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Quiz 12 Chemical Engineering Thermodynamics 
April 11, 2019 

 
An absorption refrigerator* uses a refrigerant and an absorber rather than a 
refrigerant/compressor in a normal refrigerator.  It runs off a low-level heat source such as solar 
heat or a gas burner (RV refrigerators).  In the ammonia (1) and water (2) refrigerator, water is 
the absorber, and ammonia is the refrigerant.  In one iteration of such a refrigerator, ammonia 
vapor is absorbed into water at 40.6°C and 0.515 MPa, x1 = 0.5 ammonia (Absorber). 

	  
 

USE THE ANSWER SHEET TO GIVE YOUR ANSWERS  
BUT ALSO SHOW WORK (show some work if you use Excel). 

 
a) Ganesh** reports an equilibrium point of P=3.5 MPa, T = 90°C, x1=0.709 and y1 = 0.871 for 

the ammonia/water system.  Use these values to calculate the two-parameter Margules 
coefficients, A12 and A21. 

b) Calculate the one-parameter Margules coefficient “A12” using “A12” = (x1lng1 + x2lng2)/(x1x2). 
c) Compare “A12” from part “b” with the two-parameter result and comment on the advantage 

of the two-component model using the Redlich-Kister form, GE/RT = x1x2 (B12 + C12 (x1 – 
x2)) considering B12 = (A21 + A12)/2 and C12 = (A21 – A12)/2.  That is, compare B12 with “A12” 
from the one-component model; and compare the value of C12 to B12 to assess the importance 
of asymmetry in GE as a function of x1. 

d) Using the one-parameter Margules coefficient from part “b” calculate the bubble pressure in 
the absorber at 40.6°C and 0.515 MPa, x1 = 0.5. 

e) Using the one-parameter Margules coefficient from part “b” calculate the dew pressure in the 
generator which is at 79.15°C, y1 = 0.987.  Proceed until reasonable convergence. 
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f) Extra credit:  The ammonia-water refrigerator had a small impact in the 1920’s before 
widespread electrification in the US (Crosley Icyball manufactured in Cincinnati 
https://en.wikipedia.org/wiki/Icyball ) but it has had almost no impact in the developing 
world despite widespread need for refrigeration for vaccines and other uses.  List some 
reasons that you think could explain why this absorption refrigerator hasn’t found wider 
application in areas without electrification (Crosley delivered 10,000 Icyballs to Tanzania in 
the 1930’s). 

 
* https://web.wpi.edu/Pubs/E-project/Available/E-project-042612-110655/unrestricted/MQP-
Design_and_Analysis_of_an_Absorption_Refrigeration_System.pdf  
** http://shodhganga.inflibnet.ac.in/handle/10603/37842  

 
R = 8.314 J/(mole °K) 
 

 

 
 
Antoine Constants (T in °K P in Bar) 
  A B C  TMin(°K) TMax (°K) 
(1) Ammonia 4.87 1110 -10.4  240  372 
(2) Water 3.56 644 -198  379  573 
(2) Water 4.65 1440 -64.8  256  373 

T is in °K and P is in Bar 
log10(P) = A − (B / (T + C)) 

 

 
 

 
 

 
 

 

GE

RT
= A12x1x2 = x1 lnγ 1 + x2 lnγ 2
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Bubble Temperature 
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Answer Sheet 
a) A12: 

 
A21: 
 

b) “A12”: 
 

c) B12: 
 

C12: 
 
Compare B12 to ”A12”: 
 
 
 
 
Compare C12 to B12: 
 
 
 
 

d) Bubble Pressure: 
 

e) Dew Pressure: 
 

f) List some reasons: 
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Answer Sheet 
a) A12:  9.90 

 
A21:  1.22 
 

b) “A12”:  3.75 
 

c) B12:  5.56 
 

C12:  -4.34 
 
Compare B12 to ”A12”: 
This comparison reflects the difference in value at x = 0.5.  The value is about 33% 
different so this is significant.  It indicates that the one parameter model is not very good 
for this system in terms of the general value of A12.   
 
Compare C12 to B12: 
 
C12/B12 is about 32% which indicates a large degree of skewedness.  The negative sign 
indicates that the curve is skewed to the left.  This also indicates that the one parameter 
Margulus function is not very good for this system.   
 
 

d) Bubble Pressure:  20.7 bar 
 

e) Dew Pressure:  33.0 bar 
 

f) List some reasons: 
-Ammonia danger 
-Comparison of cost with a solar panel and a conventional refrigerator.  The corrosive 
nature of ammonia and the pressure of the system requires the use of stainless steel which 
is very expensive compared to a solar panel and a conventional refrigerator.   
-Overall the system is “clunky”. 
-There is something like a street appeal to this kind of appliance and the ammonia 
refrigerator doesn’t have street appeal.  There might be a way to improve on this with 
careful design.  Ammonia absorption refrigeration is widely used on the industrial scale, 
especially in the food processing industry.   
-There are probably many more reasons. 
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