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Research and Application of the Simulation Method for the Multi-node Heat

Transfer Model of Vehicle Cabin
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Abstract: Based on coupled 1D and 3D simulations, a multi-node heat transfer model for the vehicle
cabin was established. Thermophysical properties of cabin materials were measured, and thermal comfort
tests were conducted in an environmental chamber. The simulation accuracy was then validated. The re-
sults show that the multi-node model predicts occupant head temperature with higher accuracy (error within
5% ) than the traditional single-node model. and meets engineering requirements. Evaluation of air condi-
tioning outlet designs for an MPV model indicates that the proposed method can effectively guide the devel-
opment and optimization of cabin thermal comfort performance.
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Fig.1 Schematic diagram of heat load

components in the passenger compartment
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Fig.2 1D/3D simulation modeling
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Tab.1 Measured physical properties of key components

=2 B JEBE /mm PERW/(m-K) I/ (geem™) H# T/ (kg K) W/ v | iES AR/ %
1 ToUR 8.36 0.059 0.15 1367.3 55.33 0
2 HhEE () 6.14 0.050 0.19 302.1 97.80 0
3 HEE (1) 6.14 0.050 0.19 302.1 54.10 0
4 1T P9 Al (Rl ) 5.22 0.097 0.65 28.2 94.91 0
5 P R L (R ) 2.37 0.361 1.07 1202.0 94.77 0
6 JAE A (AR ) 10.13 0.064 0.11 7653.6 95.83 0
7 A FE AT (R) 5.89 0.097 0.75 858.7 95.61 0
8 by ERiH 0.60 0.410 0.44 1318.2 49.84 0.05
9 KGR W) 4.82 0.817 2.24 1480.7 60.98 4.22
10 C RS 3 3.85 2.415 2.47 991.9 34.25 58.17
11 e JZ B 4.87 0.880 2.25 871.1 40.02 52.42
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Tab.2 Passenger head temperature at critical moments

I 18] /min 10 40 60 90
5/ (°C) 29.1 24.0 21.9 24.6
— 4 N
. L/(°C 29.2 24.1 21.7 24.0
SR 5 #/(°C)
R/ % 0.34 0.42 —0.91 —2.44
g/ (°C) 31.9 25.9 23.4 25.6
*ﬂj P E/(C) 31.4 25.7 23.2 25.1
kR
W2E/% —1.57 —0.77 | —0.85 | —1.95
I/ (°C) 34.8 27.9 25.4 26.7
4}1,‘; PiE/(C) | 348 27.4 25.5 26.2
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Fig.6 Vehicle speed curve
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Fig.7 Temperature curves of head and glass surface
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Fig.11 Changes in passenger head temperature
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Tab.3 Airflow Distribution m’/h
HEAN | TEB | HEC
IP K172 104.0 104.0 83.2
IP X e 104.0 104.0 83.2
—HER
IP R A 104.0 104.0 83.2
PR A 104.0 104.0 83.2
TR — kA2 70.0 70.0 70.0
oA — HEAT 70.0 70.0 70.0
AR -
BH A 0.0 0.0 41.6
B HEA 0.0 0.0 41.6
O = HE A2 70.0 70.0 70.0
=HER —
oA = HEA 70.0 70.0 70.0
it 696.0 696.0 696.0

Fig.14 Simplified 3D simulation model of

passenger cabin
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Tab.4 Comparison of air volume calculation results at

the interface of three schemes m’/h
A TEA J%B EC
—HER 159 360.0 200.0
AR 159 360.0 283.6
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Fig.16 Head temperature changes of passengers in

each row under three different schemes
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