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Heating Effect on the Upper Body for Developing Exothermic Smartwear
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Abstract

This study examines the skin temperature and blood flow rate changes upon heating or cooling the body trunk and
extremities in a low temperature environment, and investigated their relevance to thermal comfort. To accomplish this,
the heating areas were set to trunk (back), extremities (arms), and total (back and arms). The blood flow rate, skin
temperature, microclimate temperature of the heating area, and subjective thermal comfort data were measured in the
rest state, 15 minutes after attaching a heating pad, and 15 minutes after removing a heating pad. In this result, heating
back and arms increased blood flow rate by 13.7% and eventually increased to 21.1% after removing the heating
pad. Also, removing the heating pad after attaching it, increased the chest skin temperature to 32°C from 31.9°C.
The subjective thermal sensation stayed constant at the 0.4 score when heating the back and arms or when heating
only the back, which was the same as at rest. Thus, heating the trunk (back) and extremities (arms) in a low temperature
environment is effective in raising the blow flow rate, skin temperature, and subjective thermal sensation. Also, the
high blood flow rate of the tip of the hand can be maintained after removing the heating pad, so inserting heating
pads in the trunk and extremities is preferable, which should be considered in further smartwear studies.
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U 2nE RAEL T2 270 Al Froln
YR 5 2elo) wewo] Rzl ek WIAE of
g3tel AlE FRAo R Theske Ae Hexje] o
7o Aol JFE v A|vHArens et al., 2006a;

Arens et al., 2006b), &2 7}#] ¥Helo] glom g Lo
w2 ZAR] 7 RS 3 Aol Fasit 1Al 7t
2ol Fgt A= A TRolA] Fat TRell7A] thekst
Al o]Fox gkow mRof vz, 24 HHAY, A
25 H9], 7 55 A AR Tk Bek A
T2 2uH i Cabanac et al.(1972)2 AZHES A3
28 7k e yshiaA Adzapt A3 £ 2%
£ Adtdls u Aol #R8E SAste] HXS
= W92 Aokstgirt. Shim(1997)& 28°C, 50%RHe]
SHFoA QIAE FEERE 7hestal 9R2S SH3E
tl, 7k W& 7hskls ol dAl gjRRo] Asekd
t}. Arens et al.(2006b)2 JAE 7} = YZstka 7}
Zko] Rojd gkt HAS SAs e T 7k
SRS 7Rk Zlo] FAIAQ 93t 9= vAH
7heRT Wzhekls vl g7kl tigk 9%
o % Uit 49, $7431(2014)= HEHS 0|88t
of ul, &g, o 55 7h v WASISE wle] IR
29| HsE ARIHE o]gate] S7gsSl=t| v 7k
2 ekt tiE el FFS v, ol 7 ARAR
FFE vAE AR Yehgedl ol o] 35(1988)9
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T2 Aol me uFed 297s SAs e,
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7] 39 e Ao e A mF2e] HE Al
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23k 9] Ay 50 ofs} drt. QIA|9] 7l
Folx d3S v]X|(Detry et al., 1972; Edholm et al.,
1956), g1A|o] Fi 7l2e o7 FRE F7IAT)
J(Bharthi et al., 2012; Rabini etal., 2012; Lee et al.,
2011), =42 RFNE FFE VX A= e
wTtHHeinonen et al., 2011). T2 740l ARHE= F
Zhah= A2 2gatke] &4 HAol S HAHCES
9], 2015) QIAlo] F-E W aEol theh AT=(F <=
9], 2007) o]FolA] sitt.

a2y AF7HAY Y ATES FE 22~26°CY]
Wele) e Do Ago] ol HoM(ALY, 4
3], 2014; Edholm et al., 1956; Hadama et al., 2006;
Jonshon et al., 1975; Tori et al., 1996), 28 ~32°C2] 1L
2 SHA(HRA, 1994; 8 2007, HA3}, w3,
2009; 374 9], 2007; Shim, 1997) &+ —5~2°C 9]
AL (8- 9, 2017; z8H, 23+, 2015) 5
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L ADLEQI0] HAIE flst M FEU2 2ot o 3
(E 1) TR Ax S3
2w A% 7 =57 BMI 7HEEY =Y FRelEH
(4 (cm) (cm) (cm) (cm) (cm)
Mean 24.9 174.9 70.6 23.1 95.7 81.9 96.4
SD 1.8 34 3.5 1.1 4.9 54 4.1
Aste] AAEFAc A= ok AR SETF QHAskaL, FEAl 297t
AF ol B ol Ao WHEE= E|M=(Pe 80%, Pu  HAH7-S A3k 2 T A2 QAo 2ol £ 15
20%)2} oF-=0] ZFF(Nylon 100%)< 2Hg3tom, 8 &3k ghol llor, MAAE AAStaL 1583 ThA] &
o= o} o] uEA|(Nylon 87%, Pu 13%) 1745 288t of vk FHH &7 H47k-2 v AN =
k. A3 Al &7 ke Ae3A(12.1£1.0°C, 269+  AHFLE 1MES] Aglo] Ty &tk 213l9] ogkS
7.6%RH)o| =¥ Jel= AFS JYeoict. 2 Aol 2sRslr] S8 ddAE B2l fX9 o] BT glojd
ARSE T EAlE AlSellA] AlEIL Qe Bole 438 wzkA /PES FHEE F vk AES JdEglnt HEA|
S0 Z 40°CoPdellr] AEZARE 1241RE, B2k 5 FARAYAE 25 ASE e g WHo| wol Ex 4
0°C, 2% 60°C, Ato]l= 12.5%9.5ecm& ARE3ITE o] whal 2 o Mdasrt 384U 2102 Azteo]
TS Ao dAT 25(45~-50°0)9] skls ARgsl]  UiS Hgh i}l B9 A% ofY] T o s Atk
913 33]o] Ax st exwstE ZA3ttH1™ 1], (Gerrett et al., 2017). 8k Fuje] WMo B i
2R A3} 45~50°C2] AL A18317] Sfefire Ao 3 oo wdAE RFs A9 gow, ¥E 4FE

= =

2ES T 50~601E2] AlFto] A2QEY] wite] A3
AZE A vje] 2 Hdg Eo] dAs e e
Ay F JrE Sk Al F2s1r] 2| FLIR
E30 d3PobeHFLIR Systems, Inc.)E ARg3le] &%
E S8t 45~50°C] afFsh= HEAEHE)E A
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e A F2eIQl 23t T 9] ofEy &
T 3Rew Z=A7|(Thermistor, LT-8A, Gram, Co.,
Japan)E o]-&3te] Z7gstgltt. 92 Z471(LT-8A)
o] 24 2% W= 0~70°C o], Z4E vlolEE A

== LT softwareE A1838+e] 12 w92 AA3}9ich
Ul 271 Tl A% 2, SollA g

TR 637 B 5 919 oEY L& 270 F 8%
oA stk /= ERY Z%7I(Blood Flow

Meter, Technox Inc., Korea)S ]330, & =X
E7letelA] AHAFLOCI) Tlaa Z2n ANE AHg
ste] A8t olwf g HollM A HE S B3l
gF=F(Blood flow), EF £ %=(Blood velocity.), &2k

(Blood mass)S FAlo] &S £ glor, HoJHE
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ol AYRAHEX(ANOVA)H A19-7Z(Duncan-test)S-
Al golEgkown, A= <3 2>oA HiE vk} 3t
o} R A9 58 7R3AWKS. 14ml/s) T2 2
7hegt 73
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T 7Y T3 & e Al 7hest Beolle
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W ADfEdo| AAIS I3 A

FEI12 got A7

o, 5t 7R3t Aols digke] 235758 7 BHAl WHA, B3 58 FAlOl 7R3t ukd oz b Al o
%E}‘/‘D‘r(p< 05). =, o] A9 2 JJr T2 Aol 7F v ERFke] S, o|uf dRTke Weled Tk
23 497t 7P =A JeRton, Rk A9dE 158 3 13.7% U1, HEAE AlAE T 1080)
S 7kt A 2% 58 %Aloll 7?%?‘& A B AAEE Fow 21.1%= 718k
SAFeR A Yepth tvt 55 7Fs AeHTE FEre] APole Zg 7123 Aol HA R
I 55 Al 7Rst Aeo ?‘é%%k Hagre] 2 v @REET} HolAERE wskgo| gk vERRoL,
=7 vepdth I} 55 Ao 7Rst Aol nkH oz kg Al
A, dRse, gz ¥alee 7 AEGend ¢ FEEe 2 o7t eEhA] ekt 4].
75 Al 2% dlolE] div] tﬂﬂ%i Alxrstet. WA ARG TFR7IAA T AR whE T wske
TFIZFAA F AREe] w2 R Helkg Hue WS R E AE A9 5], 28 ket
7}%%4%3; AR Az [ 3]3Jr gokeh. e 7 AU 52 7R AeollE kg 1 GAFr ) Hofx]
3t A9 7heT) dEglol A o Al ERFHD 2Nk o, B33 55 FAl 7Reshe 4 P F ARto] T
Aoz vhopyon, 5& 7F3t Bg AlRbe] A wp 7}EE Wskgo] %7}0}‘:}7} A AA Foll=
2} 7kt Aeglo]l dFao] volxls AYS Bk b Ao k) wissAl JERdh
E 2) 2R mE R dRSE, o ZMAD
T % T 7 = b THEH ) 7F2 F Duncan
I7F Mean 5.14° 2.84° 5.54° 51127 a>b
(ml/sec) (SD) (5.18) (1.47) (5.54)
Fse Mean 0.58° 0.41° 0.58° 4378 a>b
(mm/sec) (SD) (0.38) (0.15) (0.35)
HeF Mean 264.71*° 235.75 27447 3373 a>b
( Hﬂ%&) (SD) (77.19) (66.89) (82.96)
"p<.05, “p<.01
22k Blood flow) H3HE (%)
(%) 40.0
30.0
20.0
10.0
0.0
-10.0 .
-20.0 -
-30.0 P r—
-40.0
72 52% 712 1082 712 1588 LEH HAZ 52 EEH HAHZ 102
(MZh
—72 st 8t
[T 3] 7I2/71=AH = Azl mE JIRReld R HEE(%) "7



(E 3) 71259 e mF20 o=l 2 £ A °0)
T % 5 7k Z 7 FTHEH B) 7t F Duncan
o) ex Mean 28.96 33.10 32.69° 303927 | a>b
(SD) 0.79 3.44 3.49
% mRe Mean 30.12 33.20° 32.69° 36.083 |  a>b
(SD) 0.83 2.05 2.45
= oy ex Mean 33.16° 29.34 33.51° 20367 a>b
(SD) 4.01 1.76 431
= pne Mean 34.69 33.01 34.98° 2707677 |  a>b
(SD) 1.60 1.07 1.52
27 re Mean 31.86 31.69 31.68 0.405 3
(SD) 0.85 1.26 1.22
T vEe Mean 32.43 32.58 32.48 0.466 -
(SD) 0.77 0.76 0.76
&5 72 Mean 21.92 22.36 21.78 0.297 -
(SD) 3.60 2.17 3.96
=71 Mean 18.94 16.48 19.20 2.210 -
(SD) 6.82 2.74 7.47
"p=.000
THHoR AuEH g AU 5 RS g A 238 T 7R FF 7R Aol 257) =9ker, 7k
o] IFe, FNFe] MelEe Aashs ATS Hlo A &2 AS &7t Gl YERITHp=.000). 1 9] 73T,

% P DERNCERCEC
= AAR@D)S AR E EFRAeZ Al
Jheshe Aol Aol BHE A el 44
shetl AvEYS & ¢ A

2 W U o=y 2 Wl

LEE % 840 Zgekeleu, heslel B3t o
A Siiesh oEu 25 49 47t Zgshela, Then
SI7h obd T8 7k, 2k, 5, WAETIer 44dode] o
neg 2R WA, F1eRIICE, B, 59 B e
e expsh} A7 teAA F ARk ohe el

= 77} s Ay, 7keRslel] wel ARk wet 47
Q1 Zpol7h vheRsteh. 7hetglol whe ol AYRAHEA
(ANOVA)3} A3 75 (Duncan-test)2 538l LolH ko™
Aihe < 3>ollM Hisuleh ok & vt} & o
U & Es 7R A 7k, 7Rl 25t

FrelvlaiA Eobxlom, 7hestA e B9 et WA

UEREEHp=.000). & 2723} oEf 25 AA] 55 7t

7V, &5, 71 4delx ] TRl TR gl ofet
SAAR]D ztol7t vERA] edoltt. &, A2873(12°C)¢]
ALolE 7FeS Ao 3 19| oo Hieo] F
7V es & 5 ASlh
o 7h/7MeAA &
2ol 7}

ATkl e RSt
AR (ANOVA)T ARSI
(Duncan-test)S Eaf AHE Ay<E 4>, & JHY L&
o 7 IRe, B B exst 5 v

M FAA Apol7k UehdS & 5 AT 2 o5 =
w9} B e, 5 s 2w AP wAAE B F
Fo 27t H Al EEAIE A

A=A

5‘!‘ —r, 10—-— —r, 15

A Fo] 2 ds) SAHeR A et
(p=.000). & 4—14154 8oll= ‘E‘E‘%ﬂ_‘ﬂ% B 5 15%

o] gt —?4
UrE}kkgﬂi(p:.OOO), OJXJ,AH %J} 33.01°C 2 & 7}
S Yebsth 7hs gee] gl gAYl Lt
31.93°C o2 EAFc g 71 v Yehyton, 1 9

dAE B FSEF, 102 F, IS8 F, 2IAE A

Aslal 582 7, 108 Fo] &= 3236~32.75°C o2&
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U A0LES] HAIE 28t 84X 7012 2o 9T 7
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g8 4 (Blood velocity) H3t8(%)

(%)40.0
30.0
20.0
10.0
0.0 - - S— —
-10.0 e ———— ~,»jw'j”‘;f’7A-
-20.0
-30.0
-40.0
M2 52% 72 1083 M2 158% LEH HAZ 52 LEH HAHZ 102
— &2 72 B2 Az
(33 4] JI2/2128HA £ Azl 2 IR EREr HelE(%) e
SoH2F(Blood mass) HEIE (%)
(%) 40.0
30.0
20.0
10.0
0.0
-10.0
-20.0 e — e ———
-30.0
-40.0
712 5% 72 1022 72 1522 YEH HAHZ 58 EEH HAHA=Z 102
(AlZh
—ate —site —FEte

PPANTE AR obAR heE %+ UM<0, 2E7h oA L YolAlE A skssiont, 5 vl

QP Aok MAAE B Foh AA F A wsel ko] Aol B 0B W 2wrb FolA AL HolAH
£ 2oPd 2wg (17 6] AASATE £F ALt 2| Wshs AL Holrle Bort WIS A
b SR W G0k Juglel Ag AR & FolE ¥Rewst 2 el itk 7k vRe
/b 4 Welka itk whE BEAE B B R 9 A7 vRee HaAE RAA ag] e e
Sfsh B Rolel eut WA RA Al L5k 35S WS A agtont, gl exd] vis) AEos
b HEAE AATH FAG WL o 25 2wsh 3sHs AL HYn 5 D3t Fe) 71z 9
Welge & 5 Aglth et B HRee B OBl s ARo] AEA 71 Rele] weo] 3t Sk
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S Hel Zlog AZtEn. ogfgt A= § ool AT Adelw ARG E3ME, 244, 2015).
2= B2 VI, T, dlEle] TRe] dsdithe
(E 4) 7I2AIZ g ZF21 o= 2 FH Aq (unit: °C)
T T SER | 0w e | sE e [lowe| P | Dwen
oy &% | Mean | 2899" | 3329" | 3373 | 3398 | 3007° | 2943" |17.656 | a>b
(SD) | 094 330 3.62 3.90 1.52 127
3 mre Mean | 30.55° | 32.78" | 3321 | 3344" | 3137° | 3067 | 9.783" a>b
(SD) | 119 2.09 2.50 2.83 1.67 1.41
S oJEu 2% | Mean | 28.76° | 3428 | 3441 | 3435 | 3034° | 2990° | 15444™ | a>b
(SD) | 1.63 4.19 427 433 1.75 1.86
5 9ne Mean | 33.01% | 3455 | 3494 | 3508" | 34.10° | 33.68° | 6.606 | a>b>c>d
(SD) | 124 1.55 1.77 1.93 1.29 112
A7 9%& | Mean | 31.94 31.90 31.78 31.70 31.60 31.56 0.444 -
(SD) | 1.03 1.04 1.12 1.24 1.14 1.20
7h TR | Mean | 31.93° | 3236° | 3257° | 3266" | 32.70° 3275 | 4368”7 a>b
(SD) | 087 0.70 0.67 0.66 0.69 0.70
£% 92e | Mean | 23.08 22.53 22.20 21.81 21.46 21.06 0.886 -
(SD) | 3.4 333 338 3.26 322 3.17
&712 Mean | 19.88 19.12 18.63 17.82 17.20 16.57 0.725 -
(SD) | 683 6.89 6.57 6.02 5.46 491

Tp<0l,  p=.000

AlZt Azt MHE 2218 2E(0)

400 ---E o=y 25
—waye
/O e — e ELE
/A;::’é:f;-::::::-_, - \\ — — —E e
300 — SSsoe— 2z Tze
R Pl SesSIIIIIz
’ — i Ige
— fEmH
250 &5 n82
— a7t
150
100
G Al 58 % 102% 158% 58 ¥ 1022
WEA SEH HA

[ 6] LUBA/UBA HMH = AlZH Helo| ©E FoE 2=
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ol A HIAE AAgE Bfolle -
=kl SESFtHp<.05). AAZ A7
4EQlo] 4.0~4.64 08 REo2}
SHotR oL, Eolut i 2ojef HHTEL 3.3~4.0%

S| AR 53, Fhestn e w7k

— Kl ol

1o
o oo
i
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o
fll
N

:

THHo 2 R/, IR, FHHR
HE7] Y3} SAFSR ztolE Kl
6>l Aelatdct. ojuf FUgk Al A2
A= vjushr] el 7HE-90s, 2,
A F2 & 158, 4R AA T 108 we] 3
28ldirt. RAToME FH(Flow), EF7<E5E(Vel.),
YN eH Mass)o] H3}-&-S vlwstgon, o2 FA4
2o)E Hol & o 2%, & uie, F o 2,
i i A o B i ] L i S B v [ =
A Aol Bl HAA FHH 2G5kl gk Ptk
< vkt

g B ATl S E HoHES £ AR
=3 vwsy] sl (27 719 2ol TR A
ek 7HF90s, 2, Tl whe B Z-score=
Shatsto] wlmslgdet. o] wl IR 7p2Re7E opd

o F 2 Ho J7) =3 I kv (2] KeXeE|
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