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ABSTRACT

This exploratory study compared the body cooling effects of eight commercially
available cooling garments under hot and humid conditions (36°C, 65% Relative humidity
[RH]; Wet bulb globe temperature [WBGT] 32°C). One healthy young male participated
in eight randomized trials while wearing two neck cooling bands and six cooling vests,
each using different convective, conductive, or liquid-circulating cooling mechanisms.
A trial consisted of 10 min of rest, followed by 50 min of exercise, and 10 min of recovery.
Despite wearing cooling garments, rectal temperature increased by a similar amount
across all conditions (0.6-0.7°C), indicating that partial-body cooling alone was
insufficient to suppress core temperature elevation during exercise in severe heat stress.
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in contrast, differences in skin temperature responses were observed by cooling type
and cooling area. The liquid-cooling vest produced the greatest cooling effect, resulting
in a continuous reduction in mean skin temperature throughout exercise (-1.8°C
from rest) and a marked decrease in chest skin temperature (-15.3°C). The vest with
57 distributed Phase Change Material (PCM) cells also reduced mean skin temperature
and clothing microclimate humidity more effectively than other cooling garments.
Total sweat loss was lower with the 57PCMs vest and the liquid-cooling vest than
with the neck-cooling bands. Subjectively, the liquid-cooling vest showed the best
thermal comfort and lowest whole-body thermal sensation, whereas the FanAir
(Air-circulating cooling type) vest produced the lowest humidity sensation despite
limited physiological cooling effects. The present findings suggest that liquid-cooling
and distributed-PCM-cooling vests were more effective at reducing skin temperature,
clothing humidity, sweat loss, and thermal discomfort under hot and humid conditions.
This study may provide practical guidance for selecting cooling garments for workers
exposed to summer heat stress and for designing future large-scale human wear trials.

Key words: heat wave, heat strain, cooling garment, evaporative heat loss, conductive
heat loss, heat-related disease, thermal comfort
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Table 1. Photos and specifications of the eight cooling garments in the present study
li li Weigh
Cooling Cooling Photo Material eight Company
area type (&
i e shervhen
\ aisirui
Convective cooling (Y \ Plastic 446 b
by airflow ] Technology Co.,
Neck Y Ltd (China)
band  [pCMm]
Conductive Outshell: TPU
237 B.Flo (K
cooling using Infill: PCM 18°C o (Korea)
PCM
Outshell:
TeijinConex 93%,
Twaron 5%,
[Upward AIR] Antistatic 2% TELIN Cooling
Convective cooling . L 1,419
b d airf Distance material: Vest (Japan)
T
y upwarc aftfiow Polyester 100%
Lining:
Polyamide 100%
[Fan AIR]
Convective cooling ZHINUO Fan
Pol 100% 1,069
by airflow from olyester : ’ Vest (China)
four air fans -
[Cold AIRJ . va - L1 QIANG
Convective cooling | Cotton, Polycotton 1,368 .
4 (China)
Outshell:
Polyester 100% Loto TheMakers,
’ TheM (Korea)

Vest
by cold airflow

[Big 4PCMs]
Conductive cooling
using PCM packs

(Partial body regions)
[Small 57PCMs]

Conductive cooling ‘
using PCM packs '

(Total trunk body

regions)
[Liquid cooling]
Conductive
cooling by
circulating cool

water

Infill:
Super Absorbent

Polymer (SAP) + Water
Nanoguard Yein

Outshell:
Nylon & TPU
Infill: 1,312 (China)
PCM
Outshell and Liner: COMPCOO.LER
5320 mesh Active
’ Cooling Vest
(US)

Nylon 85% &
Spandex 15%
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[Air neck band] [PCM neck band]
Convective cooling by airflow Conductive cooling using PCM

-

-~

[Fan air vest]
Convective cooling by airflow from four fans (2 fans on

[Teiﬂ'in air vest]
the upper back and 2 fans on the sides; Total convection)

Convective cooling by upward airflow

[Cold air vest] [4PCMs vest]

Convective cooling by cold airflow Conductive coohng using PCM packs
(Partial trunk body region)

wy

[57PCMs vest] [Liquid cooling vest]
Conductive cooling using small 57 PCM packs Conductive cooling by circulating cool water
(Total trunk body region)

Fig. 1. Experimental conditions and a subject who wore cooling garments during exercise in the

present study.
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(-4: B9 Fo}, -3: BT} -2 Al -1: ok
At} 00 FAE QAR 9 +1: ORF mE
sfet, +2: WS, +3: ek +4: vl W), &
FeHzke 78 (-3 o BTt -2 2
sk}, -1: Ok Bsle}, 0: HEolT}, +1: oK
st} +2: A, 430 oS A, &

6 kmv/h.
lope 10
5 knvh, slope 5 b
4 km'h, slope 0
Rest hiiad Recovery
Exercise on treadmill
0 min 10 min 30 min 50 min 60 min 70 min

Rectal & Ear canal 5 s interval
temperature

*Skin tempers 5 s interval
(8 regions)

Heart rate 1 s interval
Clothing

microclimate 5 s interval
(back)
Subjective responses:

thermal sensation §
(Whole, Neck & Trunk), ) O O O O O O
thermal comfort(Whole), 0 min 8 min 18 min 28 min 38 min 48 min 58 min 68 min
humidity sensation(Whole),
RPE
Blood pressure O O
Body & garments 8 min 61 min
weight Q
*Skin temperature 8 regions: forehead, chest, back, forearm, hand, thigh. calf, foot.

Fig. 2. Experimental protocol and measurement intervals of the present study.
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2 ARESHTh
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1. ze o e

o
LB

A

38.0
o
o _ 375
g
= 37.0
©
e Pa
g_ 36.5 ]
g
+ 36.0 -
— —— NeckBand AIR =)~ Vest_ColdAIR
1] === NeckBand PCM —@— Vest 4PCMs
o —— Vest TeifjinAIR  —— Vest 57PCMs
@ 35.5 === Vest_FanAIR —— Vest_Liquid
274
rest| EXE1 | ExE2 " EKES] rov |
35.0 1 T T maas
0 10 20 30 40 50 60 70
Time(min)
38.0
37.5

Ear canal temperature (°C)

* —— NeckBand AR =~ Vest_ColdAIR
7 - NeckBand PCM —@— Vest 4PCMs
g = Vest TefjinAIR 7/ Vest 57PCMs
| === Vest FanAIR —h— Vest Liquid
Rest “EXE1 EXE2 EXE3| pcy
/h, slope 0 Skmih, slope 5 S
T T 1
0 10 20 30 40 50 60 70
Time(min)

Fig. 3. Time courses of rectal temperature
and auditory canal temperature for
70 min (One male subject: 176.5 cm
in height and 76.6 kg in body weight)

Table 2. Rectal and ear canal temperatures during rest, exercise, and recovery for the 8 cooling

conditions
Neckband Vest
Variable Phase A pom  rein o FanoCold oy sopongg  Lauid
Air Air Air cooling
Rest @© 36.9 36.7 36.5 36.5 36.6 36.9 36.6 36.8
Rectal temp. Exercise @ 375 373 37.1 37.1 37.3 37.5 37.2 374
°C) Recovery 37.7 37.4 37.3 37.3 37.5 37.6 37.4 37.5
Change(@-©) 0.6 0.6 0.6 0.6 0.7 0.6 0.6 0.6
Rest @ 36.5 36.3 36.1 36.1 36.3 36.4 35.9 36.3
Ear canal Exercise @ 37.1 37.2 37.0 36.8 37.2 37.3 37.1 37.2
temp. (°C) Recovery 37.2 37.3 37.1 36.9 37.4 37.4 37.2 37.2
Change(@-®) 0.6 0.5 0.9 0.7 0.9 0.9 1.2 0.9
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Table 2. Mean and body regional skin temperatures during rest, exercise, and recovery for the 8

cooling conditions

NeckBand Vest
Variable Phase Air PCM Tei.jin Fan Co.ld APCMs  57PCMs Liql.lid
Air Air Air cooling
Rest @ 34.3 343 34.1 34.1 344 34.5 34.1 34.2
Mean skin Exercise @ 35.9 36.2 35.6 35.7 35.9 36.1 35.6 324
temp. (°C) Recovery 36.3 36.5 35.8 35.3 36.3 36.3 35.7 32.7
Change(@-©) 1.6 1.9 1.5 1.6 1.5 1.6 1.5 -1.8
Rest @ 36.0 35.7 35.8 35.9 35.8 36.5 359 36.0
Forehead Exercise @ 36.6 36.9 36.6 36.3 36.7 36.9 36.6 36.6
temp. (°C) Recovery 36.5 36.8 36.8 36.1 36.6 36.7 36.6 36.5
Change(@-©) 0.6 1.2 0.8 0.4 0.9 0.4 0.7 0.6
Rest @ 34.0 33.1 332 333 33.6 33.8 331 32.9
Chest temp. Exercise @ 35.5 35.6 34.9 35.3 36.1 35.8 34.3 17.6
(@) Recovery 36.2 36.2 35.5 34.6 36.8 36.2 33.9 19.2
Change(@-®) 1.5 2.5 1.7 2.0 2.5 2.0 1.2 -15.3
Rest @ 34.2 34.0 34.0 34.3 34.1 34.4 34.5 34.1
Back temp. Exercise @ 35.7 36.6 35.7 35.3 36.0 36.5 34.6 33.7
(@) Recovery 35.9 36.7 36.0 34.4 35.8 36.8 35.4 335
Change(@-©) 1.5 2.6 1.7 1.0 1.9 2.1 0.1 -0.4
Rest @ 34.2 34.0 34.2 34.0 34.4 34.3 34.1 34.6
Forearm Exercise @ 359 35.8 36.3 35.3 36.0 35.7 36.0 35.6
temp. (°C) Recovery 36.0 36.3 36.1 347 36.2 35.6 36.2 35.6
Change(@-©) 1.7 1.8 2.1 1.3 1.6 14 1.9 1.0
Rest @ 35.4 35.5 353 353 35.5 35.7 35.3 35.5
Hand temp. Exercise @ 35.7 35.9 35.7 35.5 359 35.3 35.7 35.5
(@) Recovery 36.1 36.3 35.6 35.5 36.2 35.4 35.9 35.6
Change(@-®) 0.3 0.4 0.4 0.2 0.4 -0.4 0.4 0.0
Rest @ 34.2 343 33.9 34.1 343 34.6 34.1 33.9
Thigh temp. Exercise @ 35.6 36.0 34.7 36 35.6 35.8 35.9 36.0
(@) Recovery 36.7 36.5 35.0 36 36.3 36.6 36.0 36.2
Change(@-©) 1.4 1.7 0.8 1.9 1.3 1.2 1.8 2.1
Rest @ 33.7 34.2 33.6 338 33.9 34.1 332 339
Calf temp. Exercise @ 359 36.4 36.0 36.0 34.8 36.0 36.2 36.1
Q) Recovery 36.3 36.4 36.1 35.6 36.4 36.2 36.1 35.9
Change(@-©) 2.2 2.2 2.4 2.2 0.9 1.9 3.0 2.2
Rest @ 34.2 35.9 35.5 342 35.8 35.0 35.1 35.7
Foot temp. Exercise @ 37.1 37.1 36.9 36.9 36.9 37.1 36.9 37.0
(@) Recovery 37.1 37.1 37.0 36.9 37.0 37.1 37.0 37.1

Change(@-®) 2.9 1.2

1.4 2.7 1.1 2.1 1.8 1.3
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Table 3. Thermal sensation, thermal comfort, and humidity sensation during rest, exercise, and
recovery for the eight cooling conditions

Neckband Vest
Variable Phase Air PCM Tei.jin Fa.n Co.ld APCMs 57PCMs Liqgid
Air Air Air cooling

Rest (8" min) 2.5 2.5 2.5 2.0 2.5 2.0 2.0 2.0

Thermal sensation  Exercise (18" min) 2.5 2.0 2.5 1.0 3.0 2.0 1.5 1.0
_Owverall Exercise (58" min) 4.0 3.5 4.0 1.5 4.0 4.0 3.5 0.5
Recovery (68" min) 2.5 3.0 1.5 0.5 2.5 3.0 1.5 -0.5

Rest (8% min) 2.5 3.0 2.5 2.0 3.0 2.5 2.0 2.5

Thermal sensation  Exercise (18" min) 2.0 -2.0 2.5 1.0 3.5 2.5 2.0 2.5
_Neck Exercise (58" min) 4.0 1.5 4.0 1.0 4.0 4.0 4.0 1.5
Recovery (68" min) 2.0 2.0 2.0 0.0 3.0 3.0 2.0 1.0

Rest (8" min) 2.5 2.5 2.5 2.0 2.5 2.0 2.0 2.5

Thermal sensation  Exercise (18" min) 2.5 2.0 2.5 0.5 3.0 1.0 -1.0 2.5
_Trunk Exercise (58" min) 4.0 35 4.0 1.5 4.0 35 35 4.0
Recovery (68" min) 2.5 3.0 1.5 1.0 3.0 1.5 1.0 1.5

Rest (8" min) -1.5 -1.5 -1.0 -1.5 -2.0 -1.0 -0.5 -1.5

Thermal comfort Exercise (18" min) -2.0 -2.0 -1.0 -1.0 -2.0 -1.5 -1.0 0.5
_Owverall Exercise (58" min) -3.0 =25 =25 -1.0 -3.0 -3.0 -3.0 -0.5
Recovery (68" min)  -3.0 -3.0 -20 -05 -20 25 -2.0 -0.5

Rest (8% min) 2.0 2.0 1.5 1.5 1.5 1.5 1.5 1.5

Humidity sensation  Exercise (18® min) 2.5 2.0 1.5 1.0 2.0 1.5 1.5 1.5
_Overall Exercise (58" min) 3.0 3.0 3.0 2.0 3.0 3.0 3.0 25
Recovery (68" min) 3.0 3.0 2.5 1.0 3.0 3.0 3.0 2.0
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Table 3. Thermal sensation, thermal comfort, and humidity sensation during rest, exercise, and

recovery for the eight cooling conditions

NeckBand Vest
Variable Phase Air PCM Teijin an Co.ld APCMs STPCMs Liqgid
Air Air Air cooling

Rest (8" min) 2.5 2.5 2.5 2.0 2.5 2.0 2.0 2.0

Thermal sensation_  Exercise (18" min) 2.5 2.0 2.5 1.0 3.0 2.0 1.5 1.0
Overall Exercise (58" min) 4.0 35 4.0 1.5 4.0 4.0 3.5 0.5
Recovery (68" min) 2.5 3.0 1.5 0.5 2.5 3.0 1.5 -05

Rest (8" min) 2.5 3.0 2.5 2.0 3.0 2.5 2.0 2.5

Thermal sensation_  Exercise (18" min) 20 20 2.5 1.0 35 2.5 2.0 2.5
Neck Exercise (58" min) 4.0 1.5 4.0 1.0 4.0 4.0 4.0 1.5
Recovery (68" min) 2.0 2.0 2.0 0.0 3.0 3.0 2.0 1.0

Rest (8" min) 2.5 2.5 2.5 2.0 2.5 2.0 2.0 2.5

Thermal sensation_ Exercise (18" min) 2.5 2.0 2.5 0.5 3.0 1.0 -1.0 2.5
Trunk Exercise (58" min) 4.0 3.5 4.0 1.5 4.0 3.5 35 4.0
Recovery (68" min) 2.5 3.0 1.5 1.0 3.0 1.5 1.0 1.5

Rest (8" min) -1.5 -1.5 -1.0 -1.5 -2.0 -1.0 -0.5 -1.5

Thermal comfort_ Exercise (18" min) -20 -20 -10 -10 -20 -15 ~-10 0.5
Overall Exercise (58" min) -30 -25 -25 -10 -30 -30 -30 -05
Recovery (68" min) -30 -30 -20 -05 -20 -25 -20 05

Rest (8" min) 2.0 2.0 1.5 1.5 1.5 1.5 1.5 1.5

Humidity sensation_ Exercise (18" min) 2.5 2.0 1.5 1.0 2.0 1.5 1.5 1.5
Overall Exercise (58™ min) 3.0 3.0 3.0 2.0 3.0 3.0 3.0 25
Recovery (68" min) 3.0 3.0 2.5 1.0 3.0 3.0 3.0 2.0




224 BIAX|IAIEMETISIEIR] H37H 25 2026

oRI7]ol= ARl Ao e ol ol
A AAlo] obd B ROt 7l /5t g FE
Zo] 3|52 Aot FHa QARG B AHlE

JH ZAHAQ FrS = 4 oy}, ARy} 7+

my

Hugt APAF=T FARSHE Ando et al
(2015)2 22 23 e o83t &
2 SHoIA 717t IFE 5 = Al AR

7o) 1

1

i)
ftjo
Jo
H1
ol
)
rd
el
o%
N
o)
H1
N
%
[
_?L
)
52
v
N

T 3E7] Bet ofo|A Wzt 277} o & ¥

oF 29 A Fg Gaof ol A
1 ) O B g | = U 4 s o TR v L
Kenney et al.(2021) 7oA x YZz27 214
0] -,—'5:— Z]—I—Eﬂ L) l;;_Oﬂ 014- 7(]7(]—.9_ /\J- quﬂ St
7] Hobe Al 5= gt A AR
T AR AAA7IIL HERS ARATE o
sk g} Bolgtyl BTk ®3F Bongers et
al.(2016) A5 &4 SASCIAA ¥4 271
2hgo| nFE-23} A W AR HA
T 25 5 AR s 9A 92 stk st
k. Naito et al.(2023) FA] W WYz} Aj7lo] 3]
7] 9t 12y} v B A4S Jal AT
U=oiznt AR ZHAgols oJgke =
ot B skeick $HH Otani et al.(2024)& 7]
73 W 3z ARlo] F5 3E7] B9 192,
o722, A 9 S 29 B W

7

o Sl ek BISHOL o] ATE AR

ol

#] okoF

P O
How YRE A4S AL AR AstE
SEsPIols SV ek, et wakEel QA

72 gPE WAk AEHAS GsAL Y
Zolg ol9] WOt oolx &ele HH B
e T Wz Ee A0 WSk dol
e Aoz Aret

A % sl WRuRLo] &5 Anck topy
o 2, 859 WAR F WFL 4% oA a
7V 2 gzeRs AAEsY Y9
7 thgeE He POM 20| 71T 5 B

DRy B HEEZ WY andold
(Choi and Hwang 2001;
2010), 71738 W 97 A JA| 95 W 371 =
oS B9 9E W 2k, A nFE2 9 g
28 Y3 g BIHYJHOtani et al.,
2021; Otani et al. 2024). AA&3E Y42

W47t ASHoT SUSAN T AL

7L277]% Ar yzke E3]

Bongers et al.



il

052

Il

o o = o

W37] dio] fie g5 ol 3E7]d
BarREEE oF 1.9°C J5E 202 HusHg]
(Jung et al. 2020). Seol et al.(2021) < HA|
<3y Y7 & FgoT HamEe 0.7 -
1.0°C , 71 g2 1.9 - 3.2°C At}
Bstglet. vHA, 2 Y72 28 2919l RE 1
H2g YAHoR Wk g antzol, ¥z
Hao] Fobx 273 W7 QRHEb: Wy

g k=L gy} Yt Ando et al. 2015; Son

-~

L

4w o] FL FEFolt Lengnct Byl

& WRe Aste TGS INHOE ¥E >
YA, B 5L Aol FA
Ick. W, Aol AHEBY Yo
57 PCMs3 WZAZ77} W& W2 Bast 70
oA %A & WIS WHAA BT
Noe THHOR oAt A0 SRlHr,

U HUS U ABEs W2OIF| Ol W2 Bk hRE HTd MUHAE W2ORO| SN B 225

= ——

5o wFe A5 dAlska, 11 An 7Y
U3t Uk oE Y $EE RF] iR
AL o] gt ARt Ae} oF U S
Aohs iAo FURIY daoe 9FS F
e Aoz AmE. Iy, F ¥4eR{ =4
AN FEAFH 5 79 5 W st HE £
sl vis iAoz WtsdE: &5kl A
Al FEANAE & 9ol THEA AT
U] APAE AuEE, Yzz7] 2o
iy o i 5k 248 798 & U
FAEE Choi & Hwang(2001) ofo]A A 7
127 28 Al m|ERg 2HHEY I3t
TF HY5F AL, Jung et al.(2020)2
ey Y45 5 271 2794 o ¥4
9] 2ANAEG FEkgo] Wetttal Hush
t}. Kuma et al.(2009) 94 AA<F J2+9]
& 2Hg A SRRl o Aokal stk ey,
L2 SO A Fzo]| whE It o=
Eotal, 28R SEAS oSt A=A

oI} ol Zrgfo] Wtk Bk ofjet HR

—

11

o]

o
i

2
i

o
A o
)

oL K

3]

I« 2

ec)

2

% 2
o FRoke ®el &, WZreRel Qs mEd
Folo Aol Azt & YR QIS HRo H&
Jell, 123 Wbxr]ol Ry} R 7 2
ZJolo] oJsf WHAYSH= ARg QI3 oJE o]
A AL 5 EHA 20 o3 A=) o
FOo2 grtEnh 2 dFoA: 57PCMsY ¥t

719} AR YLR7e FUstEE 5 2

g Ebgolglont 44l
gl G 0lxA gt
webd, A4 28449 483 S 98] HEY

Yz Al diigel 9 Y4z Jide] 8

o N
10
T
17}

H1
fr
v
i
flr



226 SIEX|GALS|MEIIEIS|X| H37H 25 2026

[
12
é
M
ot
o {
S
‘IT‘
B
N,
rr
Mo
0
ofx
KU
>
=
=2
>
H1

3
Fo™, FanAir Y227= A4 58402 7H
Al FAetH et ¥ ColdAir §Ztz27]9}

e 2AME 25 7 45 09 |
goto] A4l A 2

A B7t=EA SH|EA X FanAir

ol
o

i :tﬂo'ﬁ NoaD
B
olo

ol
4]
_EL
iE
r
o
ot
we,
1o
s
=
17
g
= o% ne
~
G N
i,
o

oN
B
i
f
o,
N

Sholal, 2RgAE Wrle SetE B et 719

7] WEog AEEY, SRS WFA 5 v

o= 3 3& AFE B9 AT vt a7Eh
A

+ 7t/ o] ofe]Adoliy PCME 7o)+
Hot w2 A3EE Etkal E1ESItKSon
2018; Otani et al. 2021). 2718 YZ4olH= &
T3olu &EY, FEF YAgREA A2
o= g St F7HEAL, AR A W 2=
Hr} oF 15°C 9] Y7xoA A H o= d
AEA =7 SEE A Jung et al. 2020).
BEoA = 7HHE A Al MR 40%TE J7F

S, oAy YRl o e whe B

ok ofel Ao R E JP 9481 Wt 5ule
B3, FanAir ¥Z4z7]

e
W7t Aol et AL ok

rr

ofl
oX,
o
il
jirp

0
N
3
X
jo

\
o
o,
N
N
ne
i)
o)
i)

5. I&X} 1912 402 3l MK oiq0|
ISR, M olo] U B
2 AL 36°C, 65%RHO 12rtis 34
(WBGT 32°C)ollAl Al Wzkel&: 8%9] UA
7 AN g0 2 v wslt) Al 59

& PhelRel A AUE FRU 4o JUAES

=

<t
e
oft
2
=)
i
S
=)
g
e
i
o
.
flo
.
i

o] AT 2 AW TA] WA A 27, 24
EENE RIS o A
3 712 S AR Aol4 484 oozt
Utk EF B AT AR, R, Wik ul
A4 e FPHoE BATORA tE
29l Algk Wzl 859 Arja Wz B 4

S WEE S UerRe HolA Tt Az

£ 32 R
wh ot Lo Jo
N R
N :
N
i
=
¢
H—t
Ty
-‘Oll
S
é‘
ilieh
)
olo
l—f]I.
olo
i)
e

(i

4 QUKo et al. 2020; Lee et al. 2013;
Lee et al. 2015). &, I-20R53t gH=to] o534
6~89)S AdE B A4 E&-So| o= A&

A7 fi2ol, & d7tolAe ThA P of] o



2
aju
[
ne
I
o
oy
oy
njo
10
%
>
=]
o
rir
ol
N
B
an
lo

o

FE& 49 olFRl, & & Ao o= A= T
FH o]FR1 9 ~ 100 S o= 2
dd T F7i2 2T 5 Qe 248 IS 3
a9kl ol & A7tel AL AvE Sl
AT = Ad=H, 83 A HAE B B &
2-3o] LA AT Ao FHhRo] mEddes
AL St Wotok ettt Ty A9 it
Aol I A2 A5FE a4 42 wEE
Al 7] Hizel 2 Ad 3 2] 9480l ME
A FAEAS 7FsAS Aol w4
Aot 2L & A 9 19E Hide= o
ozl ZAxol7] wiEel dzelF 857 diA
Hla= ok A Thsoi, 24 2E dojxl A
2l-Ae] wk3e] Aoigh 3 FF Blaef gt drt
she A9E 2a7t . #7ts, 2 A7 A8
" 2edEe AdENM F54% =l AT

AP o] eEEE Ik &

[ex]
=
o219 B4 S8 MYokA Fatiet. wheb

£ 7ol AN Al A ATEAE BE
SIEile}. B Yz et W2z g 38
A QA W7 vk o Hom, 371489 37
ojpuct Ay Yrrolel X yrel el
ampl o A7, deket AEd WAzl % 9

=) 2820 AR A5 A3l 7t
= AlgHdol| oy, 8% 3 dAeTd J4=7]
@9} 57PCMsq Yz=27|= Q A5} @ o=

=
rlo
jil)g
H1
X
r>~
ofj
it
e
oft
ol
B dr
o)
l:‘ﬂ'
o)
)
o

ST LIRS MEY ARIRE YR S B 227

23] &Y YRl BT e St

4 QA AN g St S B

o, FanAir 92271 294824 A7) wris)

A horeolE Al $-83t A SHelA gHol

shelelolct. &, MY YAl The W

ool vlaf ot PA grjdos us, g
1t

AZE 2 Al ol2fdt EAo] A g d 2R84
o mX JIF= A 1 oo} & Ao}, &
AF AuALRAY] B AT AAE Higeg &
AT FanAir Y2t2719t 22 Ao]=29]

PCMo| &80l ZaLF vixd Yz=7], dAee

Acknowledgements

2 A R IEARIEY AVE A
A WS B 7T EARI(RS-2025-02263293)
Ao AP g o|FojHsUT P Ad=
o & oo, ZEANA FARE EFEYTH

References

Ando S, Komiyama T, Sudo M, Kiyonaga A,
Tanaka H, Higaki Y(2015) The effects of
temporal neck cooling on cognitive function
during exercise in a hot
environment: a pilot study. BMC Res Notes
8, 202. doi:10.1186/s13104-015-1210-0

Bongers CCWG, Hopman MTE, Eijsvogels
TMH(2016) Effects of cooling during exercise
on thermoregulatory responses of men with
paraplegia. Phys Ther 96(5), 650-658.
doi:10.2522/ptj.20150266

Cao Y, Lei TH, Wang F, Yang B, Miindel T(2022)
Head, face and neck cooling as per-cooling

strenuous

modalities to improve exercise performance
in the heat: a narrative review and practical
applications. Sports Med Open 8(1), 16



208 SIEX|CIALSIMETIEISIX| K37H 25 2026

Chan AP, Yang Y, Song WF, Wong DP(2017)
Hybrid cooling vest for cooling between
exercise bouts in the heat: effects and
practical considerations. ] Therm Biol 63,
1-9

Chicas R, Xiuhtecutli N, Dickman NE, Flocks J,
Scammell MK, Steenland K, Hertzberg V,
McCauley L(2021b) Cooling interventions
among agricultural workers: qualitative
field-based study. Hisp Health Care Int 19(3),
174-181. doi:10.1177/1540415321993429

Chicas R, Xiuhtecutli N, Elon L, Scammell MK,
Steenland K, Hertzberg VS, McCauley L
(2021a) Cooling interventions among agricultural
workers: a pilot study. Workplace Health Saf
69(7), 315-322. doi:10.1177/2165079920976
524

Choi JW, Hwang KS(2001) The effects of cooling
vest in hot environment. J Korean Soc Cloth
Text 25(1), 83-90

Choi JW, Kim MJ, Lee JY(2005) Efficacy of
cooling vests for alleviating heat strain of
farm workers in summer. J Korean Soc Cloth
Text 29(8), 1176-1187

Choi JW, Kim M]J, Lee JY(2008) Alleviation of
heat strain by cooling different body areas
during red pepper harvest work at WBGT 3
3C. Ind Health 46(6), 620-628. doi:10.2486/
indhealth.46.620

Choi JW, Park JH(2007) Physiological responses
of wearing safety helmet with cooling pack
in hot environment. J Korean Soc Cloth Text
31(6), 955-965

Ciuha U, Valenci¢ T, Mekjavic IB(2021) Cooling
efficiency of vests with different cooling
concepts over 8-hour trials. Ergonomics
64(5), 625-639. doi:10.1080/00140139.2020.
1853820

Fom R, Lee Y(2019) Wear trial assessment of a
fan-attached jacket in a summer environment.
J Korean Soc Cloth Text 43(6), 856-865

Hosokawa Y, Belval LN, Adams WM, Vandermark
LW, Casa DJ(2020) Chemically activated
cooling vest's effect on cooling rate
following exercise-induced hyperthermia: a
randomized  counter-balanced crossover
study. Medicina 56(10), 539. doi:10.3390/
medicina56100539

House JR, Lunt HC, Taylor R, Milligan G, Lyons

JA, House CM(2013) The impact of a
phase-change cooling vest on heat strain
and the effect of different cooling pack
melting temperatures. Eur ] Appl Physiol
113(5), 1223-1231

Jiang L, Wang J, Castafio-Rosa R, Zhong C, Cao
SJ(2024) Heat exposure and coping strategies
for food delivery riders under urban heat
extremes. Energy Build 322, 114693. doi:10.
1016/j.enbuild.2024.114693

Jung JY, Kang JH, Seol SH, Lee JY(2020)
Developing liquid cooling garments to
alleviate heat strain of workers in summer
and exploring effective cooling temperatures
and body regions. Fashion Text Res J 22(2),
250-260. doi:10.5805/SFT1.2020.22.2.250

Kenny GP, Schissler AR, Stapleton J, Piamonte
M, Binder K, Lynn A, Lan CQ, Hardcastle
SG(2011) Ice cooling vest on tolerance for
exercise under uncompensable heat stress. J
Occup Environ Hyg 8(8), 484-491. doi:10.
1080/15459624.2011.596043

Kim DH, Bae GT, Lee JY(2020) A novel vest with
dual functions for firefighters: combined
effects of body cooling and cold fluid
ingestion on the alleviation of heat strain.
Ind Health 58, 91-106. doi:10.2486/indhealth.
2018-0205

Kim DH, Jung JY, Kim DH, Lee JY(2019) Effects
of wearing Nomex body cooling garment
inside firefighting protective equipment on
the efficiency of performance during
simulated firefighters’ tasks. J Korean Soc
Living Environ Syst 26(1), 9-24. doi:10.210
86/ksles.2019.02.26.1.9

Kim IS, Kim KR, Seo MT, Park SI, Cha JJ, Kim
HC, Kim KS(2020) Development and evaluation
of a cooling vest applied with vortex tube to
reduce heat stress of greenhouse workers. J
Brgon Soc Korea 39(1), 43-58

Kim S, Lee S, Shin S, Lim D(2024) Cooling

of different
types of cooling vests using thermal manikin.
Fashion Text 11(1), 1-12. doi:10.1186/s40
691-024-00381-z

Ko Y, Seol SH, Kang J, Lee JY(2020) Adaptive
changes in physiological and perceptual
responses during 10-day heat acclimation

performance measurements

training using a water-perfused suit. J



il

052

Il

o oo= = o

Physiol Anthropol 39, 10. doi:10.1186/s401
01-020-00217-x

Korea Disease Control and Prevention Agency
(2024) The number of emergency department
visits due to heat-related illness increased by
31.4% in the prolonged heat wave during the
summer of 2024. Available from https://www.
kdca.go.kr [cited 2026 May 12]

Korea Disease Control and Prevention Agency
(2025) Results of the 2025 emergency
department surveillance system for heat-
related illness. Available from https://www.
kdca.go.kr [cited 2026 May 12]

Korea Meteorological Administration(2024) Climate
characteristics of summer 2024. Available
from https://www.kma.go.kr [cited 2026 May
12]

Korea Meteorological Administration(2025) Climate
characteristics of summer 2025: repeated
heat waves and heavy rainfall, and clear
regional polarization of heavy rainfall and
drought. Available from https://www.kma.
go.kr [cited 2026 May 12]

Kume M, Yoshida T, Tsuneoka H, Kimura N, Ito
T(2009) Relationship between body surface
cooling area, cooling capacity, and
thermoregulatory responses wearing water
perfused suits during exercise in humans. J
Phys Fitness Sports Med 58(1), 109-122.
doi:10.7600/jspfsm.58.109

Kwon OK, Kim JA, Kim TK(2000a) The study of
cooling vest as an assistant cooling tool for
the human body in hot environment. Part 1.
Thermophysiological characteristics according
to local cooling. ] Korean Soc Cloth Ind 2(3),
265-271

Kwon OK, Kim TK, Kim JAQ2000b) The study of
cooling vest as an assistant cooling tool for
the human body in hot environment. Part II.
Thermophysiological characteristics of a
developed product. ] Korean Soc Cloth Ind
2(4), 346-352

Lee JB, Kim TW, Min YK, Yang HM(2013)
Seasonal acclimatization to the hot summer
over 60 days in the Republic of Korea
suppresses sweating sensitivity during passive
heating. J Therm Biol 38(6), 294-299.
doi:10.1016/j.jtherbio.2013.03.006

Lee JB, Kim TW, Min YK, Yang HM(2015)

TR ZUS FAo) AT Y2IRY| QI W

ST LIRS MES ARRE YRSl S HD 229

= ==

Seasonal acclimatization in summer versus
winter to changes in the sweating response
during passive heating in Korean young
adult men. Korean ] Physiol Pharmacol
19(1), 9-14. doi:10.4196/kjpp.2015.19.1.9

Liu B, Wang H, Lin H, Su Y, Wei G, Xu Z(2023)
Effect of phase change cooling vest on
related thermal regulation factors in
moderately hot environments. Build Environ
242, 110566

McQuerry M, Grzywacz JG(2023) Thermal
comfort assessment of active cooling
technology for agricultural end use: a field
study. J Text Eng Fashion Technol 9(1),
14-19. doi:10.15406/jteft.2023.09.00327

Naito T, Saito T, Ohhashi M, Hayashi S(2023)
Recovery with a fan-cooling jacket after
exposure to high solar radiation during
exercise in hot outdoor environments. Front
Sports Act Living 5, 1106882. doi:10.3389/
fspor.2023.1106882

Newsis(2025) Delivery workers urge the
government to address platform companies’
fatal delivery missions during extreme heat.
Available from https://www.newsis.com [cited
2026 May 12]

Otani H, Fukuda M, Tagawa T(2021) Cooling
between exercise bouts and post-exercise
with the fan cooling jacket on thermal strain
in hot-humid environments. Front Physiol
12, 640400. doi:10.3389/fphys.2021.640400

Otani H, Goto T, Kobayashi Y, Goto H,
Hosokawa Y, Tokizawa K, Shirato M(2024)
The fan cooling vest use reduces thermal
and perceptual strain during outdoor exercise
in the heat on a sunny summer day. Int J
Biometeorol 68(8), 1625-1635

Park JS(2025) Working environment of parcel
delivery workers: current status and challenges
of working conditions of parcel delivery
workers. Monthly Industrial Health 443, 4-5

Park SY, Lee Y(2024) Comparison of cooling
effects by body region for improving thermal
comfort. J Korean Soc Cloth Text 48(3),
501-510

Park SY, Lee Y(2025) Effects of cooling inside
whole-body protective clothing on thermal
comfort. J Korean Soc Cloth Text 49(1),
38-48



230 BIEX|CALSIMETIEISIX| K37H 25 2026

Ryu HC(2025) Working environment of parcel
delivery workers: how to promote the health
of parcel delivery workers? Monthly
Industrial Health 443, 6-9

Sainiyom P, Saeangsirisuwan V, Leow CHW, Lee
JKW, Surapongchai J(2025) Novel cooling
vest with personal protective equipment
alleviates heat strain without increasing
metabolic demands in the heat. Scand ]
Work Environ Health 52(1), 19

Seeley AD, Sherman RA(2021) An ice vest, but
not single-hand cooling, is effective at
reducing thermo-physiological strain during
exercise recovery in the heat. Front Sports
Act Living 3, 660910. doi:10.3389/fspor.2021.
660910

Seol SH, Bae GT, Taylor NAS, Lee JY(2021) Hand
and forearm cooling: exploring deep body
cooling in hyperthermic individuals following
exercise-induced heating at three different
work rates. Ind Health 59(3), 161-170

Son SY(2018) Research trends on prevention of
heat stroke using clothing: focusing on
practical research in Japan. Hum Ecol Res
56(5), 473-491. doi:10.6115/fer.2018.035

Stevens CJ, Borg D, Brade C, Carter S, Filingeri
D, Lee ], Tyler CJ(2025) Head, face, and neck
cooling for performance: a systematic review
and meta-analysis. Int ] Sports Physiol
Perform 20(6), 743-763

Tokizawa K, Son SY, Oka T, Yasuda A(2020)
Effectiveness of a field-type liquid cooling
vest for reducing heat strain while wearing
protective clothing. Ind Health 58(1), 63-71

World Meteorological Organization(2025) State
of the global climate 2024. Geneva: World
Meteorological Organization, ppl-52

Wu G, Liu H, Wu S, Liu Z, Mi L, Gao L(2021) A
study on the capacity of a ventilation
cooling vest with pressurized air in hot and
humid environments. Int J Ind Ergon 83,
103106



	여름철 열부담 경감을 위해 시판되는 냉각의류의 인체 냉각 효과 : 대류형·전도형·액체순환 냉각의류의 탐색적 비교
	ABSTRACT
	Ⅰ. 서론
	II. 연구방법
	III. 연구결과
	IV. 고찰
	V. 결론
	References


