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Abstract : In this study, the three-dimensional heat flow field within the cabin, formed by installing a
redesigned non-starting thermoelectric module type air cooler at the rear upper part of a large truck cabin,
was analyzed in an incompressible, steady state using a realizable k- e turbulence model. The new air
cooler adopted a new flow path with lower system resistance to secure more air flowrate than the existing
air cooler. As a result, the operating points of the new air cooler analyzed by rotation speed showed that
a large air flowrate was obtained at a relatively lower static pressure than the conventional air cooler, and
the air flowrate range required for effective heat exchange was about 2.6 m*/min to 3.9 m*min at a
rotation speed of 1,000 rpm to 1,400 rpm. Therefore, the temperature reduction effect of the new air
cooler in the cabin is significantly improved compared to the existing air cooler, and low noise is
expected due to low rotation speed making it very suitable for night cooling.
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(a) Wire-frame type

Cabin case

(b) Mesh type

6 Mesh configuration of a cabin
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Materials Temperature | Density | Thermal expansion | Viscosity | Specific heat cozgflggility
K 3 i . .
) (kg/m”) | coefficient (1/K) (Pa‘s) [/(kg'K)] [W/(mK)]
Air 40 1.127 0.0032 1.9125x10° 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 new cooler

at operating points

Number of Flowrate System
revolution (rpm) (m3/min) resistance (Pa)
800 2.031 7.402
900 2.331 9.240
1000 2.633 11.287
1100 2.938 13.513
1200 3.243 15.935
1300 3.553 18.561
1400 3.863 21.365
1500 4.171 24.398

Table 4 Air-passage areas of a new cooler

Ttem Inlet Outlet Heat Virtual
grille duct sink fan
(i‘rn‘:f) 2548 | 2122 | 2773 | 2122
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Fig. 8 Distribution of iso-surface temperature within a cabin according to the number of revolutions
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