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Abstract To evaluate the low Global-Warming-Potential (GWP) zeotropic refrigerant R454C in multimode thermal management
systems for electric vehicles, an integrated heat pump test bench was developed that combines direct expansion in cabin with a secondary
coolant loop to analyze the effects of temperature glide on system performance and cabin outlet-air uniformity. Experiments were
conducted under standalone cabin cooling, battery-only cooling, combined cabin-and-battery cooling, and low-temperature heating
modes to investigate the effects of refrigerant charge, superheat, frontal air velocity, and compressor speed. The results show that the
refrigerant charge of a multimode system should be determined by considering both the overlapping performance plateau ranges of
different operating modes and the pressure safety margin, with 1 025 g identified as the recommended charge for the present test bench.
Under high-ambient-temperature cooling conditions, enhancing frontal heat rejection exerts a more pronounced effect on system
performance, although the benefit exhibits diminishing returns as air velocity increases. In direct-expansion mode, an increase in
superheat expands the local dryout and superheated regions. Exaggerated by refrigerant temperature glide and flow maldistribution among
parallel circuits, this phenomenon significantly reduces the outlet-air temperature uniformity. Under identical hardware and control
boundaries, the COP (coefficient of performance)of R454C at cooling temperatures of 40 ‘C-43 °C is 13. 8%—20. 0% higher than that of
R134a, while effective low-temperature operation is maintained down to —20 “C. These results indicate that, for low-GWP refrigerant
blends with temperature glide, the optimization of automotive heat pump systems should shift from single-parameter optimization toward
coordinated matching of refrigerant charge, superheat, heat transfer capacity, and system heat transfer paths. The findings provide a

basis for the system design and control of low-GWP zeotropic refrigerants in electric-vehicle thermal management systems.
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Tab.1 Physical Properties of R134a and R454C
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Tab.2 Thermodynamic cycle analysis

LRI T80 M AR T 00
B

R134a R454C  Rl34a R454C

2 %E I J1/MPa 1.32 2.02 1.16 1.80
e R B S (R ) /C 0 6.31 0 6.58
FE K JEF1/MPa 0.29 0.516 0.13 0.255

R B A (R )/ C 0 5.10 0 4.71
JE I 4.55 3.91 8.92 7.06
S HAE/ (KD /kg) 403.1 3924 390.6  380.8
WS 5% B (kg/m*) 14.1 23.1 6.6 11.7
HE RS /(K ikg) 449.1 4436 468.1 4554
HEREEC 72.1 77.7 87.5 84.6
B T HR /(K kg) 2639  268.8 2564  260.6
BN A (K kg) 1392 123.6 2125 1948
AR A/ (k) /m?) 1958 2862 1403 2275
PN BRI/ (kI /m®) 6468 1184 5133  870.1

cor 3.03 2.42 2.73 2.61
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Fig.1 Architecture of the heat pump test bench
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(Unit:mm)

2.2 MXBESXW TR

S 6T U A BEA A TR R T A R
O AR L L R R H T FER 4 Sk
+0.1 K. +0.01%. +0. 01 kg/h, +0.01 kg/h, 0.2 A,
+1 VHI=0. 5 g TOUEMEIMEI IR F5 1HES
PSR VE X ], )55 2~5 25 82 i v XUGHL | e 406 B2 o F1
FERARIE HN R (Chiller) 13 0 . g JR SR
S, FIHE A 10 min IR 57<0. 5 °C R 180
<0. 02 MPa, — 7K-F-F 4 AR ) Jmy 35 1 S e i IX.
], AN TR 4 R et s sl A

P AR BB R 2 SIS 22950 5. IR
kA P s SRR R S U RS 25

Q,=my(h, —h,) (1)

QAR kW 5 m, DAy 38 a3 I A Y
2 RE L kafss hy, b, A3 00 R IS BE RS OE |
RIB 2SS kI kg

JE 45 AL A Ty 2 R ) 2 R 4R B R A 9
T

R 4 R

W = UI/1 000 (2)
Ao WA AP AT 5 kW U R 46 WL AR
JE, VTR RAEHLET AT, Ao ARSC COP AL LARZEHL
DR RRR A AR AR 28 70 5 F 4 Bl
P R I FE
RYc I ATERE R COPTHEINTT
COP = Q,/W (3)
A Q, AR kW WoR FEZE ML A DR kW .
K FH Moffat 75 752 6] #2200 £ 4 0E A7 AN ff o 8
4%, =X () A (5) . B EERI AR BT RS 21,
il V2 /46l A FT COP (18 FF X AN 22 52 43501 2. 6% Fl
3.2%,

R=R(X,X,,X,,---,X,) (4)
2 12

SR | < aR 8X,

" E(aXR” (5)

AR A S RO TR B A H AR B X
AR R SR A S B T bR R
ETR

3XWERS S

3.1 R454C TFEXL

FI3FS 1 SRR R M3 R, H
TFe U HIS BRI LB Chiller FH] B 2 91 g F
B IX[E] 43 51254 900~1100 g.850~1 050 g.800~1 050 g
F1600~1 100 g FEIEA R, 78 & #5/Chiller LI A
AR b T ELRVA BE ) R B s E R NS R
AL A B MCE . A 8 XS, MR & 5 v
EEAR R AR R B e ) S R g pL e Tt
Iv] Bsf P, 2 i 1 T s 1 S [ A8 X ol v ) 2R A7 2
T8 480 B A R0 1T RS A A B 38 4, BRI 1] R 43
Fe bR B 5w ) AR SRR AR A . FE T A O B s
(BRI ¥4 | i PR RE T R 52 e B AT A e T
WA s AR 52 56 v 5 AN o R ) %) S 3 0k B
N (R Yt I e i W Sl P 1 I A S
AR, R 025 g AR AL HERE 7T
T B AN N BB 2 B R B e AR 2
R NG ES: .
3.2 R454C B AC T4 BESE TR

Pl 4 () [T 7 BT ¥4 1 R S 36— A ) 52 1) Xof
MWR3IFT2, 43 CTHT, ZE#MEHS CHEE12C
I B TE 7.65~7.77 kW 54k (e K& 4k
1.3%) , COP 7£ 1.98~2. 02 &L fk (fx K £ R A H
2. 0%) , YA 2k AH B AT 43 9 B4, PR T AS e 40
FEL 10 CHRIREMHRMLE . 40 CTH T, H mick



SRR 22, 45 : RAS4C HL BRI RGESC TS

RIZTWTR

Tab.3 Experimental Conditions
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= S K N XHE/ (m/s £ £33/ (r/mi X/ (m’/h o
F5 S A FR IR G K ) TR/ C WE/ (m/s ) JEGEHUE S/ (f/min) - K&/ (m/h) .
| FEVE RS (B AC(Y) A Chiller 43/41 2.5 3000.,3 500.3 500 468 —
(2128 ) (AC+Chiller DA Az i $4) —7/-7 25 4 000 440 _
40/30 2 3300 468 5.8.12
43/41 3 3700 468 5.8.12
2 P ACHERE
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55/30 2.3.4.5 1 000 468 0
43/30 2 3 000 — 10.15.20
3 i Chiller EfE
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-25/-25 2 4 000 255 4
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