1-6 shows t h a t  t h e  cool ing  

capac i ty  of t he  u n i t  improves a s  the  leaving  c h i l l e d  water temperature 

i nc reases .  In Figure  5.1-7 s i g n i f i c a n t  d i f f e r e n c e  i n  u n i t  cool ing  COP 

i s  i nd ica t ed  a t  d i f f e r e n t  c h i l l e d  water temperatures .  For example, t he  

0 
cool ing  COP of t he  u n i t  i s  0.69 a t  Tcw = 45 F and 0.57 a t  Tcw = 4 0 ' ~  when 

0 
the  genera tor  i n l e t  water temperature i s  195 F i n . b o t h  cases .  This  corresponds 

t o  about 17% degrada t ion  i n  u n i t  cool ing  COP due t o  t he  decrease  i n  c h i l l e d  

0 
water temperature by 5 F. 



The p o s s i b l e  use of t h e  S o l a i r e  300 a s  a  nominal 15 ton u n i t  was a l s o  

ind ica t ed  with about t h e  same COP. For t h i s  ope ra t ion  the  flow r a t e  of 

condensing water ,  genera.tor i n l e t  water o r  c h i l l e d  wat'er i s  reduced by 40 %. 

Table 5.1-2 and Figure  5.1-8 a r e  the  s p e c i f i c a t i o n  and dimensional views of 

S o l a i r e  300 r e s p e c t i v e l y .  

The t r ade  p r i c e  (or b u i l d e r ' s  c o s t )  of S o l a i r e  300 i s  about $15,200.00 

( e f f e c t i v e  5/1/77)  and cool ing  tower c o s t s  about $3,100.00 o r  $125.00 per 

t o n  of cooling. 

5.2  Other Absorption C h i l l e r s  

A v a i l a b i l i t y  of abso rp t ion  c h i l l e r s  of commercial and i n d u s t r i a l  s i z e s  

I s  l lmi t ed  t o  s o l a r  cool ing  experiments o r  demonstrat ions.  Trane ' s  s i n g l e -  

e f f e c t  H 0-LiBr u n i t s  could be used wi th  minor modi f ica t ion  of genera tor  
2  

component and with adjustment  of s o l u t i o n  concent ra t ion .  York's H 0-LiBr 2  

u n i t s  a r e  a l s o  adaptable  t o  s o l a r  a p p l i c a t i o n s  wi th  no hardware modi f ica t ion  

bu t  wi th  dera ted  capac i ty  a t  lower genera tor  i npu t  temperature.  These u n i t s  

were 01 i g i u a l  l y  designed t n  operate a t  highcr  gcnerator  input  Leu~peraturp 

(% 2 5 0 " ~ )  than t h a t  of t he  f  l a t - p l a t e  s o l a r  c o l l e c t o r .  Therefore,  t he  p re sen t  

c h i l l e r  u n i t s  should be optimized t o  be used with the  f l a t - p l a t e  c o l l e c t o r s ,  

o r  t he  e x i s t i n g  c h i l l e r s  could be used w i t h  t he  moderately conccn t r a t ing  

s o l a r  c o l l e c t u r s .  Derai led d i scuss ion  on Trane and York u n i t s  is  included 

i n  Sec t ions  6.2 and 6.3. 
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T a b l e  5.1-2 

S p e c i f i c a t i o n  o f  A r k l a ' s  S o l a i r e  3007 

DESIGN DELIVERED CAPACITY, Btu/h. . . . . .  306.0001 

DESIGN DELIVERED CAPACITY, Tons I.M.E.. . . . .  25.5' 

ENERGY REQUIREMENTS , 
Design Hot Water Input, Btu/h.. . . . . . . . . . .  
Design Hot Water Inlet Temperature, OF. . .  
Design Hot Water Outlet Temperature,OF. . 
Permissible Range of Inlet Temp: . . . . . . . . .  
Design Hot Water Flow, gpm.. . . . . . . . . . . .  
Pressure Drop. Feet of Water. at 90 gpm. . 
Permissible Range of Flow, gpm.. . . . . . . . .  
Pressure Drop, Feet .of Water. at 100 gprn . 
Maximum Working Pressure, psig. . . . . . . . .  
Electrical Voltage. 60 Hz. 1 Phase. . . . . . . . . .  
Maximum Wattage Draw. . . . . . . . . . . . . . . . .  

CHILLED WATER DATA 
Design Inlet TemperatureS0F. . . . . . . . . . . . . . . . . . . .  55 

. . . . . . . . . . . . . . . . .  Design Outlet Tempcrature,OF. 45 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Design Flow, gpm. 60 

. . . . . . . .  Pressure Drop. Feet of Water, at 60 gpm. 9.8 
Permissible Range of Flow, gpm . . . . . . . . . . .  30 Po 100 

. . . . . . .  Pressure Drop, Feet of Water, at 100 gpm 26.9 
Maximum Working Pressure, psig . . . . . . . . . . . . . . .  100 
Unit Water Volume. Gallons. Approx. . . . . . . . . . . . . .  12 
Fouling Factor. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,0005 

CONDENSING WATER DATA 
. . . . . . . . . . . . .  Design Heat Rejection. Btu/h. 753,000 

Design Inlet Temperature, OF.. . . . . . . . . . . . . . . . . . .  85 
. . . . . . . . . . . . . . . .  Design Outlet Temperature,OF 101.7 

. . . . . . . . . . .  Permissible Range of Inlet Temp. 75 to 90 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Design Flow, gpm. 90 

Pressure Drop. Feet of Water, at 90 gpm. . . . . . . .  22.9 . 
. . . . . . . . . .  Permissible Range of Flow, gpm. 50 to 110 

Pressure Drop. Feet of Water, at 1 10 gpm . . . . . . .  33.5 
. . . . . . . . . . . . .  Maximum Working Pressure, psig.. 100 

. . . . . . . . . . . .  Unit Water Volume, Gallons. Approx.. 20 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fouling Factor. ,001 

FOR COOLING TOWER SELECTION 
Maximum Heat Rejection, Btu/h . . . . . . . . . . . .  853.000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Range,OF. 16 to 17 
Minimum Permissible Sump Temperature,OF. . . . .  75= 

SERVICE CONNECTIONS 
. . . . . . . . . . . . . . . . .  Hot Water Inlet and Outlet. 2" FPT 

. . . . . . . . . . . . .  Chilled Water Inlet and Outlet. 2%" FPT 
. . . . . . . .  Condensing Water Inlet and Outlet.. 2%" FPT 

PHYSICAL DATA, APPROXIMATES 
. .  . . . . . . . . . . . . . .  Operating Weight. Pounds.. : 3.4204 

. . . . . . . . . . . . . . . . . .  Shipping Weight. Pounds. 3.1 4!j5 
. . . . . . . . . . . .  Crated Size, Inches. 1 14 W. 450.69 H 

NOTES: 1. Capacity at design conditions. For capacities at other conditions, see Page 4. 
2. Units equipped for operation on 230V-50Hz-1 Ph available on special order. . 
3. Tliermostatic switch to control tower fan MUST be used. Set to "cut out" at 75OF 
4. Includes circulating water weights. 
5. Units as shipped contain Lithium Bromide charge. 

INLET 2h' FPT CHlLLIC 5';ATER 

OUTLET Z't-FPT 

LEFT VIEW FRONT VIEW RIGHT VlEW 

F i g .  (5.1-8) D i m n e s i o n a l  V i ews  o f  A r k l a ' s  S o l a i r e  300' 



6. What a r e  the gene ra l  t rends  of the  absorp t ion  coo l ing  indus t ry  toward 

the  s o l a r  a p p l i c a t i o n  a t  t he  p re sen t  time? 

6 . 1  Arkla I n d u s t r i e s ,  Incorporated 

Arkla i s  most a c t i v e l y  involved i n  developing abso rp t ion  c h i l l e r s  f o r  

the  s o l a r  a p p l i c a t i o n s .  Their  p re sen t  product ion l i n e  inc  ludes gas- f i r e d  

NH -H 0  (aqua ammonia) u n i t s ,  ga s - f i r ed  H 0-LiBr u n i t s ,  s team-f i red  H 0-LiBr 
3 2 2  2  

u n i t s  and ho t  wa te r - f i r ed  H 0-LiBr u n i t s .  2  

6.1.1 Serve1 Gas- f i red  Water C h i l l e r s  

(Model ACB 36-00) , 4 ton (Model ACB 48-00), and 5  ton (Model ACB 60-00) . 
The r a t e d  COP of the  above u n i t s  a r e :  0 .46 f o r  3 ton and 0.48 f o r  4  and 5  

0 
ton  a t  t h e  condenser e n t e r i n g  a i r  temperature of 95 F and a t  t he  c h i l l e d  

0 
water  leav ing  temperature of 45 F. 

The water-cooled H 0-LiBr u n i t  combined with hydrnnic h e a t e r ,  i s  avail- 2 

a b l e  i n  25 ton capac i ty .  The r a t e d  COP of the  ahnve lini t (Morl~1 nF 300-600) 

0 
i s  0 . 5  a t  t h e  condenser e n t e r i n g  water temperature of 85 F and a t  the c h i l l e d  

0 
water  l eav ing  temperature of 45 F. 

6.1.2 Steam-f i r e d  Water C h i l l e r  

The water'-cooled H 0-LiBr u n i t  of 25 ton capac i ty  is  a v a i l a b l e  (Model 
2  

SF). 

3 Hot Water-f i red Absorption Uni t s  f o r  So la r  Appl ica t ions  

A. F i r s t  Generat ion So la r  Uni t s  

a )  Water-cooled H 0-LiBr Unit  (So la i r e  Model 501-WF) 
2  

The r e s i d e n t i a l  3 ton ,  d i rec t -expans ion  absorp t ion  a i r - c o n d i t i o n e r s  were 

produced i n  l imi t ed  q u a n t i t y  and were intended mainly f o r  r e sea rch  and 



demonstrat ion p ro j ec t s .  Rated capac i ty  of 3  t o n  could be obtained a t  t h e  

0 
genera tor  i n l e t  water temperature of 210 F and a t  t h e  condensing water in -  

0 
l e t  temperature of 85 F. Rated COP of t h e  u n i t  a t  t h e  above condi t ions  i s  0.65. 

b) Water-cooled H20-LiBr Unit ( S o l a i r e  Model WF-300) 

The 25 t o n  water c h i l l e r  was commercially produced f o r  comfort a i r  condi- 

t i on ing  and i n d u s t r i a l  process  app l i ca t ions .  The c i r cu ' l a t i on  of s o l u t i o n  

i s  accomplished by t h e  thermal syphon p r inc ip l e .  The capac i ty  of t h e  u n i t  

v a r i e s  from 14 tons  t o  25 tons  a t  t h e  genera tor  i n l e t  water temperature be- 

0 0 
tween 190 -245 F wi th  condensing water i n l e t . t e m p e r a t u r e  of 85 F and wi th  c h i l l e d  

0 
water o u t l e t  temperature of -45 F. The r a t e d  capac i ty  of 25 ton  i s  ob ta ined  

0 
a t  t h e  design gene ra t a r  i n l e t  water temperature of 225 F. The COP of t h e  

u n i t  i s  0.69 a t  t h e  r a t e d  cond i t i ons  ( i .e . :  225, 85 and 45 '~) .  The number 

of i n s t a l l a t i o n s  of t he  f i r s t  gene ra t ion  s o l a r  u n i t s  (Model 501-WF and WF-300) 

exceeds 4 8 ' i n  t he  U.S.A, and 8 i n  f o r e i g n  coun t r i e s ,  

B. , Second Generat ion S o l a r  Units  

a )  Water-cooled H20-LiBr Unit ( S o l a i r e  Model WF 36) 

The r e s i d e n t i a l  3 t o n  c h i l l e r  i s  the  newest model a v a i l a b l e  i n  product ion 

q u a n t i t i e s .  The u n i t  i s  designed f o r  lower gene.rator input  temperature t han  

t h a t  of t h e  previous Model 501-WF. The design ho t  water temperature i s  

0 
195 F and t h e  u n i t  r e q u i r e s  a  c h i l l e d  water pump and a  cool ing  tower. De- 

t a i l  performance da t a  was previous ly  p r e s e n t e d - i n  Sec t ion  5.1.1. 

b) Water-cooled H20-LiBr Unit ( S o l a i r e  Model WFB 300) 

The new 2 5 ' t o n  c h i l l e r  i s  a l s o  a v a i l a b l e  i n  product ion q u a n t i t i e s .  The 

0 
des ign  input  water temperature t o  gene ra to r  was lowered from 225 F of previous 

0 
Model WF-300 t o  195'~. The u n i t  r e q u i r e s  c h i l l e d  water  pumpt and 85  F cool ing  



water source. The detailed performance of the unit was previously presented 

in Section 5,1,2 

c) Third Generation solar Units 

Arkla is presently developing residential size (3 ton) H 0-LiBr absorp- 2 

tion chillers which contain evaporative cooling package as an integral part 

of the unit, Separate cooling tower is no longer required since the absorber/ 

condenser components are evaporatively cooled inside the unit. Other advantages 

of the third generation unit over second generatinn ,,nit gre: 

- Significant reduction in auxiliary power requirement (about 35% less) 

- Less scaling on the heat transfer surface area of absorberlcondenser 

components due to the increase in surface area 

- Significant reduction in both the first cost and the installa- 

tion cost (competitive to the present gas-fired units) 

0 
The design generator inlet water temperature will remain at 195 F, and the 

uniL will employ mechanical solution pump, Prototype units would be avail- 

able this Summer (1977) and production units, in the Spring of 1979. 

Fourth Generatinn 6nl fly Units 

The development of air-cooled absorption chiller is under consideration, 

The hot water-fired unit would employ new working fluid, lithium bromide- 

lithium thiocyanate-water, developed by Institute of Gas Technology (IGT). 

IGT claims that the air cooling of absorber-condenser component is possible~ 

with the new fluid since i.t wo1.11.~ allow operate absorber-condenser components 

at higher temperature without crystallizing LiBr. 

However, the new system may require higher generator temperature than 

that which could be obtained from the flat plate collectors. Other potential 



problem could be t h e  decomposition of t he  new working f l u i d  due t o  t he  

c a t a l y t i c  a c t i o n  of t h e  meta l  impur i t i e s  e x i s t i n g  i n  t he  system ( i . e . ,  

m a t e r i a l s  problem). I n t e n s i v e  R&D work i s  needed t o  so lve  t h e  above probl'em. 

6.2 The Trane Company 

6,2,1 S ing le  E f f e c t  Absorption C h i l l e r  (Model ABSC) 

T.rane manufactures water-cooled, H 0-LiBr u n i t  which uses  e i t h e r  steam 2  

o r  ho t  water a s  an  energy source. These u n i t s  a r e  not  o r i g i n a l l y  intended 

f o r  s o l a r  a p p l i c a t i o n s ,  thus  a r e  not  s u i t a b l e  f o r  use  wi th  the  f l a t - p l a t e  

s o l a r  c o l l e c t o r s ,  The nominal c a p a c i t i e s  of t h e i r  u n i t s  vary  from 101 

t o  1660 tons  of cool ing.  

6.2,2 Double-effect Absorption C h i l l e r s  (Model ABTD) 

Trane ' s  doub le -e f f ec t ,  water-cooled, H 0-LiBr c h i l l e r s  uses  steam a t  2  
0 

pressures  up t o  150 psig (366'~) o r  ho t  water up t o  400 F  a s  an  energy 

source. Nominal c a p a c i t i e s  of t h e  u n i t s  range from 385 t o  1060 tons  of 

cool ing ,  The COP of t h e  double-ef fec t  c h i l l e r  i s  g r e a t l y  improved over  

t h a t  of t h e  s i n g l e  e f f e c t  due t o  t h e  decrease  i n  energy input  requirement 

by 30@40%. I f  t he  t y p i c a l  COP of 0.67 i s  assumed f o r  a  s i n g l e  e f f e c t  u n i t ,  

t h e  COP of a  double e f f e c t  u n i t s  could be i n  t h e  range of 0.96-1.12, 

6.2,3 Use of S ing le -e f f ec t  Uni t s  f o r  S o l a r  Appl ica t ions  

I n  o rde r  t o  i n i t i a t e  t h e  low temperature input  a p p l i c a t i o n s  of t h e  

s i n g l e - e f f e c t  absorp t ion  c h i l l e r s ,  Trane made l abo ra to ry  t e s t i n g  of t h e i r  

p resent  u n i t s  wi th  no modi f ica t ion .  The r e s u l t s  of t he  t e s t s  a r e  reproduced 

here  i n  F igures  6,2-1, 6.2-2 and 6.2-3. 

1 n . F i g u r e  6.2-1, t h e  percent  of nominal cool ing  capac i ty  i s  p l o t t e d  

ve r sus  t h e  gene ra to r  i n l e t  water temperature w i th  t h e  condenser i n l e t  water  



~ . .  I . .  . . 

temperature a s  a parameter. A s  previously seen i n  Figures 2.2-1, 5.1-2 and 

5.1-4, the  percent of nominal cooling capaci ty  increases a s  the  condenser 

i n l e t  water temperature is  decreased. Comparing Figures.2.2-1 and 6,2-1 

(Tc = 8 5 O ~ ) ,  the  performance of the  Trane u n i t  (Model ABSC-O2A) i s  l e s s  than 

t h e  average performance of the  non-re,s idential  absorption u n i t s .  

F igure  6.2-2 shows the  e f f e c t  of .varying the  leaving c h i l l e d  water 

temperature on the nominal cooling capaci ty  of the  u n i t ,  A s  t h e  leaving 

cll 'illed water temperature increases ,  the  percent nominal cooling capac i ty  

a l s o  increases .  Note t h a t  the  e f f e c t  of increasing t h e  leaving c h i l l e d  

water temperature increases  as  the  genera tor  i n l e t  water tempera ture . increases  

f o r  t h i s  p a r t i c u l a r  un i t .  Compare wi th  Figure  5.1-6 
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~\ 
A s  t h e  mean hot water temperature i n  t h e  genera tor  i s  increased ,  t he  

a v a i l a b l e  cool ing  capac i ty  of t h e  u n i t  a l s o  inc reases  due t o  t h e  fol lowing 

reasons. The amount of hea t  t r a n s f e r r e d  t o  t h e  genera tor  (Qg) can be ex- 

pressed a s :  

Qg = UoAo ATm 

where Uo = o v e r - a l l  hea t  t r a n s f e r  c o e f f i c i e n t  

A o  = ove r -a l l  hea t  t r ans , f e r  a r ea  

ATm = mean temperature d i f f e r e n c e  between hot water and gene ra to r  

s o l u t i o n  

I n  equat ion  6.2-1, ATm inc reases  a s  t h e  mean hot  water  temperature i n  the  

gene ra to r  i s  increased  o r  t h e  gene ra to r  ho t  water temperature d i f f e r e n c e  

(ATgw) i s  decreased,  I n  o rde r  t o  decrease ATgw, t h e  hot  water  flow r a t e  t o  

t he  gene ra to r  must be increased.  I n  doing so ,  the  va lue  of  U o  may a l s o  be 

increased .  Then t h e  cool ing  capac i ty  of t h e  u n i t  i nc reases  s i n c e  t h e  va lue  

of Qg of Eq. 6.2-1 i s  increased.  

F igu re  6.2-3 i l l u s t r a t e s  t h e  e f f e c t  of vary ing  t h e  gene ra to r  hot  water 

temperature d i f f e r e n c e  on the  nominal cool ing  capac i ty  of t h e  u n i t .  For 

0 
in s t ance ;  when t h e  gene ra to r  i n l e t  water  temperature of 200 F i s  assumed, 

0 
t h e  percent  of nominal cool ing  capac i ty  i s  42% a t  ATgw of 15 F o r  50% a t  

0 
ATgw of 5 F. Thus t h e  percent  of nominal cool ing  capac i ty  of t h e  u n i t  i s  

improved by 19% wi th  t h e  decrease  i n  ATgw. 
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As mentioned e a r l i e r ,  the  need of higher  h o t  water flow r a t e  r e q u i r e s  more 

pump work o r  a h igher  gpm pump. 

There i s ,  however, another  way of improving u n i t  coo l ing  capac i ty  with- 

ou t  employing a  new higher  gpm pump. I t  involves minor modif ' ication of 

genera tor  o r  mere inc rease  i n  genera tor  h e a t  t r a n s f e r  a r e a .  

For s o l a r  a p p l i c a t i o n ,  Trane s a i d  t h a t  t h e i r  s i n g l e - e f f e c t  H20-LiBr 

u n i t s  can be used wi th  minor modi f ica t ion  of genera tor  component wi th  

adjustment of s o l u t i o n  concen t r a t ion .  Then the  performance of t h e  modified 

u n i t  should be b e t t e r  than  t h a t  of F igures  6.2-1, 6.2-2 o r  6.2-3 and probably 

approach t h a t  of F igure  2.2-1. 

S i x  Trane abso rp t ion  u n i t s  have been so ld  f o r  a number of s o l a r  

p r o j e c t s  inc luding  one a t  NASA Sys tems Engineering Building i n  Langley 

A i r  Force Base. Nominal cool ing  c a p a c i t i e s  of these  u n i t s  vary from 129 

t o  294 o r i g i n a l  tons.  

6 .3  York Div is ion  of Borg-Warner Corporat ion 

York had some experience on l a r g e ,  custom b u i l t ,  water-cooled,  NH -1.4 0  
3 2 

u n i t s  dur ing  the  per iod  of 1930 t o  1960. A t  t h e  p re sen t  t ime, York manufactures 

complete l i n e  of Model ES abso rp t ion  l i q u i d  c h i l l e r s ,  which a r e ,  of course ,  

water-cooled,  H.0-LiBr u n i t s . .  The absorp t ion  c h i l l e r s  come i n  2 1  s i z e s  
2 

from 110 t o  1377 nominal tons of cool ing ,  and a l l  21 s i z e s  were s a i d  t o  be 

adap tab le  to  s o l a r  a p p l i c a t i o n s  wi th  no mod i f i ca t ion  but  wi th  much dera ted  

capac i ty  a t  lower genera tor  i npu t  temperature.  The c h i l l e r s  a r e  a p p l i c a b l e  

t o  s o l a r  i n s t a l l a t i o n s  r equ i r ing  40 tons o r  more of f u l l  load c a p a c i t y .  

0 
Minimum i n l e t  h o t  water temperature t o  the  genera tor  is  about 170 F. 



Although the a c t u a l  performance d a t a  of t h e  York u n i t  a t  low genera tor  

i n l e t  water  temperatures  i s  not  a v a i l a b l e ,  t he  capac i ty  of t h e  u n i t  reduces 

about  113 of  the nominal r a t i n g  when t h e  genera tor  h e a t  source temperature 

f a l l s  .below 190'~.  (Refer t o  F igure  2.2-1 i n  Sec t ion  2.2 f o r  t he  comparison). 

The COP of  t h e  u n i t ,  a t  t h e  de ra t ed  cond i t i ons , .  however, remains about the  

same a s  t h a t  of t h e  same u n i t  a t  nominal r a t i n g s  (M 0.70) .  

York claims t h a t  t h e i r  genera tor  has  20% more h e a t  t r a n s f e r  s u r f a c e  

a r e a  than  t h a t  of o t h e r s  and t h e  genera tor  i n l e t  water temperature can be 

0 
lower by 10 F than t h a t  of o t h e r s  f o r  the  same capac i ty  of  the u n i t .  

Two of York u n i t s  have been i n s t a l l e d  t o  school  bu i ld ings .  One of them 

. i s  t he  i n s t a l l a t i o n  of nominal 150 ton ,  water-cooled,  H 0-LiBr c h i l l e r  a t  2  

Timonium Elementary School i n  Maryland. With no u n i t  mod i f i ca t ion ,  i t s  

d e r a t e d  capac i ty  i s  ahout  50 ton  a t  t he  gene ra to r  i n l e t  water temperature of 

180 -- 1 8 7 O ~ ,  with t h e  COP of about 0.65. The o r i g i n a l  150 ton u n i t  WBS r a t e d  

0 
a t  gene ra to r  i n l e t  steam temperature of 237 F ,  and t h e  r a t e d  COP was 0.69. 

The performance of the  i n s t a l l e d  u n i t  was s a i d  t o  be poor ( 0 . 4 -  0 .68)  due 

t o  t h e  low cool ing  load c o n d i t i o n  (6 - 9 tons)  of t h e  bu i ld ing .  

P r e s e n t l y  York does no t  have any p lans  t o  develope optimum c h i l l e r s  of 

l a r g e  s i z e s  f o r  low temperature s o l a r  a p p l i c a t i o n s  us ing  York's own fund. 

York, however, may be w i l l i n g  t o  proceed when funds a r e  a v a i l a b l e  from out -  

side source. 

6.4 C a r r i e r  Corpora t ion  ( inc lud ing  Bryant D iv i s ion )  

C a r r i e r  used t o  be a  manufacturer  of l a r g e  g a s - f i r e d  NH -H 0  abso rp t ion  3 2 

a i r  c o n d i t i o n e r s  f o r  commercial a p p l i c a t i o n s  u n t i l  1972. P r e s e n t l y  they 

o f f e r  15 s tandard  models of water-cooled,  H 0-LiBr abso rp t ion  c h i l l e r s .  
2  



These u n i t s  (Ca r r i e r  16JB s e r i e s )  use e i t h e r  low p res su re  steam o r  h o t  

water t o  produce 'cooling capac i ty  i n  the  70 t o  815 ton  range. 

Although C a r r i e r  is  i n t e r e s t e d  i n  the  s o l a r  a r e a ,  ' they do n o t  have 

any p l ans  t o  modify t h e i r  p re sen t  absorp t ion  u n i t s  f o r  s o l a r  a p p l i c a t i o n .  

They th ink  t h a t  t h e  s o l a r  a p p l i c a t i o n  of present  abso rp t ion  u n i t s  is prema- 

t u r e  and has no immediate f u t u r e  due t o  the poor performance and high c o s t  

of t h e  p re sen t  abso rp t ion  u n i t s  i n  s o l a r  a p p l i c a t i o n s .  

More r e c e n t l y ,  i t  i s  heard t h a t  C a r r i e r  i s  being funded by 

Bonniv i l le  power t o  develop a  15-ton H 0-LiBr absorp t ion  c h i l l e r  a t  the  2 
0 

des ign  genera tor  temperature of about 180 F. 



7 .  How does the  abso rp t ion  cool ing  u n i t  perform when i t  is i n s t a l l e d  i n  an 

a c t u a l  s o l a r  cool ing  system? 

The performance of t h e  abso rp t ion  cool ing  u n i t  tes ' ted under s teady  s t a t e  

cond i t i ons  i s  q u i t e  d i f f e r e n t  from t h e  a c t u a l  performance of t h e  u n i t  when 

employed a s  a n  i n t e g r a l  p a r t  o f  the  s o l a r  cool ing  system. It i s ,  t h e r e f o r e ,  

very  important  t o  s tudy  t h e  u n i t  performance ope ra t ing  i n  an a c t u a l  s o l a r  

coo l ing  system. It i s  a l s o  noted t h a t  t h e  cool ing  performance of c h i l l e r  de- 

pends s t r o n g l y  upon the  kind of adapted cool ing  system a s  we l l  a s  t he  geo- 

g r a p h i c a l  l o c a t  ion. 

7 . 1  Colorado S t a t e  Un ive r s i t y  (CSU) 

To demonstrate t h e  f e a s i b i l i t y  of u t i l i z i n g  s o l a r  energy i n  space 

cond i t i on ing  and domestic h o t  water  h e a t i n g  of r e s i d e n t i a l  bu i ld ings ,  CSU 

b u i l t  t h r e e  t e s t  houses,  two of which employ abso rp t ion  coo l ing  u n i t s  a s  

s o l a r  cool ing  subsystems. CSU So la r  House I i s  claimed to he t h e  f i r s t  

hea ted  and cooled r e s i d e n t i a l - s i z e  bu i ld ing  i n  the wnrld, and was put  info 

opera t ion  i,n Auguot, 1374. 

The r e s u l t s  ob ta ined  from the  t e s t s  of the  CSU So la r  House I by t h e  

Colorado S t a t e  Un ive r s i t y ,  w i l l  be summarized he re  since t h ~  d a t a  i s  r e a d i l y  

a v a i l a b l e  i n  reasonable d e t a i l  from References 32-35. 

1.1.1 General Information 

A) House Speclficarions 

3 bedroom r e s i d e n t i a l  house 

T o t a l  f l o o r  a r e a :  3000 square  f e e t  

Floor  area ,  mafn l e v e l :  15UU square  f e e t  



Floor  a r e a ,  lower l e v e l :  1500 square f e e t  

' 0  Roof p i t c h :  45 from h o r i z o n t a l  

Design hea t ing  load: . 17,600 Btuldegree day (55,000 Btuh a t  -10 '~)  

Design cool ing  load: 26,000 Btuldegree day (36,000 ~ t u h  a t  95'~) 
. . 

I n s u l a t i o n :  Ce i l i ng  5  inches f i b e r g l a s s  b a t t  

Walls 3 112 inches f i b e r g l a s s  b a t t  

B) Tes t  Locat ion 

CSU, F o r t  C o l l i n s ,  Colorado 

La t i t ude  : 4 ION 

Longitude : 1 0 5 ' ~  

A l t i t u d e :  5200 f e e t  

C) .Test Period 

June 1, 1974 through August 31, 1974 

D) So la r  HeatingICooling System 

- So la r  Co l l ec t ion  - double glazed aluminum'f lat  p l a t e  c o l l e c t o r  

' 2  
( l i q u i d  type) ,  768 f t  

- Thermal S torage  - 1,130 g a l l o n  s t e e l  tank 

- Auxi l i a ry  Subsystems - g a s - f i r e d  h o t  water h e a t e r  f o r  domestic 

ho t '  water, and gas-f i r e d  ho t  water b o i l e r  f o r  space condi t ion ing  

- Cooling Unit  - modified ARKLA-Serve1 3-ton,  Lithium bromide 

abso rp t ion  a i r  condi t ioner  

- Cooling Tower - forced d r a f t  type ,  96,000 Btuh capac i ty  

7.1.2 Cooling Subsystem 

A) Cooling Uni t  - g a s - f i r e d  ARKLA-Serve1 3.5 ton,  LiBr abso rp t ion  a i r  

cond i t i one r  was modified a s  fol lows:  

- 47 - 



- The g a s - f i r e d  genera tor  s e c t i o n  was replaced by the  hot-water  

powered genera tor  s e c t i o n  

- The LiBr concen t r a t ion  was ad jus t ed  from 54'- 57% t o  5 1 -  54% f o r  

e f f e c t i v e  performance a t  t h e  c l ima te  condi t ions  of the t e s t  . s i t e .  

0 For example; t he  genera tor  temperature could be lowered by 6 F 

0 i f  t he  lower cool ing  water temperature (say 65 F) would be 

a v a i l a b l e .  

- Absorber bypass valve was i n s t a l l e d  t o  d i v e r t  approximately 50% 

of t he  cool ing  water d i r e c t l y  t o  the  condenser when the  cool ing  

0 
water temperature f a l l s  below 65 F. It w i l l  g ive  approximately 

8% inc rease  i n  cool ing  capac i ty  of t he  des ign  genera tor  temperature.  

B) . Cooling Unit  S p e c i f i c a t i o n s  (modified) 

R e f r i g e r a t i o n  capac i ty :  36,000 Btuh (3  tons)  

Ch i l l ed  water o u t l e t  temperature - 4 5 ' ~  

Generator i n l e t  temperature (range) - 175 -- 2 0 2 ' ~  

0 Generator i n l e t  temperature (design)  - 188 9 

Generator flow r a t e  - 11 gpm 

Cooling water i n l e t  temperature - 7 5 ' ~  

Cooling water flow r a t e  - 10 gpm 

C) Cooling Uni t  Performance 

The coo l ing  COP of the  o r i g i n a l  gas - f i r ed  3.5 ton u n i t  was 0.53 a t  t he  

condenser i n l e t  water temperature of 7 5 U ~  and a t  t he  r e t u r n  a i r  temperature 

of  80°F DB (67OF WB). I f  t he  genera tor  e f f i c i e n c y  of 75% is  assumed f o r  the  

g a s - f i r e d  u n i t ,  the  r ev i sed  COP f o r  t h e  100% e f f i c i e n t  genera tor  (ur  equ iva l en t  

t o  water  f i r e d  gene ra to r )  would be 0.71. The use of t he  modified u n i t  a t  



lower i n l e t  gene ra to r  temperature may degrade the, above COP s l i g h t l y .  

F igure  7.1-1 shows t h e  measured cool ing  capac i ty  a s  a func t ion  of t h e  

genera tor  i n l e t  temperature.  A t  t he  r a t e d  cool ing  capac i ty  of  36,000 Btuh, 

the  e f f e c t  of cool ing  water temperature on the  genera tor  i n l e t  temperature 

i s  shown i n  the  t a b l e  below. 

A t  the r a t e d  cool ing  c a p a c i t y  of 36,000 Btuh 

- 

0 
Cooling Water Temperature ( F) Generator I n l e t  Temperature (OF) 

75.0 (design)  18 7 

Note t h a t  t h e  lower genera tor  i n l e t  temperature would produce the  same 

coo l ing  capac i ty  i f  the  temperature of t h e  cool ing  water i s  a v a i l a b l e  a t  a 

lower l e v e l .  
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7.1 .3  S impl i f ied  Schematic Diagram of Cooling System 

Shown i n ' F i g u r e  7.1-2 i s  t he  s i m p l i f i e d  shcematic diagram of the cool ing  

system. The lower po r t ion  of t he  diagram shows t h e  water cool ing  of the 

absorber  and condenser components, and the h o t  water i npu t  ( s o l a r / a u x i l i a r y )  

t o  the  gene ra to r .  The cool ing  u n i t  has  an  e x t e r n a l  d i r e c t  expansion c o i l '  

a s  an  evaporator  wi th  which d i r e c t  h e a t  exchange takes  p l ace  between the  

evaporat ing r e f r i g e r a n t  and the  warm room a i r .  

7.1.4 Performance of t he  Cooling System 

A') COP of Cooling Unit  when on Aux i l i a ry  Heat 

The average COP of t he  cool ing  u n i t  dur ing  the per iod  of August 11 t o  

31, 1974 was 0.48. When the  u n i t  was i n  the  g a s - f i r e d  mode, i t  was u s u a l l y  

ove r - f i r ed  (54,000 Btuh) s i n c e  t h e  l a t e n t  h e a t  load d id  no t  . . e x i s t .  The COP 

of t h e  u n i t  was thus reduced. Had the re  been a  cold. s t o r a g e ,  the  COP of the  

u n i t  would have not  reduced. 

B) COP of Cooling Unit  when on Solar  Heat 

During the  same period a s  i n  A), the  average COP of t he  u n i t  was re -  

por ted  t o  be 0.70 when the u n i t  was operated by, the  s o l a r  h e a t .  The. reasons 

for '  the  s u b s t a n t i a l l y  h igher  .value of COP were explained a s  fol lows:  

The h e a t  input  r a t e  t o  t he  genera tor  was decreased from 54,000 Btuh t o  

38,000 Btuh when the s o l a r  h e a t  is  suppl ied  from the  s to rage .  rhe reduced 

h e a t  i npu t  r a t e  was capable of providing 31,000 Btuh of combined s e n s i b l e  
. . 

and l a t e n t  cool ing .  Since the  requi red  h e a t  removal r a t e  ( mostly s e n s i b l e )  

of So la r  House I was about 27,000 Btuh, even the  reduced h e a t  i npu t  r a t e  was 

capable  of '  providing more cool ing  capac i ty  than was a c t u a l l i  requi red .  The 

COP of 0 .71  (27,000 Btuh/38,000 Btuh) was c a l c u l a t e d  a t  t he  above cond i t i ons ,  

which is  i n  good agreement wi th  the  d a i l y  average s o l a r  COP of 0.70. 
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The reduct ion  of h e a t  input  t o  the  g e n e r a t o r ,  t hus ,  r e s u l t e d  i n  a  s i g -  

n i f i c a n t  COP inc rease  of t h e  coo l ing  u n i t .  The average ope ra t ing  temperature 

of t h e  s t o r a g e  was repor ted  lower when the  h e a t  was suppl ied  by s o l a r  than 

t h a t  by a u x i l i a r y .  

C) Summary of Cooling Sys tem Performame 

The r e s u l t s  of t h e  cool ing  system performance dur ing  t h e  Summer of 

1974, a r e  summarized i n  Table 7.1-1, which i s  s e l f - exp lana to ry .  

Average COP of the  cool ing  u n i t ,  based on both s o l a r  and a u x i l i a r y  (gas) 

h e a t  i n p u t s ,  was approximately 0.60. 

From Column (8 ) ,  i t  is  seen  t h a t  t h e  percent  cool ing  by s o l a r  energy was 

about  31% dur ing  the  three-month pe r iod .  That is  the  a c t u a l  va lue  obta ined  

from the t e s t s  of t h e  CSU Solar  House I. 

Had t h e r e  been no h e a t  l o s ses  from the  h e a t  s t o r a g e  and from o the r  s o l a r  

equipments, the  percent  cool ing  by s o l a r  energy would jump from 31% t o  55% 

dur ing  t h e  same period.  See the  numbers i n  Column (9) .  

During the  period of 7/10 - 817, the cool ing  u n i t  was n o t  allowed t o  run 

a t  n i g h t  when the  cool ing  demand was low, thus e l imina t ing  much of t he  cyc l ing  

of t he  u n i t .  I n  t h i s  ca se ,  t he  pe rcen t  cool ing  by s o l a r  energy could inc rease  

up t o  81% when no h e a t  l o s ses  from the  s o l a r  equipment i s  aga in  assumed. The 

es t imated  va lue  of 81% may s t i l l  be conserva t ive  s i n c e  the  improvement of 

system c o n t r o l  (such a s  c o n t r o l  Mode I1 and I11 dur ing  t h e  per iod  of 8 /11  - 
8/31) would r e s u l t  i n  b e t t e r  performance of t h e  s o l a r  cool ing  system. 

7.1.5 E f fec t s  of Cont ro l  System Modif ica t ions  on Cooling System 

Performance 

During the  month of August, 1974, t h r e e  d i f f e r e n t  modes of c o n t r o l  systems 

were employed and the  r e s u l t s  were r e f l e c t e d  a s  fo l lows .  



TABLE (7.1-1) ~OIITHLY AVER4GES OF COOLING VALIJE 
3 5  OF CSU SOLAR COOLILG SYSTEM (19%) 

(a) Total  = Solar + Auxil iary  

(b) Added cooling load caused by h e a t  los ses  from Solar ~quipmer.t t o  b . ~ i l d i n g s  i n t e r i o r  

(c) ReviseC = Without imposed load caused by heat losses  

(d) Specia l  period during which a o l i n g  un i t  was ni: all.=ed t o  run a t  n i g h t  i n  order  t o  eliminate much of the  u n i t  cycl ing 

(2) 

To ta l  Cooling 
Load 

W t u f d a y )  

0.173 

0.239 

0.218 

0.210 

0.181 

column 

June 

J u l y  

' August 

Season 

7/10 - 817'~) 

(1) 

' ~ o t a l " ( ~ ) ~ e a t  
t o  Cooling Unit 

(MBtu/day) 

0.295 

0.360 

0.408 

0.354 

- 

( 5 )  

Cooling Load 
W t u f d a y )  

0 .093  

0.151 

0.135 

0.126 

0.101 

(6) 

Cooling -3y 
Solar Only 

Wtufday)  

0.032. 

0.095. 

0.069 

0.065. 

0.082 

(3) ( 4 )  , 

COP of Impcsrd 
Cooling Unit Coolixg ~ o a d ( ~ )  

0.59 - 1  

i 0.66 

(7) 

@E.tu/day) 

e0.080 

1 , 0.088 

0.54 0.083 i 
0.59 0.084 

1 0.081 - 

(8) (9) 

% Cooling by Solar  
Solar  Beat 
t o  Cooling Uni 
+ Column 

12.3 

34.3 ' 

28.2 

25.9 

- 

Column (6) 

+ Column (2) 

18.6 

39.7 

31.4 

31 .O 

- 

Column (6) 

I Column (5) 

34.6 

62.9 

50.8 

51.6 

81.1 



A) Cont ro l  System Modif ica t ion  

a )  August 1, 1974 - August 10, 1974 

A two-stage c o n t r o l  was u t i l i z e d  f o r  se lec t ' ing  s o l a r  o r  a u x i l i a r y  

t o  meet the  cool ing  load.  Cooling was provided by s o l a r  when- 

0 
ever t he  bu i ld ing  temperature ro se  above 72 F and t h e  s t o r a g e  

0 
temperature exceeded 180 F. I f  t h e  .cool ing demand could n o t  

0 
be met, and t h e  bu i ld ing  temperature ro se  above 74 F ,  a u x i l i a r y  

h e a t  was, then,  used t o  meet t he  f u l l  cool ing  load even though 

the  s t o r a g e  temperature exceeded the  minimum genera tor  i n l e t  

temperature.  

b) August 10, 1974 - August 20, 1974 

The previous c o n t r o l  system was modified t o  provide s o l a r  cool ing  

whenever the  s t o r a g e  temperature exceeds the  minimum genera tor  

0 
i n l e t  temperature of  180 F. 

c )  August 20, 1974 - August 31, 1974 

The new mod i f i ca t ion  is  t h e  lowering of the minimum gene ra to r  

0 0 
supply water temperature from 180 F t o  171 F. This  i s  poss ib l e  due 

t o  t he  a v a i l a b i l i t y  of low cool ing  water temperature.  

B) Resu l t s  of Cont ro l  System Modif ica t ions  

The t a b l e  below shows the  r e s u l t s  r e f l e c t e d  by the  change i n  c o n t r o l  

modes. By going from Control  Mode I t o  Mode 111, the  u s e f u l  h e a t  de l ive red  

t o  t h e  thermal s to rage  was increased  by 81%, while  111% i n c r e a s e  i n  s o l a r  

coo l ing  was a l s o  achieved. 



Cont ro l  Time Span d cooling** ( ~ t u  x Sola r  Cooling 
Mode (Btu X Aux. (Gas) S o h  r  (%I 

TOTAL 8 .39  .3 ,3.3 2.18  40 

* Useful  h e a t  de l ive red  t o  thermal s t o r a g e  

** Heat d e l i v e r e d  t o  genera tor  times COP 

7.1.6 E f f e c t s  of Uni t  Cycling on Cooling System Performance 

A) During Days of High Cooling Demand 

The coo l ing  u n i t  s t a r t s  i n  the morning and runs  n e a r l y  cont inuous ly  a t  

t he  COP which c l o s e l y  corresponds t o  the  des ign  value. 

B) During Days of Low Cooling Demand 

The u n i t  runs i n t e r m i t t e n t l y  and t h e  number of cyc l ing  can be a s  many a s  

40 times i n  a  24-hour per iod .  Warming up per iod  of t h e  u n i t  could be a s  long 

a s  15 minutes .  The genera tor  cools  o f f  i n  about  10 minutes a f t e r  t h e   ini it is 

o f f .  Assuitling , tha t  the  u n i t  runs  only  10 minutes cont inuous ly ,  t h e  COP wouid 

dec rease  i n  h a l f  due t o  t he  h e a t  l o s ses  dur ing  one s t o p - s t a r t  per iod .  

Pn September, 1974, when t h e  coo l ing  load was down t o  only 5,230 Btuh 

( seasona l  average ,  8,570 Btuh) ; the COP f e l l  t o  0.37 ( seasonal  average ,  0.59) , 

which is  a  d r a s t i c  37% decrease .  

F igure  7.1-3 i s  an  e x c e l l e n t  example of t h e  coo l ing  performance of t he  u n i t  

du r ing  t h e  per iod  of  low coo l ing  demand. From the  f i g u r e ,  s i g n i f i c a n t  r educ t ion  

i n  COP can  be e a s i l y  v i s u a l i z e d  dur ing  t h e  unsteady s t a t e  per iod caused by t h e  

c y c l i n g  of  t h e  u n i t .  On t h i s  p a r t i c u l a r  day,  t he  number of cyc l ing  was 39 and 

t h e  average COP of t he  u n i t  was below 0.4. 

- 56 - 
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C) Addit ion of Cold-Side S torage  

The use of co ld  s t o r a g e  can s i g n i f i c a n t l y  reduce t h e  i n e f f e c t i v e n e s s  

r e s u l t i n g  from cyc l ing  of the  cool ing  u n i t  s i n c e  the  coolness  produced by 

the cont inuous running of the  u n i t  can be s t o r e d  i n  t he  co ld  s to rage  and can  

b e  used l a t e r .  

The e f f e c t  of adapt ing  co ld  s t o r a g e  on t h e  cool ing  performance w i l l  be 

included i n  the l a t e r  s e c t i o n s  (CSU Solar  House 111) .  

7.1.7 E f f e c t s  of Heat Losses on Cooling System Performance 

A) Heat Loss f r o m S t o r a g e  Tank 

Heat l o s s  from t h e  thermal s t o r a g e  which was loca ted  indoors ,  no t  only 

increased  t h e  coo l ing  load bu t  a l s o  reduced the  amount of cool ing  provided by 

t h e  abso rp t ion  u n i t .  Approximately 21 ~ t u h / O ~  of thermal l o s s  from t h e  s to rage  

tank  was measured. It amounted t o  the average h e a t  l o s s  r a t e  of 1,780 Btuh 

du r ing  t h e  month of August, 1974, which corresponds t o  7 - 8 % of t h e  s e n s i b l e  

h e a t ,  21,600 - 26,900 Btuh, removed by the cool ing  u n i t .  

B) Other Louuuu 

Heat l o s s e s ,  from the  s o l a r  prehea t  tank of h o t  water system (m 500 Btuh),  

t he  s u r f a c e s  of t he  a u x i l i a r y  ho t  water tank,  pumps, p ip ing ,  and h e a t  ex- 

changers ,  c o n t r i b u t e  a  s i g n i f i c a n t  f a c t o r  t o t h e  cool ing  load i n  August. 

C) T o t a l  Heat Losses from So la r  Equipment 

Approximate t o t a l  h e a t  l o s s  of 2.48 X l o6  Bru was reporred during t h e  

summer of 1974. It corresponds t o  46% df the  t o t a l  coo l ing  load o f  5.41 X 10 
6 

Btu dur ing  the  same pe r iod .  

D) Improvements 

Assuming no such h e a t  l o s s e s ,  s o l a r  h e a t  would have provided 74.7% of 

t h e  coo l ing  load requirements .  Be t t e r  i n s u l a t i o n  of s o l a r  equipment and the  

- 58 - 



outdoor vent ing  of excess  h e a t  from the  system components, would s i g n i f i c a n t l y  

improve the  cool ing  system performance. With improved i n s u l a t i o n ,  the  h e a t  

l o s s  from. the  thermal s to rage  was c u t  i n  ' h a l f .  

7.1.8 E f f e c t  of Low Humidity on U n i t ' s  Cooling Performance 

I n  the  a r e a  of F o r t  Co l l i n s  where CSU So la r  House I '  (or  111) i s  l oca t ed ,  

low humidity p r e v a i l s  dur ing  t h e  cool ing  season. Since the  performance d a t a  

were taken dur ing  the  per iods  of  low l a t e n t  h e a t  load ,  t h e  COP of t h e  coo l ing  

u n i t  was s u b s t a n t i a l l y  reduced. 

To i l l u s t r a t e  the  p o i n t ,  t he  fol lowing example was given. Under t h e  

normal cond i t i ons ,  s e n s i b l e  coo l ing  of 27,000 Btuh and l a t e n t  hea t  removal 

of 10,000 Btuh can be obtained a t  t he  genera tor  hea t  input  of 54,000 Btuh. 

This  corresponds t o  COP of 0.69. Assuming no l a t e n t  hea t  load,  however, 

t he  COP. i s  reduced from 0.69 t o  0.50. Therefore,  the  cool ing  u n i t  a t  CSU 

So la r  House I should have the COP c l o s e  t o  0.50 i f  i t  had been run a t  des ign  

ope ra t ing  cond i t i ons .  

7 .1.9 Maintenance of Cooling Unit  

During t h e  per iod  of J u l y  1, 1974 t o  August 31, 1975, ther'e was only  one 

s e r v i c e  c a l l  on the  cool ing  u n i t .  The problem was a  slow l eak  of t h e  system. 

Vacumm pumping 'of t h e  sys  tem simply solved t h e  problem. 

7.2 Un ive r s i t y  of F l o r i d a  (UF) 

Much of the  R & D work concerning t h e  use  of NH3-H20 abso rp t ion  u n i t s  f o r  

s o l a r  cool ing  a p p l i c a t i o n s  has been generated a t  t he  Un ive r s i t y  of F lo r ida .  

Following the  t e c h n i c a l l y  succes s fu l  ope ra t ion  of a n  i n t e r m i t t e n t  NH - H  0  3 2 

abso rp t ion  u n i t s  a t  low genera tor  i npu t  temperatures (140 - 1 8 0 ~ ~ )  from t h e  



f l a t  p l a t e  c o l l e c t o r  i n  19589 Un ive r s i t y  of F l o r i d a  designed and b u i l t  a  

3.5 t on  continuou's NH -H 0  abso rp t ion  u n i t s  f o r  t he  s o l a r  a p p l i c a t i o n s  i n  
3  2  

1962. Absorberlcondenser components of t he  absorp t ion  ' c h i l l e r  were water- 

cooled and the  h o t  water i npu t  t o  the genera tor  was suppl ied  from the  f l a t  

p l a t e  c o l l e c t o r .  

The performance of  t h e  i n s t a l l e d  system is  shown i n  F igure  7.2-1. The 

0 
a b s o r p t i o n  u n i t  was powered by the  water supply temperature from 140 t o  200 F  

0 
wi th  u s u a l  ope ra t ion  a t  about  175 F. A t  t h e  s teady  s t a t e  ope ra t ion  of the 

' u n i t  f o r  1 .5 .hour s ,  t he  u n i t  produced 2.4 tons of cool ing  capac i ty  wi th  the  

COP of about  0.57 . 
Although the  t e c h n i c a l  f e a s i b i l i t y  of ope ra t ing  t h e  water-cooled NH3-H20 

a b s o r p t i o n . c h i l l e r  a t  the  f l a t  p l a t e  c o l l e c t o r  temperature was demonstrated, 

t he  o v e r a l l  performance of t he  non-optimized u n i t  was f a r  from the  s a t i s f a c t o r y  

leve  1. 

I n  1974, UF adapted an  i n t e r m i t t e n t  NH -H 0  abso rp t ion  c h i l l e r  t o  i t s  3 2 

S o l a r  Tes t  House, They s a i d  t h a t  t h e  i n t e r m i t t e n t  u n i t  was chosen because of  

i ts  s i m p l i c i t y  i n  des ign  and ope ra t ion .  However, i t  r e q u i r e s  a  complex c o n t r o l  

system. The s i m p l i t i e d  schematic diagram o t  t he  UY coo l ing  system is  shown 

i n  F igu re  7.2-2. 



Fig. (7.2-1) Performance of Univelsity of Florida's 3 ton Continuous NH 3 -H 2 0 

Absorption Chiller 
10 
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Univers i ty  of F l o r i d a ' s  i n t e r m i t t e n t  system (3  ton) was designed t o  

provide enough cool ing  f o r  3  - 6 hours of ope ra t ion  f o r  a  s i n g l e  genera t ion  

cyc le  of 45 minutes.  The i n t e r m i t t e n t  cool ing  u n i t  was' t e s t e d  under the  

a c t u a l  l i v i n g  condi t ions  a t  the Un ive r s i t y  of F l o r i d a ' s  So la r  Research Resi-  

dence. Although the  d e t a i l e d  r e s u l t s  of  the  t e s t s  a r e  n o t  a v a i l a b l e ,  it was 

2 0 repor ted  t h a t  t he  COP a s  high a s  0.57 was obtained-  . 
The des ign  of new continuous NH - H  0  absorp t ion  u n i t  was s t a r t e d  i n  the  

3 2 

Spr ing  of 1976 and now has been completed. The u n i t  was water-cooled and was 

designed t o  be operated a t  the genera tor  i n l e t  water temperature l e s s  than 

180'~. UF is  now seeking f o r  funding t o  b u i l d  the  pro to type  u n i t  t o  be 

t e s t e d  a t  the  UF So la r  Tes t  House. Then t h e  performance comparison w i l l  be 

made between the  i n t e r m i t t e n t  and t h e  continuous NH - H  0  u n i t s  and t h e  complete 
3 2 

assessment of t h e  two d i f f e r e n t  systems w i l l  be eva lua ted .  It was s a i d  t h a t  

the energy e f f i c i e n c y  r a t i o  (EER) and the  i n i t i a l  c o s t  of the  cont inuous 

abso rp t ion  u n i t  a r e  more favorable  than those of i n t e r m i t t e n t  type u n i t s .  

7 .3  Un ive r s i t y  of Wisconsin 

I n  1959, Chung e t  a130 ind ica t ed  the  use of ho t - s ide  and co ld - s ide  energy 

s t o r a g e s  a s  we l l  a s  the  p o s s i b l e  s to rage  of 1 i q u i d . r e f r i g e r a n t  i n  t h e  absorp- 

t i o n  cool ing  system. 

Technological f e a s i b i l i t y  of s o l a r  coo l ing  wi th  a  H 0-LiBr abso rp t ion  2 

a i r  cond i t i one r  (3- ton,  Arkla DUCS- 2, steam- f i r e d )  was demonstrated exper imenta l ly  

by the  same group31 i n  1962. The r e s u l t s  of t h e i r  experiments a r e  presented 

i n  F igures  7.3-1 and 7.3-2, which a r e  s e l f  explanatory.  F igure  7.3-1 i s  the  

performance of the s o l a r  cool ing  system on a  c l e a r  day, and Figure  7.3-2 
CI 

on a cloudy day. 



The COP of t h e  H 0-LiBr u n i t  i n  the  above experiments was about t he  same 2  

(m 0 . 6  wi th  h o t  water supply temperature above 1 8 0 ~ ~ )  a s  t h a t  p red ic t ed  i n  

30 
t h e i r  p rev ious  s tudy  . The experimental  values of the  . f l a t - p l a t e  c o l l e c t o r  

e f f i c i e n c y ,  however, were 24 t o  37% a s  compared t o  the  values (38 t o  52%) used 

i n  t h e  previous  s tudy .  As a  r e s u l t ,  t he  o v e r a l l ,  s teady  s t a t e  COP of t he  

experimental  system (= Air cond i t i one r  COP X c o l l e c t o r  e f f i c i e n c y )  u s ing  a  

f l a t - p l a t e  c o l l e c t o r  of 25% e f f i c i e n c y ,  was about 0 .15 compared t o  t he  pre-  

d i c t e d  va lue  of about 0.30 i n  t h e i r  previous s tudy  (with c o l l e c t o r  e f f i c i e n c y  

of 0 .5 ) .  
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7.4 The Ohio S t a t e  Un ive r s i t y  (OSU) 

OSU has a  s o l a r  house which was claimed t o  be t h e  f i r s t  i n  Ohio. The 

s o l a r  house which i s  w e l l  i n s u l a t e d ,  i s  a  one-s tory  bu i ld ing  with about 

2  
2200 f t  of condi t ioned l i v i n g  space. The OSU So la r  House employs 720 f t  

2  

f l a t  p l a t e  c o l l e c t o r ,  1200 g a l l o n  water s to rage  tank (wel l  i n su l a t ed )  and a  

f a n - c o i l  u n i t  f o r  d i r e c t  hea t ing  and' uses  modified Arkla 3-ton H20-LiBr 

abso rp t ion  u n i t  which i s  f i r e d  by h o t  water from the  s t o r a g e  tank,  f o r  space 

coo l ing .  As a  back-up system f o r  t he  period of no sunshine ,  a  s o l a r - a s s i s t e d  

h e a t  pump@odified 4  ton  G. E. Weathertron s p l i t  u n i t ) i s  employed f o r  both 

h e a t i n g  and cool ing .  An a u x i l i a r y  e l e c t r i c  duc t  h e a t e r  is  a l s o  i n s t a l l e d  f o r  

t he  worst  weather condi t ions .  

Previous ly  OSU So la r  House employed two 20,000 g a l l o n  water  s t o r a g e  

tanks which d id  n o t  proper ly  provide high enough temperature t o  power the  

modif ied Arkla  abso rp t ion  u n i t  ( s imi l a r  t o  S o l a i r e  Model 501-WF). I n  order  

0 
t o  ope ra t e  t he  abso rp t ion  u n i t  p rope r ly ,  approximately 190 F hot  water from 

the  s t o r a g e  was r equ i r ed .  D i f f i c u l t i e s  i n  ob ta in ing  s u f f i c i e n t l y  high temp- 

e r a t u r e s  i n  the s t o r a g e  tanks were found t o  be due t o  t h e  excess ive  hea t  l o s s ,  

poor c o l l e c t o r  performance a s  we l l  a s  l a r g e  s i z e  of  t he  s t o r a g e  tanks.  

The cool ing  t e s t  of t he  OSU So la r  House i s  aga in  planned dur ing  t h e  

Summer of 1977. They w i l l  use  smal le r  s t o r a g e  tank (one 1200 ga l lon  s i z e )  

wi th  improved i n s u l a t i o n  and a new f l a t  p l a t e  c o l l e c t o r ,  which wnuld be 

double glazed PPG c o l l e c t o r  wi th  s e l e c t i v e  coa t ing .  



8. What can be done to reduce or eliminate the limitations of absorption 

cooling? 

8.1 ' Water-cooling limitation of ~bsorberl~ondense; Components 

8.1.1 H 0-LiBr Absorption Cycle 
2 

The major drawback of the H20-LiBr unit could be the requirement of 

water-cooling. As mentioned earlier in Section 4.1, addition of cooling tower 

could increase the initial cost and create maintenance problem especially when 

the unit is of residential size. It was also mentioned in Sections 2.2 and 

4.1 that the H 0-LiBr unit can not be air-cooled due to the crystallization 2 - 

problem. 

In 1968, however, new refrigerant-absorbent solution for possib1.e use 

in an air-cooled absorption unit was introduced12. The working fluid comprises 

3 components: water as a refrigerant. lithium bromide/lithium thiocyanate 

mixture (LiBrILiSCN) as the absorbent. The addition of the third component, 

lithium thiocyanate, to the H 0-LiBr pair does prevent crystallization at 
2 

temperatures prevalent in an air-cooled system. The working fluid was said 

to have low heat capacity, low viscosity and low heat of dilution. It is also 

non-corrosive, non-toxic and thermally stable. The molar concentration ratio 

of LiBr to L~SCN may range from 0,. 25 to 4.00. 

Although the possible air-cooling with the new working fluid is indicated, 

the fully air-cooled unit still requires a generator temperature of about 

245O~, which is somewhat higher than that from the present flat plate solar 

 collector^^^. As mentioned in Section 6.1-3, ArklalIGT is planning to employ 

this working fluid in developing their fourth generation.air-cooled solar 

absorption unit. The material's problem (previously mentioned in Section 

6.1-3), however, should be solved first. 

- 67 - 



8.1.2 NH -H 0 Absorption Cycle 
3 2 

In Section 4.la, it was said that the operation of NH -H 0 absorpti.on 3 2 
.O 

,unit at the generator input temperature below about 250 F would require 

water-cooling. In other words, NH -H 0 absorption unit requires water- 3 2 

cooling.,when powered by hot water from the flat-plate solar collectors. 

Recently an experimental study of NH -H 0 absorption chiller at low gen- 
3 2 

0 
erator temperatures ( say 175 - 210 F) was performed and possible operating 
conditions for an air-cooled NH -H 0 unit were indicated 

3 2 
13'14. ~rkla gas- 

fired 5 ton NH -H 0 absorption unit (Model ACB-60) was modified and used 
3 2 

14 
for the study. The evaporator temperature, Te, was expressed as , 

Te = fn (Tc, Ta, Tg, APa, &Ax) Eq. 8.1-1 

where Tc = condensing temperature 

Ta = absorbing temperature 

Tg = generating temperature 

APa = pressure drop across absorber 

,bx = concentration diiference between weak and strong solutions 

The relationship of Eq. 8.1-1 was presented and is shown here as Figure 

8.1- 1. Here, Ax of 0.03 corresponds to the maximum relative circulation ratio 

of about 16. The relative circulation ratio is defined as the mass flow rate 

of weak solution (NH -poor solution) per unit mass flow rate of refrigerant 
3 

(NH3) ,or ; 

1-zs RCR (relative circulation ratio) = Zs - Zw Eq. 8.1-2 

. .' 
where Zw = refrigerant concentration in weal solution 

Zs = refrigerant concentration in strong solution. 



I n  F igure  8.1-1,  t h e  poss ib l e  ope ra t ing  zone f o r  an a i r - coo led  u n i t  is in-  

d i c a t e d  by the  do t t ed  l i n e .  I n  o the r  words, f o r  181 < Tg < 1 9 5 O ~ ,  

43 5 Te 5 4 7 ' ~  o r  51  < Tcw ( c h i l l e d  water)  5 5 5 ' ~  and 104 5 Tc (or  Ta) l l l ° F  

o r  9  s ATc (= Tc - 95) < 16 '~ .  I n  order  t o  ope ra t e  the u n i t  a t  the above 

14 cond i t i ons ,  the  fol lowing remedies have been suggested . 
a )  Remedies f o r  high evapora t ing  temperature 

' - Heat t r a n s f e r  su r f aces  of evaporator  and/or  c h i l l e d  water fan- 

c o i l  u n i t  be increased  

- Horse power requirement of c h i l l e d  water pump may be increased  

b) Remedies f o r  small  ATC 

- Heat t r a n s f e r  a r e a  of absorber-condenser components be increased  

(or  doubled) 

- Cooling a i r  flow r a t e  f o r  absorber-condenser components be in- 

c reased  (or  doubled) .  This w i l l  i nc rease  the f a n  power r equ i r e -  

ment from 0.35 HP t o  0.70 HP f o r  3  ton cool ing  capac i ty .  

c )  Remedies £or high r e l a t i v e  c i r c u l a t i o n  r a t i o  

- Power requirement of s o l u t i o n  pump must be increased  t o  0.70 

HP (assuming the  pump e f f i c i e n c y  of 40%) f o r  3  ton  coo l ing  

capac i ty  when the r e l a t i v e  c i r c u l a t i o n  r a t i o  i s  16 (compared 

wi th  about  3  f o r  convent ional  gas - f i r ed  NH - H  0  u n i t ) .  
3  2 

For 3 ton  cool ing  u n i t ,  the t o t a l  power requirement of f an  and s o l u t i o n  

pump thus amounts t o  about 1.4'HP, which i s  equ iva l en t  t o  about  10%.of t he  

t o t a l  cool ing  capac i ty  (or  30% i f  based on f o s s i l  f u e l  consumption). Conven- 

t i o n a l  g a s - f i r e d  NH - H  0  u n i t  employs f an / so lu t ion  pump motor of 314 HP. 
3 2 



Absorbing -Condensing Temperature 

Fig. (8.1-1) T as a Function of T and T =T for a Pressure Drop Across E G A C 

the Absorber of 3 psi and a Solution Concentration ~ifference of 0.d3 



The t o t a l  power consumption equ iva l en t  t o  35 Btuh of cool ing  per  wat t  of 

e l e c t r i c a l  power ' input was a l s o  compared wi th  about 8  Btuh per  wat t  f o r  a  

mechanical vapor compression u n i t .  

The COP of 0.65 c o u l d - b e  obtained f o r  the modified NH -H 0  u n i t  a t  
3  2 

AX = 0.03 and a t  t he  s o l u t i o n  h e a t  exchanger e f f e c t i v e n e s s  of 90%. 

I n  summary, t echn ica l  f e a s i b i l i t y  of us ing  a i r - coo led  NH - H  0  absorp t ion  
3 2 

u n i t  a t  low genera tor  temperature (corresponding t o  f l a t - p l a t e  s o l a r  c o l l e c t o r )  

was demonstrated. P r a c t i c a l i t y  of t h e  proposed u n i t ,  however, needs t o  be 

proven. 

8 .2 COP Limi ta t ion  

I n  gene ra l ,  the COP of the  s i n g l e  e f f e c t  abso rp t ion  u n i t  u s ing  con- 

ven t iona l  working f l u i d  i s  l imi t ed  and is always l e s s  than 1.0 ( s e e  Sec t ion  

3 . 2 ) .  Some of t he  high e f f i c i e n c y  abso rp t ion  cyc le s  which have not  been 

mentioned be fo re ,  w i l l  be d iscussed .  

8.2.1 Double-effect  Absorption Cycle 

I f  t he  genera tor  i n l e t  temperature of steam o r  ho t  water i s  a v a i l a b l e  

0 
a t  3 5 0 ' ~  - 400 F, double e f f e c t  abso rp t ion  cyc le  can be employed and t h e  

s i g n i f i c a n t  improvement i n  COP can r e s u l t .  Typica l ly  COP of the  water- 

cooled ,  double- .effect ,  H 0-LiBr u n i t  i s  improved t o  0.99 from t h e  0.67 of 
2  

s i n g l e  e f f e c t  u n i t ,  and a l s o  t h e  COP of t he  double e f f e c t  u n i t  i s  no longer 

l imi t ed  t o  1 .0 .  

F igure  8.2-1 shows t h e  schematic diagram of t h e  Trane, doub le -e f f ec t ,  

16 
H 0-LiBr u n i t  , The p re s su re  of  the  f i r s t  s t a g e  genera tor  and condenser 

2  

should be s u f f i c i e n t l y  h igh  t h a t  t h e  r e f r i g e r a n t  condensing temperature of 

t he  f i r s t  e f f e c t  i s  t o  be h igher  than t h e  second s t a g e  genera tor  temperature.  
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Fig. (8 .2-1)  Schematic Diagram o f  Trane, Double -Ef fec t ,  H 0 - L i B r  

16 
2 

Absorp t ion  Cycle  (Water c o o l e d )  



S t a r t i n g  from the  top l e f t  corner  of t he  f i g u r e ,  steam o r  h o t  water 

is  c i r c u l a t e d  i n t o  t h e  f i r s t - s t a g e  concent ra tor  t o  b o i l  ou t  r e f r i g e r a n t  

(wate;) from s o l u t i o n  (H 0-LiBr).  Water vapor from t h e . f i r s t - s t a g e  concent ra tor  , 

2 

is  then condensed i n  t h e  second-stage concen t r a to r ,  thus  giv.ing up the  h e a t  

t o  t he  p a r t i a l l y  concent ra ted  H 0-LiBr s o l u t i o n  from t h e  f i r s t - s t a g e  concen t r a to r .  
2 

The p a r t i a l l y  concent ra ted  H 0-LiBr s o l u t i o n  from t h e  f i r s t - s t a g e  concen- 
2 

t r a t o r  i s  cooled i n  the high temperature h e a t  exchanger by t h e  r e tu rn ing  d i l u t e d  

s o l u t i o n  from the  absorber  a n d , i s  passed t o  t h e  second s t a g e  concen t r a to r ,  

where the  s o l u t i o n  aga in  b o i l s  due t o  t h e  h e a t  g a i n  from t h e  condensing 

r e f r i g e r a n t  from the  f i r s t - s t a g e  concen t r a to r .  Re f r ige ran t  vapor generated 

from the  second-stage concent ra tor  passes  t o  the  condenser 'and is  l i q u i f i e d  

by t h e  cool ing  water c i r c u l a t e d .  Now. t h e  t o t a l  amount of r e f r i g e r a n t  o r  water 

accumulated i n  t h e  condenser i s  t h e  sum of t he  r e f r i g e r a n t  l i q u i d  o r ig ina t ed  

from f i r s t  s t a g e  concent ra tor  and the condensed r e f r i g e r a n t  vapor from the 

second-stage concen t r a to r .  

The r e f r i g e r a n t  l i q u i d  from t h e  condenser i s  forced th.rough the  o r i f i c e  

( a c t s  a s  an expansion valve)  i n t o  the  evaporator  caus ing  cool ing  e f f e c t  a s  

it evapora tes . .  I n  t h e  absorber ,  t h e  r e f r i g e r a n t  vapor from t h e  evapora tor  i s  

combined w i t h  .the concent ra ted  H ~ O - ~ i ~ r  s o l u t i o n  from t h e  second-stage concen t r a to r .  

Heat of absorp t ion  i s  c a r r i e d  away by t h e  cool ing  water .  Resu l t i ng  d i -  

l u t e d  s o l u t i o n  i n  thk absorber  i s  then pumped back t o  t he  f i r s t - s t a g e  concen- 

t r a t o r  v i a  low temperature and' high temperature h e a t  exchangers. Heat c.ontent 

of t h e  d i l u t e d  s o l u t i o n  t o  the  f i r s t - s t a g e  concent ra tor  i nc reases  a s  i t  passes  

through t h e  above h e a t  exchangers,  t h u s  impmving t h e  COP of t h e  cyc l e .  



Since  the  r e f r i g e r a n t  vapor from the  f i r s t - s t a g e  concent ra tor  condenses 

i n  t he  second-stage concen t r a to r  by re ' j ec t ing  h e a t  of condensat ion t o  the  

p a r t i a l l y  concent ra ted  s o l u t i o n  from the  f i r s t - s t a g e  concen t r a to r ,  t he  h e a t  

per  ton of r e f r i g e r a t i o n  r e j e c t e d  t o  t h e  coo l ing  water i s  reduced by approx- 

imate ly  20% a s  compared t o  t h e  s ing le -e f  f e c t  u n i t .  

Concentrat ing type s o l a r  co l lec ' to r  i s  a  must t o  ope ra t e  doub le -e f f ec t ,  

H 0-LiBr abso rp t ion  u n i t .  The c a p a c i t i e s  of t he  doub le -e f f ec t ,  i n d u s t r i a l  
2 

abso rp t ion  u n i t s  u s u a l l y  come i n  l a r g e  s i z e s  ( 400 - 1100 tons ) .  

The double e f f e c t  ope ra t ion  with a i r - coo led  NH -H 0 u n i t  i s  p r a c t i c a l  
3  2 

due t o  the  f a c t s  t h a t  t he  f i r s t  e f f e c t  p re s su re  i s  too excess ive  (> 1100 p s i a ) ,  

t h e  pumping power requirement increases  (7 times t h a t  of the  s i n g l e - e f f e c t  

c y c l e ) ,  and the  second r e f r i g e r a t i o n  e f f e c t  reduces t o  1 / 3  o r  l e s s  of t h a t  i n  

17 
the  f i r s t  e f f e c t  . 

8.2.2 Aboorption Cyclc Uo ing  Working F lu id  t h a t  hac P o c i t i v e  

Devia t ion  from Raou l t ' s  Law 

A s  i nd ica t ed  i n  Sec t ion  3 . 2 ,  the  COP of a  s i n g l e - e f f e c t  abso rp t ion  cyc le  

can  t h e o r e t i c a l l y  break t h e  1 .0  b a r r i e r  i f  t h e  employed working f l u i d  has  pos i -  

t i v e  d e v i a t i o n  from Raou l t ' s  Law, o r  AHdil < 0. See Eq. 3.2-2. It a l s o  s t a t e s  

t h a t  t h e  COP of t h e  new f l u i d  system depends s t r o n g l y  on t h e  magnitude o f  t h e  

h e a t  o f  d i l u t i o n  o r  { ( A ~ d i l ) ( R r  + 1 ) )  of t h e  p o s i t i v e  d e v i a t i o n  f l u i d  p a i r ,  

which i s  u s u a l l y  10, ' '  20% of t h e  h e a t  of  vapor i za t ion  (AHy). 

F l u i d  combinations t h a t  have p o s i t i v e  d e v i a t i o n  from Raou l t ' s  Law e x i s t ,  

b u t  none o f  them has  been i d e n t i f i e d  adequate  f o r  a p r a c t i c a l  use.  Recent ly 

v igorous  R&D p l a n s  have been formulated t o  f i n d  o r  c r e a t e  such f l u i d  p a i r  i n  a  

sys t ema t i c  approach by IGT. Appl ica t ion  ~f  such new working f l u i d s  i n  a v a r i e t y  



of absorp t ion  cyc le s  would c r e a t e  a new horizon i n  s o l a r  a p p l i c a t i o n  of  t h e  

abso rp t ion  technology. . - . 

8.2.3 Combination Absorption-Resorption Cycle.(CAR Cycle) 

The schemat,ic diagram of CAR Cycle is shown i n  F5gure 8.2-2. As seen 

i n  t he  diagram, t h i s  i s  a combination of two cyc le s .  The l e f t  s i d e  of t h e  

doub le ' do t t ed  l i n e  r ep re sen t s  t he  Standard Cycle (Figure 1.1-1 or  F igure1 .2-1)  

and the  r i g h t  , t he  Simple Resorp t ion .  Cycle. Therefore,  t h i s  cyc le  works j u s t  

the same a s  those two s e p a r a t e  cyc l e s  do. 

I. Maiuri  (England)' f i r s t  proposed an o r i g i n a l  concept  of the Simple Re- 

s o r p t i o n  Cycle i n  1936. It works a s  fa l lows .  

It i s  assumed h e r e  t h a t  t h e  cyc l e  employs NH -H 0 a s  a working f l u i d .  
3 2 

Nearly pure ammonia vapor from the  evaporator  1 passes  t o  the  resorber , ,  where 

i t  i s  absorbed by t h e  s p e c i a l  s o l u t i o n  pumped from the  evaporator  2. Resul t ing  

ammonia-rich s o l u t i o n  from the  r e so rbe r  i s  cooled i n  s o l u t i o n  h e a t  exchanger 2 

be fo re  e n t e r i n g  the  expansion va lve .  I n  evapora tor  2,  a r e f r i g e r a t i n g  

e f f e c t  i s  produced by both the h e a t  of vapor i za t ion  of NH and the  h e a t  of 3 

d i s s o c i a t i o n  of NH from i t s  s o l u t i o n .  3 

Evaporated pure ammonia vapor passes  t o  t he  absorber  and i t  i s  absorbed 

by the  ammonia-,poor s o l u t i o n  from the  gene ra to r .  s epa ra t ed  s o l u t i o n  o r  s p e c i a l  

s o l u t i o n  i n  t h e  evapora tor  2 is  s e n t  back t o  the  r e so rbe r  by pump 2 v i a  so lu-  

t i o n  h e a t  exchanger 2. 

Here, t he  s p e c i a l  s o l u t i o n  can be any combination of ammonia and o the r  

s o l v e n t .  For t h i s  a n a l y s i s ,  aqua ammonia s o l u t i o n  which i s  s t i l l  considered 

t o  be the  b e s t  would be the  s p e c i a l  s o l u t i o n .  The r e s t  of the  cyc l e  works 

the  same a s  the  Standard Cycle. Note t h a t  evaporator  1, the  r e so rbe r  and 

s o l u t i o n  h e a t  exchanger 2 a r e  under t he  in te rmedia te  p re s su re .  The cyc le  



needs two s o l u t i o n  pumps and has two sepa ra t e  evapora tors  f o r  the double 

r e f r i g e r a t i o n  e f f e c t .  

The COP of such a u n i t  i s  about two times t h a t  of . the s tandard  cyc le  o r  

o 18 0 .8  - 1 . 0  a t  about 300 F h e a t  source temperature when the u n i t  i s  water cooled . 

This  cyc l e  has  p a r t i c u l a r  advantage t h a t  t he  two evapora t ing  temperatures i n  

evapora tor  1 and 2 can be made d i f f e r e n t .  For i n s t a n c e ,  Evaporator 1 can  be 

used f o r  a i r  condi t ion ing  and Evaporator 2 f o r  r e f r i g e r a t i o n .  

The p o s s i b i l i t y  of us ing  a i r - coo led ,  CAR, NH -H 0 u n i t  a t  s l i g h t l y  higher  
3 2 

o 17 
gene ra to r  temperature (m 330 F) has  a l s o  been ind ica t ed  . I n  t h i s  cycle, 

sub-atmospheric cond i t i ons  e x i s t  a s  i n  H 0-LiBr cyc l e s .  It i s ,  however, 2 

obvious t h a t  the u n i t  i s  no t  we l l  s u i t e d  f o r  smal i  tonnage a p p l i c a t i o n s  due 

t o  t h e  added i n i t i a l  c o s t  of c o n s t r u c t i o n .  



8.2.4 Generator-Absorber Heat Exchange Cycle 

The cyc le  concept has  been presented r e c e n t l y  by p h i l i p s 1 7  and the  

schematic diagram of  t h e  cyc l e  is shown i n  F igure  8.2-3. 

The proposed c y c l e  i s  t h e  same a s  the  s tandard  NH -H 0 Cycle (Figure 1.1-1) 3 2 

wi th  the  fol lowing except ions : 

a )  So lu t ion  h e a t  exchanger (SHX) no longer  e x i s t s .  

b) Absorber h e a t  exchanger (AHX) i s  added a s  an i n t e g r a l  p a r t  of the 

absorber .  Refr i g e r a n t - r i c h  s o l u t i o n  from the  absorber  i s  pumped 

through the ahsorber  h e a t  exchanger and t h e  abso rp t ion  h e a t  i s  

t r a n s f e r r e d  t o  t he  s o l u t i o n ,  thus inc reas ing  the h e a t  conten t  

of t he  s o l u t i o n  t o  t he  d i s t i l l a t i o n  column. 

c )  Generator-absorber h e a t  exchanger (GAX) i s  added between 

ANAIGEN and absorber  (Conceptually shown i n  F igu re  8.2-31, When 

0 
genera tor  temperature i s  s u f f i c i e n t l y  h igh  (>> 300 F ) ,  the  

peak absorp t ion  temperature could be h igher  than the.' feed so lu-  

t i o n  ( r e f r i g e r a n t - r i c h  s o l u t i o n  from absorber  t o  ana lyze r )  

temperature.  Then the  absorp t ion  h e a t  a t  the  ho t  end of the 

absorber  can be t r a n s f e r r e d  t o  the  cool  end of t he  d i s t i l l a t i o n  

column v i a  GAX. 

A s  explained i n  (b) and (c )  above, s i g n i f i c a n t  p o r t i o n  of t he  absorp t ion  

h e a t  .could be u t i l i z e d  i n  t h e  d i s t i l l a t i o n  process ,  thus  t he  e x t e r n a l  h e a t  

i npu t  t o  the  genera tor  could be reduced and the  s i g n i f i c a n t  improvement of 

COP may r e s u l t .  It was repor ted  l7 - t h a t ,  for .  an a i r -cooled  NH3-J20 u n i t ,  COP 

of 1.0 o r  more could be r e a l i z e d  i f  a l l  abso rp t ion  h e a t  a t  temperatures  

h ighe r  than the  feed s o l u t i o n .  temperature by 2 0 O ~ ,  is  used t o  h e a t  t h e  cool 
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end of t he  d i s t i l l a t i o n  column. 

N o  a c t u a l . u n . i t ,  us ing  t h i s  concept ,  e x i s t s  and t h e  concept of GAX 

may genera te  d i f f i c u l t  hardware problems. 
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F i g .  ( 8 . 2 - 3 )  S c h e m a ~ i c  Diagram of Genera to r  - Absorber Heat Exchange Cycle  
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8.2.5 Miscellaneous Hybrid Cycles 

Proposed r e c e n t l y  a r e  the  var ious  types of hybr id  c y c l e s ,  which a r e  the  

combinations of e l e c t r i c  vapor compressor with the  var ious  types of abso rp t ion  

cyc le s .  S i g n i f i c a n t  improvement on c h i l l e r  performance may r e s u l t  from the  

. a p p l i c a t i o n  of t he  hybrid cyc l e ,  bu t  the  major drawback se'ems t o  be t h e  i n c r e a s e  

i n  t h e  i n i t i a l  c o s t  of c o n s t r u c t i o n  and t h e  added problems a s s o c i a t e d  wi th  t h e  

,vapor  compressor. The d e t a i l e d  d e s c r i p t i o n  o f  t h e  hybr id  cyc l e s  a r e  omi t ted  

h e r e  s i n c e  t h e  information is  premature and a l s o  i s ' p r o p r i e t a r y  i n  n a t u r e .  

8 .3 Degradation of Absorption System COP due t o  Frequent Cycling of 

Absorption Unit  a t  Reduced Cooling Load 

When t h e  cool ing  load demand i s  low ( l a t e  Spr ing  o r  e a r l y  Autumn), 

f r equen t  cyc l ing  (on-off)  of t he  absorp t ion  u n i t  r e s u l t s .  Energy l o s s  from 

the  genera tor  component dur ing  f requent  t r a n s i e n t  pe r iods ,  c o n t r i b u t e s  t o  

t h e  s i g n i f i c a n t  degrada t ion  of t he  system COP. See s e c t i o n  7.1.6 f o r  de- 

t a i l e d  d i scuss ion .  

8 .3 .1  Addit ion of Cold-Side S torage  

The use of cold s t o r a g e ( s )  could s i g n i f i c a n t l y  reduce the  u n i t  cyc l ing .  

The degrada t ion  of system COP due t o  cyc l ing  could be minimized s i n c e  t h e  

covlness  produc'cd by the  contin.unus running of the  u n i t  can be s to red  and 

can be used l a t e r .  

. T h i s  important  s u b j e c t  should he d iscussed  i n  d e t a i l  and i s  summarized 

h e r e  from Reference 36, "Cooling Subsystem Design i n  CSU So la r  'House 111". 

A) General Information 

S o l a r  House I11 is  g e n e r a l l y  t he  same a s  So la r  House I except  t h a t :  

. i t  uses  h igh  performance c o l l e c t o r  (evacuated tubu la r ,  l i q u i d  



type) f o r  more e f f i c i e n t  c o l l e c t i o n  of  s o l a r  energy 

- i t  employs co ld  s t o r a g e s  

- iinproved abso rp t ion  c h i l l e r  (Yazaki) i s  used 

- the system i s  being cons t ruc ted  and w i l l  be used f o r  t he  coo l ing  

t e s t  du r ing  the  Summer of 1977 

B) Cooling Subsystem 

a ) '  Cooling Unit  S p e c i f i c a t i o n s  

Table 8.3-1 con ta ins  t h e  s p e c i f i c a t i o n s  of Yazaki abso rp t ion  c h i l l e r .  

F igures  8.3-1 and 8.3-2 show t h e  COP and coo1d.n.g capac i ty  a s  a func t ion  

0 
o f  t h e  genera tor  i n l e t  temperature a t  t h e  coo l ing  water temperature of 75 F. 

0 
Note t h a t  t h e  COP i s  0.68 a t  t h e  des ign  genera tor  temperature of 190 F (88 '~)  

0 when t h e  cool ing  water  temperature i s  75 F. Due t o  the  lower coo l ing  water  

temperature a v a i l a b l e  i n  t he  F o r t  Col ' l ins  a r e a ,  i t  i s  13% inc rcase  i n  COF 
't 

over  t he  des ign  va lue  of 0.60 at .  , t h e  cooling watcr  temperalure uf 890r'. 

) Simpl i f i ed  Schematic Diagram of Modified Cooling System 

F igu re  8.3-3 shows the  s i m p l i f i e d  schematic. diagram of the  modified 

coo l ing  system employing co ld  s t o r a g e s .  The uoc of  two, v a r i a b l e - l e v e l  

cold s t o r a g e  tanks of i d e n t i c a l  s i z e  provides t h e  r equ i r ed  s t r a t i f i c a t i o n s  

f o r  t he  near  optimum o p e r a t i o n  of t h e  c h i l l e r  a t  c l o s e  des ign  cond i t i ons  

( i n l e t  c h i l l e d  water temp. of 14 - 1 5 ' ~  and o u t l e t  c h i l l e d  water tempcratilre 

of 8  - 9 ' ~ ) .  

Compared t o  F igu re  7.1-2 i n  Sec t ion  7.1,  t he  modified system of F igure  

8 .3 -3  r e q u i r e s  a d d i t i o n a l  components such a s  a  f a n l c o i l  u n i t  and two water  

pumps as w e l l  a s  two cold  s t o r a g e s .  A r e f r i g e r a n t - t o - w a t e r  evaporator  i s  now 

a n  i n t e g r a l  p a r t  of t h e  cool ing  u n i t .  
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Table 8 .3-1  

S p e c i f i c a t  ion of 'Yazaki 's  H 0-LiBr Absorption C h i l l e r  36 
2 

(Model No. WFIC-600s) 

R e f r i g e r a t i o n  Capacity 6000 Kcal lhr  26,500 Btulhr  
(25.1 MJIhr) (2 .2  tons)  

C h i l l e r  water o u t l e t  temperature 
(design) 

C h i l l e r  water o u t l e t  temperature 
(m i n  imum) 

Chi l led  water i n l e t  temperature 
minus o u t l e t  temperature 5Oc g°F 

Ch i l l ed  water flow r a t e  (design)  1200 d / h r  5 .3  gpm 

Ch i l l ed  water flow r a t e  (maximum) 

Generator input  

2040 d l h r  9.0 gpm 

C o e f f i c i e n t  of performance (COP) 

Generator i n l e t  temperature (design)  

Generator i n l e t  temperature (range*) 

Generator i n l e t  temperature (range**) 

Generator i n l e t  temperature minus 
o u t l e t  temperature 

Generator flow r a t e  

Heat r e j e c t i o n  capac i ty  16,000 Kcal lhr  70,660 Btu lhr  
(67.0 MJIhr) (5.9 tons)  

Cooling water i n l e t  temperature 
(design)  

Cooling water i n l e t  temperature 
(range) 

Cooling water o u t l e t  temperature 
minus i n l e t  temperature 

3200 &/hr  14 .1  gpm Cooling water flow r a t e  

Ex te rna l  dimensions 

160 Kg 352.8 l b s  Weight 

0 * Cooling wacer temperature 30 C 

** Cooling water temperature of 20-30 '~  



Cooling Water Temperatures 

- Chi1 led Water Out let Temperature 

Generator l nlet Water Temperature P C )  

Fig. (8.3-1) COP ~f Yazaki 's  &O-LiBr Absorption C h i l l e r  a s  a Function of 
L 

Generator I n l e t  Water ~ e r n ~ e r a r u r e ~ ~  (Moeel WC-600s) 



Cooling Water Temperature = 2 4 O  C ( 7 s 0  F) 

0 I I I I I '  I I 
70 75 80 85  90 95 100 

Generator Inlet Water Temperature (OC) 

Fig. (8.3-2) Capacity of Yazaki's H 0-Lil3r Absorption Chiller as a Function 
2 

of Generato? Inlet Water ~ e m ~ e r a t u r e ~ ~  (Model WFC-600s) 
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Dl Effect of Adding Cold Storage(s) on Unit's Cooling Performance 

As noted in Section 7.1.6, significant improvement of the seasonal average 

COP of the cooling subsystem can be resulted by employing cold storage due to the . 

elimination of short-term cycling of the absorption cooling unit during the per- 

iod of low cooling.demand. 

In addition, the use of cold storage would allow the cooling capacity of the 

unit to be smaller without decreasing the performance of the subsystem to meet. 

the same cooling load. The cooling unit does not have to be sized to meet the 

,peak cooling load, but the daily steady state cooling capacity of the unit should 

be at least large enough to match the total daily cooling load. 

Figure 8.3-4 is the theoretical curve of average COP of the cooling unit 

versus the cooling unit's operating period. Note that the significant reduc- 

tion in COP results as the unit's operating period decreases. For example, 

when a cooling unit has the steady state or the maximum COP of 0.6 at its design 

conditions, then the average COP of the same unit is: 

% 0.45 if unit's operating period is 30,minutes 

0.52 if unit's operating period is 1 hour 

0.57 if unit's operating period is 2 hours, etc. 

In Figure 8.3-5, plotted are the curves (I and 11) of cold storage thermal capa- 

city versus cooling unit's maximum cooling capacity, based on two different load 

characteristics as follows: 

Curve I - CSU Solar House 1 (526 MJ/day) 
Curve 11- Hypothetical Commercial Building (526 MJ/day) 

Although the total daily cooling load of the above two buildings are the 

same, significant difference exists between the curves as shown in Fig. 8.3-5. 

Figure 8.3-5, also shows the same relationship with the unit's operating 

period as a parameter. For instance, if 25 MJ/hr cooling unit is used for Solar 

- 87 - 
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Cooling unit's Maximum Cooling Capacity (m J/ hr) 

F i g .  (8.3-5) Cooling U n i t ' s  Cycling E f f e c t s  on Cold Storage ~ h e r m a l  Capaci ty  
3 6 

and U n i t ' s  Maximum Cooling Capacity 



House I11 (or  I ) ,  t h e  thermal capaci ty  of t h e  cold s torage  would be 50 M J  and t h e  

minimum opera t ing  per iod  of  t h e  u n i t  would be 2 hours. This would provide cool- 

ing  u n i t ' s  COP i n  excess of 0.57 on a seasonal  b a s i s  a s  r e a d i l y  seen i n  Fig.  8.3-4. . 

The following t a b l e  summarizes t h e  e f f e c t  of t h e  minimum opera t ing  per iod  

f o r  CSU So la r  House 111. Larger cooling u n i t  permits  smaller  cold s torage .  

Minimum COP, however, decreases  due t o  t h e  decrease i n  minimum opera t ing  period.  

TABLE 

For CSU Solar  House I11 

Min . opera t ing  Cold s to rage  Min. COP of Cooling Uni t ' s  
pe r iod  of  Cooling Capacity ( M J )  Cooling Unit Capacity (MJ/hr 
Unit ( h r )  

The a c t u a l  s to rage  capaci ty  chosen f o r  t h e  Solar  House I11 was 1900 R each 

and t h e  Yazaki c h i l l e r  ( r a t e d  cooling capaci ty  of 25 MJ/hr), i s  expected t o  

perform wi th  t h e  minimum COP of  0.57. 

8.3.2 Method of I n t e r n a l  Energy Storage 

Storage o f , s o l a r  energy has been usual ly  shown a s  an ex te rna l  component t o  

Che absorption u n i t ,  i . e . ,  a hot-side s to rage  o r  a cold-side s torage .  Recently 

t h e r e  have been severa l  suggest ions o f  s t o r i n g  s o l a r  energy within the  absorp- 

21,22,23 
t i o n  cyc le  



Figure  8 . 3 - 6  shows the  schematic diagram of a  s imple absorp t ion  cyc le  

wi th  th ree  i n t e r n a l  energy s t o r a g e s ,  i . e . ,  l i q u i d  r e f r i g e r a n t  s t o r a g e ,  s t r o n g  

s o l u t i o n  s to rage  and weak s o l u t i o n  s t o r a g e .  

' During the  period of i n s u f f i c i e n t  supply of s o l a r  energy, requi red  cool ing  

load could be met by vapor iz ing  the  s to red  r e f r i g e r a n t  i n  the  evapora tor .  

Re f r ige ran t  vapor from the evaporator  i s  then absorbed i n t o  the  s t o r e d  weak 

s o l u t i o n  t o  genera te  s t r o n g  s o l u t i o n  which can a l s o  be s t o r e d .  

When the  s u f f i c i e n t  s o l a r  energy is  . a v a i l a b l e ,  t he  s t o r e d  s t r o n g  s o l u t i o n  

i s  fed t o  t h e  genera tor  and is heated t o  produce r e f r i g e r a n t  vapor and t h e  

weak s o l u t i o n .  The r e f r i g e r a n t  vapor i s  l i q u e f i e d  i n  t h e  condenser before  

s t o r i n g .  



F i g .  (8.3-6) S c l e m a t i c  D i a g ~  3m o f  Simple Absorp t ion  Cycle  w i t h  I n t e r n a l  Energy 
23  - 

S t o r a g e s  



Major advantages f o r  'adopt ing i n t e r n a l  energy s t o r a g e s  a r e  a s  fol lows:  . .  . 

a) The cool ing  u n i t  i s  more adap t ive  t o  s o l a r  energy supply,  environ- 

mental cond i t i ons  (hea t  s i n k  temperature)  a n d ' e s p e c i a l l y  t h e  coo l ing  

load .  Thus, t h e  system performance degrada t ion  due t o  cyc l ing  l o s s  

be s i g n i f i c a n t l y  reduced o r  e l imina ted .  

b) Component s i z e s  can be made smal le r  s i n c e  each component does n o t  

have t o  be designed a t  i t s  maximum capac i ty .  I n  a d d i t i o n ,  t h e  s t o r -  

age volume i s  a l s o  smal le r  s i n c e  the  s to red  energy is  of l a t e n t  type 

compared t o  t h a t  of s e n s i b l e  type. 

c )  Thermal l o s s e s  of  t he  s t o r a g e s  a r e  smal l  s i n c e  they a r e  kep t  a t  near  

ambient temperature.  

d) An expensive a u x i l i a r y  h e a t  supply system can be minimized. 

The disadvantages a r e :  

a )  I t  needs l a r g e r  volume of working f l u i d s  a s  w e l l  a s  a d d i t i o n a l  equip- 

ments; mainly s t o r a g e  tanks with i n s u l a t i o n s ,  t hus  s i g n i f i c a n t  i n -  

c r e a s e  i n  i . n i t i a l  c o s t ,  e s p e c i a l l y  f o r  s m a l l  c a p a c i t y  u n i t s ,  may r e s u l t .  

b) It r e q u i r e s  complex system c o n t r o l s ,  which must be adap t ive  t o  the  s o l a r  

energy inpu t  , the  environment, t he  bu i ld ing  load requirements ,  e t c  . 
It was sakd t h a t  the  optimum tank volume r a t i o s  should g e n e r a l l y  be 

equal  t o  40:20:1 ( s t rong  s o l u t i o n  : weak s o l u t i o n  : r e f r i g e r a n t ) 2 3 .  The 

wa te r l l i t h ium bromide p a i r  was repor ted  t o  be very a t t r a c t i v e  due t o  t h e  low 

s t o r a g e  volume and low s t o r a g e '  pressure21.  The amon ia lwa te r  p a i r  i s  a l s o  

a t t r a c t i v e  due t o  t he  low s t o r a g e  volume, bu t  has some disadvantage of s t o r i n g  

f l u i d s  a t  high p r e s s u r e ,  thus i nc reas ing  the  c o s t  o f  t he  s t o r a g e  tanks .  



8 . 3 . 3  I n s u l a t i o n  of Absorption C h i l l e r  , 

Other  possib ' le  way of reducing h e a t  l o s s  due t o  f requent  u n i t  cyc l ing  

i s  p rope r  i n s u l a t i o n  of t h e  c h i l l e r  compdnents, mainly,  the  d i s t i l l a t i o n  

I 
column (analyzer  and g e n e r a t o r ) .  Study on t h i s  s u b j e c t  s t i l l  needs t o  be 

performed and the  r e s u l t s  may t u r n  o u t  t o  be h e l p f u l .  



9. Can solar absorption unit be used as a heat pump? 

First of all;. the.answer to.the above question is "yes''! 

Efficient use of the solar collector all year around is the key to the suc- 

cess of the economically viable solar heating/cooling system, since the cost of 

the collector component covers the significant portion of the total system cost. 

Solar powered ( &  solar-assisted) absorption heat pump is, thus believed to be the 

best candidate since it offers excellent capabilities of both heating and cooling 

functions all year around. 

9.1 Absorption Heat Pump Cycle 

The standard absorption cycle, Fig. 1.1-1, is redrawn as a heat pump in Fig. 

9.1-1. The principles of operation is the same as explained in Section 1.1. 

The cycle can provide heating, cooling or simultaneous heating/cooling. 

When in the heating mode, heat dissipated from absorber-condenser components can 

be utilized while the outside air provides heat to the evaporator. Operating 

under cooling mode, heat from absorber-condenser components is dissipated to the 

outside air and the room air is cooled by providing its heat to the evaporator. 

When all three heat exchangers (absorber, condenser, and evaporator) are con- 

necked to the different zones of a building, simultaneous heating/cooling can be 

obtained, . . i.e., ,heat dissipated from absorber and/or condenser components is 

used for the zone to be heated. At the same time, evaporator can extract heat 

from the zone to be cooled. 

. . Connection between the heat pump components and the building fan/coil unit 

for each mode of heat pump operation is illust.rated in the table below. For 

' example, in the heating mode of operation, evaporator component should be con- 

nected to the outdoor fan/coil unit and the absorber/condenser components, to &e 

,indoor fan/coil unit. 



TABLE 

Connection Between Heat Pump Components and Building Fan/Coil.Unit 

Heating Mode Cooling Mode Heating/Cooling Mode 

ABS CON EVA ABS CON EVA ABS CON EVA 

X X X Outdoor f/c Unit 

Indoor f/c Unit X X X X X X 

Solar powered absorption heat pump could also be solar-assisted in the 

heating mode of operation. Improved heating COP of the solar-assisted unit 

could be expected due to the boost in heat source temperature by solar 

energy. 



F i g .  (9 .1-1)  Schematic Diagram of .Standard NH -H 0 Cycle a s  a Heat Pump 
3 2 



9.2 Performance of Absorption Heat Pump 

The coo l ing  COP of t h e  Carnot abso rp t ion  h e a t  pump cyc le  i s  the  same a s  

Eq. 3.1-1 i n  Sec t ion  3 .1  o r ,  

COP (Carno t )  , c 
/Tpen - Tsink' Teva 

= \ Tgen ) (Tsink - ;evap) Eq. 3.1- 1 

The h e a t i n g  COP of Carnot a b s o r p t i o n , h e a t  pump cyc le  can be expressed a s  

f 0 l lows : 

= (Tsink) + ( Tgen - Ts ink)( Tsink 
COP (Carnot) , Tgen Tgen Tsink - Tevap Eq. 9.2-1 

I n  t h e  above equat ion ,  t h e  f i r s t  term r e p r e s e n t s  t he  c o n t r i b u t i o n  from t h e  
# 

h e a t  s i n k  of t h e  h e a t  engine c y c l e  and the  second term i s  t he  c o n t r i b u t i o n  

from t h e  h e a t  s i n k  of  t he  combined h e a t  enginelmechanical r e f r i g e r a t i o n  cyc le .  

Combining Eq. 3.1-1 and Eq. 9.2-1, t he  fol lowing equat ion  r e s u l t s :  

COP (Carnot) ,h = 1.0 + COP (Carnot) , Eq. 9.2-2 
C 

The above f a c t  can a l s o  be i l l u s t r a t e d '  f o r  non- idea l  cyc l e s  such a s  

NH -H 0 or  H 0-LiBr cyc l e s .  Reca l l i ng ,  
3  2 2 

Eq. 3 . 2 - 1  

And, by d e f i n i t i o n ,  COPfh = "=On Qabs Eq. 9.2-3 
Qgen ' Since  Qcon ar Qevar, and gabs % M e n  ( see  t a b l e  1.1-2) , Eq. 9.2- 3  becomes, 

Qevap + Qgen 
m e n  

Combining the above equat ion  wi th  Eq.  3.2-1, 

COPYh a 1.0 'I. COPyc Eq. 9 . 2 - 4  



Since Eq. 9'.2-4 is  identical . t o  Eq. 9.2-2, it could be applicable for  both ideal  

and non-ideal cycles. 
,. < . * 

I f  cooling COP of about 0.7 i s  assumed for a typioal absorption uni t ,  the 
. .  . . . . .. . . I. 

heating COP of about 1.7 could be expected for  the same unit .  

The r a t i o  of heating t o  cooling capacity i s  estimated t o  be about 2.8 when 
. . . 

the working f lu id  of NH -H 0 is  employed t o  the cycle shown in  Figure 9.1-1. I n  
3 2 

other words, the heating capacity 6f an absorption heat pump would be about 

100,000 Btuh i f  the same unit  has 3 ton cooling capacity. 

9.3 Working Fauids for  Absorption Heat Pump 

Working f lu ids  for  absorption heat pump needs additional property require- 

ments other than those for the conventional absorption air-conditioners, One 
. . 

of such requirements i s  the.non-freezing property of the working refrigerant.  

Thus, the NH -H 0 pa i r  may be a"good candidate, while H20-LiBr may be not. 
3 2 

However, the toxic nature of ammonia refrigerant does not allow d i rec t  heat ex- 

change -take place between the refrigerant and the room a i r ,  thus requiring an 

additional heat exchange loop in  ab~orbe r ,  condenser, and evaporator component 

separately. 

A t  the present time, - no solar  absorption heat pump i s  commercially available. 

Development of gas-fired absorption heat pumps, however, is  in  progress and such 
6 

heat pumps may be available in  the near future. 

Several other refrigerant pa i rs  for the absorption heat pump have been re- 

cently proposed. York Division.of Borg-Warner Corporation suggested LZM system 

(Methanol in  L i B r  and ZnBr), and the new f lu id  pa i r  suggested by Allied Chemical 

Corporation i s  Genetron 2 1  i n  ETFE (high boiling organic e ther ) .  The claimed 

benefits of adopting these new refrigerant pa i rs  for  the solar  absorption heat 



pump are listed as follows: 

a) Heat source temperature to the generator can be moderately low 

0 
( - < 200 F) or can be matched to the flat plate.solar collector temp- 

erature. 

b) Direct expansion evaporator coil (D-X Coil) is a possibility due to 

non-toxic nature of the refrigerant. 

c) Problem of either the freezing of the refrigerant nor the cyrstal- 

lization exists at the operating conditions. 

d) Absorber-condenser components could be air-cooled, 

e )  Materials of construction' could be inexpensive. 

f) Predicted COP of the absorption heat pump using the proposed fluid 

'pairs is at least comparable to that of H20-LiBr absorption system. 



10. What are the present U. S. Government . . (ERDA) activities in developing 

the solar-powered absorption cooling technolo,gy? 

Figure 10.0- 124 shows the current SHACOB (Solar  eating and cooling of 

BuiLdings) 'activities'of the Division of Solar Energy in ERDA. The activities 

mainly consists of the demonstration program and the technology program. 

10.1 Demonstration Program 

As shown in Figure 10.0-1, this program has three elements; commercial 

demonstrations, development in support of demonstration, and residential 

demonstrations. Participants in each element are also indicated in the 

figure. 

The milestone chartst4 of the 5-year demonstration program are shown 

in Figures 10.1-1 and 10.1-2. For example, as of November, 1976, Cycle 1 of 

the integrated system projects is in near completion and Cycle 2 has been 

initiated for HUD Residential Demonstration Program. For Connnercial Demonstra- 

tion Program, Cycle 1 has been completed and Cycle 2 is in much progress. 

Table 10.1-1 indicates the number of projects in each application as 
I 

shoh through July, 1976. The early cycle demonstration projects were 

emphasized on the application of solar energy to space heating and domestic 

hot water. As the cycle progresses, more combined heating and cooling 4 
systems are expected. From Table 10.1-1, it is also. seen that; 

a) Most of the cooling systems employed solar-power absorption units. 

b) Applications of the chiller units were dominant in comnercial 

buildings . 
Table 10.1-2 lists the Demonstration Projects that have been employed absorption 



units in their cooling systems. Arkla was the primary supplier.-of the absorp- 

tion prototype units for the cooling demonstration in both residential and 

commercial sizes. 

The majority of the demonstration projects (except residentiallnon 

federal buildings) are to be instrumented so that both the technical evalua- 

tion and the economic assessment of the solar energy systems could be made. 

The available information from these projects in near future would be very 

useful in implementing the current absorption technology further in solar 

applications. Data collection and evaluation of the early cycles are in 

progress. 



Fig. (10.0- 1) Program Participation in National Program for 

. . Solar Heating and Cooling of Buildings 
2 4 

NBS IS ACTIVE 
IN  ALL AREAS 



F i g .  (10.1-1) HUD R e s i d e n t i a l  D e m  t r a t i o n  Progran  
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Fig.. (10.1-2) Commercial Demonstration 'Program Plan of ERDA 2 4 
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Table 10.1- 1 

Number of ,Solar 2rojects in Each Ap2lication in ERDA's Denonstration Program 
2 5 

-- 
Total Number of Projects (as of July, 1976) 

Application No. of 
Coo ling* Heating Hot - - Projects '43s EHP SEHP PASS UNK Water 

- 
Residential (Federal 3ldg.) 15 - - - - - 15 15 

Residential (Non-Fed. BlZg.) 46 P 

3 2 3 4 - 3 9 42 

Commercial (Federal Building) 9 d c - - 0 3 9 8 

Commercial (Non-Federal Bldg.) 55 18 - - 1 1 4 2 40 ",: 

I - w 
0 
rn * ABS = Absorption Chiller 

I 

EHP = Electric Heat Pump 

SEHP = Solar-assisted Electric Heat Pump 

PASS = Passcve Sys tem 

WiK = Unkncvm 



Table  10.1-2 

ERDX's Demonstration P r o j e c t s  Employing Absorption Cooling C h i l l e r  

( a s  o f  J u l y ,  1976) 2 5  

. Loca t ion  OwnerIBuilder Bu i ld ing  Type S o l a r  Appl ica t ion* 

Monteval lo ,  AL Alabama Power Co. O f f i c e  H a  C, & HW 

I r v i n e ,  CA I r v i n e  Unif ied  Elementary School 
School D i s t r i c t  

San ta  C l a r a ,  CA C i t y  of  S a n t a  C l a r a  Cornuni ty  Center  H, C, & HW 

C o r a l  Gab les ,  FL Dade County School  H ,  C, & HW 

Nassau County, FL F l o r i d a  Dept. o f  Welcome S t a t i o n  H & C  
General  S e r v i c e s  

A t l a n t a ,  GA C i t y  of  A t l a n t a  School H, C, &HW 

Shenandoah, GA T o m  o f  Shenandoah Community Cen te r  H, C, & HW 

Cockeysv i l l e ,  MD Ba l t imore  County School H & C  

Timonium, MD Bal t imore  County School  H & C  

Minneapol is ,  MN Univ. of Minnesota Bookstore H a  C, & HW 

Basking Ridge, N J  Somerset Councy Auditorium/ , H, C, & HW 
Pa rk  Commission Classroom 

Lumberton, N J  RKL C o n t r o l s ,  Inc .  Manufactur ing 8, C ,  C EW 

Las Cruces ,  NM New Mexico S t a t e  Of f i ce /Labora to ry  H a  C, & H'W 
U n i v e r s i t y  

Canovanas, PR Cornonweal th  of I n d u s t r i a l  Fac to ry  C & HW 
P u e r t o  Rico 

Keystone, SD South  Dakota School V i s i t o r ' s  Cen te r  H & C 
o f  Mines 

S t .  Thomas, . V I  American Motor Ho te l  
Inns ,  Inc .  

R ich land ,  WA Development Off i c e  
Dynamics Co. 

Char l e s  Town, WV J e f f e r s o n  County School 
Schools  

Boulder ,  CO U.S. P o s t a l  S e r v i c e  Pos t  O f f i c e  H, C, h FIW 

Manches t e r  , NH Gen. S e r v i c e s  Admin. O f f i c e  H, C, & HW 

K i r t l a n d  AFB, NM Dept.  of  Defense Exch. Shopping C t r .  H,  C, 6 iIW 

F t .  Hood, TX Dept. o f  Defense Off i c e / C l a s s r o w  H 6 C  

Randolph AFB, TX Dept. of Defense Exch. Shopping C t r .  H,  C, 6 HW 

Denver, CO Perl-Mack Enter .  S i n g l e  Family Detached H,  C,  6 HW 

Shenandoah, GA Peach t ree  Homes Inc .  S ing le  Family Detached H ,  C, & HW 

San Antonio,  TX San Antonio Ranch, S ing le  Family Detached H & C 
Limited 

* H = Heating 
C = Cool'ing 
HW = Hot Water 



10.2 R & D Program 

Solar heating and cooling R & D Branch in the Solar Energy Division of 

ERDA has developed vigorous national R & D program plan, which is well doc- 

umented in References 26 and 27. 

Summarized in Table 10.2-1 are the ERDA's current R & D projects in solar * .  

absorption air conditioning technology. Brief description and important pub- 

lication(~) of each project are also included in the table. 

Recently, the Solar R & D. Branch pl.aced an ~mphasin nn t h  directed R Cu 

D activities as opposed to the unsolicited proposal mode of operations in 

the past. As a result, five PRDA's (Program - - Research and Development 

Announcements) and five RFP's (gequests For Proposals) have h e ~ n  i s s l l e d  for - 
solar heating and cooling research and development. 

Among the above PRDAls/RFP's, one RFP, which is closely related to the 

development.of solar absorption cooling technology, is described below; 

"Solar AcLlvaLed C6611ng Projects for Solar Heating and Cooling 

Applications" (RFP EG-77-R-0.3-1439, expected release in April 1977) 

a) Analysis of Adwanred Conceptual Dcaigns far 3iaglr Family-S fze 

Absorption Chf llers 

b) Development of Single Family Size Absorption Chillers for Use 

in a Solar Heating and Cooling System 

c) Development of High Temperature Solar Powered Chillers for Use 

in a Solax Hcoting end Cooling Syotcm 

d) Development of Solar ~esiccant Dehumidifier for Use in a 

Solar Heating and Cooling System 



Table 10.2-1 

Contractor 

solare~eating and Cooling R&D Projects of ERDA in Solar Absorption Cooling Technology (FY76 & 77) *' 
Title ' Description Publications 

Rfchard Merrick Engineering, Design, Construction and Development of a 3-ton, Evaporatively - Engineering, Design, Construction 
Testing of a Salt Water Absorption cooled H 0-LiBr chiller suicable for . and Testing of a Salt Water Absorpti.on Industries* Inc Cooling Unit Optimized for Use with 2 

Cooling Unit Optimized for use with a 
a Solar Collector Heat Source, 

low temperature solar applications. 
Solar Collector Heat Source, Final 

Phase I1 Report. ~ e ~ o r t  No. C00/4095-7612. 

Redfield Allen Performance Studies of Solar Model simulation of absorption - Optimization Studies of Solar 
Absorption Air Conditioning Systems, cycle and system performance Absorption Air Conditioning Systems, 

Maryland, Univers ity of Phase 
Final Progress Report, Repo~t No. 
N S F / R A N N / S E / G I - ~ ~ ~ ~ ~ / P R / ~ ~ / ~ .  
- Reference 29 

I Henry Curran Assessment of Solar Powered Cooling Analysis of Solar Absorption Cooling - Assessment of Solar-Powered 

r HLttmanAssociates, Inc. 
of Buildings Cooling of Buildings, Final Report, 

0 Report No. NSF/RANN/75-012. . 

I 
M,chael Uahlig Solar Heating and Cooli'ng of Development of a 3-ton, Air-Cooled - References 13 and 14 

Build ings NH -H 0 Absorption Air Conditioner 
Lawrence Berkeley Lab. 3 2 

for Low Temperature Solar Applications 

T. S. Zawacki Development of New Fluids for Identification of fluid svs tems 
Solar Absorption Cooling 

Institute of Gas Tech. (Exhibiting positive deviations from 
Raoult's Law) most suitable for solar 
powered absorption chillers 

Francis DeWinter 

hltaa Corporation 

Workshop on the Use of Solar 
Energy for Cooling Buildings 

Solar Cooling Workshop 
(Includes Absorption Cooling 
Techno logy) 

- The Use of Solar Energy for the 
Cooling of Buildings , Final Report , 
SAN/1122-7612 



The o b j e c t i v e s  of Tasks (a) and (b)  of t h e  above RFP a r e  repea ted  he re  

s i n c e  they  a r e  c l e a r l y  a s s o c i a t e d  wi th  t h e  abso rp t ion  cool ing  technology. 

The o b j e c t i v e  of Task (a) is " t o  develop and ana lyze  new r e f r i g e r a n t  

p a i r s ,  o r  a d d i t i v e s  t o  p r e s e n t l y  used a b s o r b e n t l r e f r i g e r a n t  p a i r s ,  o r  o the r  

c y c l e  modi f ica t ions  t h a t  can p o t e n t i a l l y  improve the performance o r  reduce 

the  c o s t  of a n  abso rp t ion  c h i l l e r  i n  the  s i z e  range of 3 tons.  The abso rp t ion  

c h i l l e r  u s ing  new a b s o r b e n t l r e f r i g e r a n t  p a i r s ,  o r  a d d i t i v e s ,  o r  cycle modifi-  

c a t i o n s  would be expected t o  ope ra t e  e f f i c i e n t l y  wlth f l u i d  nrlpply tmpcraturss 

of 160' t o  230U provid ing  45' c h i l l e d  water a t  f u l l  load wi th  ambient condi- 

t i o n s  of 9 5 O ~  DB and 7 5 ' ~  ~ 8 ~ ~ ' ' .  

The o b j e c t i v e  of Task (b) i s  " to  procure the  des ign ,  f a b r i c a t i n n ,  t e s t  

and a n a l y s i s  of a s ing le - f ami ly - s i ze  r e s i d e n t i a l  solar-powered absorp t inn  

c h i l l e r  having improved performance and reduced c o s t .  This c h i l l e r  s h a l l  

0 
be designed f o r  e f f i c i e n t  o p e r a t i o n  wi th  f l u i d  supply temperatures  of 160 tn  

230'. A t  I u l l  cool ing  load ~t must be a b l e  t o  provide 45' c h i l l e d  water 

0 
wi th  an  ambient cond i t i ons  of 95 F DR and 7 5 O ~  WB i n  aooordance w i t h  a p p l i -  

2811 c a b l e  ARI Standards . 

Task (a)  i s  t h e  sof tware  development of t he  advanced abso rp t ion  tech- 

nology, and Task (b) covers  the  hardware development. Both Tasks (a)  and 

(b) emphasize the  development of  the  absorp t ion  cool ing  u n i t s  f o r  r e s i d e n t i a l  

app 1 i c a t  ions.  

In. ;ddi t ion t o  the above mentioned e f f o r t s ,  t hc  S o l a r  It & D Urancll is 

a l s o  planning a c c e l e r a t e d  coo l ing  program i n  suppor t  of t h e  Demonstration 

Program (see  Sec t ion  10.1) .  The prime o b j e c t i v e  of t he  acce l e ra t ed  cool ing  

program i s  t o  exped i t i ous ly  develop s o l a r  cool ing  systems t o  be used f o r  Cycle 5 



of the  Denions t r a t i o n  Program wi th in  the  a l lowable .  time frame. 

Three e1emen.t~ of the  proposed accelera ted  cooling program a r e  the 

developments of absorption c h i l l e r  systems, a hea t  enginelvapor compression 

c h i l l e r  system and a hea t  pump system. Arkla is  expected t o  ca r ry  out  the  

developments of 3 ton and 25 ton absorption c h i l l e r  systems. A n  evaporat ively 

cooled absorption c h i l l e r  which is cur ren t ly  developed, would be used i n  the  

3 ton c h i l l e r  system, and the  25 ton c h i l l e r  system would employ S o l a i r e  300 

c h i l l e r  with a cooling tower. 

Brookhaven National Laboratory (BNL) provides the  technica l  support t o  

the Solar  Heating and Cooling R & D Branch of ERDA i n  the  areas  of s o l a r -  

a s s i s t e d  heat  pump and s o l a r  cooling.  BNL's t echn ica l  a s s i s t a n c e  t o  ERDA 

a l s o  extends t o  the  accelera ted  cooling program mentioned above. 
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