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Performance Characteristics of Joule-Thomson Cycle with
Non-Flammable 5-component Mixed Refrigerants
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Abstract : Energy efficiency has been appeared in the spotlight recently. For this reason, the optimization
of mixed refrigerant is also being highlighted. However, there are very few cases where non-flammable
ones are optimized for the 170-288K temperature range. This paper analyzes from thermodynamic aspects
of non-flammable mixed refrigerants in the Joule-Thomson cycle by simulation. In the temperature range
of 170-288K, the composition ratio of the mixed refrigerants of five-component, R-245fa, R-134a, R-404A,
R-23 and R-14 was optimized. Through this analysis, the refrigeration characteristics of each refrigerant
were analyzed. In particular, the optimal composition ratio was found through temperature changes in

enthalpy difference and intermediate heat exchanger with pressure difference between high and low pressure.
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Fig. 1 Schematic diagram of MR J-T cycle
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Fig. 2 Variation of specific refrigeration effect with

operating pressure for different working
fluids
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Fig. 3 Enthalpy difference with operating pressure
for different working fluids
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Fig. 5 Simulation diagram of MR J-T Cooler
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Table 1 Analysis conditions of MR J-T cycle in this study

Design parameter Values Unit
Working refrigerant R245fa, R134a, R404A, R23, R14 -
EOS PR -
Load heat exchanger outlet temperature 173 K
Aftercooler outlet 288 K
Compressor duty 2.1 kW
Compressor efficiency 65 %
Aftercooler pressure drop 10 kPa
Cold side pressure drop of heat exchanger 20 kPa
Warm side pressure drop of heat exchanger 20 kPa
Pressure drop of load heat exchanger 10 kPa
Low pressure 0.21, 0.22, 0.23, 0.24, 0.25 MPa
High pressure 1.6 ~ 2.6 [step : 0.1] MPa

120C ol3t® meatglon, ojxzE ZHet F W4 9L £ ok FUFIARE Ak 0.25 Mpa¥

st g OMA 4 Aot 10 kPa® 2w 7P @ol 7O, ol R-149] AYY] A
AL, T dudr) e 4™ Aete AY S v F o4Ed W b =27 gEow Ay
20 kPa, I1L%+3 20 kPaZ 24 F Case StudyE  02MPa, 15t 2 MPad we} Hlmdte] A 40%
Eaiss 7bek Z71ch A 021 MPa¥ S 2.5 MPaZ

3. SMR A|EY0|M Z1} ot} A% AF = Aast

E Aol A= R-245fa, R-134a, R-404A, R-23,  23it}
R-14E ©] 83} Fig. 69} o] d4A3 dgz =}
7 UES g93tgoz2 BAAT O olf= 12

YAF NG A= L% Fah A7 ool 2 o} T3

Fg 70 AzEe] Gystel 2 Wavt B 5 9l WL S

o} ol2lgk £4 3 HYSYS AlEHoldE B3l & e

L Ear) Y] 2EAE dASA AASH A, o g

g tEo] 4E710) EE 25 9 ¢¥e B4 l

o ofg] 7pA e 24 H&S Zokth? i
Fig. 6 115t Wslo] mE A2HZA &8s oot

vebd O™ agzeltk aebe] Frbghel whek e Y STy e
T 29 457 EE 257 FUHET ol P, [MPa]

2o 4F7] oA el FESE FHY Fig. 6 COPy variation with High Pressure

SHAAHZEDX| M243 Moz, 2020 128 95



HI7tAY 5HE7 S =4t M8 E-5& A0IZ 94884

130

Limit Line: Compressor Limit temperature

125

Limit Line
2w--—————

15

110 |

105 - —e— 0.25MPa

—4— 0.24 MPa
—e— 0.23 MPa

@ 0.22 MPa
—4+— 0.21 MPa

100

95 |

Compressor discharge temperature [C]

' L ' L
14 1.6 1.8 2.0 22 24 26 2.8
Py [MPa]

Fig. 7 Compressor discharge temperature variation

with High Pressure

Fig. 72 1149 ®¥slo] me &7 EE 2%
o] agjzolt} ¢HV] EE L ¢Euld w
2t g4 58k A]t 025 Mpa¥ ®l, aqb
£ 25 MPa ©|3t2 ok FHAHE FAY
ANem 1 oo tgol B Ae, 457 EE
257} 120C7F dol Alz=’le] EAE o™

T AUtk
4. 2 B

E AFoHE SMR I-T ¥%7] A% B4 &
A& sz AEHOAE B3 54S B4
o AE2e gg3 2o

-100CE S 252 3t &3 WulE AT
A% A<t 025 MPa, 1Y 2.5 MPa¥ ¢+ A<t
0.2 MPa, 319} 2 MPa¥d 7490l Hl3)] Ho| 40% 7}
7 Aol &g 4 AeS s a8y
48 GV ES 25 oY W, 457 2¥9
gah Ao BdE Qg dEFr] 58 At
2 AN2H 88 7IAE 298 5 T old ¢
57 EZ 259 4% 59 2H¥S @ SMR
Z-5<& Ws79 AJS 02 MPa U2 Z5d
79 2.4 MPa oW & 3o st

= 7

o] =EL RAUTgn A& st&EAT(2019-

2020 )l st AFEHAS

96 SHALARSTYX| H243H M6, 20204 12

o

Author contributions

J. H. Choi; Data curation, Resources. S. S. Park;
Investigation. S. G. Lee; Investigation. J. H. Yoon;
Investigation, Visualization. C. H. Son; Validation.
J. 1. Yoon; Conceptualization, Methodology, Writing

- original draft.

References

1. V. M. Brodyanskii, A. K. Grezin, E. A.
Gramov, V. M. Yagodin, V. A. Nikolasky and
V. N. Alfeev, 1971, "The use of mixtures as

the working gas in throttle Joule Thomson

cryogen refrigerators", Proceedings of 13th
international congress of refrigeration, part 1,
pp. 43-45.

2. W. A Little and L. Sapozhnikov, 1994, "Development
of a low cost cryogenic refrigeration system for
cooling of cryoelectronics”, Adv Cryog Eng, 39,
pp. 1467-1474.
(https://doi.org/10.1007/978-1-4615-2522-6_180)

3. R. C. Longsworth, 1994, "Cryogenic refrigerator
with single stage compressor", US Patent 5 337 572.

4. R. C. Longsworth, M. J. Boiarski and L. A.

1995, "80 K closed cycle throttle
refrigerator”, Cryocooler, No 8, pp. 537-541.
(https://doi.org/10.1007/978-1-4757-9888-3 55)

5. G. Venkatarathnam, P. S. Kumar, and M. S.

Srinivasa, 2004, "Performance of throttle cycle

Klusmier,

refrigerator with  nitrogen - hydrocarbon and
argon - hydrocarbon mixtures", Adv Cryog Eng
49B, pp. 1576-1583.
(https://doi.org/10.1063/1.1774853)

6. M. Boiarski, R. C. Longsworth and A. N.
Khatri 1998, "High efficiency throttle cryogenic
refrigerator based on one stage compressor”, US
Patent 5 706 663.

7. M. Boiarski, O. Podtcherniaev O and K. Flynn,

2004, "Comparative performance of throttle



HX|S - 9N - olMT -

with different
Vol. 13, pp.

cycle cryotiger coolers operating
mixed refrigerants", Cryocoolers,
481-488.
(https://doi.org/10.1007/0-387-27533-9_61)

. A. Khatri and M. Boiarski, 2007, "Performance
of JT

temperatures

coolers  operating at  cryogenic

with  nonflammable = mixed
refrigerants", Adv Cryog Eng 53A, pp. 3-10.
(https://doi.org/10.1063/1.2908574)

. J. D. Dobak, R. Radebaugh, M. L. Huber and
E. D. Marquardt, 1998, "Mixed gas refrigeration

method", US Patent 5 787 715.

10.

11.

12.

Aspen HYSYS. Version 8.0, Aspen Technology
Inc, 2013.

D. Y. Peng and D. B. Robinson, 1976. "A New
Two-Constant Equation of State". Industrial and
Engineering Fundamentals.  15:
59-64. (https://doi.org/10.1021/1160057a011)

J. I. Yoon and C. H. Son, 2013, "Performance
Characteristics of a Mixed Refrigerant OTEC

Using Hot Waste Water",

Chemistry:

Power Cycle

Industrial and
Fundamentals. 15, pp. 59-64.

(https://doi.org/10.9726/kspse.2013.17.6.102)

Engineering Chemistry:

SHALHSUYX| H243 Moz, 2020 12€ 97



	비가연성 5성분계 혼합냉매 조성변화에 따른 줄-톰슨 사이클 성능특성
	Abstract
	1. 서론
	2. SMR J-T 성능 특성 시뮬레이션
	3. SMR 시뮬레이션 결과
	4. 결론
	References


