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Study of the Effects of Ambient Temperature and Car Heater Power
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Abstract Recently, abnormally cold weather has been reported more frequently in winter due to the climate change
and abnormal weather changes. On the other hand, the heating capacity of a railcar may be not enough to warm the
cabin under severe cold climatic conditions, which is one of the reasons for the passengers’ complaints about heating.
In this study, the effects of ambient temperature and heater power on the cabin temperature was investigated to obtain
the minimum ambient temperature for the tested railcar. The test railcar was placed in a large-climatic chamber, and
various ambient temperature conditions were simulated. The effects of the heater output were investigated by
monitoring the cabin temperature under a range of heater output conditions. The mean cabin temperature was 14.0
C, which was far lower than the required minimum temperature of 18 C, under a -10 T ambient temperature
condition with the maximum heat power. When the ambient temperature was set to 0 C and 10 C, the maximum
achievable cabin temperature was 26.1 C and 34.0 C. Through calculations using the interpolation method, the
minimum ambient temperature to maintain an 18 C cabin temperature was -6.7 C for this car. The vertical
temperature difference was higher with a higher power output and higher ambient temperature. The maximum vertical
temperature difference was higher than 10 °C in some cases. However, the horizontal temperature difference vs. low
temperature (< 2 °C) was independent of the power output and ambient temperature. As a result, it is very important
to reduce the vertical temperature difference to achieve good heating performance.
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[Fig. 1] Tested railcar in this study
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[Fig. 2] Overview of climatic chamber
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[Fig. 3] Temperature measuring points inside of the
passenger cabin: Top view (left) and section
view (right)
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[Fig. 4] Temperature measuring points outside of the

passenger cabin: Top view (top) and side view

(bottom)
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WA os WASRE d¥) A oER WA e
do] FHPE o] F= 9y x| EEsy] whieel A [Table 1] Equilibrium temperature at given experimental
o2 Helt}, o]gdt 2x=Hsl EA4L 97 %7} -2 conditions.
°CQl 20l 33k o] AF18]e] Axole o Heating Mode Ambient Temperature (°C)
A5k AFonA oldd LEWs S 97 enel D : o
b e e 350 W 163 1067 2066
SRR 700 W 723 1763 2763

20 1,050 W 14.01 26.09 3401
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Time (h) AR AT -10 °Ce] 972N E B Aele] AlgH
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[ B 9)7)1 % 208 F8l7] 913kl Table 2014 -3+ vi)
—— 1,050 W mode W ghe ol 8algr). 1 A 350 W R ME 97
........ 700 W mode 4
r==- 350 W mode 257t #3738 °C ©]4, 700 W REo A= 049 °C
4 6 s 10 12 o], 1,060 W =M= -67 °C o]/do]ofof g3 &
Time (h) % %]\91 .

[Table 2] Relationships between ambient temperature

and equilibrium temperature at 350 W
mode, 700 W mode, and 1,050 W mode

(xiscc  stands for the minimum ambient
temperature to reach 18°C of equilibrium

— 1,050 W mode | temperature).
+++1+- 700 W mode —
- 350 W mode Parameter
. . . . . Heating Mode (y = y0 + axx)
2 4 6 8 10 12 0 a = e
Time (h) 30 W 1099 0% | 09w | 738
Change of averaged temperature at 350 W 700 W 1750 1.02 0.9999 0.49
mode, 700 W mode, 1,050 W mode at -10 1050 W U70 100 0988 o7

°C (top), 0 °C (mid), and 10 °C (bottom) of
ambient temperature.
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[Fig. 7] Change of averaged temperature at 0.1 m, 1.1

[Fig. 6] Relationships between ambient temperature and

m, and 1.7 m height at 350 W mode (top), 700

W mode (mid), and 1,050 W mode (bottom)
under -10 °C of ambient temperature conditions.

equilibrium temperature at 350 W mode, 700

W mode, and 1,050 W mode.
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[Table 3] Averaged temperature for each section % Front
'—
Ambient Averaged temperature (C) s e Mid |
o Mode -=-=-- Back
temperature (C) Front Mid Back
= -10 : : : : :
-10 700 W 56 58 55 Time (h)
1,050 W 119 120 11.7 X
[Fig. 8] Change of averaged temperature at front
350 W 89 92 9.3 . . . .
section, mid section, and back section at 350
0 00w 145 150 151 W mode (top), 700 W mode (mid), and
1050 W 219 220 216 1,050 W mode (bottom) under -10 °C of
350 W 190 193 192 ambient temperature conditions.
+10 700 W 249 252 249
1,060 W 31.2 328 30.8
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