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Abstract: Mixed-refrigerant Joule=Thomson throttling refrigeration(MJTR) is the predominant cooling method in

the 80 -

230 K temperature range and is widely used in fields such as natural gas liquefaction and cryogenic

storage. The composition of the mixed refrigerant is a key factor determining system performance and efficiency. In

the authors’ previous studies, a method based on partial molar enthalpy difference was proposed to characterize the

effective refrigeration effect of each component, and a corresponding optimization method for mixed-refrigerant

composition was established. However, the optimized compositions still lack experimental validation in a real

system, and the origins of the discrepancy between actual and theoretical system efficiency remain to be further

clarified. To address this issue, an experimental system for small-scale cryogenic mixed-refrigerant throttling
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refrigeration driven by an oil-free compressor was constructed, and a large—volume storage tank was connected to
eliminate the influence of concentration variation during operation. Refrigeration performance tests were carried out
for five nitrogen—hydrocarbon mixed refrigerants optimized for the temperature levels of 100 K, 120 K, 140 K, 160
K, and 180 K. The system achieved the highest exergy efficiency of 24.5% at 160 K. Within the 110 - 170 K
range, it also attained the highest exergy efficiency reported in the open literature for small-scale experimental
systems of this type. Furthermore, this study quantitatively evaluates the deviations between the actual refrigeration
capacity, compressor power consumption, and their theoretical values. The results provide useful insights for further
research on the mechanism of low—temperature mixed-refrigerant refrigeration and for practical engineering

applications.

Keywords: mixed-refrigerant Joule—Thomson throttling refrigeration; effective refrigeration mechanism;

optimization; experimental investigation; exergy efficiency
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Fig.1 Effective refrigeration effect of each component and

isothermal throttling effect (p,=1.8 MPa; p,=0.3 MPa)
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equivalent enthalpy and optimization objective
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Table 1 Mole fraction of mixed refrigerants charged at

100~180 K
Mix—1(100 Mix-2(120 Mix-3(140 Mix—-4(160 Mix-5(180

K) K) K) K) K)
N, 03394 02246 0.0504  0.0000  0.0000
CH, 03353 04121 04064  0.5051  0.4189
CH, 0.1609  0.1202 02353 02586  0.3507
C,H, 0.0371  0.0623  0.0429  0.0888  0.0741
iC,H,,  0.000  0.000  0.0000  0.000  0.0000
iCH, 01272 0.1808 02650  0.1475  0.1564

py/MPa 1.60 1.8 12 1.8 1.8

p,/MPa 0.45 0.5 0.25 0.5 0.5
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Fig. 4 Experimental system schematic and physical diagram
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Table 2 Specification parameters of each equipment for the experimental system
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Table 3 Experimental results of the mixed refrigerants at

different refrigeration temperatures (7..)

/
/ w | w_/ / /
TIKCOP. . g /W T pgr et el g g P D
oo Mo 9/ W v oW i iPa

Mix-1
105 0.05 0.09 11.20 40.45-72.3 238 236 0.9 6.1 1.54 0.46
110 0.09 0.17 17.17 28.72-40.2 181 168 7.4 4.5 1.55 0.48
115 0.10 0.16 14.77 23.44-37.0 151 134 12.8 3.6 1.58 0.49

Mix-2
115 0.08 0.14 20.27 31.79 -36.2 239 187 27.5 5.6 1.77 0.51
120 0.12 0.19 24.72 27.38 -9.7 201 160 25.6 4.7 1.80 0.51
125 0.13 0.19 18.79 19.64 -4.3 145 106 36.9 3.2 1.85 0.53
130 0.11 0.15 13.26 18.08 -26.7 120 81 47.5 2.4 1.88 0.53

Mix-3
140 0.15 0.18 42.82 33.81 26.7 282 145 944 43 1.45 031
145 0.15 0.16 27.64 33.80-18.2 185 101 82.7 3.2 1.32 0.32
150 0.15 0.15 24.78 35.21 -29.6 169 92 82.8 2.9 1.33 0.32

Mix—4
160 0.27 0.25 44.82 59.49 -24.7 166 136 224 4.7 1.38 0.53
165 0.27 0.23 37.96 48.07 -21.0 141 108 30.2 3.7 1.41 0.53
170 0.25 0.20 31.99 41.99 -23.8 127 94 349 3.2 1.42 0.53

Mix-5

180 0.17 0.12 41.25 92.83 -55.6 246 170 44.8 4.7 1.95 0.54
185 0.15 0.12 23.52 66.35 -64.6 162 115 40.9 3.5 1.76 0.55
190 0.14 0.11 20.86 60.36 -65.4 150 104 44.1 3.2 1.77 0.56
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Fig. 5 Experimental exergy efficiency of five mixed

refrigerants at 120 K refrigerant temperature

A% 5 I sl & & A AR Ak, R I S B S 5 4
ESRLHLZE S 2 8] H BN R D ) FORE JEE 1 I 25

18 Ay S 6 A5 1 4 L D) #E B AULAS 21 () D FE
B — WA 22, D 257 1% 3] 94% Z [], i &
ALY T2 PR RN T 75% , 22 800 A 0 i s 22 78
20% F] 60% =[], X N 1 2 B 1) 48 AR TE 46% ]
62% 2 [d] . IBEAT IR J1 Y Mix—1 1 2 e /N, SR T
e/ H AR R A Miix—3 198 A 6] 22 B K, 1t B Miix—
3 EAENLRCR F Ak . 53— 7 i, WA W0 C L X
& 45 *ﬂéﬁa&%&ﬁ SE B . BT R
B R m ST L UL MR A Y AR 46 HLRCR
() E AR 5 3 — 25 5

40

® Mix-1
A ® Mix-2
20} A Mix-3
v Mix-4
*® Mix-5
g 0
k<3 L]
= (]
':";-.—20 - A v
‘8. —40F = *
*
,60 -
e
[ ]
- 0 1 1 1 1
100 120 140 160 180 200
T/IK
(b) X fi 2

FI6 A [ vl B i ¥4 ek ) 5 6 AR L A A O 25 (RS UL A 50 I R e /NIl 220 3 K, 220 Mg T e )

Fig. 6 Experimental and simulated values of refrigeration capacity at different refrigeration temperatures and their relative deviations

(simulation conditions set for a minimum temperature difference of 3 K in the recuperator and neglecting pressure drop)
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Fig. 7 The impact of pressure drop and minimum temperature difference on the refrigeration capacity at 120 K
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Fig. 8 Experimental and simulated values of compressor power consumption at different refrigeration temperatures and their relative

deviations (the compressor adiabatic efficiency was set to 75%)
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