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Abstract: Recently, the interest in the thermal comfort is ever increasing as the time people stay in the automobile is
gradually increasing. So far, however, the cooling performance of the HVAC(heating and ventilation air conditioning)
system is evaluated by thermal environment criteria such as indoor air velocity and temperature, not by a thermal
comfort index. Furthermore, the precise criteria has not been established yet when the thermal comfort for the
automobile is evaluated using numerical analysis. In this study, the numerical analysis of automobile indoor thermal
comfort according to various parameters such as HVAC operating mode, airflow, passenger boarding conditions is
performed during the HVAC system’s initial operating time(20 minutes). The solar ray tracing model and S2S radiation
model are used and validated to simulate an external heat source. Based on this study, an evaluation model which can
predict the thermal comfort index for the combination of the above parameters is presented.
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Table 1 Distribution of mass flow rate

Table 2 Thermal boundary conditions

Inlet Distribution of mass flow(%)
Vent mode Foot mode
\"2! 21.36 5
V2 28.61 0
V3 28.21 0
V4 21.82 5
F1 0 25
F2 0 25
F3 0 20
F4 0 20

Outlet

Parcel Shelf

Vent mode Inlet

Fig. 2 Computational domain of automotive cabin
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Fig. 3 Locations of various inlets in the automotive cabin
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Heat transfer
Component coefficient Emissivity
(W/m?* - K)
Window 0.93
Roof 95
Door 0.75
IP
Console 50 0.9
Parcel shelf 0.86
Carpet 30 0.9

Table 3 Thermal conditions of solar automotive cabin

Component Conditions
Solar bower 1,000W/m? for vertical
pow direction of roof
Elapsed time 1,200sec
Soak'mg. tempe'rature 66.46C
inside cabin
Ambient temperature 38T

Solar Load : 1.000W/m?
E

Roof
Convection

Window T )
Convection 3 . e

88— Full Body
Convection

Parcel shelf
Convection

Instrument panel
Convection
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model for vent mode
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Table 4 Coefficients of PMV evaluation model equation

HVAC Vent mode Foot mode
mode
Boarding |, P2 Pl P2
condition
ag 3.0449 3.4179 3.9876 3.092
a -43.3109 -45.6801 | -64.9201 | -71.6046
a 107.7021 111.808 157.3524 | 201.6763
b, 11.1655 11.1239 10.3645 10.6053
b, 5.3075 5.2909 6.2336 5.8404
Ci 0.9515 0.9777 0.9908 0.7603
Cy 0.1197 0.1215 0.1218 0.0744
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Table 5 PMV and PPD comparison between numerical
result and evaluation model for vent mode

Boarding Mass Time V)

condition flow (min) | Numerical | Evaluation
i) result model

10 0.46(9.4) | 0.5(10.2)

0.152

20 |-0.81(18.8) |-0.57(11.8)

0.114 10 | 1.10(30.5) | 1.11(31.0)

P1 20 | -0.13(5.4) | -0.01(5.0)
0.076 10 | 1.95(74.5) | 1.98(75.9)

20 | 0.81(18.8) | 0.86(20.6)
0.038 10 |>3.00(99.1) |>3.00(99.1)

20 | 2.18(84.2) | 2.04(78.5)

0.152 10 | 0.53(10.9) | 0.63(13.3)

20 |-0.72(15.9) | -0.48(9.8)

0.114 10 | 1.22(36.2) | 1.23(36.7)

P 20 0.01(5.0) | 0.13(5.4)
0.076 10 | 2.13(82.3) | 2.16(83.4)

20 | 0.99(25.7) | 1.06(28.7)
0.038 10 |>3.00(99.1) |>3.00(99.1)

20 | 2.45(92.3) |2.31(88.6)

@ Vent mode, section 1

Table 6 PMV and PPD comparison between numerical
result and evaluation model for foot mode

PMV
Boarding l\élass Time

condition (;(W (min) | Numerical | Evaluation
rate(kg/s) result model
10 |-0.53(10.9) | -0.35(7.5)

0.152
20 |-1.96(74.9) |-1.81(67.5)
g 10| 02563) | 0330.3)
o ' 20 |-1.18(343) |-1.13(31.9)
10 | 1.4548.2) | 1.60(56.3)

0.076
20 | 0.06(.1) | 0.13(5.4)
003 |10 Z3.0009.1) [>3.0099.1)
' 20 | 2.25(86.7) | 1.98(75.9)
10 |-0.53(10.9) | -0.40(8.3)

0.152
20 1-1.99(76.3) |-1.70(61.8)
g 10 049(100) | 04308)
o ' 20 | -0.9423.7) |-0.82(19.2)
10 | 1.73(634) | 1.81(67.5)

0.076
20 | 035(7.5) | 0.51(10.4)
00 |10 300099.1) >3.0099.1)
' 20 | 2.49932) | 2.2987.9)

@ Foot mode, section 1
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Fig. 12 PMV graphs according to mass flow rate and
time at vent mode, section 1

PMV

T
0 5 10 15 20

Time(min)

Fig. 13 PMV graphs according to mass flow rate and
time at foot mode, section 1

3.2 B
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