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Abstract

R502 has been extensively used as a working fluid in transport refrigerating vehicles and
low temperature refrigerating machines but i1s to be phased out by the end of 1995 due to
ozone layer depletion problem. In this study, both theoretical cycle analysis and experiments
were carried out to examine the best substitutes for R502. Theoretical results indicate that
the alternatives available in the market today may replace R502 without significant changes
in the system without suction line heat exchanger(SLHX). When the system contains a
SLHX, however, COPs of the alternatives increase up to approximately 15~20% than those
without the SLHX. But simultaneously, the discharge temperatures of the compressor also
increrease significantly with the SLHX. Actual test results obtained from the experiment
with a transport vehicle’s refrigerator indicate the similar trend as those of the theoretical
results. Especially, HFCs and their mixtures show lower discharge temperature than those of
R502, which is one of the desirable features. Further research is needed to study the effect
of the SLHX on the performance of the real machine as well as on the oil return for reliabil-
ity of the system.
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Table 1 Physical properties of alternative refrigerants(?ure fluids)

Normal Critical Properties Ozone Global .
. Molecular N " . . Atmosphenc
_ Chemical . Boiling Specific | Deletion | Warming | Flamm- |
Refrigerants Weight i Temp | Pressure . . - Lifetime
Formula (kg/kol) Point © (Pa) wlume | Potential | Potental | ability (Year)
() {Lkg) | (ODP) | (GWP)
R-22 | CHFLCI 86.48 | —40.76| 96.0 | 4974 | 1.95 0.055 | 0.34 N 15
R-123| CF,CHCL, | 152.93 | 27.87| 183.8 | 3674 | 1.82 0.02 0.02 N 2
HCFC {R—124| CF,CHFCl | 136.47 | —13.19( 1225 | 3660 | 1.81 0.022 { 0.10 N
R—141b} CCLFCH, | 116.95 | 32.00} 204.2 | 4250 | 2.17 0.11 0.15 Y 12
R-142b| CCIF,CH, | 100.5 -9.80| 137.1 | 4120 | 2.297 | 0.0.65 | 0.36 Y 19
R-23 CHF; 70.02 | —82.10| 25.6 | 4833 | 1.942 0 6 N 310
R-32| CFH, 52.02 | —51.80| 78.4 | 5803 | 2.37 0 0.13 Y 6
HCC R—125| CF,CHF, | 120.03 | —4857} 66.3 | 3631 | 1.750 0 0.84 N 41
R—143a} CHJCF, 84 —47.61} 731 | 3832 | 2.307 0 1.1 Y 63
R--134a| CHFCF, | 102.03 | -26.16| 101.1 | 4067 | 1.94 0 0.26 N 16
R-152a| CHF.CH, | 66.05 | —25.00| 113.5 | 4492 | 2.741 0 0.029 Y 2
HC290 | CH,CH,H, | 44.10 | —42.07| 96.8 | 4254 | 4.545 0 Low Y Low
Others R-717 NH; 17.03 | —33.30] 133.0 | 11417 | 4.245 0 Low Y Low
FC218 | CF,CF.CF,| 188.02 | —36.6 71.7 | 2689 | 1.638 0 >10 N 500
R-1270| CH 47.70| 91.8 1618 | 4.495 0 i Y Low
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Table 2 Physical properties of R502 alternative refrigerants{Mixtures)
o (Chemical composition(weight% ) Blend No@ ome | Gkl | Fem Te@.
Refrigerans Vendor's Mole@lar Boﬂ@; et | Warming | b Glide
Name | R-22 { R-32 [R-125(R-134a[R-143a|R-1523|R-218]R-290|R-1270] Weight | Point . . . (C)
. Potential | Potential | ity
(kg/kamol}| (C)
R-402A| HPY0 | 38 60 2 10155 | —490 | 002 0.63 N | 20
R-402B| HP8! | 60 3 2 94.71 ~474 | 003 049 N 2.3
R-403A| 695 | 75 N[5 9106 | —480 | 0037 119 N | 24
HCFC|R-403B| 69L | 5 BI5 10206 | ~495 | 0027 409 N 12
R-408A| FX10 | 47 7 46 87 ~-435 | 0026 0.75 N 05
R-411A{ G2018 | 875 1 15 8238 | -386 NA NA N NA
R-411B] G2018b| 94 3 3 8308 | -416 § 00517 NA N NA
R-404A HPe 44 41 52 976 —-430 0 0.94 N 0.7
FX70
HFC R-407AJKLEAS) 20 40| 4 2011 | —464 0 0.49 N 6.6
R-407BIKLEAS] 0702 1029 ~435 0 0.70 N 44
R-507 | AZS) 20 50 988 | ~467 0 0.96 N 00
NA | FX40 089 N 06
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Table 3 Heat transfer equations in heat ex-

changers

fon= (TS, — TSy)/(TS,—TS,)

fune=(TS,— TS/ (TS~ TSs)

fae= (TS;— TSs)/(TSs— TSs)

LMTDe= (1 —f1p0) LMTD e+ oM TD

LMTDe=1 1oL MTD e + faupeLlMTD e
(1= e Fape) LMTD e

Qe=UALMTDeenx

Qc=UcA LMTDcex

Table 4 Variables and residual equations

Variables Residuals Description
Heat transfer
VA(]) = Mg REU) = —QE‘F UFAELMTD[EH)( equation In
gvaporator
Heat transfer
VA(2)=p, |RE(2)=-Qc+UALMTDc&nx equation in
condenser
RE(3)= defmition of
VA(3)=P
R e PRy )
VAM)=T, | RE()= - (Hee Hy)+ (H— gy | ETEFEY Pelanee
o Rl 01 ¢
Refrigerant
VA(B)=TS, |RE(5)=-Qe~mux (H—H,) |energy balance
in evaporator
VAG)=TS RE(6)= definition of
| - (B X (- Hy) fax
RE(7)= definition of
VAN =TS,
—(Hy—He) X (Hi—H,) faune
. ~ RE(8)= Energy balance
VAB=TS, 0 -l < (TS-TS) | of HTF
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Table 5 Simulation conditions and input data

HTF TEMPERATURE ENTERING EVAPORATOR D
-22C

(T5))
HTF TEMPERATURE LEAVING EVAPORATOR o7
(TS;) Y
PRESSURE DROP [N EVAPORATOR(APy) 15kPa
PRESSURE DROP IN CONDENSER(AP,) 30kPa
COMPRESSOR EFFICIENCY (&) 0.65
HEAT EXCHANGER CORRECTION FACTOR( &) 10
MASS-FLOW RATE OF HTF STREAMS IN 02265
EVAPORATOR(m;) '
MASS-FLOW RATE OF HTF STREAMS IN CON-

. 0.340kg/s
DENSER(m()
HTF TEMPERATURE ENTERING CONDENSER 30
(T5:)
UA INEVAPORATOR(UAs) 0.6kW/K
UA IN CONDENSER(UcA() 0.6kW/K
DEGREE OF SUPERHEATING 4T
DEGREE OF SUBCOOLING 1

(%) To sinulate the cycle at three evaporating temperatures, —30.
0, —~20.0, =10.0C, the secondary heat transfer fluid(HTF)
temperatures at evaporator are changed as follows :

at =307 75,=-32C, TS:=-37C
al —200C 75 =-22C, TS:=-271
al =10C (TS =-12C, TS=-17C

1.5
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Table 6 Ambient and return air temperatures

for the calorimeter tests

. Return air temperature or
Ambient temperature ) ,
Refrigerating temperature

100°F(37.8C) —20°F(~27.8T)

120°F(48.9C) —4°F(-20.0C)

86°F(30.0C) 0°F(—17.8T)
32°F(0.0TC)

IBF(LTC)

(3%) Tests performed at 86°F/—~4°F and 86°F/32°F
are standard test conditions in Europe and
Asla.
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Table 7 Summary of test data for transitional(HCFC) alternative refrigerants

Box Temp/ REFRIGERANT R-502 | R—502 |R—402A [R—~402A | R~402B|R—403A |R—403B |R—408A
Amb. Temp LUBRICANT AB POE AB POE POE AB AB AB
Discharge Temp.(C) 0 -103 | —106 | 44 39 3l -100 | 82
—28.97C/ | Discharge Press.(kPa) 0 53.8 4278 | 2857 296.7 | 2229 300.8 71.8
37.8C Energy Rate(%) 0 5.94 6.75 11.88 5.74 10.37 10.78 2.36
Capacity(%) 0 3.6 1.31 10.73 4.08 11.45 4.12 -5.09
Discharge Temp. 0 -102 | —10.6 34 17 12.2 -7.2 5.7
~17.8C/ Discharge Press. 0 51.8 469.2 342.2 338.1 258.1 336.7 122.1
37.8T Energy Rate 0 7.52 7.05 20.48 5.711 11.24 1143 5.34
Capacity 0 4.54 2.08 1157 16.25 17.91 11.11 8.0
Discharge Temp. 0 -7.8 -1.2 4.1 5 15 -2.2 7.5
1.7¢/ Discharge Press. 0 26.2 407.1 331.2 434.7 165.6 262.2 105.6
37.8C Energy Rate 0 4.75 3.63 10.71 6.22 5.09 5.61 3.16
Capacity 0 —4.77 | -8.34 0.63 6.66 —-2.25 | —1041 ] 047
Discharge Temp. 0 -7.8 -0.9 3.3 9.8 14.2 0 6.2
211/ Discharge Press. 0 2.1 369.2 312.6 463.0 172.5 227.7 124.2
37.8C Energy Rate 0 31.5 3.57 11.06 8.0 4.77 4.34 3.32
Capacity 0 -756 | —9.76 0.41 6.04 -192 | —1221 | -2.21
Discharge Temp. 0 -7.1 -4.7 6.0 5.8 7.8 2.8 9.7
21.1C/ Discharge Press. 0 248 262.9 262.9 286.4 275.3 2415 147.0
49T Energy Rate 0 4.22 1.01 8.95 7.69 9.46 1.86 1.55
Capacity 0 -5.76 | —9.27 4.05 591 1883 | —1297 | -0.98
Discharge Temp. 0 -10.3 ~7.2 2.3 35 11.7 —83 6.0
-20C/ Discharge Press. 0 38 386.4 250.5 282.9 142.8 282.9 38.6
30C Energy Rate 0 6.53 5.39 105 8.99 9.93 8.04 1.23
Capacity 0 5.43 11.99 1545 16.3 19.89 114 —0.87
Discharge Temp. 0 -7.9 4.7 35 5.6 13.1 —2.8 5.0
0/ Discharge Press. 0 19.3 316.7 248.4 255.3 1753 282.9 65.6
30T Energy Rate 0 54.6 6.48 12.01 10.46 4.93 5.45 3.3
Capacity 0 -1.72 | —1.63 6.65 8.73 9.42 —6.48 343

( %) Discharge Temp., Discharge Press., Energy Rate, Capacity are an increase or a decrease in dis-
charge temperature and pressure in ‘C and kPa and energy used and capacity in % as com-

pared to R502 respectively.
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Table 8 Summary of test data for long term(HFC) alternative refrigerants

Box Temp/ REFRIGERANT R—~502 |R—404A [R—407A|R—407B| R-507 FX40
Amb. Temp LUBRICANT AB POE POE POE POE POE
Discharge Temp.('C) 0 - 8.9 7.2 —11.7 —~9.4 2.2
~28.9C/ | Discharge Press.(kPa) 0 158.7 41.4 241.5 248.4 427.8
37.8C Energy Rate(%) 0 ~1.55 —~6.22 0.82 —0.73 0.82
Capacity( %) 0 —4.03 —20.94 -7.79 —-73 5.97
Discharge Temp. 0 —10.0 10.0 —-11.7 —-11.7 —0.6
—17.8C/ Discharge Press. 0 165.6 48.3 234.6 282.9 462.3
37.8C Energy Rate 0 —0.87 —3.55 —1.13 0.17 2.51
Capacity 0 —2.15 —8.23 —6.29 —1.54 8.81
Discharge Temp. 0 -7.2 5.0 —-7.8 - 8.3 2.2
1.7°C/ Discharge Press. 0 186.3 89.7 200.1 241.5 379.5
37.8T Energy Rate 0 —-0.32 —1.20 —0.40 —-0.72 —0.64
Capacity 0 —0.905 1.85 —1443 | ~11.34 —9.96
Discharge Temp. 0 —7.2 3.9 —-7.8 —7.2 2.2
21.1C/ Discharge Press. 0 131.1 82.8 186.3 200.1 372.6
37.8C Energy Rate 0 —10.47 —1.35 —0.16 —2.14 —-0.71
Capacity 0 —11.19 —0.71 —-14.43 [ —-12.01 | —12.76
Discharge Temp. 0 -7.8 4.4 —8.3 —7.8 3.3
21.1°¢C/ Discharge Press. 0 179.4 144.9 262.2 296.7 441.6
49°C Energyv Rate 0 -3.09 —2.06 —-1.98 —3.40 —1.74
Capacity 0 —14.33 —0.90 —16.46 | —14.48 | —18.90
Discharge Temp. 0 -8.3 4.4 -12.2 —11.1 —0.6
-20C/ Discharge Press. 0 89.7 27.6 200.1 227.7 365.7
30C Energy Rate 0 -0.36 —2.06 2.23 0.45 3.93
Capacity 0 —6.26 —7.94 0.62 —1.53 9.71
Discharge Temp. 0 —~17.2 3.9 —9.4 —8.3 0.6
0c/ Discharge Press. 0 165.6 89.7 234.8 269.1 393.3
30T Energy Rate 0 -1.37 —0.81 2.26 —0.56 1.93
Capacity 0 - 6.83 2.61 ~3.18 —5.40 —1.02

( %) Discharge Temp., Discharge Press., Energy Rate, Capacity are an increase or a decrease in dis-

charge temperature and pressure in C and kPa and energy used and capacity in % as com-

pared to R502 respectively.
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