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Temperature Measurements of a Parking Automobile under Summer Solar Radiation
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Abstract

Surface and air temperature measurements of a parking automobile were carried out to investigate temperature variations
under summer solar radiation. Temperatures in the cabin were measured by using T-type thermocouples and logged into a
personal computer during the daytime. In addition, horizontal all-sky solar radiation was measured during the experiments,
Maximum temperature was obtained and found to be over 90 degrees C on the top of the front dashboard. On the other hand, air
temperature near floorboard in the cabin was saturated to be at most 45 degrees C. Further, ventilating experiments were
conducted with air-discharging by using a blower and ducts. Clean air freely came into the cabin from a front duct and hot air in
the cabin was forced to be discharged at different flow rates from a rear duct located on the rear headrest in order to mitigate
temperature rise. Then, temperature distributions around the driver’s seat were investigated and compared with- and
without-ventilation cases. Results show that temperature mitigation rate was almost proportional to the flow rate and the
horizontal front duct configuration was appropriate for the effective thermal mitigation of the driver’s seat air-temperature rising,
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Fig.1(a) Photo of temperature measurements (outside view)

Fig.1(b) Photo of temperature measurements (inside view)

Table 1 List of thermocouples and their locations

Journal of JSES

:;C Location /air or surface TC Location /air or surface
lo. No.
1 | Front DB (driver's seat) /surface 33 | Rear headrest {driver's seat side) /surface
2 | Front DB (driver's seat) /air 34 | Rear headrest {driver’s seat side) /air
3 | Front DB (center) /surface 35 | Rear seat (driver's seat side) /surface
4 | Front DB (center) /air 36 | Rear seat (driver's seat side) /surface
5 Front DB a7 Flo_orboard of rear seat
(passenger’s seat) /surface (driver's seat side) /surface
6 Front DB ) 38 F!o_orboard of rear se_at
({passenger’s seat) /air (driver’s seat side) /air
7 | Whesl (topysurface 39 51?1’3;?5 seat side) /surface
8 | Whel (bottom) /surface 40 E:)Ze;rsgrzefs seat side) /surface
Driver's seat (centerline) /air Rear headrest
9 ( 10cm height from seat surface ) a1 (passenger's seat side} /surface
10 | Driver's seat (centerline) /air (17cm) 42 :?)Z?;rsgﬁggzﬁsea( side) fair
11 | Driver's seat (centeriine) /air (24cm) 43 (F;Z‘;’;e‘;; s seat side) surface
12 | Driver's seat (centeriine} /air (31cmy) 44 (Fg{JZasrs:Z:e(s seal side) fair
13 | Driver's seat (centerline) /air (38cm) 45 2;2:;?3:{2!::{ ;?;:) Jsurface
14 | Driver's seat (centerline) /air (45cm) 46 (ilz(s)sn;%zr:f:fsfaa{ ;?:12) Jair
15 | Driver's seat (centerline) /air {(52cm) 47 | RG finner surface
16 | Driver's seat (centerline) /air (59cm) 48 | RG /outer surface
17 | Driver's seat (centerline) /air (66cm} 49 | Rear duct outlet /air
18 | Driver's seat (centedine) /air (70cm) 50 | Center of roof /outer surface
19 | Driver’s seat /surface 51 | Center of roof finner surface
20 | Headrest of driver's seat /surface 52 | Trunk room /outer surface
21 | Headrest of driver's seat /air 53 | Trunk room finner air
22 | Floorboard of driver's seat /surface 54 | Trunk room finner surface
23 | Floorboard of driver's seat /air 55 | Air under a car
24 | Front duct infet /air 56 | Surface under a car ( road surface )
25 | Floorboard of passenger’s seat /air
28 | Floorboard of passenger's seat /surface RG : Rear glass
27 | Passenger’s seat /surface FG: Front giass
28 | Headrest of passenger’s seat DB : Dashboard
29 | Headrest of passenger’s seat /air
30 | FG finner surface
31 | FG/outer surface
32 | FG/air

A
Fig.2 (b) Measurement points of air temperature

Fig2(c) Meésurement points of outer air/surface temperatures

.

N "
P
f

'

i

Fig.2 (d) Measurement points of driver’s seat air temperature
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Fig.3 Schematics of inlet/outlet duct settings
in ventilation experiments

Table 2 Summary of measurement cases

Discharging
Case  Vent. Outlet duct Inlet duct In.let ﬂpw flow rate,
direction EPR
m/h
1 No - - - -
2a 50
Front dashboard N
;b (Driver’s seat side) Upper 30 1(5)8
C
3a Rear seat 50
Front dashboard .
3b Yes headrfstl d (Driver’s seat side) Horizontal 100
3¢ (Pass. seat side) 150
4a Floorboard 50
4b (Dri\{er‘s seat  Upper60° 100
4c side) 150

Table 3 Weather conditions (Air temperature and relative hurnidity)

Artemp,C  Maxar  RH% _ Mean
Case o ] msolation
at 12:00 termp, C at 12:00 duration*
1 327 344 54 10
2a 330 334 61 095
2b 335 339 55 098
2c 315 324 56 1.0
3a 336 348 51 094
3b 334 345 52 1.0
3c 30.1 303 51 1.0
4da 339 352 59 1.0
4b 338 345 58 094
dc 314 330 62 1.0

* 8:00-16:00 at Toyama Local Meteorological Observatory
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Fig 6 Driver’s seat centerline air termperature
(No ventilation experimert : Case 1)
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Fig.7 Temperature variation around rear seat
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Fig 9(b) Comparison of driver’s seat air temperature
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Fig 10(c) Comparison of wheel surfice temperature (top)
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Table 4 Comperison of driver’s seat ternperature mitigations at 12:00

Case Terp, °C Termp. Terp,’C Terrp.
TCNo7 mitigation, K. TCNo.16 ifigation, K.
1 771 - 679 -
2a 649 -122 565 -114
b 636 -135 544 -135
2c 596 -17.5 493 -186
3a 650 -12.1 563 -116
3b 634 -137 543 -136
3c 54.5 226 460 219
4a 682 -89 580 99
4b 638 -133 54.1 -138
4c 609 -162 504 -175

Table 5 Mean flow velocities at front and rear duct entrances™
Flow Flow velocity, m/s

rae,mh  Frontinletductentance  Rearoutlet ductentrance
50 15 50
100 22 98
150 29 143

* Afr conditioner was set at iner circulation mode
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