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A Study of the Development of a Korea Wind Chill Temperature Index (IT)
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Abstract: This paper aims to develop a Korea wind chill temperature index using an experimental method. For this, the
researchers carried out a preliminary experiment in order to offer provisions necessary for the selection and safety of test
participants, accuracy of experiment, and readiness for various situations that may occur during experiment. The
researchers also investigated test subjects’ safety and experiment conditions in which wind speed changes from calm
condition into strong wind speed condition under the constant air temperature of 5°C. The results of this study are as
follows. With regard to the variation of facial skin temperature such as forehead, cheek, nose, and chin, the skin
temperature of cheek closely appears to depend on the change of air temperature and wind speed, exhibit a stable
variation trend of skin temperature, and indicate the lowest temperature than any other facial parts. The skin temperature
of women tends to be more sensitive than that of man and the skin temperature of human tends to decrease at weak
wind speed under constant air temperature. It was also found that it is not necessary to take the influence of standard
wind speed into consideration when a wind chill index is developed.

Keywords: Korea Wind Chill Temperature Index, Accuracy of experiments, Preliminary experiment, standard wind
speed, experiment conditions
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Table 1. Anthropometric data of the subjects

Male Female
Subjects Age (year) Height (cm) Weight (kg) Subjects Age (year) Height (cm) Weight (kg)
M1 26 175 72 Wi 21 170 67
M2 20 173 69 w2 23 161 60
M3 24 168 64 W3 21 168 64
M4 25 175 63 W4 19 159 59
M5 23 175 65 W5 20 161 55
Mé6 26 175 78
M7 20 169 71
Mean+SD* 2341257 172.9£3.08 68.91+5.34 Mean + SD* 20.08+1.48 163.8+4.87 61.0+4.64
Age (year Height (cm weight
Statistics of all subjects ge (year) ght (cm) ght ()
223+2.50 169.1£5.96 66.616.30

*SD = Standard Deviation
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Table 2. Specifications of Environment laboratory

Items Specification
Dimension 6(w) x 15(1) x 4(h)m and Spare Chamber
Control temperature ~ -40°C~+60°C
Relative Humidity 20%~90%

Maximum wind speed 140 km b (about 38.89 m sﬁl)
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Fig. 1. Scheme of a wind tunnel.
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Table 3. Specifications of Sensors

Specifications Contents

Wire 30 AWG (0.010 dia), Teflon coated, 36" long
Pad/Adhesive 03 4 3509F (.75 10 177°C)

Material Rating
. Upper Pad: Fiberglass Cloth
(ll:)lad IZV_I]:;C rials Lower Pad: High Performance Polyimide Film
& Adhesive Backing: Silicone Polymer
Dimension (Pad) 0.75" x 1.00" x 0.012"

Thermocouples(SA1 Series)<] T-Type(Copper
Constantan) ThermocoupleS A8}, sensorell T
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Axe oo & 728 s [ E7
o AZES ARG AAe ol ) s X2
e EEH 259 FEAR AR 7 e
9, 24 Hde 273 4 Aot

AsE W SHES

AL 20059 5€ 23U A7|= 3l YA 2
TS AR TAIE AT JE FEAEA
oA AAEHAT HdPL 2 A HAAlE] A
o AAEA HEe AM AgosA B Ay 9
3 AP} A S Fole AL BEHoZ F Q)
o} gy duddeae FF Add 1299 53
A F R ge A F vl 28 WA
o A%8g HAISIATHTable 4 ZX).

oM Hz2 A= Ago)y] wEel HPa}
of kA FElsle dujagelE 0°C olske] A
2o % FHzY] A7l FFL mAR =S
FEAEAY 712 5°CE AT F59 W

(b) Top view

PROTECTIVE PAPER

DIMENSIONS mm (in)

THERMOCOUPLE WIRE

FIBERGLASS CLOTH

B p {IGH PERFORMANCE
POLYIMDE FILM
WITH SILICONE ADHESIVE

PROTECTIVE PAPER TAPE
(PEEL OFF TO APPLY)

Fig. 2. Super- (a) and sub-structure (b) of SA1-T sensor.
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Table 4. Organization of experimental objects

Objects
Team
1 2 3 4
A w2 Ml M2 Wi
B M5 M3 M4 w3

%) M: man, W: woman

19 treadmill $Jo1M 2 km h'e) £E2 2531= YR}
2: Tradmill 9194 4.7 km h'¢) £58 2531 7Yz}
3, 49 958 4] Q3 71uks] AYE HEat

W1~W3 2 M1~MS5: Table 39 ¥7|€ 5387}
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Table 5. Mean wind speed and air temperature of preliminary experimental setting conditions

Team Fixed Temp Actual Temp Setting wind speed Actual wind  Exposure Time
0 0 ms" km h™ speed (km h™) (min)
0 0 0.3310.007
2 72 8.06%0.75
A 517+1.14 6 216 23.01£135
8 288 29.99+0.83
13 46.8 46.98+0.79
5 each 30
6 216 23.3840.66
8 288 28.3940.65
B 5.05+1.33 13 46.8 46.48+1.01
0 0 0.3320.01
2 72 8.07£0.33




Fig 3. Position of the experimental objects in the wind tunnel.
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Table 6. The effective data number and percentage of the observed skin temperature

Wind Speed (m s™)

Total
Team ’I(‘fgl)p 0 m/s 2 m/s 6 m/s 8 m/s 13 m/s
Freq (%) Freq (%) Freq (%) Freq (%) Freq (%) Freq (%)
3033 2716 2487 2752 2832 13820
A , b B2 ey Bl sy B g5y 1000 peny 1000 a0 989
3007 2912 2832 3025 2720 14586
B ploa P8 oy 1000 Speny 1000 Ty 95 o 1000 g 998
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Fig. 5. The change of skin temperature at (a) nose, (b) right cheek, (c) forehead, and (d) chin with wind speed for A team.
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Fig. 7. Distribution of skin temperature change with air
temperature and wind speed calculated by JAG/TI model.
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The change of mean skin temperature at nose, right cheek, forehead, and chin of (a) A team, and (b) B team experi-

ment object with wind speed.
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. The change of skin temperature for male female with wind speed each team (a) A team, (b) B team.
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Table 7. Skin temperature difference for male and female with wind speed under at 5°C condition
A B
Wind speed Male Female AT Wind speed Male Female AT
-1 —
@ s (0 S (0 @ s™) (0 (0 0
0 04 39 3.5 6 8 77 -0.3
2 39 6.7 2.8 8 93 10.2 0.9
6 6.7 7.6 0.9 13 10.1 113 1.2
8 79 9.7 1.8 0 0.6 5.6 50
13 83 10.2 1.9 2 13 117 6.4
Average A ("C) 2.18 Average B ('C) 2.64
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Fig. 10. The change of right cheek temperature with walking speed and wind speed for (a) male and female of A team, (b)
male of B team under 5°C condition.
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Fig. 11. The change of skin temperature for (a) male and (b) female when they exposed rapidly cold air conditions.
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Table 8. The change of skin temperature with wind speed under 5°C condition

Male Female
Wind speed Wind speed B (C AT(CC
m s ACO B (0) AT (O (m s A () (O O
6 6.7 8 13 6 76 77 0.1
8 79 93 14 8 9.6 10.2 0.6
13 83 10.1 1.8 13 10.1 113 12
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