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Women’s Comfort Temperature Range and Dynamic Temperature Change
for Maintaining Thermal Comfort in Low Temperature Environment
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Abstract: Various types of clothing are being developed to boost thermal comfort during cold winters along with
research on change of body temperature when heating is applied. There is a noticeable behavioral difference by gen-
der when using heating panels in a cold environment; however, research on women has been insufficient. This study
find a temperature range that provides sustainable thermal comfort in a low temperature environment by observing
temperature and change of temperature when subjects are classified according to physical activities or cold sen-
sitivities. For the study results, 8 women in their 20s were subjected to experiment in a low temperature envi-
ronment for 75 minutes (sitting position: 30 min., running: 15 min., and sitting position: 30 min.). Subjects were
asked to turn on/off the heating panel freely to analyze the range of comfortable temperature and clothing micro-
climate; in addition, skin temperature and heating panel temperature were measured and analyzed at 9 points. As
a result, temperature at which subjects turn on and off the heating panel indicated a statistically meaningful dif-
ference between the cold sensitivity group depending on exercise or non-exercise. The range of comfortable abdo-
men temperature was wider than the lower back and was significantly reduced when the subject was running. The
range of comfortable temperature was also largest for the heating panel temperature, microclimate, and skin tem-
perature in suggesting that adequate adjustment will be required depending on the surrounding environment or

movement of the wearer.
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Table 1. Body dimension of women participants in their 20~30s (Subjects vs. Korea 2015) characteristics

Mean (+SD)
Height (cm) Weight (kg) Chest Circumference (cm) Waist Circumference (cm)  Hip Circumference (cm)
Size Korea 160.6(+5.2) 56.6(+9.3) 85.9(x6.1) 73.9(x8.4) 93.3(£6.9)
Subject 165.0(+5.7) 56.3(+2.5) 85.9(+3.3) 66.9(£3.4) 93.1(+1.7)
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Fig. 1. Measurement positions of skin temperature, microclimate and surface temperature on heating pad.
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Table 2. Temperature difference in the heating plate, skin, and microclimate of clothing depending on the cold sensitivity when the heating plate was

turned on
Group Group A Group B
Location of temp. Mean SD Mean SD !
Abdomen 35.7 35 37.0 4.6 749
Surface temp. under the Lower Back 34.6 42 33.6 2.3 652
base layer Shoulder Blades 30.1 2.5 30.9 1.5 =811
Calf 25.6 2.8 223 1.5 3.576%*
Chest Under The Shirts 232 1.5 243 1.5 —-1.644
Temp. under the Abdomen Under The Jumper 203 3.8 2.4 6.1 _747
clothing
Calf Under The Pants 20.7 24 19.1 1.9 1.780
Abdomen 327 4.6 332 12.9 -.116
Heating pad temp.
Lower Back 304 9.0 25.7 7.2 1.366

**p<_0]
Group A: cold sensitive, Group B: cold insensitive
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Table 3. Temperature difference in the heating plate, skin, and microclimate of clothing depending on the cold sensitivity when the heating plate was

turned off
Group Group A Group B
t
Location of temp. Mean SD Mean SD
Abdomen 429 3.6 06 34 169
Surface temp. under the Lower Back 383 32 39.9 2.6 -1.283
base layer Shoulder Blades 30.8 1.8 30.4 2.1 398
Calf 254 2.8 224 14 3264
Chest Under The Shirts 23.0 1.7 24.9 12 2823
Temp. under the Abdomen Under The Jumper 313 195 328 9.7 _211
clothing
Calf Under The Pants 20.3 2.1 19.0 1.8 1.661
Abdomen 51.0 11.8 57.1 103 -1.157
Heating pad temp.
Lower Back 46.5 12.7 553 153 -1.505

*p<.05, **p<.01
*Group A: cold sensitive, Group B: cold insensitive
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Table 4. Temperature difference depending on the exercise or non-exercise when the heating plate was turned on

Step Step 1(rest 1)

Step 2(running) Step 3(rest 2)

Location of temp. Mean SD Mean SD Mean SD F
Abdomen 33.62 1.65 3829 5.99 36.94 1.57 2.560
Surface temp. under the Lower Back 31.40° 0.96 35.60° 433 35.00° 2.56 4.143"
base layer Shoulder Blades 32.03 138 30.57*° 1.76 29.26° 192 4.189°
Calf 24.54 274 22.74 324 24.82 229 1.292
Chest Under The Shirts 24.71° 1.36 24.35° 145 22.52° 0.97 5.740"
Tem‘z'k):’;‘:g e Abdomen Under The Jumper  23.09 1.98 2342 7.65 18.53 3.63 1.682
Calf Under The Pants 20.83 2.70 18.88 241 20.17 1.46 1.509
Abdomen 28.45 3.11 38.63 13.81 3115 6.73 2.148
Heating pad temp.
Lower Back 22.56 2.99 29.27 9.34 31.84 8.70 2.829
*p<.05
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Table S. Temperature difference depending on the exercise or non-exercise when the heating plate was turned off

Step Step 1(rest 1)

Step 2(running) Step 3(rest 2)

Location of temp. Mean SD Mean SD Mean SD d
Abdomen 4349 446 41.66 3.65 4330 1.72 0.557

Surface temp. under the Lower Back 39.49 357 39.93 2.57 37.85 2.82 1.071
base layer Shoulder Blades 31.65 1.08 29.66 2.53 30.52 1.46 1.853

Calf 23.83 239 23.13 338 24.93 2.09 0911

Chest Under The Shirts 24.79 144 2427 1.79 2322 1.57 1.480

Temrc’iolt’}:iegr e \pdomen Under The Jumper  39.48 17.23 23.56 8.02 34.19 8.30 2.644
Calf Under The Pants 20.00 207 18.92 243 20.17 1.51 0.868
] Abdomen 61.60° 8.58 45.84° 10.69 58.79 470 6.034°

Heating pad temp.

Lower Back 49.77 14.51 5235 16.52 4981 13.98 0.075

*p<.05
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60 avg. ceiling temp.
- i <——when swicth was off
50 r g
40 - Heating pad temp range
30 ¢ «—— avg. floor temp.
20 when swicth was on
10 Restl Running Rest2 l Restl Running Rest2

*Rest 1: Restbefore running
*Rest2: Rest after running

Fig. 2. Comfort temperature range of heating plate in the abdomen and lower back waist.
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(°C)70
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40
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I I BRI R

Lower waist

«— avg. ceiling temp.
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Comfortable skin temp range

«—— avg. floor temp.
when swicth was on

Restl Running  Rest2 Restl

*Rest 1: Restbefore running
*Rest 2 : Rest after running

Running

Rest2

Fig. 3. Comfort skin temperature range in the abdomen and lower back waist.
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Abdomen under the jumper

O
O 70 C avg. ceiling temp.
60 | <—— when swicth was off
50
40 i Comfortable temp range under the clothing
30 «— avg. floor temp.
20 L ‘I‘ when swicth was on
10

Restl Running Rest2

*Rest 1: Restbefore running
*Rest2: Rest after running

Fig. 4. Comfort temperature range of microclimate pf clothing in the abdomen.

A Bkl o] 5 FAATE B 34°C-44°C, F sle] A
31°C~40°CE WeI7F Bl Helglth. 28y 5 AlY e fros L}—roi 4 icrﬁ_:@)—g— ARGk, o] Tk A
T FA Al diH e A2V Folh s Aihe v 23k
BIME 25 A AHLe= W7 38°C42°CE 7P FokA A, WATRS onfoff T AlHelM 2] 7} Lo L=
on, ¥ ? FA Aol 37°C~43°CE YeRdr). wha 3] o] WRHs ZEellx Felsi Aelzt ASIAL, AnbE]l v R
g HEoXE 5 F FAAF 35°C-38°CE RS7E 7P Hat2 LA on Aolls F910l Wz 252 Aol7h
Foplon, 1 v £ Al HH2&E W7 36°C40°CR AR, HAF off Alell= F ZE bl vl e =,
UERT odel B TR meprs AR 2 Aoz
g 5 el ] o F ) A2k RelE AHeR EhA] odgkedl olefdt Avke WS deR gAY
A EH Fig 4014 Bevel 2ot 25 FAA 9] 25w Adehe thee & 5 Atk mE wde] A 9t
e 23°C-39°C e, ¢ F FAAG 2EwelE 19°C ol meh vire] AH 2SS AAshe Zlo] dashy o
~34°CE SPE Foplor 2k AAHOR voldl AL & A Al 2%A ¥eS ¢

flo
f
%8
O
r 2
o
[o
(]
d
uls
:
lﬂ
o
B
g
€
O
[o
o

_4

o

av

=

T AUt B F ]OﬂL 23°C24°CE2 WEHS ondlL =X, ZEAt AEH o2 HHRE onfoff A= Al S5
X5 F U= o 3% U= olHA 25 T v @5 A 72, 284, 25 & F2)l oA ggds
T FL oHEE 25 A °]Zﬂ wite] =7t g wi ondt Aol dddto] RalE g T IR &3
of HEAE 2 AR &= o= AT &5 A o5 W A F2 Aol &7t Sekov, Azt wF-2o VR 9
SHollA 22E $17]7) o] FolA] oEY 2w SR & Y 5= 2% ¥ F4 A 25 P w2 RS whd
7] Wit g Azl B i ok 58] A9 offex] 45 T St WHH ERE offst AN B 9 IEd &
7] W] 5ol 2gt 37| (ventilationy7} FA HABHE A ToA &5 Al 7HE v 25Tt YERT B3 254 2E
o2 Ak, kg og iEylt 2% WA 7HA FoffA] TS offgh AlHe] TR0t o5 2t g WSS &
Aol 2X-onAFe 2=yt A 7ColA Hd) 33°Ce|d wE 2k £ e, ol 5o oA Wi Lxrt Lapyhd
W gRer HIFZ7|(Ane HA 3°CAA Hol 10°CeE & A O 8EL v Qcoﬂ/\i ZHgAFse] A =71 A
Al VrERRTE S OJE W] 2% M3 ](AE HA0°CHA o7 A7HE uebs 5T weh gt oE | &
Hd] 16°CoE Jepsitt. olst Avhs &6/, 9733 Lol Zpol7t s O}L]E} Aol tEA Yehtr] wiizol
mt g2l ¢ JS FoE AZE. mEA £ AT AE olmje] A RXEHLE W= U e Zo] BoF Aog A

& AAe 4R we} g2l 48 7Kse Aol 7hny,

AR, BARYE A LIS AR Az}, BRHRo]
x
T

4.8 = Hsle] Frurh Angom LEves o WA vesken,
£ Aol SRR LR} vl FoE Ro] B
B ATNE AL LAAANS 4AT F e HNT olF AR £FOR A3 AA U Lxvt 82

AALERAE Solais] Aol FANVGRY fEfRel Uk ) B ASE A S WO oA Ea A

7 AR iR, wET ew,  LwMslE wER LEMt b W teson], vve

ol ol Aol7} IEAE Yolusich, ol% ol AL HALEHAL K A, o o) AREERIF 50 A
L—i'_]_ =

Aol BATE AR QL AR Ao F9) v 2% = Uk} ole 0w Lxs WAy B 2eke )

y



860 Bl FRIY SIBIR] A2 A6, 20204

¢
flo

o
N
o3l
k3
Ao
2

o
i

o o Jr
e
b lo

T e
w2
mrﬁlnm

;log
2
= =)
S
22

@ 32
Fle
T og
-
n f
fo o i
ki Ir
o

ofy

aﬁ ™~ o
ot
E AR
=2,

1
Ae dlEnte dstE s dEue o] AR Rt
B2
2

5y
<

o 2 o
o =

s
et
i)
[
ol
N
3
ot
o
o
)
Y
ob
p
®,
ol
Y
-2
i’
=2
=)

oo o (R oo o
g ﬁ
e
T%-le
N
>, A
»

o 4
_Oll—‘
(-1
m‘ﬁ
¥
£rr
(N
o %
<
N
.ﬂ‘_4
2
M
=2
ox
&
2
)
ko

L
)
e
2
4
4 o

<
ir
¥

ol
i)
o7
e
>
hal
N
-l_-‘B‘/
2
T
[
h:}
il
__1\_9‘{
2

=

il e,

[ £
Ho —
il
Z, O
e
m\(

% o
b
v
19
z
riet
oy
=2
X
t,’,O{l
L
12
Lﬁi
ox
__>‘J_r’{
—_‘_‘(-9
o,

o

L}j.

ol
o
N
2o
o
=
%
o
2o
T

2ol we} 222 wsls
1ZARRE B8] 15T
o Zeh} R Qe Bie § HrRe v

e A%e] LEMslve BAY AOR £F A% &5
3 Row Azl Fudl oe dTs
SoiRA) gp] wRe] F5o] B A7 ARE E U £E
= 2=

2
|

ox 190 od o
oft
=

Pl
Y
==/
1)
gﬂ
N
(3
o
N

L= < T e U o [ 1}
1> o
>
2
ol
5
=)
b
T
ny
£
Ky
Ax
(.
o
b
R O o

-1
N
)
o
B
2
2
O
)
]
pas
i
o,
=
o
O

HAtel 2

T2 202045 BH @S] Yo SHATAIT
A Qg wol FPE 712 ATAFE Y (NRF-2020R 111A3073843).

References

Arens, E., Zhang, H., & Huizenga, C. (2006). Partial-and whole-body
thermal sensation and comfort-Part II: Non-uniform environmental
conditions. Journal of Thermal Biology, 31(1), 60-66. doi:
10.1016/j.jtherbio.2005.11.027

Cho, G. S. (2009). £/% 7 2% [Clothing and environment]. Seoul:
Dongseomunhwawon.

Cho, H. S., Kim, J. H., & Koo, H. R. (2014). An analysis of consumer
emotion for product planning of smart clothing. Journal of the
Korean Society for Emotion and Sensibility, 17(3), 49-56. doi:
10.14695/KJS0OS.2014.17.3.49

Cho, H. K., & Cho, S. W. (2015). Optimal heating location for
developing the heating smart clothing based on thermal response
of body. Science of Emotion and Sensibility, 18(3), 93-106.
doi:10.14695/KJS0S.2015.18.3.93

Choi, J. H., & Kim, M. J. (2011). ¥/ &' # 7% [Clothing and health].
Gyeonggi-do, Paju: Gyomoon Publishers.

Draper, D. O., Harris, S. T., Schulthies, S., Durrant, E., Knight, K. L.,
& Ricard, M. (1998). Hot-pack and 1-MHz ultrasound treatments
have an additive effect on muscle temperature increase. Journal of
Athletic Training, 33(1), 21-24.

Huizenga, C., Zhang, H., Arens, E., & Wang, D. (2004). Skin and core

temperature response to partial-and whole-body heating and
cooling. Journal of Thermal Biology, 29(7), 549-558. doi:
10.1016/j.jtherbio.2004.08.024

Hwang, Y. M., & Lee, J. R. (2012). Prototype of smart foundation with
heating devices. Journal of the Korean Society for Clothing Industry,
14(4), 588-596. doi: 10.5805/KSCI.2012.14.4.588

Hwang, Y. M., & Lee, J. R. (2013). Development and evaluation of
smart foundation with heating devices. Journal of the Korean
Society for Clothing Industry, 15(2), 231-239. doi: 10.5805/
SFT1.2013.15.2.231

Industry Policy Research. (2018). &+ & &7 27 24 7} &
e EFH A5 IAY 7 2 ELF Jje g ¥
FZ Y 7] 9 & & [Industrial textile high-functional material
processing technology development trend and intelligent electronic
fiber smart clothing technology development and global company
trend]. Seoul: Industry Policy Research Center.

Jayathilaka, W. A. D. M., Qi, K., Qin, Y., Chinnappan, A., Serrano
Garcia, W., Baskar, C., Wang, H., He, J., Cui S. Thomas, S., &
Ramakrishna, S. (2019). Significance of nanomaterials in wearables:
a review on wearable actuators and sensors. Advanced Materials,
31(7), 1805921. doi:10.1002/adma.201805921

Jeong, J. R., Kim, H. E., & Rissanen, S. (2009). Research on winter
working environment and working clothes at a construction site.
Fashion & Textile Research Journal, 11(1), 174-179.

Jeong, W. S. (2000). Thermoregulation and clothing selection behavior
of the sensitive person to the cold. Journal of the Korean Society
Clothing Textiles, 24(2), 199-204.

Jeong, W. S. (2001). Gender difference of clothing selection behavior
for thermal comfort. Journal of the Korean Society of Living
Environmental System, 8(2), 189-193.

Kain, J., Martorello, L., Swanson, E., & Sego, S. (2011). Comparison
of an indirect tri-planar myofascial release (MFR) technique and
a hot pack for increasing range of motion. Journal of bodywork
and  movement  therapies, 15(1), 63-67. doi:10.1016/
jjbmt.2009.12.002

Kim, H. S., & Kim, K. J. (2002). The effects of BCAA supplementation
on the blood metabolic variables during submaximal prolonged
exercise in low temperature. Exercise Science, 11(2), 301-313.

Kim, H., & Lee, S. (2019). Electrical heating properties of various
electro-circuit patterns coated on cotton fabric using graphene/
polymer composites. Textile Research Journal, 89(19-20), 4114-
4130. doi:10.1177/0040517519829922

Kim, K. J.(2004). The effect of environmental temperature on lipid
metabolism, oxidative stress, and antioxidant during continuous
exercise in obese. Exercise Science, 13(4), 399-412.

Kim, S., & Hong, K. (2014). Effects of local body heating and cooling
on thermogram analysis of the extremity with hot pack. Korean
Journal of Human Ecology, 23(6), 1205-1215. doi: 10.5934/
kjhe.2014.23.6.1205

Kim, S., Lee, Y & Lee, H (2020). Heating effect on the upper body for
developing exothermic smartwear. Korean Journal of Human
Ecology, 29(3), 371-383. doi: 10.5934/kjhe.2020.29.3.371

Kim, S., Roh, J. S., & Lee, E. Y. (2016). Development and wearability
evaluation of all-fabric integrated smart jacket for a temperature-
regulating system based on user experience design. Fashion &
Textile Research Journal, 18(3), 363-373. doi: 10.5805/
SFTI1.2016.18.3.363



<

AN Y LEHHY FAE L HE L= W FE SErE 97 861

Kim, T. G, Song, M. K., Lee, C. M., & Kwon, O. K. (2018). Thermal
comfort of the sports/leisure clothing with the heat storage/
reflection function - Wearing evaluation under the condition of
0+1°C and 50+5% RH. Fashion & Textile Research Journal,
20(4), 474-481. doi:10.5805/SFT1.2018.20.4.474

Kim, W. J. (2001). Effect of energy expenditure exercise in the cold
environment. The Korean Journal of Physical Education, 40(2),
623-633.

Korean Agency for Technology and Standards. (2015). The 7th Size
Korea 3D scan & measurement technology report. Seoul: Government
Printing Office.

Korean meteorological administration. (2020). =/ %} # =2} & 27
X} Z [Ground observation data, historical data]. Retrieved January
10, 2020, from https://www.weather.go.kr/weather/climate/
past_table.jsp

Kwon, O. K., Kim, T. K., Son, D. H., & Park, S. H. (1999).
Physiological effect of different underwear materials thermoregulatory
response during exercise with sweating at cold environments.
Fashion & Textile Research Journal, 1(1), 43-49. doi: 10.5805/
SFTL.2018.20.4.474

Lee H, Hong, K, Lee, Y & Kim, S.(2017). User's voluntary heating
behavior for the programming of the efficient heating mode of
smart base layer clothing. Journal of the Korean Society of
Clothing and Textiles, 41(5), 872-882. doi: 10.5850/JKSCT2017. 41.5.
872

Lee, B. H,, & Lee, J. E. (2015). Development of design for band type
heating vest. Fashion Business, 19(5), 93-109. doi:10.12940/
jb.2015.19.5.93

Lee, H. Y., & Jeong, Y. H. (2010). Subjective wearing evaluation of the
commercial electric heated vest. Korean Journal of Human Ecology,
19(4), 667-674. doi: 10.5934/KJHE.2010.19.4.667

Lee, H., Hong, K., & Kim, S. (2020). A study on clothing
microclimate change upon heating of the abdomen and lower back
for the development of heating smartwear. Proceedings of the
2020 International Conference on Clothing and Textiles (ICCT),
Busan, Korea, p.8.

Lee, J., & Lee, B. (2014). Development of design for heating vest with
detachable heating device. Fashion Business, 18(5), 82-98. doi:
10.12940/j16.2014.18.5.82

Lee, S. B., & Jeon, Y. G. (2013). The effects of exercise performance
ability changes in external environmental temperature. Journal of
the Korean Society for Wellness, 8(1), 151-159.

Yao, Y., Fu, K. K., Yan, C., Dai, J., Chen, Y., Wang, Y., Zhang, B.,
Hitz, E., & Hu, L. (2016). Three-dimensional printable high-
temperature and high-rate heaters. Acs Nano, 10(5), 5272-5279.
doi: 10.1021/acsnano.6b01059

(Received 13 November, 2020; 1st Revised 30 November, 2020;
Accepted 4 December, 2020)



	저온환경에서 여성 온열쾌적성 유지를 위한 쾌적온도범위 및 동적 온도변화 연구

