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Performance of Dual-evaporation Temperature Heat-Pump Air-Conditioning
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Abstract The high-quality development of the electric-vehicle industry is critical to promoting China’s energy revolution and achieving
the goals of carbon peaking and carbon neutrality. Currently, climate adaptability of electric vehicles has become a technical bottleneck
that restricts the widespread adoption and application of electric vehicles. To address the high energy consumption of air-conditioning
systems for electric vehicles in low- and high-temperature environments, which significantly limits their driving range, this study
proposes a dual-evaporation temperature heat-pump air-conditioning system. An experimental prototype and a simulation model of the
proposed system are developed. Subsequently, the operating characteristics of the proposed system under variable conditions, as well as
its energy-saving effectiveness relative to conventional heat-pump air-conditioning systems for electric vehicles, are experimentally and
numerically investigated. The results indicate that energy efficiency of the dual-evaporation temperature heat-pump air-conditioning
system initially increases and then decreases as the cylinder volume ratio of the dual-cylinder compressor increases. At a cylinder volume
ratio of 1. 25, energy-saving effect of the dual-evaporation temperature heat-pump air-conditioning system can reach 8. 2% —-30. 2% at
low temperatures ranging from =20 ‘C to 0 “C and 16. 3%—48. 3% at high temperatures ranging from 30 °C to 42 “C.

Keywords electric vehicle; dual-evaporation temperature ; heat-pump air conditioning; waste-heat recovery; graded cooling
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Fig.1 Operating principle of traditional heat pump air

conditioning system for electric vehicles

_2_

171 R AL R 427 PG B e s AT AL R, R RIE Ak
7 g 5 AR AR s AAH () A4 2 4 T BE DA [
st (07 14 25 T A PR b IO K 3 R RE TR 62 TR
2, BRI AR PFI IR

BEAh, Hil BT G s AR ST R SR
(4 s A1 PR AV S V4 A0 B ) V4 5 4 1] e A1 R 5 HE
A, B PR 2R R A A O oV B 1R 2% i 1) 3f B A 1
v, A PN V& B A Ak T IR ER S | i A B4 i BT
B o A AERIV T RETRT IR B A AR A B e e
& S, RIVTR] IR P 2 A oA 48 e ) 2 <k
AT v AR, ) n] A 2500 TR 23 1 2R G 1) 28 A fe B i
L e il e BEA

BEXF LR AR, AR SCHRE T A X 1 BB GUR
(2 FHRE BN, i ) — Foft oL Bl 902 U2 A i
RTRGE, 58 RGP S RGENEREDS
FRETY SR SE IS 45 05 B A A A 5 1 O i, o
FERZE il P AR 25 ] R AR AN [RMIRIR S = iR T 00
TR T ALAB AT R, 20 A RURL s 4 AL A UL 7 A
HE R U5 B U A R 2 b ) 5 R T %
F GU B v PERE Y B2, I8 WU il B AR =
PR G GG i SR IR 2 T R G 1T REFEE
FrRFEE , TP 122 28 G2 14 il 2R/ A4 ¥4 T BEARICR

1 WERREHRRTHRSE TIERE

P 2 JT 7 Ay R gl 9 XU A il RE AR 25 T R ¢
FEH IS H7e T 00T iz 47 R (B P an 2
TRAE (R 7 A3 o s b IR T i ¥4 51, el
LUK I o R GRS XURL e
AR AL (IR L5 HP P T i ] — e AL 3R 3l % A
[Al) AE P RA AE M EE  AR a IA |F T
JH R 0 =38

a2 (a) Fros , il T 00T R Geis A7 X6 & il
JEE AR BT SRR X, RUSL T 4 AL B4 g T A 22 A P 4
A 2 BE VR B o B A I IR 3 K IR 2
T, P50 0 2 A s A 5 A A I 28 ke 2
IS e 28 TP R UL AR UL R A, T R K
FE I PERAEEN . RS (B 2(0)) B, 1T 240
A0 ST A W SCR A B S7, B e b (P R 28
i ) S RE SN AR (IR 28 Kt ) AN R 9 28 i g
AT, BT VLA TR B 28 SR o il AR B 25 R
P ML FRL v A R0 P R B n BT 2 (b) i ol
Y 0L N RGEIs 47 X% K i B v JAE 2, XL
FEARHLA i s HE R SN IAER v BE = Ve R 7
BIZREZHK R 1 AR IR 2 5 0, o ) T 22 A8 A e A
15 g i 2 28 K B IS feJm 8 UL IR



TR A LR GE AR B AR 25 PR R GV RERIT Y

=2 2
fIEFE AL | ®
=il E Q o
Y, > - ( 2 il
BRI > M
O e \ ;o
m *ﬁ H i /
H X i
E o ;8
ﬁﬁ 2% 4a i _ ~ |
# foptius 63
e WHki2
# PEKR ki3 R
P NI 1 4b
(a) TR T : B AT AR
l 2 3@@2‘
» e A
=1 i \I;P 1@’1 W
CELR
| & g
- Bof 2 nu
i e S W
ONEES
i~
ﬁ@ %% Z]
o BP0 4 Oap
Y & P W2
we PEEOKIE pgikie3
3 N WBivd1

(b) HA T : WL TIPS 2R
lgp

(0) WAL ERA MR LG 1A
B2 BERENERBRERRTRARFEITRE
Fig.2 Operating principle of dual-evaporation temperature

heat pump air conditioning system for electric vehicles
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Fig.3 Experimental system of dual-evaporation temperature heat pump with waste heat recovery
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Fig.4 Experimental system of dual-evaporation temperature air conditioning with cascade cooling
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Tab.1 Measuring instrument for experimental system
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Fig.5 Experimental results of heating performance under

variable operating conditions
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Fig.7 Calculation process of simulation model for dual-evaporation temperature heat pump air conditioning system
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Fig.8 Validation results of simulation model
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