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The application of hydrocarbon refrigerants in a hermetic
reciprocating compressor for low back pressure conditions

Key words : Hydrocarbon refrigerant(¥3lr4 W), Coefficient of performance(R3&AF), Low
back pressure(H2%), Volumetric capacity(#3 W¥%E%3), Pressure ratio(g&u)),
Total acid number(A4t7h), 0S-21CH (§3l54A4 A&ghyul)

Abstract

The application of hydrocarbon refrigerants in a hermetic reciprocating compressor for
refrigerator is investigated. The selected refrigerants are isobutane(R600a), propane(R290),
R12, binary mixture of R600a/R290, and OS~21CI. Both theoretical and experimental in-
vestigations have been performed for the selected refrigerants. The test results of hydro-
carbon refrigerants have been compared to the traditional refrigerant(R12). The results
show that hydrocarbon refrigerants(HC-Blend, OS-21CHI) are very good alternatives in

the refrigeration system for R12.
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Fig.1 Interaction factor(kt) and error(e) for
0S-21CII

Table 1 Interaction parameter for OS-21C1I
T ki T ki
-40 0.006543 10 0.016543
~30 0.014543 20 0.016543
-20 0.016543 30 0.017543
-10 0.016543 40 0.018543
0 0.002543 50 0.017543
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Fig.2 Pressure—enthalpy diagram for non-
azeotropic mixtures(LBP)

Loy = Pest 1 (10)

P cal

o] AFE ulgow L% WY —40T~50TCel
A BaeAA AEYE 0S-21CT o Hid A&
g AL ket & e 49 BAE Fig.1o) A8
A3, B33 A kips AN AHE Table 1
o YehiRiT

3. JOiAME 3 0|2 AlO|E EAM
3.1 ‘dofel Hoisty MA ulm

£ A7elx A3 Yuje] 4FEL Table 29
2o 5 "t Yele 3 ZeA Wl o
v 7iddol ERshs A o9l ddEed Fu
Y, 283 HAAS, AFdEHAS 59 5

ol uj-¢ $EE & + AUtk
3.2 O|E AlOIE X8 o7 &t
2 a7olM A9 o) Pujd] oig o]&<l

oX



7R - g

Table 2 Thermophysical properties of refrigerants

Item Ref. R12 R134a R600a R290 HC-Blend [ OS-21CH
Chemical formula CCL2F; | CH:FCF: CHio CaHs CHi1o/CiHg | HC-Mix.
Molecular weight 120.92 102.0 58.12 441 49.71 579
Boiling point (TC) -29.8 ~-26.5 -11.7 -42.1 -29.9 -34.5

Toxicity None None None None None None
Flammability (%) None None 1.8~84 2.1~95 1.8~95 55~95

Erosion None None None None None None
Ignition temp.(C) None None 460 450 450 950

Thermal Liquid 0.068 0.083 0.1042 0.1077 0.10 0.10

%’Vo?r(rilu%) Vapor 0.0076 0.0102 0.0120 0.0147 0.01 0.01
(Igfjﬁ g‘)’f(g’;ag?é ) 1498 1987 355.7 3745 367.0 366.0

ODP 1 0 0 0 0 0
GWP
(COx=L. 100y1) 6900 1200 3 3 3 3
. Thermal Stable Stable Stable Stable Stable Stable
Sty mical | Stable | Stable | Stable | Stable | Stable | Stable
Base oil Mineral Ester Mineral Mineral Mineral Mineral
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Table 3 Theoretical performance of refrigerants for LBP conditions
RC270 | R600a | R600a 0S
R12 R600a | /R600a | /R290 | /R290 | R290 | R134a o1cH
(70/30) | (50/50) | (40/60)
Cond. mid. temp. (T)| 544 54.4 54.4 54.4 54.4 54.4 54.4 54.4
Cond. mid. press. (kPa)| 1354 761.4 1304 1280 1392 1883 1470 1347
Inlet (vapor) T. (T)| 544 544 55.51 5764 | 57.31 54.4 54.4 57.47
Outlet (liquid) T. (C)| 544 544 5327 | 5119 | 51.52 544 54.4 51.34
At Condensation (T) 0 0 2.24 6.45 5.79 0 0 6.10
Evap. mid. temp. ()| -233 | 233 | -233 ] -233 | -233 | -233 | -233 | -233
Evap. mid. press. (kPa)| 1328 | 6243 126 121.0 136.0 | 2166 114.8 130.0
Inlet (L+V) T. (C)| -233 | -233 | -243 | -262 | -2620 | -233 | -233 | -26.20
Outlet (vapor) T. ()| -233 | -233 | -222 | -203 | -206 | -233 | -233 | -205
At Evaporation T 0 0 21 5.76 5.63 0 0 5.74
Pressure ratio 10.07 12.19 10.35 1057 10.23 8.69 12.80 10.36
Discharge temp. (C)| 126.7 102.4 128.7 | 1122 1135 115.7 118.8 1129
p1(Suc. density) (kg/m’)| 6.496 | 1.451 2327 | 2448 | 2683 | 3889 | 4714 | 2590
Volumetric capa. (kg/m’)| 220.7 1165 | 2169 | 2016 | 2222 | 329.2 | 209.1 214.1
4h (evap.) capa. (kg/kg)| 33.07 | 8027 | 9320 | 8237 | 8284 | 8464 | 4436 | 8265
00) (w/w)| 271 2.89 2.75 273 271 2.72 2.73 272
Molecular weight (g/mol)| 1209 58.1 469 51.1 497 441 102.0 579
32 16
| vee: 14 |1 8P
30 54.4/-29.3 °C |64.4i-233 °C
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Fig.4 - COP of the examined refrigerants
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Fig.5 Pressure ratio of the examined refrigerants
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PV : Packless valve SV Solonoid valve T : Temperaturs sensor CU : Condensing unit

FM : Cooling fan
H ! Heater

R. COMP1 : Recovery compresaor

CD1 : Recovery condenser
AEV ! Automatic expantion valve HLS : Pressure aafty switch

CV : Check valve

EV ! Expansion valve
VP : Vacuum pump

TR : Temperature aensor for recording

Fig.6 Schemetic diagram of calorimeter for compressor
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Table 4 Conditions of calorimeter test
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Item{ Con. T. [Con. P.{ Eva. T. |Eva. P. Remark
Ref. (T) | (kPa) (T) {kPa)
R12 M4 |13447| -233 1326 NIST
HC-Blend|57.3/51.5|1,391.8 | -26.2/~206| 1360 ef51
R600a | 545 | 7613| -233 625
0S5-21CT1|575/51.5|1,327.1 | -26.2/-205| 1278 | Actual
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Table 5 Results of calorimeter test

Item | Cooling Input | COP | Current Ter.np. Dis.
Capac. W | ) (A) Glide | Temp. Remark
Refrigerant (kcal/hr) () )
R12 2037 | 1633 [ 1450 | 0774 | 00 | 654 | . number of sample
PL25 | HC-Blend 215.6 1646 | 1522 | 0.772 | 5.2/56 | 66.7 n=5
(X | Reooa | 1155 | 914 [1468] 0470 | 00 | 563 | - Disp. of compress
0S-21CII 203.1 1571 | 1502 | 0.732 | 6.0/5.7 | 652 6.7cc/Rev
R12 2658 | 2282 | 1354 | 1353 | 0/0 | 779 | . Number of sample
PL87 | R600a (a) 153.7 1340 | 1.333 | 1.350 0/0 573 n=4
(X) | R600a (0 | 1541 | 1083 1654 | 0570 | 00 | 576 | .« Disp. of compress
R600a (c) | 1532 | 1108 | 1.607 | 0.567 0/0 56.0 8.7cc/Rev
(a), (b), (c) : Type of motors in different stacking heights.
AY =A L Z3E Table 4 2 50 el A& . /&5 HAlA
t}. HC-Blend ¥vie] 79 R12 tiy] W¥EsHo) 9 -?:E:l""ﬂ '5"‘6‘3 52T ~6.0C FFolth

5.8%, E&(COP) 5.0% A=
Z 2= 54L& A9 FUsth
@A 0S5~ 21011—4 749 R12 oi®] ¥Es¥de ¥

e, A% L &
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5 F 582 35% Ax NA=EJD, AR/ E’g‘ Table 6 Conditions of heavy load life test
2 57% #AagozAd AwrAHo= R12 diy] $+ P
# 4% 54¢ 2tk 0S-21CIH S+ HC-Blend®) Jtem Specification
7% R12 oy £348 —1.3%~35%, S2qte Suction pressure (kPa) 147
~36%~25% WYl A= S48 Boz Discharge pressure (kPa) 2,940
N £% 29 4% 4L o188l sjEe 1z |Running time ()] 1000
N2Ee] AA W7ol Tule AL & Qe = Compressor case temperature (C) 90
Table 7 Results of heavy load life test
Re{. R12 HC-Blend R600a 05-21CII
Ttem P "'NOH | NO1 | NO206 | NG214| NOQ | NOT | NO210 | No2i3
Compressor PL25YG PL25YG PL25YG PL25YG
Suc. Valve GOOD | GOOD | GOOD | GOOD | Sluged | GOOD | GOOD | GOOD
Dis. Valve GOOD | GOOD | GOOD | GOOD { Sluged | GOOD | GOOD | GOOD
Piston GOOD | GOOD | GOOD | GOOD | GOOD | GOOD | GOOD | GOOD
Color LO.S LO05 L1.0 L05 L1.0 L1.0 L15 L15
Rt TAl\rIfa“;?Ig?ng) 0013 | 0007 | 0014 | 0016 | 0014 | 0015 | 0152 | 0085
oil Water(ppm) 0 0 0 0 0 0 0 10
max. 20
Type Freol R22T Freol R22T Freol R22T Freol R22T
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Table 10 Conditions of rapid and on-off life

test
Table 8 Conditions of capillary blockage test T
Item Specification Item - Rapid cycle |On-Off cycle
Condensing temperature (T) 544 Suc. Press.(kg/cx) 1005 1005
Capillary outlet temperature (C) -29.0 Dis. Press.(kg/cr) 232 23+2
Motor winding temperature (C) 1400 On/Off Time(min) 0.25/0.25 15/45
Compressor case temperature (T) 110.0 Comp. Case Temp.(T)| 905 0+5T
Running time (hr) 672 Running Time(hr) 1000 1000
Capillary tube (mm) | ¢0.70%2,120 Compressor(type) PL25YG PL25YG
Dryer - XH-5 Ref. Qil(type) Freol S22T | Freol S22T
Table 9 Results of capillary blockage test
Refrigerant HC-Blend 0s-21c
Ttem Sample ™ 0002 | NOO5 | Noola | noois | emark
Compressor PL25YG PL25YG
Suc. Valve GOOD GOOD GOOD GOOD
Block GOOD GOOD GOOD GOOD
Color L2.0 L1.0 L3.0 L15
, TANmgROH/®) | 1 0.084 0.1506 0.0456
Refrigerant max. 0.1.0
Oil Water(ppm) 195 104 0 0
max. 20
Type Freol S22T Freol S22T
. Flow change rate 3% 2% 5% 2%
Capillary 3
State Inlet tube GOOD GOOD Pollution GOOD Max. 10%
Outlet tube GOOD GOOD Pollution GOOD
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Table 11 Results of rapid end on-off life test

On-Off cycle
0s | HC | 05 | HC [Remark
~21C1I|-Blend |-21C1 |-Blend

Suc.& Dis.valve GOOD | GOOD | GOOD | GOOD
Piston & block | GOOD | GOOD | GOOD | GOOD
Color | L10 | L10 | 110 | L10
Ref. | TAN | 005 | 003 | 005 | 002
Water | 163 | 0 | 153 | 0

Test| Rapid cycle

Ref.

Item

Table 12 Conditions of autoclave test

5.4 =2 ¥ FA AIE Y &Y

o] g9 =A% 1 AIE 27 Table 10 %
11e] AA3kH .

HC-Blend$} 0S-21CII &) 7A$ 2E whEAHQ
&t 2 FAAY Z¥ ol vlE EAY BB
Auky EAo| wly F3sj}

5.5 XIX§ HgM(Autoclave) A1E

o] A¥ Table 129} & Z7A F33A7,
21 AfE= Table 1391 AA34

HC-Blend$} R600a%] 79 =¥ R12 o8] &
5 £ FAEAHS $ud 4 ot

0S-21CI 9] 7% Pet-Film7-9] #3943 435
3}, PBTS} Film#9 &9 d4o] 2o,
YE5H9 AWt 24 748 43

5.6 X2EM(Flock point) &Y

¥ 27L& JIS K 2211-19929] Ao £33l
31, 2 A= Table 1491 AASIYch

ltem Specification Table 14 Results of floc point test
Refrigerant/Oil (wt%) 50/50
Temperature () 130 Oil Freol S22T
Period (days) 14 R600a | RI2 |HC-Blend|0S-21CO
Equilibrium | Temperature (C) 130 Item Blowing | Blowing | Blowing | Blowing
Conditions |Pressure  (kPa) 1,960 Floc point(T)| <-50 | <50 | <-50 <-50
Table 13 Results of autoclave test
Test After test

. Before test
Material CFC-12 HC-Blend R600a 0S-21CI1
Muff.-body(PBT) Oligomer GOOD GOOD GOOD Pollution
O-ring(NBR) Size GOOD GOOD GOOD GOOD
Gasket(Tombo-1901) Size GOOD GOOD GOOD GOOD
Pet.~tube( 4 2.5) Flexibility GOOD GOOD GOOD Pollution
Pet.~film(SR-53) Flexibility GOOD GOOD GOOD Pollution

Color LOS5 LO5 L1.0 L05 L10
Ref.-oil Tan
(Freol S22T) | (mgKOH/g) 0101} 0.013 0.025 0.020 0.103
Water(ppm) 201 88 0 0 0




692 e g

Table 15 Conditions of falex extreme pressure

test
Item Specification
. Pin(Steel) - SAE 3135
Materials 13 Block(Sweel - | AISI CLL37
Refrig. Blowing (mé/min.) 70
Conditions | Temperature (T) 60
Rotating speed  (rpm) 300

Table 16 Result of falex extreme pressure test

CONDENSING
UNIT

0il Freol S22T PV1,2 : Packless valve BV1.2.3.4 : Ball valve
Ref| R600a | R12 [HCBlend[OS-21CH| 1) ; remperature semor TIOL : Tomporature comtrollor
Item Blowing | Blowing | Blowing | Blowing CC1 : Cooling coil. H1 : Elcctric heater
Fa]ex extreme SCR1 : Power rcgulat.or' xl : Motor ]
EV1 : Expansion valve P : Magnetic’ pump
press.(Ibf) 40 520 40 480 SH : Sample shell RT : Refrigerant tank
Fig.8 Schemetic diagram of equilibrium tester
unit
Table 17 Results of 2 phase separation test
[?i% Freol S22T
e
Item R600a R12 HC-Blend 0S-21C11
Ph ti
teni‘;‘;f:ie;;:; Low | High | Low | High | Low | High | Low | High
1/9 - - -47 >90 ~-60 >90 -60 >90
Oil/Ref 2/8 -60 >90 -45 >90 -55 >90 -55 >80
i
( t;) 46 | 45 | >%0 | -43 | >%0 | -44 | >%0 | -44 | >%
Wi
° 6/4 - - 41 | >0 | -4z | 00 | -4z | >
8/2 - - -37 >%0 -38 >90 -38 >90

HC-Blend 2 0OS-21CIO ®% R12 8] %
FEojth

5.7 UolR(Falex extreme pressure) A%

o] 4382 Table 159 ZHAM 3= o,
I A3= Table 1691 AjAIEAH

0S-21CI 9] 3% A7HAlel Y22 R600a =
H] 9% A= AU,

5.8 HEg 24 B2|(2 Phase separation)
A

BEHo Wil FF(wWtR) 2 T F 2=
E HA3) Wb Yot BelEe 2@ E &
A3, 1 ZI= Table 179 AL HC-
Blend 2 0S-21CIH =% R12 i8] $-%3jh.



Table 18 Results of equilibrium test

A WY FEF G4SN gt Be) HE

693

Refrigerant Pressure(kPa)

e, R12 R134a R600a | HC-Blend | 0S-21CIH
60 15164 1,682.1 868.2 15713 15485
55 13565 14908 7721 1,3565 1,3645
50 1,208 13173 6338 12614 1,2200
45 1,074.1 11504 6034 1,1241 1,086.5
40 9505 10162 5208 9976 9645
0 3033 292.5 156.2 3268 3155

~20 1484 1326 718 162.1 156.6
25 1209 106.2 58.2 136.7 12838
-30 99.3 846 46.4 109.1 105.1
35 80.7 67.0 366 895 849
-40 64.0 513 278 709 699

5.9 I8 2c-of XX MY
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