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A Practical Method of Numerical Simulation to Predict Thermal Environment Conditions of Car Cabin
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ABSTRACT

The practical method of a numerical simulation,
which predicts the thermal environment of the car cabin
under the varying conditions of car air-conditioning, has
been developed. The coupled analysis of solar radiation,
long-wave radiation, heat conduction through the
materials and CFD (Computational Fluid Dynamics) was
used in this method. Using a simplified cabin model,
ventilation inside the instrument panel and air leaks from
the gaps of interior parts were incorporated. The
condition of artificial solar radiation in the laboratory
room was also studied. The numerical targets of the
simulation accuracy on the thermal environment factors
were determined by considering both the experimental
error and the range of human perception to the thermal
factors experimentally. The simulation results have met
the numerical targets and the validity has been verified
by laboratory test correlation.
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Fig.2 Image of interior airflow
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E; : Emissive power of i-th element

Q; : Radiation energy from i-th element
into j-th element

A, : Area of i-th element

Fig.3 Form factor Fij
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Air temperature, air velocity and plane radiant
temperature were measured respectively at
the 20 points of both left and right side.

Fig.5 Measuring points of thermal environment
factors for TSV correlation
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Fig.9 Computer analysis model and measuring points
of thermal environment factors

Heat transfer

Laminate configuration

The cabin wall having complex configuration is
simplified to uniform laminate configuration.

Fig.10 Heat transfer model through the cabin wall

gogboboobobooobboobbooobooooboo
gbobooooooobobobooobooog

gboboboboooboooooboobo

gboboboboobooboboooooooooooboo
gboboobooboobooobooobooboboboonoo
obobooobooooooobooboobooboboboonog
gboboobooboobooobooobooboboboonoo
obobooobooooooobooboobooboboboonog
gboboobooboobooobooobooboboboonoo
obobooobooooooobooboobooboboboonog
goooooooooboobooboobobbbbbbobooooo
obobooobooooooobooboobooboboboonog
goooooooooboobooboobobbbbbbobooooo
oo

gogboooobgd
gboboboboooobooo@mobooboooomo
gogboboobobooobboobboooboooobon

gboosoosogboooobooooboooobon
000000000D0FigM100O0D0O0O00ooooog
gbooboooooooboboboboboboooboooo
gooooooobooboboboboboboooooo
gbooboooooooboboboboboboooboooo
gooddooooooooooboobooboobbobooboboo
gbobobooooobooboobobo

The airflow leak area of cabin is allocated
as shown as above to reproduce the airflow
passage of actual car.

Fig.11 The distribution of airflow leak area
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to the center area of air outlet grill.

Fig.12 Input condition of airflow velocity distribution
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Table 1 Analytical cases
Case 1 2 3 4 5 6 7
. . Non-iso. Non-iso. Non-iso. Non-iso. With chassy/
Simulation Iso. Iso. dynamo solar
L Rec. Fresh Fresh Fresh >
condition Rec. Fresh . ) ; ; load 930W/m
Cooling Cooling Heating Bi-level Rec
Ambient temperature (°C) 25 40 0 15 40
Chassy dynamo
air speed (m/s) 11.1 (40km/h)
Footx2
Location of Defrostx 4 Both of cooling
ventilation outlet Vent Side defrostx2| and heating Ventx 4
Rear foot X 2
Airflow rate of
ventilation (m¥s) 0.1 0.1 0.042 0.1
Average temperature of Fr.46.1 Vent19.5
outlet (°C) 25.0 75 195 Rr.36.6 Foot32.7 6.9

Iso.: Isothermal, Non-iso.: Non-isothermal, Rec.: Recirculate mode, Fresh: Fresh air mode, Fr: Front, Rr: Rear
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Fig.24 Air temperature distribution on cross section at the center of driver seat (Calculation results)
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