(RS

Journal of Refrigeration

X E RS :0253-4339(XXXX)XX-0001-11
doi: 10.12465/issn.0253-4339.20251030005

EnEEERRAZHARERE
=)

EE WHE SDEER BBE ®IE
TR AREERSTEIRSR
# E RiRAESHEEASMR RS, SITHERR TR, ] SR SR R ISR HNT, S A 2 & R ATSE S
IAHXTAS B, K245 B AE SR B B, il it 5 COPWAHXTBAR , (0 AR = iR AL AU ATT A IR K R i st . A SCH BN AT
H & B B AR AT A AR A A 50RO, AR5 AIA TR oe i i 55 R G it ROk 2 A D7 i) F 2 B R B BOR EAT T
R, PR AL GWP ¥ TR AR TR $R, e FHRLEE %8 TR A R12332d(E) (R1224yd(Z) S5 Reff F 2 & #OE 10)
S R AR R R290 R 1234y B 18 I TR R B T i X fIE 44, R12342e(Z) \R1234ze (E) BA 5 A 24 M6 5 TR -G TS e
X 52 BN RGN RE A B ) A P AR R A SR A TR S R SR R R S AR A A AL LG AEE R
GO TT I ANV EAR MR BN A S T2, 2R WIHE AR SR BRI, 2 R EAGH R TR T R G ERE,
2R RS ia R e Pk
KR S ARSI AR S T TR AT
fE Y ZES: TB61'2;TB657. 5

PR 471003)

CEKARIRAD: A

Research Progress on High-Temperature Auto-Cascade Heat Pumps

Rui Shengjun  Feng Tingkang Zhou Luyao He Tao

Cao Jiaxu

(College of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang, 471003,
China)

Abstract High-temperature auto-cascade heat pumps exhibit a simple and compact structure and reliable operating performance and
can achieve heating at relatively high temperatures. Currently, the research and application of high-temperature auto-cascade heat
pumps remain relatively immature, and most studies are still in the theoretical stage. Although their heating capacity and coefficient of
performance (COP) are relatively low, they still hold significant promise for development in the field of high-temperature heating. This
paper first introduces the research status of auto-cascade technology in the fields of refrigeration and heating and then reviews the research
progress of auto-cascade heat pumps from two aspects: research advances in refrigerants and the optimization of system processes. The
analysis showed that the replacement of refrigerants with a low global warming potential (GWP) is the current research focus.
Refrigerants with high critical temperatures, such as R1233zd (E) and R1224yd(Z), enable auto-cascade heat pumps to achieve high-
temperature heating. R290 and R1234yf are more suitable for heating in areas with low ambient temperatures, whereas R1234ze(Z) and
R1234ze (E) exhibit excellent thermodynamic performance. The proportion of mixed refrigerants has a significant impact on the
performance of auto-cascade heat-pump systems. Online cycle concentration measurement methods and active control strategies for
mixed refrigerants can maintain the system at an optimal proportion at all times. In terms of the optimization of heat-pump system
processes, the application of vapor injection technology for increasing enthalpy is the most mature and widespread. Technologies such as
multistage evaporation and ejection show potential for development. Multi-system coupling is conducive to improving system performance
but may affect the stability of system operation.
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Fig.1 Principle of two-stage auto-cascade heat pump cycle
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Fig.2 Pressure-enthalpy diagram of two-stage auto-cascade

heat pump cycle
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Tab.1 Physical properties of commonly used working fluids in auto-cascade heat pump systems
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Fig.3 Vapor injection auto-cascade heat pump system'*s!
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Fig.5 Solar-assisted auto-cascade heat pump system
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