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Theoretical and Experimental Study on the Thermal Network Method
for Temperature Prediction in a Car
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Abstract: In order to predict temperature in a car, the thermal network method (TNM) was used to
calculate the temperature when the car was parked or driven. Considering the solar radiation is the main
factor which affects the temperature level in the car, TNM was used to calculate the temperature at each
node after energy equations for all nodes have been established and solved, which is especially suitable
for heat transfer problems dominated by thermal radiation. Empirical correlations were adopted to
calculate the convection heat transfer between car surfaces and air. The established equations are non-
linear, so the Newton iteration method was used to solve the equations. The calculation results are in
consistent with the measured temperature, which indicates the effectiveness of TNM for the temperature
prediction. Furthermore, the transmissivity of glass has obvious effect on the temperature level of the
car. Without violating safety requirements, using glass with proper transmissivity can save energy for
the car.
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Fig.1 Schematic of the heat transfer for a glass node
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Fig.2 Node locations on car surfaces
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Tab.1 Four measured temperature values at different time in

the car
B WS 1/°C AR 2/°C PAE3/C W 4/°C  FeREE/C
12:35  47.8 46.3 47.4 46.8 15
12:55 514 49.7 50.9 50.4 1.7
13:15 537 52.0 529 522 1.7
1335 529 51.1 51.6 51.1 1.8
13:55 514 50.5 51.0 50.8 0.9
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Fig.3 Comparison between predicted and measured

temperatures in a parking car in September
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Tab.2 Difference between predicted and measured
temperatures in the car in September
Fif[a] THEAE/C T/ °C Z{H/C
12:35 47.08 46.83 —-0.25
12:55 50.60 49.64 —-0.96
13:15 52.70 52.36 —0.34
13:35 51.68 51.17 —-0.51
13:55 50.93 50.11 —-0.82
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Fig.4 Comparison between predicted and measured

temperatures in a parking car in December
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Fig.5 Comparison between predicted and measured

temperatures in a parking car in January
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Tab.3 Difference between predicted and measured
temperatures in the car in December
AR T/ °C. T e/ C. Z{H/C
13:00 33.38 32.21 -1.17
13:30 33.53 33.24 -0.29
14:00 32.98 32.03 —0.95
14:30 32.45 31.21 -1.24
15:00 29.48 30.00 0.52
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Tab.4 Difference between predicted and measured
temperatures in the car in January
i I WHEAE/C FiE/ C Z{H/C
14:00 25.38 25.18 —0.20
14:30 24.73 24.27 —0.46
15:00 23.63 22.78 —0.85
15:30 21.92 20.73 -1.19
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Tab.5 Difference between the temperatures in the car and in
the ambient

Aty PRI/ C T IR/ C ZE{H/C
1 14:00 13.1 25.38 12.28
1 14:30 11.8 24.73 12.93
1 15:00 11.3 23.63 12.33
1 15:30 10.9 21.98 11.08
9 12:35 31.8 47.08 15.28
9 1255 31.5 50.60 19.10
9 1315 31.5 52.70 21.20
9 13:35 31.6 51.68 20.08
9 13:55 31.2 50.93 19.73
12 13:00 10.5 33.38 22.88
12 1330 12.8 33.53 20.73
12 14:00 10.2 32.98 22.78
12 1430 8.5 32.45 23.95
12 15:00 8.1 29.48 21.38
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Fig. 6 Comparison between predicted and measured

temperature in a southeast moving car in January
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Fig.7 Comparison between predicted and measured

temperatures in a northwest moving car in January
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Tab.6 Difference between predicted and measured
temperatures in a moving car in January
S i) W/ °C HIME/C ZE{H/C
9:00 17.45 17.68 0.23
9:05 18.00 18.40 0.40
9:10 18.60 18.90 0.30
9:15 19.25 19.28 0.03
9:20 20.15 19.59 —-0.56
9:25 20.65 19.96 —-0.69
9:30 21.15 20.49 —0.66
10:00 21.15 21.62 0.47
10:05 21.45 21.58 0.13
10:10 21.55 21.64 0.09
10:15 21.60 21.72 0.12
10:20 21.65 21.80 0.15
10:25 21.70 21.85 0.15
10:30 21.95 21.90 —0.05
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Fig.8 Temperature comparison in a car with different glass
transmissivities
LY
3 &

SR FH A IR0 246 32 6 22 A A AN () I 22045 4 5 47 Bt
AT W BIHEAT T, I 5 SME
178, 2R B RMEVSBY . FNIREE

NSRRI RSN R A D27 S U Z A
F N R R, R ARLME T R, M
ARAT A RO IR B, R AT 4 A L O A A
BT o AER TR 26535 0 42 R BE I, BR T
BSR4 N IR E ) R B AR S, AR a8 AP A D7
e IR %8 T AN AN R i i X R, PR T
I 45 3 0 T R o [R) RS, S gl R 390 245
AR R T R ACIR BT 42 N E YR o 5341
RUEE SURTVNN G R & ibp2 i SO b Y
AU, PR 4 1 DR A 15 5 A< ] A AL IR
ENIRIE . FE TARESCE R, SR A9 265 05 0 4=
Wl BE I T HE— AL WEFE IS8 . XA . By
A B8R LA — 2 0l v T AR B8 5 AR 2 A T
Hh— e SRR IRE 5B IE; ST RGBT EN
i P N 45

SE

(1] 2R, R A, BRI, BT Ansys IR A= KB 114
Rtk A 9], U511, 2010(2): 113-115.

[2] CHIEN C H, JANG J Y, CHEN Y H, et al. 3-D numerical
and experimental analysis for airflow within a passenger
compartment[J]. International Journal of Automotive
Technology, 2008, 9(4): 437-445.

(31 AWl 5%, B4, KT KBRS A - 2 e s 5
IR RO EE T, Hve 57254, 2008, 22(6): 12-15.

(4] BIAESR, 5k, AR A AR M. 2 fi. Jbat: BR2 R
*t, 1998.

[5] MEZRHAB A, BOUZIDI M. Computation of thermal
comfort inside a passenger car compartment[J]. Applied
Thermal Engineering, 2006, 26(14/15): 1697-1704.

(6] sk 3Chl, BRTE, 22 R, KBS 42 g S s A Xt 42
PN IR 3 0 52 IR 55 [0, AILAR T B2 244K, 2011, 47(22):
119-125.

(7] At 4, B SO, MG R IM]. 3 R dbat: B SE8E HR
#t, 1998.

[8] INCROPERA F P, DEWITT D P. Introduction to heat
transfer[M]. New York: Wiley, 1985.

(91 J5 S, 9. IR 425 TR M. JLat: HLARC Tl H ittt
2002.

[10] SRPK, BN . AR A2 PR e 1 I T AT AR 0], 345
HITER AR, 2006(4): 72-75.

(1] Z2P4g, Sacrh, AR HE. ARGt Jr AR 20 9 AE g2 (M.
JEat: B AL, 1992.

[12] 5RES €. K PH A AR A R 5 AL M), 2 Bk, 7Y
% PEAE TP R A, 1990.

[13] P Bt 2R, e RECF WM. Jbat: FEE7 Tk i
*k, 1982,

(4. TLZ0)


http://dx.doi.org/10.3969/j.issn.1001-3997.2010.02.045
http://dx.doi.org/10.1007/s12239-008-0053-2
http://dx.doi.org/10.1007/s12239-008-0053-2
http://dx.doi.org/10.3969/j.issn.1671-6612.2008.06.003
http://dx.doi.org/10.3969/j.issn.1672-545X.2006.04.030
http://dx.doi.org/10.3969/j.issn.1672-545X.2006.04.030
http://dx.doi.org/10.3969/j.issn.1001-3997.2010.02.045
http://dx.doi.org/10.1007/s12239-008-0053-2
http://dx.doi.org/10.1007/s12239-008-0053-2
http://dx.doi.org/10.3969/j.issn.1671-6612.2008.06.003
http://dx.doi.org/10.3969/j.issn.1672-545X.2006.04.030
http://dx.doi.org/10.3969/j.issn.1672-545X.2006.04.030
http://dx.doi.org/10.3969/j.issn.1001-3997.2010.02.045
http://dx.doi.org/10.1007/s12239-008-0053-2
http://dx.doi.org/10.1007/s12239-008-0053-2
http://dx.doi.org/10.3969/j.issn.1671-6612.2008.06.003
http://dx.doi.org/10.3969/j.issn.1672-545X.2006.04.030
http://dx.doi.org/10.3969/j.issn.1672-545X.2006.04.030
http://dx.doi.org/10.3969/j.issn.1001-3997.2010.02.045
http://dx.doi.org/10.1007/s12239-008-0053-2
http://dx.doi.org/10.1007/s12239-008-0053-2
http://dx.doi.org/10.3969/j.issn.1671-6612.2008.06.003
http://dx.doi.org/10.3969/j.issn.1672-545X.2006.04.030
http://dx.doi.org/10.3969/j.issn.1672-545X.2006.04.030

