ZREAEEEIC X 2 WY A Z VB LU
PEREFHE D HES
AR oE ORE K E AT

Prediction of the Characteristics and Performance Evaluation
for a Refrigeration Cycle with Pure Refrigerants

Kosei OcucHI and Takayuki NAMIKI

Abstract

By reason of the ozone layer depletion, the production and the utilization of several
chlorofluorocarbons such as R11, R12, R113, R114, R115 etc. have been regulated in the world. In
these refrigerants, R11, R12 and R114 are very useful for the refrigerators and the heat pumps, and
the alternatives of these substances are investigated and proposed lately. But the thermophysical
properties of these new alternatives such as R123, R124, R134a etc. have not been thoroughly
studied experimentally, and so the prediction method of the thermophysical properties of the new
refrigerants and the cycle performance should be developed.

In the present study, the cycle performance of the new refrigerants has been evaluated for
R123 in comparison with R11, for R22, R134a, R142b and R152a with R12, and for R124 with R114,
respectively, with the use of the prediction method of the thermodynamic properties such as the
SRK and PR equations.

The results were evaluated as follows;

(1) In case of using R123 for a turborefrigerator, the temperature at the compressor outlet
is higher than that of R1l, and the volumetric efficiency reduces. And so the coefficient of
performance of R123 also reduces for the normal refrigeration cycle in comparison with that of
RI11

(2) In case of using R22, R134a, R142b and R152a for an air-conditioning cycle, their cycle
performances are very similar to R12, but the pressure at the compressor outlet is higher than that
of R12.

(3) In case of using R124 for a heat pump cycle, the temperature at the compressor outlet is
so high that its volumetric efficiency reduces in comparison with that of R114.

(4) As a result, for the application of each new alternative refrigerant, new developments of
a cycle structure should be desired.
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Table 2. General properties of refrigerants

Resfigerant | ity | () | bl | ¢ | % e | M| ¢ | )
R141b” 4.256 481.3 458 0.207 0.2716 71.090 116.95 305.15
R123% 3.665 456.86 556 0.282 0.2654 54.3644 152.931 300.7
R11® 4.41 471.2 554 0.189 0.2791 60.5236 137.368 0.5 296.9
R114® 3.248 418.78 576 0.251 0.2768 48.6445 170.922 0.51 276.745
R142b® 4.33 409.6 435 0.251 0.294 82.7297 100.496 2.1 263.4
R124% 3.66 395.65 560 0.281 0.2712 60.9187 136.477 261.15
R152a® 4.50 386.7 365 0.256 0.253 125.8724 66.051 2.3 248.15
R134a® 4.064 374.3 508 0.325 0.2623 81.4850 102.031 246.9
R12% 4.125 384.9 558 0.179 0.279 68.7631 120.914 0.51 243.358
R22? 4.998 369.3 513 0.221 0.274 96.1547 86.469 42 232.332
R143a% 3.76 346.3 433 0.251 0.253 98.9279 84.041 2.3 225.6
R125” 3.677 341.25 602 0.31 0.2586 69.226 120.1 224.65
R329 5.83 351.6 431 0.271 0.241 159.8140 52.023 2.0 221.5
R13B1'? 3.963 340.1 764 0.173 0.273 55.8346 140.910 0.65 215.3
R116® 3.06 293.0 622 0.256 0.2787 60.2411 138.012 194.9
R13% 3.87 302.0 579 0.198 0.278 79.5910 104.46 0.5 193.2
R23% 4.86 299.3 528 0.260 0.259 118.7494 70.013 1.6 191.0
R149 3.74 227.6 630 0.177 0.276 94.4719 88.005 0.0 145.1
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Table 3. Working conditions for the
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Table 4. Cycle performance for R12
Pz Tz Tcan € E Q1/1)1 hi—hs hz_hl (COP)r (COP)).
(MPa) (KD (K) ) =3 kJ/m®) | (kJ/kg) | (kJ/kg) (= (—=)
0.7521 | 316.0 | 303.15 6.3 7.462 | 694.14 | 110.75 | 35.84 3.090 4.090
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Table5. Cycle performance for pure refrigerants

Refrigerant) R141b | R123 | R11 | R114 |R142b| R124 |R152a|R134a| R12 | R22 |R143a| R125 | R32 |R13Bl1

P, (MPa)|0.0132{0.0156|0.0199(0.0467|0.0803|0.0909|0.1538(0.1641|0.1821|0.2962|0.3828|0.3880|0.4970(0.5388
P, (MPa) [0.0909(0.1092(0.1249|0.2517|0.4128|0.4551|0.7105|0.7813|0.7513|1.2033|1.4586|1.5386|1.9830|1.8402
T. (K) 312.0| 305.1| 316.3| 305.0| 309.5| 310.4| 307.0| 307.4| 311.6| 327.4| 332.0| 307.6| 348.4| 310.1

é 6.886| 7.000| 6.276| 5.390| 5.141| 5.007| 4.620| 4.761| 4.126| 4.063| 3.810| 3.965| 3.990| 3.415
€ 5.806| 6.107| 6.237| 5.026| 4.557| 4.665| 4.617| 4.439| 3.740| 3.467| 3.246| 4.011| 3.123| 3.406
Q:/n 140.2| 160.9| 202.5|386.80| 678.6| 714.1|1066.6|1221.0|1278.5|2094.3|2405.7|2160.9|3429.0(2742.2
(kJ/m?)
hi—ha 193.30|143.85(157.79(106.03|175.85|124.62|234.72|149.29/118.28|164.50|145.49| 90.08(261.41| 64.77
(kJ/kg)

ha— 38.53| 29.08| 31.27| 22.28| 36.25| 26.91| 52.39| 32.60| 25.37| 35.49| 33.61| 22.59| 59.73| 15.08
kJ/kg)

COP; (—)| 5.016| 4.946| 5.045| 4.760| 4.851| 4.631| 4.480| 4.580| 4.663| 4.635| 4.329| 3.987| 4.377| 4.296
COP, (—)| 6.016| 5.946| 6.045| 5.760| 5.851| 5.631| 5.480| 5.580| 5.663| 5.635| 5.329| 4.987| 5.377| 5.296
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Table 6. Deference of properties of alternative refrigerants in a compressor with the reference substance

gﬁ&:ﬁﬁgﬁ RIZ RI2 RI2 Ril4 R1I Ril RI3B1 | RI3BI | R13B1
Alternative Ri34a | R22 R142b | R124 R123 | R141b | RI25 | Rl143a | R32
refrigerant

P (% —9.88 | 62.66 | —55.90 | 94.65 | —21.61 | —33.62 | —27.99 | —28.95 | —7.76
P (%) 8.99 6.16 | —45.06 | 80.81 | —14.38 | —27.22 | —16.39 | —20.74 7.76
T. (%) ~1.85 5.07 | —0.67 1.77 | —3.54 | —1.36 | —0.81 7.06 | 12.35
£ (% 15.39 | —1.53 | 24.60 | —7.11 | 11.54 9.72 | 16.11 | 11.57 | 16.84
e (% 18.69 | —7.30 | 21.84 | —7.18 | —2.08 | —6.91 | 17.76 | —4.70 | —8.31
copP), (%) ~1.78 | —0.60 4.03 | —2.71 | —-1.96 | —0.57 | —7.19 0.77 1.89
(COP)» (%) —1.47 | —0.49 3.32 | —2.24 | —1.64 | —0.43 | —5.83 0.62 1.53

Table 7. Cycle performance for pure refrigerants in case of the degree of superheat 0 K at the

inlet of a compressor

Refrigerant R11 R22 R143a R32 R13B1 R13 R23 R14
P, (MPa) 0.7377 0.9693 1.0735 1.3474 0.7573 0.8503 1.224 0.9116
T (K) 370.6 330.6 333.5 359.1 287.8 266.5 2990.0 2233
Teon (K) 367.8 295.1 291.5 289.0 270.0 244.2 248.3 185.9
& 7.346 9.763 11.010 14.321 7.573 8.479 12.721 9.098
Q:1/v1 (k]/m®) 4440.5 5416.4 5341.8 6661.9 4949.3 4657.9 6068.5 4464.9
h—hs (k]/kg) 117.15 159.52 144.46 261.97 80.64 102.00 159.98 63.58
ha—hy (k] /kg) 37.10 56.53 58.97 109.89 26.31 35.79 66.20 35.71
(COP); (=) 3.158 2.822 2.450 2.384 3.065 2.850 2.417 2.621
(COP)» (=) 4.158 3.822 3.450 3.384 4.065 3.850 3.417 3.621
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Table 8. Cycle performance for pure refrigerants in case of the degree of superheat 30 K at the inlet of a

compressor
Refrigerant R141b R123 R11 R114 R142b R124 R152a R134a R22
P, (MPa) 0.6697 | 0.6301 0.7234 0.6400 0.6978 0.6627 0.6274 0.6310 0.8278
T: (K) 400.0 385.9 404.3 353.4 359.3 343.5 312.6 337.5 363.1
Teon (K) 374.1 363.2 404.3 336.8 321.6 343.5 298.9 296.0 289.5
& 6.901 6.702 7.204 6.508 7.178 6.805 6.495 7.209 8.338
Q:1/v1 (k]/m*) 683.10 676.67 708.53 653.46 726.36 704.81 702.44 699.46 755.18
hi—hs (k] /kg) 163.78 126.23 136.33 96.42 177.46 125.27 249.37 176.81 188.17
ha—hy (k] /kg) 47.55 34.81 41.19 28.00 50.45 34.87 65.86 47.15 60.99
(COP); (=) 3.444 3.627 3.310 3.444 3.517 3.593 3.786 3.750 3.085
(COP)» (=) 4.444 4.627 4.310 4.444 4.517 4.593 4.786 4.750 4.085
Refrigerant R143a R125 R32 R13B1 R116 R13 R23 R14
P, (MPa) 0.8391 0.6062 0.8978 0.7729 0.6787 0.8013 0.8777 0.8890
T: (K) 365.2 313.2 389.5 321.1 270.6 299.6 329.3 255.96
Teon (KD 282.7 271.1 275.5 269.9 239.2 242.4 329.3 185.3
é 8.606 7.278 9.542 7.728 6.951 7.991 9.122 8.872
Q:/v1 (k]/m®) 707.72 652.67 768.32 602.72 675.48 701.69 743.51 674.36
hi—hs (k]/kg) 179.32 135.38 323.09 92.45 91.35 121.53 199.23 109.06
h2—hy (kJ/kg) 62.85 37.18 111.73 30.60 27.18 41.04 69.61 42.53
(COP), (—) 2.853 3.641 2.892 3.022 3.362 2.961 2.862 2.565
(COP)» (—) 3.853 4.641 3.892 4.022 4.362 3.961 3.862 3.565
m=0.480+1.574w—0.176 w* (5) 2=0.45724 al;z Té )
# X 0" Peng-Robinson X* (PR X) RTC
5=0.07780 ~5 < (8)
p=RT _ B (6) P
v—b ov(v+b)+b(v—0b) a=(1+r1—VT;)) (9)
k=0.37464+1.54226 0—0.26992w* (10)
Table9. Deference of properties
of refrigerants in case
of the degree of super- Table 10. Deference of properties of refrigerants
heat 0 K at the inlet of in case of the degree of superheat 30 K
a compressor at the inlet of a compressor
Refrigerant R22 Refrigerant R22 | R134a | R152a | R142b
P, (%) 28.88 P, (%) 10.07 | —16.10 | —16.58 | —7.22
T: (%) 4.62 T (%) 14.91| 6.80| —1.08| 13.70
Tecon (%) —2.66 Teon (%) —4.50| —2.36| —1.40| 6.09
i (%) 30.84 £ (%) 11.74 | —3.39| —12.96 | —3.81
(COP) (%) —8.67 (CoP) (%) —0.16 21.36 | 22.52| 13.82
(COP)»(%) —6.55 (COP)» (%) —0.12 16.14 17.02 | 10.44
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(COP)13—02% L i2iF% L < to7, R134a D P,
1216% &< 759, (COP), 12 21% &< -7, R152a
D Pt 16% &< 155, (COP),1322% @< -
7coR142b @ P, 12 7% &1EL 15 4%, (COP), 1% 13%
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Fig.9. Cycle performance with R152a in case of
the degree of superheat 20 K at the inlet of
a compressor
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Fig.10. Cycle performance with R114 in case of
the degree of superheat 30 K at the inlet of
a compressor

5. BRGNS S UERAEE

R12 oREHWHEOBEHTH 5 R22, R134a, R142b &
X ' R152a, R114 OREHBE OB TH 5 R124 DL
EEEB I VUEMOAEREC S LTHE LI BT A D
iz, Fig.4~Fig. 11 cKE@HRWEE A Tcd 1 7 VO
BRESIVERLEER L ARBE L O0BKRERL
Tco R221IZOWTid, EMAEEILEHE K
FEIBELL TV, &K, BBBE Teon % 293.15
K X 08313.15K & L7cB4 RI12 ORERE & B
BELIL T\ 5, R12 & R152a D B#E 20K & Lic
BELYHE T 5 L R152a (2, BHEERE Teon % 313.15
Kot %, R12 DBMERE Teon 293.15K OFE DR
BmEHE, @EFEULTVW3, ¥, FiAEEco
WTHIRIFR LT Z EMRE 2%, R142b i3, BEES 20
K&l &oRI2 LIEETS L, EfETERCOL
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Fig.11. Cycle performance with R124 in case of
the degree of superheat 30 K at the inlet of
a compressor

TIEWVD, BEREZBEELULTVWS, KA
thHETe — bRy 7OEBMGE L TR TV 5
R114 & R124 % 83 5 &, R114 35 X O° R124 ¥k
BE Teon % 34315 K OB A AR EELUL
TW5D, EMEEREICOWTIERI2 OB
Blitot, 22T, R12, R22, R134a, R152a s & Ot
R142b koW TR —BAERE L S E A D EB ik
EEZRBREIZGHEOBELELE L, BEEE
30315 K ORIE TR X To7%, T, RIMB LV
RI24 e oWTit, BlEAE — t £v 7OESFk L E
%, REREILHALEE L, BEEEX333.15K
DRTE TR Z 1T - 1o,

6. » & H &

AT, SRKAZFEH L TCEEBLAED Y1 7 L4
M X OHRERMEOHELYHE L, &, HEX
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SMECTHLEE 7 m ORI, RI2, RI4EXEFLE
hoREWEERE LB LI, —B% — RGHEBEOME
Bk Ebh T\ 5 Rl L REYEOBERTDH 5
RI123 L BRI 1 7 MR L O HEERZE L W EE
2 bhb, ¥1:, R141b & R11 & HEH Y 1 7 Atk
B UOHEIEULTWBRERE 57, RI12 & RI12
DREWEOERMTHS R134a L U'R152a X & b
T4 7 VMR X OMENEBERELL TV5 %
2bhb, L, RI2Z:AUEMEBELFEALLEE
R134a & R12 # H#3 % &, Rl134a o EfEH niRE
72:6.8% EL B D THBEHERIMETTHLELLA
%, Eiz, R152a XWRMETH A DT, FEFITEHE
NELVYETELBEHRAY TH I 702 TRTHLE
NhBEELILNS, v, Rl3da iz o\ TIXERER
BoWEER, RI2XHLPPEVBERK LD Z &M
WEXHATWBY, BRERAe -t £V 7OFBKGT
» % R114 £ R114 OREWEDOEFE TH % R124 13,
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