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ABSTRACT

A preliminary thermodynamic design model of two-evaporator refrigerator/freezer system is const-
ructed. This system is based on Lorentz-Meutzner cycle using refrigerant mixtures. This model screens
alternative refrigerant (R32, R125, R143a, R22, R134a, R152a, R124, R142b, R123) mixtures to select
the best performance-giving refrigerant mixtures and its composition for the system. Also, it estimates
the effects of cooling temperatures of intercoolers, evaporator’s area ratio, cooling load ratio on the
performance of the system.

The COP of the system ranges from 14 to 1.6, which is superior to that of the single evaporator
system charged with R12 by 13% to 29%. Among 15 mixtures, R22/R123, R143a/R123, R32/R142b,
and R32/R124 (in the order of high COP) are most recommendable.

For the case of R22/R123, R22 mass fraction more than 0.5(Load Ratio=1.0) or 0.7(Load Ratio=0.
33) is recomended in order to replace R12 without reduction in volumetric capacity when keeping
the compressor as the same one. COP has the highest value with X(R22)=0.7 and 0.8, respectively.
For the case of R143a/R123, in the similar manner, mass fraction of R143a is more than 0.5 or 0.6
while best performance occurs at X(R143a) =0.38.

Higher temperature intercooler is more important for the performance of the system than lower
temperature intercooler. The area ratio of evaporators is roughly proportional to load ratio of the

evaporators.
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Table 1. Input Parameters and Operating Condition for Performance Simulation
Parameters Description Operating Condition
Ta6 and Ta4 €&719 7 9T &: 32, 40 ()
LMTD’s €719 527 & LMTD 10, 10 (©)
AP $%71 23Ul 4EdE 0, 0 (kPa)
LR AeFdlo] g n23dv|e] 56 1.0, 0.33
Tal0, Ta9 A FUE THE= *714 &+ 2: -15 —20 (©)
Tal2, Tall T FRE FHEE 719 dET 2% 3, —2 (T
AT, ATicn F WAV ¥ 2x 10, 10 (T
e, TiMo HF7 VIARE R REH 28 0.8, 0.92
e G710 FEERE 5 0.75
Table 2. Fixed properties., ODPs, and GWPs of Selected Refrigerants(18, 19)
Mol. Triple NBP Critical
mass, point, T liq. den Point Chem.
Fiuid g/mol K K kg/m* K kPa ODP GWP(1) Formula
R11 137.38 296.97 4712 4406. 1.0 1.0* CCLsF
R12 120.91 2434 3850 4140. 10 0.9-1.0 CCLF,
R23 70013 118. 1911 1457. 29898 4820. 0. CHF;
R32 52,024 137. 2214 1215, 35156 5830. O. CH,F,
R125 120020 170. 2246 1515. 3394 3631 O. 0.51-0.65 CF:CHF,
R143a 84.040 162. 2258 1176. 34625 3811 0. 0.72-0.76 CF,CF,
R22 86.4680 113. 2323 1410. 369.30 4988. 0.04-0.06 0.32-0.37 CHCLF,
R134a 102.030 172. 2470 1375, 37421 4056. O. 0.24-0.29 CF;CH.F
R152a 66.050 156. 249.0 1011. 38644 4520. 0. 0.026-0.033 CHF,CH;
R124 136475 74. 261.1 1472, 39565 3634. 0.016-0024 0.092-0.10 CHCLFCF;
R142b 100495 142. 2639 1193. 41025 4246. 0.05-0.06 0.34-0.39 CH;CCLF,
R123 152930 166. 301.0 1456, 45694 3674. 0.013-0.02 0.017-0.020 CHCL.CF;

(1) Equivalen
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Table 3. COP and Volumetric Capacity of Two Evaporator System Charged with
Refrigerant Mixtures Load Ratio=1.0

Mixtures COPx %Cop VC %VC PR Xmax ANBP/NBP. ODPavg
R12(One) 1200 ... 641 . 1037 ..

R134a(One) 1.194 —05 588 -98 1327 .

R12(Two) 1313 94 751 200 891 .

R134a(Two) 1.307 8.9 701 116 1119 ...

R143a/R123 1.558 298 924 441 853 0.7 68.1/—40.9 0.002—0.048
R22/R124 1.433 194 812 267  9.09 04 27.7/—409 005 —0.042
R22/R142b 1470 225 731 140 94 04 31.0/—409 0.045—0.06
R22/R152a 1353 12.8 880 373 952 0.5 16.2/—409 0.028—0.042
R125/R124 1430 19.2 799 246 942 04 35.2/—486 0.009—0.014
R125/R142b 1.491 242 841 312 920 05 39.3/—486 0.03 —0.036
R125/R152a 1379 14.9 910 500 936 04 244/—486 00 —00
R32/R142b  1.506 255 829 293 946 0.2 425/—51.8 0.025—0.03
R32/R152a 1375 145 1399 118. 837 05 276/—518 00 —00
R32/R124 1.498 248 1232 922 8.9 0.3 39.7/—518 0.009—0.014
R134a/R123 1.598 33.2 485 —243 1131 0.6 54.0/—262 0.005—0.008
R143a/R123 1.556 206 1197 867 745 0.8 75.2/—474 0.003—0.004
R143a/R124 1429 19.0 860 342 869 04 35.3/—474 0.009—0.014
R143a/R142b 1.485 238 789 231 897 04 38.1/—474 003 —0.036
R152a/R123 1.590 325 476 —257 1068 05 52.0/—242 0.006—0.01

Xumax = Lower boiler mass fraction for best performance

ANBP-Higher boiler normal boiling point-lower boiler normal boiling point

NBP, — Lower boiler normal boiling point

% COP- (COP— COPgizons ) /COPrizconer X 100

%VC—(VC— VCR!Z(ONE))/,VCRIZ(ONE) x 100

Table 4. COP and Volumetric Capacity of Two Evaporator System Charged with
R22/R123, R32/R142b, R143a/R123, R32/R124 : Load ratio=0.33

Mixtures COPx %Cop VC %VC PR Xmax ANBP/NBP., ODPavg
R12(One) 1.200 641 S 10.37

R134a(One) 1.194 —-05 588 —98 1327 ...

R12(Two) 1313 94 751 20.0 891 .

R134a(Two) 1.307 8.9 701 116 1119 -

R143a/R123 1424 187 1030 60.7 859 0.8 75.2/—474 0.003—0.004
R22/R123 1.404 17.0 922 43.8 924 0.8 68.1/—409 0.032—0.048
R32/R142b  1.396 16.3 544 —15. 1168 0.1 425/—51.8 0.025—0.03
R32/R124 1.370 14.2 838 300 1025 0.2 39.7/—51.8 0.009~0.014
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