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The application of hydrocarbon refrigerant mixtures in a hermetic
reciprocating compressor for high back pressure conditions

Key Words: Hydrocarbon refrigerant(®8l5=4 ¥ufl), Coefficient of performance(d % #l4), High
back pressure(L--8), Volumetric capacity(A13d W% %), Total acid number(&4}
7h), 0S-12a(&t3ta A4 A E3H B ol), Pressure ratio($&1]), Calorimeter(2 2 A))

ABSTRACT

The application of hydrocarbon refrigerant mixtures in a hermetic reciprocating compressor
for dehumidifier is investigated. The selected refrigerants are R12, R134a, HC-Blend
(R290/R600a), CX(R152a/R600a) and OS-12a. Both theoretical and experimental investigations
have been performed for the selected refrigerants. The test results of hydrocarbon
refrigerants have been compared to traditional refrigerant(R12) and Rl134a. The results show
that hydrocarbon refrigerant mixtures(HC-Blend, CX and OS-12a) are very good alternatives
in the refrigeration system for R12 and R134a.
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Table 1 Interaction parameter for OS-12a

T k, k12 T kt klz
-401-0.0001]0.006543)) 10 |0.0014}0.016543

-30{-0.0004|0.014543| 20 | 0.0007 0.016543
-20{-0.0007|0.016543| 30 | 0.0005|0.017543
-101]-0.0014{0.016543| 40 | 0.0004 {0.018543

0 0 0.002543| 50 }0.0003]0.017543

Table 2 Thermophysical properties of

refrigerants
Refrig. HC-
Ltom RIZ | Rl34a | gio | ©X |O5-12a
C4H1o/ | CaH1o/ HC-

Chcemical Formula| CCl:F2 |CH2FCFa CsHs | CHF:CHs | Mixture

49.71 | 63.67 57.9

Molccular Weight | 120.92 102.0

-29.9 | -20.3 [-34.5
1.8~9.5|3.1~15.1{5.6~9.5

Boiling Point (C)|-29 .8 [ -26.5

Flammability (%){ None None

Thermal
Conduc.
(W/m K)

Liquid {0 0801{0.094 0.10 [ 0.1146] 0.10

Vapor |0 . 009|0.012 0.01 0.013 0.01

Heat of Vapor.

(kd/kg) [ at 0T )
ODP 1
Gwp

(COz2=1, 100yr)

Thermal

149.81198.7 | 367.0 | 298.0 | 364.0

0 0 0 G

6900 1200 3 98.9 3
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Fig. 1 Pressure-enthalpy diagram for
non-azeotropic mixtures(HBP).
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Table 3 Theoretical performance of refrigerants for HBP conditions

R12 R134a R600a HC-Blend R290 R500 CX 0S-~12a
Cond. Mid Temp. T 54.4 54.4 544 54.4 54.4 54.4 54.4 54.4
Cond. Mid Press. s 1354 1470 761.4 1392 1883 1559 1402 1280
Intet (Vapor) T. T 54.4 54.4 54.4 .67.31 544 54.48 54.71 57.6
Oulet (Liquid) T. T 54.4 54.4 54.4 51.52 54.4 54.32 54.08 51.2
At Condensation T 0 0 0 5.79 0 0.16 0.63 6.40
Evap. Mid Temp. T 7.2 7.2 7.2 7.2 7.2 7.2 72 7.20
Evap. Mid Press. i 389.4 377.1 200.6 399.0 5875 4505 393.0 360.0
Inlet (L+V) T. T 7.2 7.2 7.2 4.48 7.2 7.17 7.05 4.40
Oulet (Vapor) T. T 7.2 7.2 7.2 9.99 7.2 7.23 7.31 10.00
At Evaporation T [} 0 [} 5.51 0 0.06 0.28 5.60
Pressure Ratio - 3.48 3.90 3.80 3.49 3.21 3.46 3.56 3.56
Discharge Temp. T 88.4 84.8 747 825 83.8 90.4 858 79.0
o 1(Suc.Density) kg/m' 19.94 16.16 478 8.22 11.12 18.94 10.49 8.01
Volumetric Capa. e/t 600.2 628.1 3427 600.4 817.1 691.8 626.3 583.3
Ah (Evap.) Capa. Ii/kg 30.1 38.87 71.74 73.03 73.48 36.53 59.70 72.81
COoP w/w 5.00 5.00 5.25 491 491 498 5.08 5.02
Molecular Weight g/mol 120.9 102.0 58.1 49.7 44.1 106.5 63.67 49.0
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Fig. 2 Schemetic diagram of calorimeter for compressor.
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Table 4 Conditions of calorimeter test

Item Con. T. Con. P. Eva. T. Eva. . Remark
Ref. (t) (ater) (t) (alg) emar
R12 544 1268 72 2938
R134a 544 13.90 72 2812 |NIST
Ref. 5.1
IC-Blend | 573/515 | 1291 45/99 | 2870
cx 546/54.2 | 1326 72 2974
Actual
os-12a | s7em12 | 1258 | 44710 | 2760

Table 5 Results of calorimeter test

Ilem Capac. | Input COP* | Current { T. Glide Remark
Ref. (a/hr) [ (W) | (W/W) (A) ()
R12 4242 2414 | 2042 1.17 0/0
- Comp.:
1IC-Blend | 4295 | 2353 | 2.121 1.09 54/5.8 VClI45
It134a 452.9 246.3 | 2137 112 0/0
- Oil
CX 4523 | 2489 | 2.112 1.13 0/0.4 HTS150
0S-12a 412.3 215.1 | 2.226 0.98 5.6/6.4

5.2 T53HOver load) % A3
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Table 6 Conditions of heavy load life test

{tem Specification
Suction Pressure (i) 147
Discharge Pressure (iPa) 2940
Running Time (hr) 1000
Compressor Case Temperalure ) 90

Table 7 Results of heavy load life test

He-
Ret.| Rr12 X 5122
R i 08-12a
Comp.
oil NR4S NR45
IITSI150 nrsso | T | pagee
Ilem o ) a-22T
Wear No No No No No Little
Colar ws| 5] 5| Lo | L5 | Ls
Ref.| TAN@.11)
el TmKOll/gp | 0007 | 0016 | 0005 | 0014 | 005 | 0o
Waler
oppm ) | ¢ 5 v 3 8 10

Table 8 Conditions of capillary blockage test

Hem Specification
Condensing Temperature - () 544
Capillary Oullet Temperature () ~29.0
Motor Winding Temperalure () 140.0
Compressor Case Temperature (T) 110.0
Running Time (hr) 672
Capillary Tube (mm) @0.70 X 2120
Dryer - XII-5

Table 9 Results of capillary blockage test

1C-
Ref.] RI12 Blend CX 0S-12a
Comp.
NR45 NR45
0Oil
It HTS 1IITs Freol PAG
em 150 150 |a-2217| 22
Wear No No No No No No
Color L15 L5 L15 L15 L20 L2.0
Ref.] TAN(O.1{)
0.02 0.04 0.03 0.02 0.06 0.08
0il |_{meKOIV/g}
Water
0 3 2 0 8 5
(20ppm | )
Fow Change
3% 2% 3% 5% 7%
Rate (1036 }) s
Capillary Tube
State GOOD | GOOD | GOOD | GOOD | GOOD | GOOD
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Table 10 Conditions of material compatibility test

Item Specification
Refrigerant / Oi} (wt %) 50 / 50
Temperature () 130
Period (days) 14
Equilibrium Temperature (T} 130
Conditions Pressure (P} 1960

Table 11 Results of material compatibility test

1c-
.l R S~
Ref. 12 JBle nd CcX 05-12a
il HTS HTS | Freol | PAG
Item
150 150 { 2-227; 22
Muff.-Body - N
i 1
(BBT) Oligomer | No No Na No | Little | Little
O-Ring Size | Good | Good | Good | Good| Good | Good
(NBR) !
Pet.~Film
Flexibl k k k Ok Ok
(SR-53) exible | Ok QO Of QO
Color L0S Lio|L10|LIO]LIO| L1O L1.0
Ref. TAN 0.10} 001 | 002 | 001 | 0.02 | 003 003
oil (mKOH/g)
Water 20ppm | 0 0 0 0 0 0

—
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PV1.2 : Packless valve BV1.2,34 : Ball valve

Pl : Pressure transmitter PIC] : Pressure indicator

T1 : Temperature senor TIC] : Temperature controller

CC1 : Cooling coil Hl Electric heater

SCR1 : Power regulator : Motor

EV1 : Expansion valve Ml’ : Magnetic pump

SH : Sample shell RT : Refrigerant tank

Fig. 4 Schemetic diagram of equilibrium
tester.

Table 12 Results of equilibrium test

Refrig. Pressure (i)

Temp.(T) R12 Ri34a | HC-Blend CX 08-12a
60 15164 1682.1 1571.3 1591.0 1548.5
55 1356.5 | 14908 1356.5 1421.0 1364.5
50 1208.4 1317.3 1261.4 1265.0 1220.0
45 1074.1 11594 1124.1 1122.0 1086.5
40 950.5 1016.2 997.6 915 964.5
0 3033 292.5 326.8 3114 315.5
-20 1484 1326 162.1 150.7 156.6
-25 120.9 106.2 136.7 123.2 128.8
-30 99.3 846 109.1 938 105.1
-35 80.7 67.0 89.5 80.0 849
-40 64.0 51.3 709 635 699
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