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Performance Characteristics of Ultra Low Temperature Mixed Refrigerant
Joule-Thomson Chiller on Composition of Mixed Refrigerant

Kwang Seok Lee

Department of Refrigeration and Air-Conditioning Engineering, The Graduate School,
Pukyong National University

Abstract

There are ways to reach very low temperature below -60C such as multi stage cascade
refrigeration system, auto-cascade refrigeration system and Joule-Thomson refrigeration
system using mixed refrigerant. In this paper, performance change of J-T refrigeration cycle
using mixed refrigerant was analyzed with respect to composition of the mixed refrigerant
experimentally. The composition of the mixed refrigerant includes refrigerants with high
boiling point over one sort which can be condensed by water or air at operating pressure,
refrigerants with low boiling point which can reach lower evaporating temperature than target
temperature and refrigerants with middle boiling point between low boiling point and high
boiling point. Cycle performance is different with respect to concentration of each component,
so mixed refrigerant should have appropriate composition and concentration corresponding
with designed operating condition.

In previous study on MR J-T refrigeration, hydrocarbon refrigerant has been applied mainly
due to its high Joule-Thomson cooling capacity. The hydrocarbon refrigerant has
characteristics of flammability and explosiveness, so the characteristics are regarded
hindrance to apply industrial filed because of facilities necessary for explosion proof and fire
prevention. In this paper, performance characteristics of mixed refrigerant applying
flammable refrigerant, R-600a, was analyzed with respect to concentration of each
component. Also, R-134a and R-245fa were applied in order to replace the flammable

refrigerant R-600a. As results of the experiment, compressor discharge temperature

Vi



decreased as compressor inlet temperature decreased when concentration of the refrigerant
with high boiling point increased. However, liquid compression occurred when the
concentration of the refrigerant had over 65% mol. In case of the refrigerant with middle
boiling point, condensation pressure and temperature at inlet of expansion valve decreased
when concentration of the refrigerant increased. In case of the refrigerant with low boiling
point, increase of compressor suction and discharge temperature were presented as the
concentration increased. The compressor suction temperature and the discharge temperature
increased -15.5C, 85.7°C with 20.1% mol concentration of the refrigerant. Based on these
results, it is confirmed that compressor discharge temperature decreases because dew point
of the mixed refrigerant increases as the concentration of the refrigerant with high boiling
point increases. Also, concentration of the refrigerant with middle boiling point effects on
cooling for refrigerant at hot side, so it causes condensation pressure decreases. The
concentration of the refrigerant with low boiling point influences on state of the compressor
inlet and outlet directly.

R-134a were applied as a refrigerant with high boiling point replacing flammable refrigerant
R-600a, and experimental results are as follows. The concentration of R-134a changed from
58.0% mol to 68.1% mol, and compressor discharge temperature tended to decrease like R-
600a test when the concentration increased. So evaporation temperature could reach until -
75.2C at 65.0% mol concentration. But liquid compression was also occurred with the
concentration over 65.0% mol. In order to solve the liquid compression, concentration of
refrigerants with high boiling point was fixed at 58.0% mol. And then, R-245fa was applied
to increase dew point of the mixed refrigerant. When concentration of R-245fa increased
from 10.0% mol to 30.0% mol, compressor discharge temperature decreased from 102.4C
t0 90.4 C. Whereas, evaporator inlet temperature presented increase from -72.2C to -67.8C.
Consequently, performance change of the chiller was analyzed with regard to component of
mixed refrigerant and concentration of each component. And the experimental data can be

utilized as fundamental design data to select working fluid to MR J-T refrigeration.
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Nomenclatures

MR  : Mixed refrigerant
J-T  : Joule-Thomson

Q : Heat capacity

m  : Mass flow rate

C : Specific heat

T : Temperature
AT  : Temperature difference

Greek symbols
p : Density of fluid

v : Volumetric flow rate
Subscript
e : Evaporator
p : Constant pressure
in : Inlet
out : Outlet

viii

[-]

[-]

[W, kW]
[kg/s]
[J/kgK]
[°C]
[°C]

[kg/m’]

[liter/min]
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Figure 1 Schematic diagram of MR J-T cycle
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Figure 2 P-h diagram for Joule-Thomson effect
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Table 1 Specification of refrigerants

. No.rr.nal Safety | Molecular
Type | Refrigerant b011.1ng GWP ODP aroup weight
point

HFC R-245fa 15.0 1,030 0 Bl 134.05
PFC R-C318 -6.0 10,300 0 Al 200.04
HC R-600a -11.7 3 0 A3 58.122
HFC R-134a -26.3 1,430 0 Al 102.03
PFC R-218 -36.7 8,830 0 Al 188.02
HC R-290 -42.1 3.3 0 A3 44.096
PFC R-116 -78.2 12,200 0 Al 138.01
HFC R-23 -82.1 14,800 0 Al 70.014
PFC R-14 -127.8 7,390 0 Al 88.010

Argon -185.85 0 0 Al 39.948

11
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Figure 10 Experimental apparatus (Front side)
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Figure 13 Intermediate heat exchanger Figure 14 Evaporator
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Table 2 Experimental conditions

Parameter Value Unit
Cooling water inlet temperature 19 T
Cooling water volume flow 27.5 LPM
Brine volume flow 15 LPM
Brine supply temperature -80 T
Compressor discharge pressure constraint 3 MPa
Compressor discharge temperature constraint 100 T
Compressor suction pressure constraint 0 MPa
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Figure 15 T-h diagram of mixed refrigerant applying R-600a
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Table 3 Concentration of flammable mixed refrigerants

R-600a R-23 R-14 Dew point [ C]
MR1 39.9
MR2 58.9
MR3 64.5
MR4 68.1
MRS5S 71.5
MR6 74.6
MR?7 74.8
MRS 73.0
MR9 71.2
MR10 68.3
MRI11 67.1
MR12 66.0
MR13 64.6

Table 4 Concentration of non-flammable mixed refrigerants applying R-134a

R-134a R-23 R-14 Dew point [ C]
MR14 43.3
MR15 48.9
MR16 47.7
MR17 47.0
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Table 5 Concentration of non-flammable refrigerants applying R-245fa

R-245fa | R-134a R-23 R-14 Dew point [ C]
MRI18 53.5
MRI19 58.4
MR20 63.1
MR21 67.6
MR22 71.7
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Figure 16 Experimental result applying MR 1
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Figure 17 Experimental results with respect to concentration of R-600a
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Figure 20 Experimental results with respect to concentration of R-134a
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