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Efficacy of Cooling Vest for Auxiliary Body Cooling in Hot Environments (1)
— Thermophysiological Response of Human Body in Local Cooling —

Oh Kyung Kwon”, Jin-A Kim" and Tae Kyu Kim?

1) Dept. of Clothing & Design, Kyungil University, Kyungsan, Korea
2) Dept. of Yangsan College, Yangsan, Korea

Abstract : Heat stress results in fatigue, a decline in strength, alertness., and mental capacity. The problem is com-
pounded when high humidity exists. To help relieve worker heat stress, many types of cooling units are marketed. While
workers may experience some cooling, critical body core temperatures often continue to elevate. This study was designed
to find the effects of three kinds of cooling vest with portable frozen gel strips on thermophysiological parameters and
on temperature and humidity within clothing. The heart rate, rectal, and skin temperature as well as sweat rate and cloth-
ing microclimate were measured during 80 min in 5 healthy males. Inquiries were also made into the subjective rating
thermal, humidity, comfort, and fatigue sensations. The main findings in our experiments are as follows: (a) Physiological
parameters such as rectal temperature was the lowest in garb A1, intermediate in garb A, and the highest in garb A2 throughout
the experiment. And mean skin temperature was the lowest in garb A, intermediate in garb Al, and the highest in garb A2;
(b) Temperature and humidity within clothing (back) were garb in A1, intermediate in garb A, and the highest in garb A2. But
the temperature and humidity within clothing (chest) were garb in A, intermediate in garb A1, and the highest in garb A2; (c)
Most participants (4 out of 5 persons) answered that they felt more comfortable and fatigueless in garb A1 than in garb A and
A2. It is concluded that local cooling in garb A1 of the upper torso could physiological reduce the thermal strain in participants

wearing cooling vest.

Key words : heat stress, frozen gel strips, rectal temperature, clothing microclimate, comfort.

1. M &*

Alghe HAsA EFivh -50°CAM 100°C7HA 9] BAe
o] Wgo] YAHoz AY 4 Aot Y AAE 2 A
AF &4 glol HH9 ARIFHE FRIFhs A AR A9
4°collle] AEHAR 4uiA Arh AXE Fo| wuldL 41°C
oldolA @ Mo Z HojAy) Bl ARHEE XS &
E HEE 41°C o)4e] Alesoibe 23] e A7l 7
O] Zgict g S8 A we) He ARME 4zt
& otgao] ehhs e FX|9] Aldol)

YA E gl e Al e §739) 228 o
EE 25 A Alde 9o AGHFe Ui olE
73S AR AT A U I3YNE 53t

Corresponding author; Oh Kyung Kwon
Tel. +82-53-850-7514, Fax. +82-53-850-7620
E-mail: okkwon@bear.kyungil.ac.kr

265

of o|2olx| 7 2He) YAEEs} ZUFT: E HEERE H
B A 549 2Hera)el ATl ol @x3 Fot
@}, B3 2 Asdzn Ague AAsin o|Ro| AT
9 Thgel de eutwith o] WRe] MEe AFI} 2N
T FRgo] At BB YRS 28 37 goMe A
ukEako] oF 5o}, Fx2] 1.23P dlME 209% BE
ooz Zujsich.

799 exrl YRLT KT} Golxd thFe} WAk st
of wdo] Ealsle] A9 AL JAVTH MRS} 2B
3 Aol Wt thEe} uhalel] ol Fo| whalare 7hasin
7% 36°C olAolME Wito] ST Wukate] Fgto] Hr},

IEh} Talo] BEsle] AAE Wo] 3EW mRIvy o
& WjotoH0.58 keallg) T¥-o| AskE7, RAIERe] B2
Q= Fele WrhE 2] Azke] 2ol g 2303R]
o] REslo] glovt Wat FAe) Al Fo] 2 Rom
gl AthKuno, 1956). THES] wéto] e me 45s)



266 PRl 8RR A2 A38, 20004

de) xdo] BA7t H3 g EE Aol ¥79E 3284
olZ L AE|ES Buvl 7181 & SRAlFHo R E g
=IEE] Bz F7RI FAd 8718 EHoRY Y
FHo] FWdhe A0ER 4T dol &4dT 5FE 8
ol gsle] FAE-S ¥ 5 Jed EE AL BE
wAke] EFRio g of AL-g AMGERR] eth. AAEA
9] AFA ALo] FA4Y W 631 Vmind] 3715 TFHE,
ALo] 399°CE LE7ha of e TVNE TFE, TFSF
£ 903)/minth= B.37F QTHCannon, 1963).

Algo] 31287e) a2 HAS we] WAoo 2RE 47
g 5 QlE AL AxF AL e WAEY] fsl £5A,
T8, 3FA, WEHA 502 EREe B o] A3H
oz AA SiA A8sla Acke Aelohefill, 1981). thy
Fo] g3 Al&glo] FYEo] ¥24 AAVE A2
& A8 BAE @Ast ok mEii] 53417 WA
E8e F3) BT AA 3 Fag Aoz geiA vk
(Inoue and Murakami, 1976).

t&o], 1237 slolre] YAt MR E ATATIL, A
EEE BUF AN FATEY fA 2 AA BH AH
& WAANFY] SlEiide QA8 Systeme] AAIFRQA A
o} 29 F7iA7} He ojB87e] e st o84
2 <Al el whgol oigt o] Haslojol & Holth

H3te] wgst oo AT e] guslEe] 2E=R0] A
ARk Rl 548 Hoke] A4, & AEA ¢ F
554, 2440 ofAgA, uidsleL W, W3 F
9] 83 AAPAL TP o=A oM AEe
AJAEe G E H 2uHLE P2 JuA d dFolch
tgo] ol 0T I3 UM Ay FEE B4 Alx
27 d2E & Ao st ol AIAES] H2k ¥
g A K3 A A2 3 43 A AP
Ao &% AL IHT F Ao, o7 FAY Ade &
o2 diFe] g3Egy g 4 Uk

wEla] olef uigh slAA ] shirt QA s UHS B
QA EHAFEE WzHErgel o3 AojRM QA M-S
o1y, 93 FEL AL EA HHAYE FAT 5 Qi

ole} AABN A7 I e B d7rt thie) A
A a3 Y= Hag dF Jck(Wyndham, 1973; =,
1967; Gagge, 1969; Wilkerson, 1972; Eichna, 1950). L&
1w} ol Cooling . Garment’t B A& 1997d &5
olc}h. Bl Wr|BEE I3 olo]2ukk Fol| U hE&oE A}
S5 W7 A oFel AYshe Tt olelriofol &
& Cooling Garment= 71&¢] Wul& 2 ARS, 2H§-3}d
B Aol ATt

E3] oo t3t FAHOE FHUg YuiARE-OZ QIFH &
ZF97, A7) BE g @4, o8y Y A9 EuE
58 AF3E Aok FY i FeiM e e/ A9
o] 282 EXaY fFezRE JAE FI Cooling

Garment® 5%, A% olgjale] A3t glort ool £
Mol o A5, AN Fucle) adviet R H
Hojue) Ao e ATE MESR ol

ool ¥ ATINE ZeBA sl ARHEE BT
X A7 2457 3k Cooling VestE 79, 28280 13}
o QRS LA We-E FHBL, Cooling Vests] 7]
A, BARE Helsle] WaED B F870) S48 D%
9} Cooling Vest® NEE 98 712ARE ANF] 2 &
ol ik,

24 H

2.1, m4IExt
sdEz s A28 A9 GxF sHegEA 2 AAE B
Table 13} 7},

22 NH o=

& - TP ol F83h= Cooling Vest 3HFW;
BIAAEE ddeR 3150H, oIE Vesell sk ¥zt ¥
o] o] T2, A ) HRAA, PAIAA BoM F2 A}
ST e eReeM deiRe] AL ZRITAANM FE
3l= 32 eisle] 2AYE + Cooling Vest + XA + A7 +
A3l T2 TABATE 7 Cooling veste] Tl & Puj
o] ARjlell WhE ZFAIHE Fig. 10 AL, 2t 48
o] Bl R FFE Table 29 vehin

2.3, &yl

AR A5 3A7ho] FFet AllA #4814 (204:2°C,
50+ 3%RHPIA 6057 FAAI F QA & - &= TR A
ME A T FuE HEES e, Y - e 2
Ao MR QT 40+2°C, 70+ 3%RHPI Y4dsd 20
E7F oML FHE ¥ 35 milehrd] $E2 2087 $F, 208
7re] F4 SA2A 1808 Al AeiF, HEA wke-g &
A 2 F HFo 6087ke] ZAHAE A FHRE 3

Z2AYEL AL, B, B E AU 8 2 F
AR 72 Foln, 4F ScheduleS Fig. 20 vebi).

Table 1. Physical characteristics of subjects

Subject Age Height Weight Rohrer Body surface
(year) (cm) (kg) index® area (m%)”
KD 26 175 55.9 1.043 1.627
SB 27 171 66.5 1.330 1.731
LH 27 172 589 1.157 1.547
CH 25 178 69.1 1.225 1.808
HJ 27 177 74.2 1.338 1.860

® Rohrer index=[(W X 1000)/H>] X 100
®Body surface area(mi)=W*** x H"*x0.008883
Where, W; Weight(kg), H; Height(cm)
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Cooling vest
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Note) IE Pocket with frozen gel strips, []: Pocket without frozen gel strips

Fig. 1. Diagram of cooling vest used for experiments,

Table 2. Characteristics of experimental garments

Clothes Material Weight (kg)

L Shirt Cotton 100% 0.088
finer wear Shorts Cotton 100% 0.069

Jacket Cotton/PE 65/36% 0.525
Quter wear

Pants Cotton/PE 65/36% 0.391

A Cotton 100% 1.914
Cooling Vest* Al Cotton 100% 1.370

A2 Cotton 100% 1.098

Socks Cotton 100% 0.049

Gloves Cotton 100% 0.030
Accessory Hat Cotton/PE 65/36% 0.073

polyurethane with

Shoes laminated fabrics

0.792

Note) *Pocket was made of multi-layered fabrics and non-woven
polyethylene materials with excellent thermal insulation not only, to
maximize the cooling performance after inserting the frozen gel strips
(FGS), but also minimized the infiltration of moisture by defreezing of
the FGS.
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Fig. 2. Experimental schedule.

30 40 S0 1] 70 |0

Exercise

Every one min.

Every ten min.

Table 3. The scale vote used to evaluate the sensation response of the subjects

Comfort sensation Thermal sensation

Humidity sensation Fatigue sensation

1. very hot
2. hot 1. very wet
1. comfortable 3. warm 2. wet
2. neutral 4. slightly warm 3. slightly wet 1. very fatigue
3. slightlyc uncomfortable 5. neutral 4. neutral 2. fatigue
4. uncomfortable 6. slightly cool 5. slightly dry 3. slightly fatigue
5. very uncomfortable 7. cool 6. dry 4 .neutral
8. cold 7. very dry
9. very cold
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Fig. 3. A Comparison of the effects of local cooling on rectal temperature
in wearing cooling vest.
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Fig. 4. A Comparison of the effects of local cooling on mean skin
temperature in wearing cooling vest.
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Fig. 5. A Comparison of the effects of local cooling on temperature
within clothing at chest (upper) and back (lower) level in wearing cooling
vest.
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Fig. 6. A Comparison of the effects of local cooling on humidity within
clothing at chest (upper) and back (lower) level in wearing cooling vest.
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Fig. 7. A Comparison of the effects of local cooling on body weight loss
in wearing cooling vest.

A3} 28°Col el A wto] AR, F 15 gh - °Co A
SEE SUis 40CoME sk VR EA] getha st

B Agelire Cooling vest 280 wh& W2 AF71F
A YAAEe AFH AFFEFY NFSH 3 FAR
9o o AxE Fg 79 YeERACE Fig 70 & 5 A
£ His} o) MEF7TAZE Cooling vest A, Al, A2 Z7}
720 g/hr, 725 ghr, 728 ghefich. 22l Yo £EE Fig
894 B™ Cooling vestZH8-2F H 3}, HAAIEY &5 oF
7+ st 28R 9 Al o] A3 Frtst
£ %L 2k o7 Yutyo g nREd wee dA%
HEER-oMe= 4RH2el vlalstd S38la, ® 2 ¥k
L AR5t AT v HE-Lo] &4E itk A9
ATAE9] A3} (Benzinger etc., 1963, Wenger etc., 1975a,
Wenger etc., 1975b)e} 22 Zlojt}. Aukpe 2%, &F
Halgol wet s Wehe Ad AREAN 5=
wel vlEsle, $PLErt 5848 FUR.

Fig. 994 & & deuiet o] A3F7154d 94 FF
Cooling vestZ4 Aol 95~110 beats/min. 521} Cooling vest
LT 25231} tlEe] MA3] F718le AQlE-E 140 beaty/
min, Al 130 beats/min, A2¥ 142 beats/min7}A] 453159t}

olate] Axtz Eu 40°Ce 2287 oA Cooling vest
g HHZAL % dve EE FES "avt e
™, A9lEo] Yzlwo] Alg-Fo] AU BIolx B3l Al

— maximum

B 180 PN

E 110 l-*-a—-——-’i"‘—f'*‘r il '_'“\‘*1\ -
£ . a
‘é o A

g °° —— Al
& 70 « A2 |1
g i Sy S

Et; 50 Normal Cooling

30 State Rest | Exercise l Recovery
20 40 60 80
Time(min)

Fig. 8. A Comparison of the effects of local cooling on blood pressure
in wearing cooling vest.
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Fig. 9. A Comparison of the effects of local cooling on heart rate in
wearing cooling vest.
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