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Exergy analysis of improved Einstein refrigeration cycle

WANG Rujin, LIU Daoping
(Institute of Re frigeration Technology , University of Shanghai for
Science & Technology, Shanghai 200093, China)

Abstract: Einstein cycle is a kind of single-pressure absorption refrigerator, using n-butane-ammonia-water

as working fluids, driven by low grade heat source. The original cycle was improved, in which two solution

heat exchangers were configured respectively before the generator and the evaporator to modify thermal

performance of the refrigeration equipment. By using the exergy analysis method, the exergy losses of all

thermal parts of the refrigerator were obtained, and the theoretical basis for improving design was

given. The energy-saving places and the correlative further improvements were presented to minimize the

exergy losses and optimize the whole refrigeration cycle. In addition, the generator and the condenser were

the main parts where exergy losses existed.
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Fig. 1 Flow chart of improved Einstein cycle
1—generator; 2—bubble pump; 3—solution exchanger;
4—reservoir; b—rectifier; 6—condenser/absorber;
7——cooling water system; 8—pre-cooler; 9—evaporator;

(@O-—@)—serial number of material flow
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Table 1 Material and energy balances of main components in refrigerator
Component Material balance Energy balance
evaporator YNH, 373 = 1y Qevap =mshs —mohy —myhy

my +my =my
my+tmr=my+mz+msg,

condenser/absorber T T N T +y\,H% ams gy
3° 30 :

my =my +mgg+my

generator TNH, 7T TN 9 M oy N, e Mg

bubble pump

my, =mz7 —ms

mgg="0. 0426my, (8]

Qc/ab =mioh1o T mehg +mgghsy —mihy —mihn

Qgen T Qup =mshs +mghg +msghg,—mzhz

Qup = mgghgg
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Table 2 Parameters of operation in refrigeration cycle

Temperature Pressure

Specific enthalpy Specific entropy Mass flow

State point Component /C /MPa k] - kg ! S kgl e K Jge s
1 liquid saturated n-butane 42 0.4 300. 9 1. 3419 2.77
2 liquid saturated n-butane —7 0.4 183.5 0. 9390 2.77
3 saturated vapor of n-butane and ammonia —7 0.4 1050. 5 4.1953 6.02
4 superheated ammonia vapor 5 0.4 1507. 3 6.8313 3.25
5 superheated ammonia vapor 102 0.4 1722.5 7.4222 3.25
6 superheated vapor of n-butane and ammonia 5 0.4 1070. 6 4. 8474 6.02
7 ammonia water 77 0.4 435. 4 9.4203 9. 87
9 ammonia water 107 0.4 1655. 4 9.2523 6.62
10 ammonia water 52 0.4 107. 4 9. 3366 6.62
11 ammonia water 42 0.4 94.5 9.2947 9. 87
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Table 3 Exergy analysis calculation results of Einstein refrigeration cycle

Item

Calculated results/kW Exergy loss coefficient/ %

exergy loss of evaporator

total exergy loss of condenser/absorber

total exergy loss of generator, bubble pump and reservoir
exergy loss of pre-cooler

exergy loss of heat exchanger

heat exergy of generator and bubble pump

cold exergy

exergetic coefficient of performance

0.0667 6. 48
0. 3305 32.1
0. 4395 42.7
0.018 1.75
0.0363 3.53
1.029

0.139 —
0. 135 —
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