
Lawrence Berkeley National Laboratory
Recent Work

Title
PERFORMANCE OF AN AIR-COOLED AMMONIA-WATER ABSORPTION AIR CONDITIONER AT 
LOW GENERATOR TEMPERATURES

Permalink
https://escholarship.org/uc/item/0qb3k5v6

Author
Dao, Kim

Publication Date
1976-07-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0qb3k5v6
https://escholarship.org
http://www.cdlib.org/


~- / ..J 

Presented at the International Solar Energy 
Society Meeting, Winnipeg, Canada, 
August 16 ·- 20, 1976 

LBL-5224 
. C-~ 

PERFORMANCE OF AN AIR-COOLED AMMONIA-WATER 
ABSORPTION AIR CONDITIONER AT LOW 

GENERATOR TEMPERATURES 

Kim Dao, Melvin Simmons, Richard Wolgast, and 
Michael Wahlig 

August 1976 

Prepared for the U. S. Energy Research and 
Development Administration under Contract W -7405-ENG-48 

for Reference 

Not to be taken from this room 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



\. 

j 

0 0 j l 
u / 7 7 

PERFORMANCE OF AN AIR-COOLED AMMONIA-WATER ABSORPTION 
AIR CONDITIONER AT LOW GENERATOR TEMPERATURES 

Kim Dao, Melvin Simmons, Richard Wolgast and Michael Wahlig 

Energy and Environment Division, Lawrence Berkeley Laboratory 
University of California, Berkeley, California 94720 

ABSTRACT 

An ammonia-water absorption air conditioning system has been 
tested to investigate the stability of operation near the cut-off 
conditions. Testing temperature ranges were: 

175 - 190°F for generating temperatures 
95 - ll0°F for condensing and absorbing temperatures 

and 35 - 55°F for evaporating temperatures 

Circulation ratios were from 8 to 30. Relations for the esti
mation of the coefficient of performance and for the prediction of 
operating temperatures were derived and verified experimentally. 
Possible operating conditions for an air-cooled ammonia-water air 
conditioning system were concluded. 

I. General Description Of The Experimental System 

An ammonia-water absorption air conditioning system has been 
fabricated and tested as part of an ERDA-supported project at the 
Lawrence Berkeley Laboratory. The system was designed to operate at 
generator temperatures in the range of 175 to 210°F, compatible with 
the temperature range of flat-plate solar collectors. 

The air conditioner was constructed using as a base the condenser, 
absorber, precooler, evaporator and the solution pump components from 
an Arkla gas-fired ammonia-water absorption water chiller (Model 
ACB-60-00) which had a nominal cooling capacity of 5 tons. The 
fabrication consisted of the addition of the following components: 
generator, preheater, rectifier, storage tanks, adjustable expansion 
valves and measurement instruments (6 pressure gages, 25 thermo
couples, 2 rotameters and 2 sampling tubes for concentration 
measurement). 

The generator was a packed tower counter-flow heat exchanger. 
The strong solution dripped down through the steel pall-ring packing, 
making contact with four hot water coils in parallel. The total 
outside surface area of the water coils was 36 ft 2

• The condenser 
and absorber were air-cooled, finned-tube, cross-flow heat exchangers 
with total outside tube area of 14 and 22 ft 2

, respectively. The 
fins were 0.01" thick aluminum sheets spaced at 14 fins per inch 



-2-

of tube length. The preheater and rectifier were shell-and-tube, one 
pass, counterflow heat exchangers of surface area 22 ft 2 and 2.4 ft 2 

respectively. 
The configuration of the experimental system is shown in Figure 1 

along with the state points _of a typical run. The following symbols 
are ,used .in Figure 1: 

~3 = mass flow rate of ammonia, lbs/hr 

m mass flow rate of weak solution, lbs/hr ws 

nw mass flow rate of hot water, lbs/hr 

mew mass flow rate of chilled water, lbs/hr 

QHW = heat input from hot water, Btu/hr 

Qcw heat input from chilled water, Btu/hr 

p pressure, psi a 

T temperature, OF 

X concentration, lbs of NH3/lb of solution 

Tc condensing temperature, corresponding to the pressure at 
the generator 

II. Experimental Results 

The unit was started by pumping hot water at constant inlet 
temperature through the generator coils. The condenser-absorber fan 
and the solution pumps were turned-on when the generator pressure 
reached about 150 psig. It took about 15 minutes to warm up the system 
to approach running conditions. (The charge of solution in the system 
was about 65 lbs at 55% ammonia concentration.) The flow rates of 
ammonia and of the weak solution were then readjusted, by means of 
expansion valves, to desired values. 

All runs made during the initial testing stage served to confirm 
cycle calculations based on the assumption of equilibrium states. 
That is: given the measured mass flow rates and the measured pressures 
and temperatures, the energy balances between the components can be 
satisfied within experimental error (about ± 5%) by using the thermo
dynamic equilibrium enthalpies. The mass balances can be satisfied 
by using the equilibrium concentrations. 

The system operation was very stable. No appreciable changes 
were observed after hours of operation. The stability of operation 
extended to circulation ratios as high as 27 pounds of absorbent 
per pound of refrigerant. 

Analytical calculations showed that the coefficient of perfor
mance (COP) of the system configuration shown in Figure 1 can be 
written as: 
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Figure 1: System configuration and state points of 
a typical run 
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(Eqn. 1) 

where qE = 580- 0.72 TC- 0.23 T4 and qG = 970- 0.62 T12 

- (x +X -X X )(370 + 0.75 T12) + [1.14(1- ePH)(l- x=)/~x + 0.5] w s w s w 

(Tl6 - T12). 
The symbols are: 

qE , heat input to evaporator per pound of ammonia, Btu/lb 

qG ., heat input to generator per pound of ammonia, Btu/lb 

TC , condensing temperature, °F 

T4 , evaporating temperature, °F (=T ) 
E 

T12. absorbing temperature, °F (=TA) 

T16• generating temperature, °F (=TG) 

x , concentration of the weak solution, pounds of NH3 per 
w 

pound of solution (=XIG) 

X 
s 

, concentration of the strong solution (=x12) 

~X = X - X 
s w 

= preheater effectiveness, defined as: 

The numerical factors in equation (1) were obtained from quadratic 
interpolations of the properties of the solutions and those of 
ammonia. Equation (1) was verified by experimental data to within 
experimental errors (± 5%). 

The evaporating temperature o'f the cycle can be written as: 

TE = 3.2 + 0.910(TC + TA) - 0.852 TG 

+ (1. 07 - 0.0097 TE) (~P + a~x), • 

where ~P is the pressure drop across the absorber, psi, and 

(Eqn. 2) 

1 a = (()P/()x)TA' saturated soluti.on, evaluated at 2(xw + xs). 

Equation (2) was verified by experimental data to within± 2.5°F, 
which represented the cumulative errors on the measurements of the 
temperatures, pressures, and concentrations. 

III. Discussion On The Performance Of The System 

Equation (2) shows that the evaporating temperature TE can be 
reduced by lowering the values of ~p and ~x. The pressure drop 

·J 
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~p across the absorber can be reduced by connecting the absorber in 
more parallel coils (4 or 5 parallel coils should reduce ~p to about 
3 psi at full cooling load). 

Operating the system at near cut-off conditions (i.e., ~x close 
to zero) demands more power and a larger pump to circulate the 
solution. Therefore imposing a limit on the pumping power, say to 
1/70 watt per Btu/hr of cooling load, constrains ~x to values above 
0.03, or the circulation ratio to values of less than 16 (assuming 
a pump efficiency of 40%). 

Figure 2 shows a graph of equation (2) for ~p = 3 psi, 
~x = 0.03, and TA = Tc; the value of a is calculated from the table 
of properties of ammonia-water solutions. This graph summarizes the 
possible operating temperatures for an NH3-H20 absorption air
conditioner. 

For acceptable cooling and dehumidification of the conditioned 
air using reasonably-sized chilled water coils, TE is limited to 
TE < 47°F. Inexpensive flat plate collectors may reasonably limit the 
generating temperature to Tc < 195°F. 

The above practical constraints combine to require condensing 
and absorbing temperatures below ll0°F. The constraint Tc < TA < 110°F 
can be met by doubling both the cooling air flow rates and the size 
of the condenser-absorber, compared to those used in conventional gas
fired systems using finned-tube condenser and absorber. (These 
conditions are essentially satisfied already for our experimental 
chiller, since we are using the condenser, absorber, and fan from a 
conventional 5-ton chiller for our 3-ton solar unit.) Doubling the 
cooling air flow rates is a must, but new designs of more efficient 
condenser-absorbers may reduce the requirement of doubling the size 
(and cost) of these heat exchangers. Doubling the cooling air flow 
rates typically increases the power of the fan from 1/140 to 1/70 
watt per Btu/hr of cooling, making the total power consumption 
equivalent to 35 Btu/hr of cooling per watt of electrical power 
input (as compared to a rating of about 8 Btu/hr per watt for a 
mechanical compressor unit). 

From equation (1) it can be seen that the COP depends strongly.on 
ePH and ~x, and is quite insensitive to the values of the remaining 
parameters. To have a COP > 0.65 with x = 0.03, the preheater 
effectiveness epH must be at least 90%. This value of epH is not 
expensive to achieve, since there is sufficient pressure in the 
weak solution line to promote high heat transfer coefficients. A 
high value of ePH is a must in order to avoid dumping into the 
absorber the·heat contained in the weak solution. 

IV. Conclusion 

It has been demonstrated experimentally that it is technically 
feasible to use the ammonia-water absorption cycle for cooling, with 
a heat source temperature below 200°F and a heat sink temperature 
(using air cooling) below ll0°F . 

. The next phase of this project will be concerned with redesign 
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Figure 2: TE as a function of TG and TA=Tc for a pressure 
drop across the absorber of 3 psi and a con
centration difference of 0.03. 
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and retest of the generator and preheater, with the combined objectives 
of lower~cost and higher-efficiency for both of these components. 
The possibility of acquiring improved air-cooled condenser-absorber 
units will also be investigated. The ultimate success of this project 
depends upon the development of an economically-viable chiller; that 
is, one with an acceptable first-cost, and with a high enough COP 
that the cost of the solar energy collection system is also acceptable. 

The possibility of using this system for heating may also 
deserve a detailed evaluation, since Figure 2 shows that for TG = 180°F 
and TA = TC = 95°F, an evaporating temperature of 32°F is possible. 
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