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Abstract : In this study, the three-dimensional heat and flow field in the cabin, which was formed by
installing a non-starting thermoelectric module air heater in the center of the rear upper part of the cabin of
a large truck, was analyzed in an incompressible steady state using a realizable k-¢ turbulence model. In a
thermoelectric module heater, the system resistance of the flow path varies depending on the change in the
angle of the louver that controls the discharge air flow; thus, the air flowrate at the operating point varies
even at the same rotation speed. Therefore, air flowrate at the operating point in the thermoelectric module
heater is approximately given from 1.64 m’/min to 4.06 m*/min depending on the louver angle at a given
rotation speed. In addition, the temperature distribution of the main airflow appearing near the center of the
cabin and the top of the seat shows a maximum increase of about 20C or more and about 15C or more,
respectively, compared to the cabin external temperature of 5C. As a result, it is judged that under current
conditions, appropriate heating within the cabin using a thermoelectric module heater is possible under
limited external temperature conditions such as during seasonal changes.
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Table 2 Material properties used in this analysis
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Fig. 5 Mesh configuration of a cabin

Table 1 Mesh characteristics of a cabin

Louver |Total element| Total node| Max. Min.
angle number number size size
27.8° | 31,201,403 | 7,888,591 | 96577 | 0756
55.74° | 29,955,846 | 7,623,916 | MM mm
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Mt |Tempersure | Demsity | Theml expansion | Viscosity | Specific het | iy
[W/(m-K)]
Air 5 1.271 0.00361 1.748x107 1005 0.02465
Iron (Fe) 27 7,871.4 - - 439.2 81.168
Polyethylene 27 950 - - 2,100 0.41
Aluminum 27 2,688.7 - - 898.7 236.72
Semi-conductor (ZnTe) 27 6340 - - 258 18
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Fig. 6 Distribution of iso-surface temperature within a cabin
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Table 3 Wall boundary conditions
Wall boundary condition
Surface Item| Material Heat
Shear stress
transfer
Window - No-slip 5C
Chair - No-slip Adiabatic
Poly- . L
Louver ethylene No-slip Adiabatic
Heat sink Poly- Free-slip | Adiabatic
case ethylene
Heat sink | Aluminum | No-slip No .thermal
resistance
Heater case Poly- No-slip Adiabatic
ethylene
Cabin case Iron Free-slip 5C
Thermo- Semi-
electric conductor | Free-slip 55C
module (hot) | (ZnTe)
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Table 4 Air-passage

module heater
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Inlet
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sink

Virtual
fan

Area (cm?)

254.8

212.2

277.3

2122

Table 5 Predicted data of a thermoelectric module

heater at operating points

Flowrate System resistance
Number of (m*/min) (Pa)
revolution Louver angle Louver angle
(rpm)
27.8° | 55.74° | 27.8° 55.74°
800 1.962 1.639 7.568 8.284
900 2.255 1.881 9.447 10.4
1,000 2.555 2.12 11.517 | 12.766
1,100 2.855 | 2.357 | 13.788 | 15.378
1,200 3.155 | 2.598 16.26 18.223
1,300 3456 | 2.836 | 18.937 | 21.316
1,400 3.755 | 3.077 | 21.823 | 24.642
1,500 4.055 332 24.909 | 28.202
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Fig. 7 Temperature distribution on the X-Z plane at Y=0 mm(center) within a cabin
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Y=670 mm

Temp [C]

55.0
49.4
43.8
38.1

32.5
27.5

21.9
16.3
10.6
5.0

A

N=1100rpm

Temp [C]

55.0
49.4
43.8
38.1

32.5
27.5

21.9
16.3
10.6
5.0

N=1400rpm
Temp [C]

w
N
A W W ;= o s O

5.0

(a) Louver angle, a=27.8" (b) Louver angle, o =55.74°
Fig. 8 Temperature distribution on the X-Z plane at Y=670 mm within a cabin
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