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Performance characteristics of the
Joule-Thomson refrigerator according to the
change in the composition ratio of the

non-combustible mixed refrigerants

Sung—-Soo Park

Department of refrigeration & Air—Conditioning
Engineering,

Graduate School, Pukyong National University

Abstract

Recently, demand for low temperatures below -60T is
Increasing in many places such as food, industry, and medicine.
In this study, in order to supply such a low temperature of
-60°C or lower, a study was conducted on the subject of a
Joule-Thomson refrigerator using mixed refrigerant. Since the
performance of the Joule-Thomson refrigerator using the mixed
refrigerant depends on the composition ratio of the mixed
refrigerant used, it 1s essential to select an optimal mixed
refrigerant composition ratio for high efficiency. There were
many studies conducted to this end, but it was difficult to

confirm whether it was realized or not due to theoretical



optimization, and some experimental studies conducted only
parameter analysis due to changes in composition ratio, so it
was not possible to determine whether the composition ratio
was optimized. Therefore, to solve the limitations identified
above, In this study, the following research goals were selected.
First, identifies the specific effect of a single refrigerant
constituting a mixed refrigerant on the refrigerator. Second,
presents an optimal mixed refrigerant composition ratio by
evaporator inlet temperature. Third, based on the experimental
results, present a method for selecting a mixed refrigerant
composition ratio. To this end, a number of experiments were
conducted using a mixed refrigerant consisting of R134a, RZ23,
and R14, and the results obtained are as follows. First, the
refrigerant that had the greatest influence on the performance of
the refrigerator was R134a. The higher the ratio of R134a, the
faster the cooling time and greater refrigeration capacity could
be obtained. However, there was a risk of liquid compression
when the proportion was excessive. And among R23 and R14,
the refrigerant that had a greater influence on the performance
of the refrigerator was R23. When the ratio of R23 was larger
than that of R14, faster cooling time and greater refrigeration
capacity could be secured. However, there was a risk of liquid

compression when the proportion was excessive. Through such



a number of composition ratio change experiments, the
appropriate ratio of single refrigerants that can be stably
operated could be identified, and the optimal composition ratio
for each evaporator inlet temperature could be presented. The
optimal composition ratio based on the evaporator inlet
temperature of -70°C was CMR 9. The cooling time took 18
minutes and the refrigeration capacity was calculated to be
580W. The optimal composition ratio based on the evaporator
inlet temperature at -80°C was CMR 6. The cooling time took
38 minutes and the refrigeration capacity was calculated to be

300W.
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Fig. 3.1.2 Experimental apparatus
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Table 3.1.1 Specifications of instruments

Compressor

Model : ZB21KQE (Emerson)
Type : Scroll Compressor

Capacity : 3HP

Aftercooler

Type : Plate Heat Exchanger (Kaori)
Heat transfer area : 1.224m?

Coolant : Water

IHX (Inter Mediate Heat Exchanger)

Type : Plate Heat Exchanger (Kaori)

Heat transfer area : 2.448m?

“Rete

7
]

_.
Ex

Evaporator(Heater)

Type : Non-asbestos heater

Capacity : 600W

- 24 -




Table 3.1.1 Specifications of instruments

Qil separator

Model : A-WZ 55824 (Emerson)

Capacity : 2L

Isothermal Bath

Model : DA 2000 (DAEIL)

Capacity : 1RT

Flow Meter

Model : Promass 80F (Endress+Hauser)

Range : 0 - 2,200,000kg/h

Expansion Tank

Volume : 33L
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Table 3.1.1 Specifications of instruments

CW (Cooling Water) Pump

Model : PW-K261M (WILO)
Suction / Discharge Head : 8m / 24m

Volumetric flow rate : 25L/min

Slide AC
Company : Daelimec
Capacity : 1kVA
Efficiency : 95%
Thermocouple

Type : T-Type

Range @ -200TC - 350TC

Pressure transmitter

Model : PSCE0030KCPJ-CR (SENSYS)

Range : Okgf/cm? - 30kgf/cm? (Absolute)
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Table 3.1.1 Specifications of instruments

Power meter (Compressor)

e, ¢ WL —

Model : YOKOGAWA - WT333E

1
bl
L B e

Phase : Single Phase or 3-Phase

Power meter (Evaporat

Model : YOKOGAWA - WT100

Phase : Single Phase

Data logger

Model : YOKOGAWA - GM10

Channel : up to 420
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Table 3.1.2 Experimental condition

Parameter value Unit
Aftercooler outlet temperature 27 T
Compressor suction temperature 25 T
Compressor discharge temperature <130 T
Compressor suction pressure 2.5 bar(A)
_ from 15 to
Compressor discharge pressure ) bar(A)
maximum
Target evaporation temperature <-70 T

Table 3.1.3 Composition ratio of mixed refrigerant

Mole fration of refrigerant [%]
Gl R134a R23 R14
CMR 1 Same Same High
CMR 2 High Same Same
CMR 3 Same High Same
CMR 4 40-50 Same Same
CMR 5 40-50 Same Same
CMR 6 50-60 Same Same
CMR 7 50-60 Same Same
CMR 8 Constant Low High
CMR 9 Constant High Low

* CMR : Composition ratio of mixed refrigerant

?2<130C 27°C

E ion Val
Compressor Aftercooler Heat Xpansion valve
‘ exchanger
Qc

Fig. 3.1.3 MR Joule-Thomson cycle with experimental
condition
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Table 3.2.1 List of CMR 1-3

Mole fration of refrigerant [%]
Chel R134a R23 R14
CMR 1 Same Same High
CMR 2 High Same Same
CMR 3 Same High Same

* CMR : Composition ratio of mixed refrigerant

Evaporation temperature [TC]

30
Maintain 19bar (at first)
Increase up to 19bar (from 15bar)
0 B
\
-30 ~
7min
50 =
_60 1 1 1 1 1
0 10 20 30 40 50

Time [min]

Fig. 3.2.1 Comparison of cooling time according to changes
in operating pressure at CMR 1

Pressure

Enthalpy

Fig. 3.2.2 P-h diagram according to changes in operating

pressure
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CMR1 CMR2 CMR3

0
. 20
O
4t
2
o
e 60|
€
o
=
80 F
= Evaporation temp at last
-100

Fig. 3.2.3 Comparison of final evaporation temperature
(CMR 1 -CMR 3)

60

@ Cooling time (to reach -50C)

50

40

30

20

Cooling time [min]

10

0

CMR1 CMR2 CMR3
Fig. 3.2.4 Comparison of cooling time

(CMR 1- CMR 3)
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Table 3.2.2 List of CMR 4-7

Mole fration of refrigerant [%]
Chel R134a R23 R14
CMR 4 40-46 Same Same
CMR 5 46-52 Same Same
CMR 6 52-58 Same Same
CMR 7 58-64 Same Same
* CMR : Composition ratio of mixed refrigerant
CMR2 CMR4 CMR5 CMR6 CMR7
60 | I
Ty . 104 @
— 14
g 70 - . s
® . {05 §
w Ao
-80 | o
£ . o
o ©
= * 0.6 =
-90 | 2
[ Evapotration Temp at last
¢ Molefraction of R134a
-100 0.7

Evaporation temperature [C]

-100

Fig. 3.2.5 Comparison of final evaporation temperature

according to change in the composition ratio of R134a

40

20

0b

.20 |

40

60 |

80 |

Evaporation temp
Comp suction temp ||

Comp suction temperature [TC]
Evaporation temperature [C]

0 10 20

30 40 50
Time [min]

40

20

0

-20

40 |

-60 [

-80 |

-100

Evaporation temp
Comp suction temp ||

0 5

10

Time [min]

15

20

%)
@

w
=3

N
a

N
=

N
o

a
=)

@

Fig. 3.2.6 Comparison of compressor suction temperature
CMR 6(left) and CMR 7(right)
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120 0.7

@ Cooling time(to reach -70C)
® Molefraction of R134a

100

80
60 0.5

40
0.4

Cooling time [min]
Molefraction of R134a

20

0 0.3

CMR2 CMR4 CMR5 CMR6
Fig. 3.2.7 Comparison of cooling time according to change in

the composition ratio of R134a at -70C

500 0.7

= 1 Refrigeration Capacity(at-70TC)

E ®  Molefraction of R134a ©
2> 400 <t
= 106 ©@
o <«
g . °=
@ 300 f S
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c o 10.5 o
2 200 . "3
o g
o : ®
K=y ° - 104 35
£ 100} 3 @ 2
o S~ g ]

0

0.3
CMR2 CMR4 CMR5 CMRé

Fig. 3.2.8 Comparison of refrigeration capacity according to
change in the composition ratio of R134a at -70C
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Specific Heat at 2.5bar — Ri34a
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—---R14

Specific Heat [kJ/kg*K]
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Temperature [C]
Fig. 3.2.9 Specific heat of refrigerants at 2.5bar

120 0.7
B Cooling time(to reach -80C)
® Molefraction of R134a

= 100 - é’“
" — T - -
E s} . &
] ©
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= 60} 105 o
o -
£ . o
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3 . {04 3
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0 0.3

CMR2 CMR4 CMR5 CMR6
Fig. 3.2.10 Comparison of cooling time according to change

in the composition ratio of R134a at -80C
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Fig.

500 0.7

= — Refrigeration Capacity(at -80C)
E ® Molefraction of R134a o
2 400 g
5 4 0.6 -
2 . z
@ 300 | o
o c
c ] 105 o
2 200 L "3
= B
o g
] [
k=, . 104 2
£ 100 | 2
[
(14

0 0.3

CMR2 CMR4 CMR5 CMRé
3.2.11 Comparison of refrigeration capacity according to

change in the composition ratio of R134a at -80C
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Table 3.2.3 List of CMR 6-9

Mole fration of refrigerant [%]
GRS R134a R23 R14
CMR 6 52-58 Same Same
CMR 8 Constant Low High
CMR 9 Constant High Low
* CMR : Composition ratio of mixed refrigerant
0 CMR6 CMRS8 CMR9
-20 F
%)
— 40 |
e
2
@ -60[
o
[
€ .80
(]
-
-100
—— Evaporation temp at last
-120

Fig. 3.2.12 Comparison of final evaporation temperature
according to change in the composition ratio of R23 and R14

40 35 40 35

Evaporation temp
Comp suction temp |

Evaporation temp
Comp suction temp 4

20 ‘ 20{ ‘

op 0

20 F 20
-40 -40 -

-60 - -60

-80 -80

Evaporation temperature [C]
Comp suction temperature [C]
Evaporation temperature [C]

Comp suction temperature [C]

-100 L L L L L 5 -100 L + L ' 5
0 10 20 30 40 50 0 10 20 30 40
Time [min] Time [min]

Fig. 3.2.13 Comparison of compressor suction temperature

CMR 6(left) and CMR 9(right)

- 43 -



40

@ Cooling time(to reach -70C)
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Fig. 3.2.14 Comparison of cooling time according to change

in the composition ratio of R23 and R14
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— Refrigeration Capacity(at -70C)
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400

ié/
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Fig. 3.2.15 Comparison of refrigeration capacity according to

change in the composition ratio of R23 and R14
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Fig. 3.2.16 Comparison of cooling time according to changes
in operating pressure at CMR 9
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Fig. 4.1 Experimental result of CMR 9
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. 4.2 Experimental result of CMR 6
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