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Simulation of Human Thermal Comfort Considering Local Radiant Heating
for Passengers in Electric Vehicles

Yein Lee" « Hyunjin Lee® « Jung Kyung Kim™

“Department of Mechanical Engineering, Graduate School, Kookmin University, Seoul 02707, Korea
ISchool of Mechanical Engineering, Kookmin University, Seoul 02707, Korea
(Received 22 July 2019 / Revised 29 September 2019 / Accepted 1 October 2019)

Abstract : There is a demand for new heating and cooling technology that can provide low energy consumption while maintaining
an appropriate level of thermal comfort for passengers in electric vehicles(EVs). We aim to develop a human thermal comfort
model while taking into account local radiant heating with infrared(IR) warmers in EV and verify its effectiveness. The simulation
program based on MATLAB/SIMULINK was developed and validated with a real car experiment conducted at a cold condition in
an environmental chamber. The simulated overall thermal sensation corresponded fairly well with the overall trend of the passenger's
subjective thermal sensation vote despite the discrepancy in absolute scale that might be caused by an individual difference in
thermal perception. The simulation confirmed that the IR warmers positioned around the human passenger model were effective in
enhancing the local thermal sensation in the lower body part. Local and overall thermal sensations have varied considerably
depending on the combination of the On/Off state of the IR warmers, which implies that an energy-efficient control strategy of
local radiant heating can be established by using the simulation program. A virtual EV model can potentially be built by
integrating the proposed thermal comfort model with an EV thermal management model.

Key words : Electric vehicle(%1 7] A5 }), Thermal sensation($HA]4}), Thermal comfort(E 4] 4d), Skin temperature(Z] - <
%), Thermophysiology(& A 2]), Thermopsychology( <€A 2])

Nomenclature aT,,. :
—a : rate of change in core temperature, °C
Tskin : skin temperature, °C .
ki ] P LS; : local thermal sensation of each body part
Ttin i : skin temperature of each body part, °C .
_ ) oS : overall thermal sensation
Tskin : mean skin temperature, °C

T oC C1, C2, C3 : regression coefficient

core . core temperature, R .
i P . K1 : coefficient indicating the influence of body

Tsinisee - set point skin temperature of each body part, °C .

_ temperature on local thermal sensation

Tkin,set : mean set point skin temperature, °C
t :time, S .
AT Subscripts
skin,i . .
——— :rate of ch: kin t ture at each bod .
dt rate of chahge I Skin temperature at each body i : number assigned to each body part

part, °C
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Thermophysiological — Input value
model
—> The value calculated in
Skin, Core the previous step
temperature N
[ Simplified model

L | Thermopsychological Model

Local thermal Overall thermal

sensation sensation
t
Tsetpoint Coefficients Weighting factors

L Local thermal [__
comfort

t

Coefficients

L Overall thermal

comfort

Fig. 1 Flowchart for simulation of human thermal comfort using
MATLAB/SIMULINK-based program
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Fig. 2 Variation of skin temperature in each body part exposed to
cold environment at -20 °C. Initial temperatures used for the
simulation are set at 900 s
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Table 1 Specifications and positions of IR warmers

IR Warmer Area Distance ..

No. (om?) (om) Position
1 7 Door
2 7 Foot rest
3 150 9 Steering column
4 9 Under steering column
5 8 Console side cover
6 8 Console side cover

Table 2 Simulation cases - Combinations of IR warmers On/Off
IR Warmer No.
3 4 5 6

Case

—_
[\S]
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Fig. 3 Positions of infrared radiant warmers around the human
model
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Simulation of Human Thermal Comfort Considering Local Radiant Heating for Passengers in Electric Vehicles
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Fig. 4 Ambient temperatures used for simulation

(b) Temperature variation in cabin controlled with HVAC
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Fig. 5 Effect of IR warmers on skin temperature, local thermal sensation and overall thermal sensation in EV without HVAC heating
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