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1D-3D Dynamic Characteristics and Control Method of a CO, Heat Pump Air
Conditioning System for Vehicles
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Abstract A transcritical CO, heat-pump air-conditioning system has effective heating performance at low temperatures, and the variation
of dynamic parameters during operation significantly affects the thermal comfort inside the passenger cabin. To study the comfort of the
passenger compartment and the coupling law of the dynamic changes in the parameters of the transcritical CO, heat-pump air-conditioning
system, a joint simulation model was built based on the one-dimensional simulation software GT-Suite and the three-dimensional
computational fluid dynamics ( CFD) software STAR-CCM +. The three-dimensional cabin model can provide accurate real-time state
parameters of the supply and return air for a one-dimensional simulation system of heat-pump air conditioners. The results show that the
temperature distribution of the thermal environment of the passenger compartment is relatively non-uniform, necessitating the application of
the weighted predicted mean vote (PMV) to evaluate this non-uniformity. In a multi-PID control transcritical CO, automobile heat pump
air conditioning system, a control method based on the weighted PMV comfort model can maintain the regulation and stability of the
system’s target parameters. Under ambient temperature conditions of 43 °C in cooling mode, the control method can reduce the
compressor’s power consumption by 9.4%. At an ambient temperature of =10 °C in heating mode, this method can reduce compressor’s
the power consumption by 17.9%. This control method can reduce the power consumption of the system compressor while satisfying
comfort requirements, constituting a highly efficient energy-saving strategy.

Keywords CO,; automotive heat-pump air conditioning; co-simulation; weighted PMV model
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Tab.1 Structural parameters of experimental system parts
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Fig.1 1D-3D coupled simulation model of heat pump air conditioning system
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Fig.2 Experimental testing of transcritical CO, heat pump air conditioning system

F2 NMFEHBERNE
Tab.2 Human thermal sensation weight
fiEba PIRAE L B AL
A 0.21
s 0.30
FHB 0.18
g8 0.21
TR 0. 10

EARAS, BEI A CO, T2 A R G ol M XA T 1Y
] XU — P S 45 o i — 4% H AR, JF 8 4d PID
Pl ML AU O S B, 15730 D3 AR A 35 16 R sl R
AT FINAL PMV ASERL 4, AR SCHR R 3 T3 AT
TEVETEN SRR AL PMV RS (4425 1 5w

FEF AL PMV &5 38 BE 1 45 61 5 38 S 5 AL
PMV 57 [y i HAELAE Bt i PID 42 il 4 10 4 AL,

BT FE I AT R T A R 4% 1 3T 51 1 PMIV
B, ISR mE a1 4 FrR . PMV {E7E£0.5 N ATIA
REINEREE A AT IE AR R T s B R T L
B 15 PR R EEOR T SCBL AE , R 7 v BRI 4 A5
KK PMV (EEHIE 0. 5, 7R IR R i $ =X ol
PMV {E#HIE-0. 5, 24l 77 75 Re 0% 1 A2 3fe 51 iR
IR AT 3 1 (] B R IR B i 2L O, VR AR 25

FT AL PMV A Y [ 45 i 5 e T 100G &
PMV HARE , 5 EAELK 3 51 AR PR35 PMV 55750 512
FrAE 1% 3 2587 PID 44 i #5 -1 iy A(EL, M 38 23
S ] DR B 1 B A (R HEA T4 o s 0 T XU
JE H A R AL 8 2 m] XU E PID fas il %, o2 AR 435 ]
JRTRL B B4 S X IRUATL IR e A A 7 RT3, DA s it [ L
T S el A ) XU B e A e 3 BN AR B
PMV A5 5 [y S R (Bt 5028 | 7 45 il el o o2 o 5
I HEBEE R PMV BARME,



%46 % 23 ; .
2025 4F 6 A

FFE, ] CO, A THRSE 1D-3D Shahetk KAzl Jr ik wr sy

Vol. 46, No. 3
June, 2025

180

i BB $/(kg/h)
52 o = o
(] (e} (e} (e}

e
(e}
T

80 100 120 140 160 180
SIS RS R/ (ke/h)
(a) TLELXT LK

(o))
(e

£a25}
R2.0t

m
=15¢
1.0}

0.5 1.0 1.5 20 25 3.0 35 40 45

SO ThFRSE /kw
(b) ThFEXT L
9 -
8 -
7r .
z
w6l +5% o
1§ o
g ’ (3 5%
®ar y
fmf
831 4
2 3 4 5 6 7 8 9
SEIG W IR kW
(c) B EXT I

3 —HRGRBEIE

Fig.3 One-dimensional system model validation
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