5525 B4 8 ) TR ¥R Vol.25 No.8
20254 8 H The Chinese Journal of Process Engineering Aug. 2025

DOI: 10.12034/j.issn.1009-606X.224371

Characteristics analysis of throttling—enhanced auto—cascade
refrigeration cycle

Sen CHEN, Ziyun SONG, Yingying TAN, Zhanwei WANG, Lin WANG, Xiuzhen LI

Institute of Building Energy and Thermal Science, Henan University of Science and Technology, Luoyang, Henan 471023, China

Abstract: The auto—cascade refrigeration cycle is characterized by its | 1

. . . .. . S
simple design, stable operational characteristics, broad cooling e

temperature range, and promising applications, making it a focal point R

in the field of low—temperature research. However, the traditional auto—

cascade refrigeration cycle (BACR) is limited by refrigerant flow rate

Condenser

within the evaporator, typically addressed by reducing evaporation
pressure to enhance cooling capacity. This approach leads to the issues  1°
such as high compressor power consumption, high exhaust temperature

and low refrigeration efficiency. Researchers have extensively explored EV1

refrigerant component ratio optimization and system process

improvements to address these issues. However, previous cycles are

relatively complex, posing challenges to stable operation for the I

systems. Thus, a simple and effective cycle improvement scheme is

10 EV2
necessary for practical applications. This work proposes a novel —
throttling—enhanced auto—cascade refrigeration cycle (VACR). This 7 E‘ 6

configuration reduces the pressure of the two—phase refrigerant mixture Evaporator

at the condenser outlet through a throttling process, promoting partial

evaporation of the liquid phase and increasing the refrigerant flow rate into the evaporator. Using R1150/R600a as
the refrigeration, a thermodynamic model of the cycle is established, and the effects of key parameters such as
component ratio, condenser outlet vapor quality, condensation temperature, and evaporation temperature on
thermodynamic performance are analyzed. The results show that when the R1150 component ratio ranges from 0.45
to 0.60, the VACR increases the refrigerant flow rate within the evaporator by 15.1% to 17.0% compared to the
BACR. The highest coefficient of performance (COP) of the VACR is 0.743, representing a 14.54% improvement
over the BACR. When the condensation temperature ranges from 30°C to 40°C, the COP of the VACR increases by
13.82% to 31.19% compared to the BACR. When the evaporation temperature ranges from —60°C to =70°C, the
cooling capacity of the VACR increases by 19.43% to 56.11% compared to the BACR. Overall, the comparative
analysis highlights the thermodynamic performance improvement potential in the proposed VACR.
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Fig.1 (a) Schematic diagram of the BACR cycle; (b) the p—/ diagram of the BACR cycle; (c) schematic diagram of the VACR cycle;
(d) the p—h diagram of the VACR cycle
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Tablel The mass and energy conservation equations for
each component

Mass conservation

Component equation Energy conservation equation
Compressor m=m, W =m (h,=h)m_ .
Condenser my=m 0 ,.=my(h,~h,)
Separator my=m,tmg myh=mhrmhg
EVC m=mg, m=m, my(h=hg)=m (h~h,)
Evaporator mg=m, 0,..=my(h,=hy)
EV1 mg=m, hg=h,
EV2 m=mg h=h,
EV3 m,=n,, h=h,,

7 VACR A BACR i 4 [ #4740 AT, K H
REFPROP 10.0 4 V4 2548 & 35 HU R1150/R600a FE 3L 35 VR
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VACR G #4 T ) 2VERE T E VLR AR o
3.2 fEBYIIE

NI UEA TAE G SL )3 AR I mT S 4, 720 4y
fic k. R170/R290 4 0.5/0.5, &4 J5i 2 ¥ & 4 0.001 kg/s, ¥4
BERE N 30°C B TR 0.5, Z8 KR EE R-55C H il
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Fig.2 The algorithm of thermodynamic performance
simulation for the VACR cycle

&2 BACRTEMERS LinFHILERIEL
Table 2 Comparisons of present BACR cycle results with
the results of Liu et al"™
Present BACR

The results of Liu

Parameter results ot all™ Relative error
0../W 109.9 110.0 0.09%
0../W 314.8 315.0 0.06%

cop 0.536 0.537 0.19%
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Table 3 Comparison of the simulation results of BACR
cycle with the experimental data of Bai et al™"

Parameter ~ Present BACR result Experimental result  Relative error
t/C -48.70 -44.20 10.2%
CopP 0.146 0.141 3.5%
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