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Oplimum Design Conditions for a Basic Refrigeration Cycle

ABSTRACT

Sung Whan Cho

An optimum design condition for a basic refrigeration cycle is defined as the condition
which minimizes the total cost of heat exchangers (condenser and evaporator) and com-

-pressor for the same refrigeration effect.

Thermodynamic properties of ammonia (R717) are approximated by rational functions
in order to obtain the optimum condition for a basic refrigeration cycle. Optimum condition
depends on the heat capacity rates (mass flow rate times specific heat) of cooling water and
brine used in condenser and evaporator. The difference between the cooling water tempera-
ture and condensation temperature at the optimum condition increases as the heat capacity
rates and the cost of heat exchangers relative to the cost of compressor increase.

Numerical examples of optimum conditions are obtained when the condensation tem-
perature is 30°C and the evaporator temperature is ~10°C .
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Table 1 Properties of Saturated Ammonia

T P_sat Ve by hy- S S
«© (kPa) (nt /kg) &i/ke) (kjfkg-k)
— 60 21. 91 4. 7081 —87.4 1355. 0 —.3949 6. 3761
— 55 30. 17 3 4875 —66. 1 1363. 8 ~. 2939 6. 2632
— 50 40. 88 2 6254 —44.3 1372 4 —.1942 6. 1562
— 45 54. 55 2. 0053 — 222 1380. 8 —. 0962 6. 0549
— 40 7177 1. 6521 0 1389.0 0 5. 9590
— 35 93 20 1. 216 22.3 1397. 0 .0945 5. 8681
— 30 119. 55 9635 44.7 1404. 6 .1873 5 7816
- 25 151. 61 7715 67. 1 1412. 0 .2786 5. 6992
- 20 190. 22 6238 89. 7 1419 0 .3684 5. 6205
— 15 236. 31 5088 112. 4 1425. 7 . 4569 5. 5452
- 10 290. 85 4185 135. 2 1432. 0 .5440 5. 4730
-5 354. 86 3468 158 1 1437 9 .6299 5 4036
0 429. 44 2895 181 1 1443.5 . 7145 5. 3369
5 515. 74 2432 204. 3 1448, 6 . 7982 5 2725
10 614. 95 2056 227 6 1453 3 .8808 5 2104
15 728. 31 1748 251 2 1457. 6 . 9625 5. 1503
20 857. 12 1494 274. 9 1461. 5 1. 0434 5. 092
25 1002. 72 1283 298 8 1465. 0 1. 1235 5. 0355
30 1166. 5 1107 322. 9 1467. 9 1. 2028 4. 9805
35 1349 87 0958 347. 2 1470. 4 1. 2813 4. 9268
40 1554. 32 0833 371 7 1472. 2 1. 3591 4. 8740
45 1781. 38 0726 396. 5 1472. 4 1. 4364 4. 8217
50 2032. 63 0635 421. 7 1473.7 1. 5135 4. 7696
55 2309 71 0557 447. 1 1473 1 1. 5920 4. 7172
60 2614. 32 0489 473.1 1471. 3 1. 6993 4. 6639
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Table 3 Optimum conditions for 7,= 30T, Ty= —10C, (AU), =1
(me), (medy a T, T, Relative cost
0.1 0.1 0. 01 - 130 33. 6 0. 25707
01 0.1 01 — 18 8 40. 8 0. 43731
01 01 1.0 — 3.8 . 57. 7 1. 10852
0.25 0. 25 0. 01 —120 32.17 0. 23323
Q. 25 0. 25 0.1 - 159 38 2 0. 35632
0. 25 0. 25 L0 — 25. 6 52. 1 0. 79633
0: 5 0.5 0. 01 — 1L 6 32.5 0. 22273
0.5 0.5 01 - 147 36. 9 0. 32062
0.5 0.5 1.0 —230 49. 6 0. 66477
L0 10 0. 01 — 11 4 3.9 0. 21636
Lo 1.0 0.1 -~ 14. 2 35. 9 0. 30020
1.0 1. 0 Lo —21. 6 46. 9 0. 59124
L0 10. 0 0. 01 — 11 6 31. 4 0. 21373
Lo 10. 0 01 —14. 8 34. 4 0. 29153
1.0 10. 0 1.0 — 23 4 42. 9 0. 56063
10. 0 10. 0 0. 01 — 113 3L 5 0. 21014
10. 0 10. 0 0.1 —-13 9 34.5 0. 27973
10. 0 10. 0 L0 —2L0 43 2 0. 51865
100. 0 100. 0 0. 01 — 113 314 0. 20947
100. 0 100. 0 0.1 — 139 34.3 0. 27754
100. 0 100. 0 1.0 - 210 42. 7 0. 51096
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