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Experimental study on Thermal Comfort of Electric Vehicle
Occupants Using Local Proximity Heating Module
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{Abstract)

In order to meet the technological demand for indoor heating systems that ensure
winter thermal comfort during the transition from internal combustion engines to
electrification, a localized proximity heating module using surface heating elements
was developed. The operational performance of heating module was tested in the low
temperature chamber. The experiment conditions were varied by changing the
chamber temperature (-10, 07C), the air flow rate (6.2, 6.0, 4.2m*/h), the heater
power (100, 80, 60, 40W). Thermal comfort model was confirmed using the CBE
Thermal Comfort Tool applying ASHRAE standard 55. Under -10C condition, thermal
comfort was satisfied at 23.4, 23.2°C at power of 100W and air flow rate 6.0, 4.6
m®/h. Under 0C condition, at power of 80W, air flow rate 6.2, 6.0m*/h, and at power
of 60W, air flow rate 4.6m®/h showed results of 25.7, 26.1, 23.0C, respectively,
satisfying thermal comfort. This study analyzed the operating performance of the local
proximity heating module in the low temperature chamber and applied thermal
comfort model to prove applicability of local proximity heating module using surface
heating elements and how to utilize the thermal comfort model.

Keywords - Local Proximity Heating system, Thermal Comfort,
Surface Heating Elements, Electric Vehicle
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(a) Drawing diagram of heater

(b) Prototype of heater

Fig. 1 Drawing diagram and prototype of heater
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Table 1. Spectfications of manufactured heater

Heater No. | Resistance (Q/each) | Material | remark
1 2. t 8.9C
99 (a 9° ) 39
2 2.97 (at 8.9C) we
3 326 @t 89C) |O18 4301 g
SUS) | 2
Avg. 3.07 (15(');5)
STD. Dev. 0.132 ’

Fig. 2 Schematic diagram of the local proximity
heating module installed in the head rest
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Fig. 3 Human body dummy installed in the chamber
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Fig. 4 Location of thermocouples installed on the
vehicle model and the human body model
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Table 2. Temperature measurement result of
heating module according to air flow
rate and power at -10°C condition

Fl Temy according to Sensor No.
r;;v Power emperature rding

(m*/h) W 1@ | T® T | T® | T® | T®
1029 | 25.3 | 22.9 | 13.3 | 14.1 | 27.4 | 25.4
83.4 |17.9]14.9 | 103 9.35|19.5 | 18.1
64.5 | 11.0 [ 9.01 | 5.09 | 3.82 | 12.1 | 11.1
44.9 | 465299 |-0.31[-1.96| 5.35 | 4.79
102.5 1259|234 | 152 13.5 | 27.9| 25.8
83.6 [ 18.2]15.5|10.5(9.79|19.7 | 183
65.1 | 11.39.29 | 5.41|3.51 (125 | 11.4
44.8 | 457 (3.01 |-0.69[-2.02| 5.33 | 4.71
101.1 | 34.1 (325|182 | 14.0 | 36.6 | 31.9
82.3 |24.4|23.2|125 (884264232
64.3 | 155 | 14.1|7.48 | 634 | 17.0 | 15.2
43.66 | 7.06 | 5.70 | 2.21 | 1.67 | 8.27 | 7.30

6.2

6.0

4.6
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Fig. 5 Temperature difference in front of the outlet
(T 21) according power at average air flow
rate of 6.2mé/h
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Fig. 6 Temperature difference behind the neck(T 22)
according power at average air flow rate
of 6.2m*/h
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Fig. 7 Temperature comfort according to ASHRAE
standard 55 model at air flow rate of 6.2n7/h
and power of 100W
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Fig. 8 Temperature difference behind the neck(T 22)
according power at average air flow rate
of 6.0m’/h
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Fig. 9 Temperature comfort according to ASHRAE
standard 55 model at average air flow rate
of 6.0m*h and power of 100W
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Fig. 10 Temperature difference behind the neck(T 22)
according power at average air flow rate
of 4.6m°/h
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Fig. 11 Temperature comfort according to ASHRAE
standard 55 model at average air flow
rate of 4.6m°h and power of 100W
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Table 3. Temperature measurement result of heating
module according to air flow rate and
power at 0°C condition

Flow |, wer | Temperature according to Sensor No.

rate

wm| W [T 1@ 18 |1® | 16 | T®
10126 38.6 | 33.3 | 32.6 | 16.1 | 39.2 | 29.4
82.68 | 30.4 | 25.7 [ 25.5 | 11.7 | 30.7 | 24.1
63.69 | 22.3 [ 182|186 | 82 | 228 18.7
44.87 152 | 11.4 [ 12.1 | 3.77 | 15.7 | 13.0
101.26| 39.2 | 34.2 [ 32.7 [ 15.3 | 40.0 | 29.7
82.97 | 30.5 | 26.1 [ 25.5 | 11.1 | 30.9 | 24.1
64.03 | 22.3 [ 17.9 | 18.4 | 7.66 | 22.7 | 18.7
44.67 | 147109 | 11.4 | 2.83 | 153 | 12,5
99.86 | 47.9 | 40.8 | 40.8 | 17.2 | 49.8 | 31.4
81.43 | 35.0 [ 29.8 [ 29.1 | 12.1 | 36.6 | 24.4
63.29 | 26.6 | 23.0 | 223 9.72 | 27.8 | 19.5
4379 | 17.8 | 15.0 | 14.8 | 6.32 | 185 | 13.9
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Fig. 12 Temperature difference in front of the outlet
(T2 1) according power at average air flow
rate of 6.2m’/h
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Fig. 13. Temperature difference behind the neck(T 22)
according power at average air flow rate
of 6.2m*h
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Fig. 14 Temperature comfort according to ASHRAE
standard 55 model at average air flow rate
of 6.2m’/h and power of 100W

S|
S|

ftlo
rulo

%R
&
e

gq]m

4 LiERdTE.
5 ST 22)049] &4 25
ol wet g s A 3
TEoR QIXEo] Q3]Y te- &
Z 4= Stk
Table 1ol Eojxl wviel o] 60W<et
4OWelA= -10°Ce] 2ol e} mE7EA|E ASHRAE
standard 55 model®] ERA A= HZSoRto|
IxBEe] FINAS THESHA] Sotal

Fig. 15+ 39 »371%47} 0C, =] 6.2m’/h

A

o

33.3

o

20
25
¥ 3 o
ofk
1o

e
4> o it

T

=

77

N

s
O
=
Lo

Plr

rO

i



= O OStals oz =
rEArE e == 27 A3z
te 326 °C s
th 946 % /
Wa 299 gujkges / / yd
e 317 °C / / 2
te 316 °C
h  1094k/kg / A
20 2
o
o
15 8
z
3
5
E

- - 0
10 12 14 16 18 20 22 24 26 28 30 32 34 36

Operative Temperature [*C]

Fig. 15 Temperature comfort according to ASHRAE
standard 55 model at average air flow rate
of 6.2m*h and power of 80W
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Fig. 16 Temperature comfort according to ASHRAE
standard 55 model at average air flow rate
of 6.0m*h and power of 80W

te 326 °C
th 946 %

Ws 299 gukga
tw 317 °C

to 316 °C

h 1094k/kg

Humnidity Ratio g,/ kgda]

= - 0
10 12 14 16 18 20 22 24 26 28 30 32 4 3}

Operative Temperature [*C]

Fig. 17 Temperature comfort according to ASHRAE
standard 55 model at average air flow rate
of 4.6m’h and power of 80W
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Fig. 18 Temperature comfort according to ASHRAE
standard 55 model at average air flow rate
of 4.6m’/h and power of 60W
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