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Numerical Analysis on Heat Flow in the Cabin of a
Commercial Truck according to the Velocity Change of
Thermoelectric Module Cooler
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Abstract : In this study, the three-dimensional heat flow field in the cabin formed by installing a
thermoelectric module type air cooler at the rear upper part of the cabin for a commercial truck was
analyzed in an incompressible and steady state with a realizable k- ¢ turbulence model. As a result, the
operating points analyzed by the number of revolutions of the air cooler are obtained with a relatively
high static pressure, the effect of reducing the temperature in the cabin is significantly reduced due to
insufficient air flowrate, and an increase in operating noise is expected. In addition, it is necessary to
replace the virtual cross-flow fan, which causes high static pressure and insufficient air flowrate, and a
redesign to secure the flow path cross-sectional area of the heat exchanger to the level of the air cooler
discharge cross-sectional area is required.
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Fig. 1 Geometry configuration of a cabin
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Table 2 Material properties used in this study
. . . . . Thermal
Materials Temperature Den51t3y Thermal. expansion | Viscosity | Specific heat conductivity
(C) (kg/m’) | coefficient (1/K) (Pa‘s) {J/(kg'K)} (W/(mK)}
Air 40 1.127 0.0032 1.9125%x10° 1005 0.0271
Iron (Fe) 27 7871.4 - - 439.2 81.168
Polyethylene 27 950 - - 2100 0.41
Aluminum 27 2688.7 - - 898.7 236.72
Semi-conductor (ZnTe) 27 6340 - - 258 18
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Table 3 Predicted system resistance of a cooler

at operating points

Flowrate
(m*/min)

1.357
1.489
1.622
1.757
1.892

Number of
revolution (rpm)

1,300
1,400
1,500
1,600
1,700

System
resistance (Pa)

10.858
12.497
14.249
16.106
18.074
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Table 4 Air-passage areas of a cooler
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Fig. 4 Vector and oil flow distribution within a
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Fig. 5 Temperature distribution on the X-Z plane at Y=0 mm and Y=0.67 mm within a cabin by number of

revolutions
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