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Remarks on the Coefficient of Performance for

Refrigerating Cycles®
By

Katura HavasHr and Sha Hasecawa*

The theoretical coefficient of performance is one of the factors that governs the
actual coefficient of performance for the refrigerating equipment. So far as we
know, the systematic study about it has been left undone therefore we report
several remarks on this subject.

By using reduced temperature, we have the chart of the theoretical coefficient
of performance having no relation with the kind of refrigerant. In the following,
we suggest that for general refrigerants, the relation between the theoretical
coefficient of performance for a refrigerating cycle and the coefficient of performance
for the reversible Carnot cycle under the same temperature condition is expressed
approximately by a linear function. Using this type of expression we set a formula,
Tin=y'T¢ - To, more rational than the formula, pm=)/p; - pe, used hitherto as the
deciding method of the middle point for the two-stage compression cycle. When
the two-stage compression cycle is used instead of one-stage compression cycle, the
increase in the coefficient of performance is approximately constant in the ordinary
region, therefore the larger the (Tc—Te¢) is, the better the rate of increasing the
coefticient of performance is.
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Fig. 1. Chart for theoretical coefficient of performance by
reduced temperatures.
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Table 1,

Critical temperature of principal refrigerants and theoretical coefficient of perfcrmance by reduced temperatures.
p g P

<. Refrigerants ReFrigeraE//
Critical temp. ™~ R-13 CO, R~-22 R-12 NH; CH,CI SO, R-21 R-11 /CTMCEI temp.
ty °C 28.8 31.0 9.0 112.0 133.0 143.0 157.3 178 5 198.0 tK °C
Tx °K 302.0 304.2 369.2 385.2 406.2 416.2 430.5 451.7 471.2 Tx K
Te Te te te & te te & te to & te te & te to & te te e | ot te & te to I3 te te & Te Te
0.95 0.90 13.7 -~ 1.4 13.87| 15.8 0.6 13.88 0.90 0.95
0.85 -16.5 5.62 ~14.6 5.6l 0.85
0.80 -31.5 3.35 -29.8 3.34 0.80
0.75 ~46.7 2.07 —-45.0 2.09 0.75
0.70 ~61.8 1.49 0.70
0.90 0.85 | —1.4 ~16.5 13.46 0.6 ~14.6 13.48 | 59.1 40.6 13.47 0.85 0.90
0.80 -31.5 6.0l ~29.8 5,99 22.2 6.00 0.80
0.75 —46.7 3.20 —45.0 3.21 3.7 3.20 0.75
0.70 ~61.8 2.24 ~14.8 2.23 0.70
0.65 -33.2 1.54 0.65
0.60 ~51.7 1.05 0.60
0.55 ~70.1 0.74 0.55
0.525 ~79.4 0.6! 0.525
0.85 0.80 40.6  22.2 13.21 | 54.2 35.0 13.22 0.80 0.85
0.75 3.7 5.72 15.7 5.71 0.75
0.70 -14.8 3.27 - 3.5 3.28 0.70
0.65 ~-33.2 2.08 -22.8 2.07 0.65
0.60 -51.7 1.45 —42.0 1.44 0.60
0.55 -70.1 0.99 ~61.3 0.97 0.55
0.525 -79.4 0.78 ~70.9 0.79 0.525
0.50 -80.6 0.61 0.50
0.80 0.75 22.2 3.7 13.65| 35.0 5.7 13.66 0.75 0.80
0.70 ~14.8 5.77 - 3.5 5.78 0.70
0.65 ~-33.2 3.32 -22.8 3.33 0.65
0.60 -51.7 2.12 ~42.0 2.11 0.60
0.55 ~70.1 1.37 ~61.3 1.38 0.55
0.525 -79.4 1.11 ~70.9 1.12 0.525
0.50 —-80.6 0.8l 0.50
0.75 0.70 3.7 -14.8112.73| 157 - 3.5 12.74 | 31.5 1.1 12.73 | 29.0 18.1 12.72 | 49.C 28.2 12.73 | 0.70 0.75
0.65 -33.2 5.49 —22.8 5.48 ~ 9.2 5.49 ~ 2.7 5.48 6.6 5.50 0.65
0.60 -51.7 3.13 -42.0 3.14 -29.5 3.12 -23.5 3.14 -14.9 3.14 0.60
0.55 ~70.1 1.99 -61.3 1.99 -49.8 1.97 ~44.3 1.98 -36.4 1.99 0.55
0.525 ~79.4 1.60 -70.9 1.58 -59.9 1.58 -54.7 1.59 —47.2 1.58 0.525
0.50 0.6 1.22 ~70.1 1.21 0.50
0.70 0.65 T35 2281171 11t - 9.2 11.69 ) 18.1 - 2.7 11.70 | 28.2 6.6 11.71 | 43.5 20.4 11.69 | 56.6 33.1 11.70| 0.65 0.70
0.60 -42.0 5.00 ~29.5 5.01 ~23.5 5.02 -14.9 5.01 -2.2 5.00 9.5 4.99| 0.60
0.55 ~61.3 2.89 -49.8 2.88 -44.3 2.89 -36.4 2.88 -24.8 2.89 ~-14.0 2.0 0.55
0.525 =70.9 2.21 -59.9 2.19 ~54.7 2.19 -47.2 2.20 -36.1 2.21 -25.8 2.19 1 0.525
0.50 -80.6 1.75 -70.1 1.76 ~37.6 1.75| 0.50
0.65 0.40 -9.2 -29.5 10.27 | -2.7 -23.5 10.26 6.6 ~14.910.25 | 20.4 -2.2 10.27 | 33.1 9.5 10.26 | 0.€0 0.65
0.35 ~49.8 £.50 —44.3 4,48 -36.4 4.49 -24.8 4.48 ~14.0 4.50| 0.55
0.525 ~59.9 3.25 ~54.7 3.24 ~47.2 3.25 -36.1 3.25 -25.8 3.25| 0.525
0.50 -70.1 2.65‘ -37.6 2.64 | 0.50
_ . f | - N R _
0.60 0.55 2.2 -24.8 9.98 9.5 ~14.0 10.00 | 0.55 0.60
0.525 -36.1 5.62 -25.8 5.63 | 0.525
0.5 1 -37.6 4.14 | 0.50
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R-13 %> COyn & 5 IR DIERITIE Y ($930°C) LTI, te DI SITR > THAIZA S
2505, ORI U, e Lo 1 MITET HIEBIRICIZ Y, i UKL, te
BEHTHRT I KOTBRTHHHIND, T4ubH, £c L& EOMITIRR-13 £ CO: BRRINE, &
IZRO B EUN S BYER D3NS 5,
e=A-¢. — B (2)
HINRO AL L BOM %W 2 TR,

Table 2. Values of A and B for refrigerants,

Refrigerant R-22 1 R~12 { Nk, } CH; CI ‘ SO, ' R-21 R-11
A 0.885 ’ 0.975 { 1.000 ? 1.000 0.960 0.946 0.é;4

| X
B 0.664 1 0.878 ‘ 1.000 i 0.900 0.768 ! 0.710 0.614
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Table 3. Values for &p—&/.
Refrigerant NH, CH;Cl1 R-12 SO, R-21 R-22 R-11
Ep—¢/ 0.500 0.450 0.434 0.376 0.344 0.307 0.295
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Table 4. Approximate values for &1 —é&/,
Refrigerant NH, CH,CI R-12 SO, R-21 R-22 R-11
Ep—-¢&! 0.50 0.45 0.43 0.37 0.34 0.30 0.29
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Fig. 15. Correlated chart for various coefficients of
performance.
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