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Abstract: This study focuses on addressing thermal comfort challenges associated with the hermetic construc-
tion of chemical protective clothing. This study employed a thermal manikin experimental platform to investi-
gate the relationship between air gap thickness and manikin surface temperature under multifactorial conditions
by systematically measuring temperature variations across different air gap thicknesses, ambient temperatures,
and activity intensities, thereby analyzing the impact of air gap thickness on microclimate heat transfer. The re-
sults demonstrate that when the air gap thickness reduced from 55 mm to 10 mm, the temperature rise amplitude
of the manikin surface increased, indicating that increasing the air gap thickness significantly reduces the mani-
kin's surface temperature. The manikin's surface temperature increased by 0.89 °C at 65 W/m? and 1.54 °C at

110 W/m? thermal loads, revealing a positive correlation between temperature rise amplitude and activity inten-
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sity. The temperature changes of the manikin corresponding to ambient temperatures of 32, 25, 15, 10 °C are

1.59, 1.54, 0.42, 0.12 °C, respectively. The decrease in the thickness of the air layer results in a significant in-

crease in the temperature rise of the manikin as the ambient temperature increases.

Key words: airtight chemical protective clothing; heat transfer; thermal manikin; air gap; ambient temperature;

exercise intensity
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Fig.1 Protective clothing multi-modal testing system
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Fig.3 Temperature variation trends of different body

parts of the thermal manikin

252 B R AR S I e B R B K R A%
W, WESHIR AMARTES)ZEEERXMN T, B
PR N S R 2 A 3R T B IR 2 4 B 5.06.
4.02.3.92.3.73°C. mutHEN , =<2 EE D> T8
T 22 9/, 3 E O W R AR R R e A N 3T iR B R 2
FE . X —IRIE T 2R R BN 58U R 2L Ra
W, WA (D). Ra<<1 700 i, 4 #05 X6 & &=
SN Ra>1 700 I AR # T KOV A RX R E T, BHA
XU e AR OK T AR T, SO TR AR 1 AR
Y

RW:gMTﬁ
ay
A g NE SIS, 9.8 m/s% 8 N E I K &
KT AT B30 ik 90 5 2 fili Al 3% 40 58 TR 2
K:LAZARBREE m;a AT MY BRE, m*/s5v
NN IIFE ,m*/ s,

% FE IR MU Nu bl Ra % IR 228 , Nu 5 Ra 1) ¢ & U1
KROFR. HRORDHEH, SR EEERD S
BG4 B R BORD B e B RN A R BB
TR T .

(D

Nu= C*Ra" 2)
Nusk,
f= e (3)
L
qg=h.AT D

A h TR R B W/ (™K sk N E A
RELW/(meK) ;¢ N i, W/m”.

40r
) —®— 55 mm
39t | —e— 40 mm
© 38 | A 25mm
~ ]
37 ~¥ 10 mm v
juc)
%36
§35
X 341
33F
R A = . ; . y
0 5 10 15 20
i} 1] /min
(a) K
40
~# 55 mm
391 |-e- 40 mm
& 38t |4 25 mm
@ v 10 mm
37 1
=
1= 36
K.
3
<
=34

10 15 20
i [H] /min
(b)/NE
40
= 55 mm
391 | e 40 mm

0 5 10 15 20

18] /min
(c) KR
40
= 55 mm
391 | e 40 mm A

0 5 10 15 20
I [8] /min

(d) /N
4 BEBAODERERETHES
Fig.4 Surface temperature variation trends of the

thermal manikin’s limbs

2.2 ZBRIREESIEsNEEZ KGR
12 Z) 50 1K BUBR R TR B K. E 25 CH
BT AR AL R IR L A 6 R . AT AR

75



CHBA$5# K> 2026,45(5)

HBRFTR

Fire Science and Technology

GZ N5 ) IZ 98 M 65 W/m M % 110 W/m?2i} ,
NRME-FHREREN T 2.37 C, FAEIE7.0%. X
— 451 5 GONZALEZ-ALONSO JZ225 45 M7
ESE T N AARAR 3 77 A B 32 2 55 B 384 in i o s ) AR B
P

35 - 16:0
34 [ AN
it

55 40 25 10 3.0
2[R /mm

Bs5 BiFRAMEEMRENRERE
Fig.5 Temperature difference between the inner surface of
the protective clothing and the outer surface of the

base garment

38 (65 W/m’
B ii0owW/m’

ko KE MNE R ORBR N OBE
HBAL
6 BAZIAUREEE
Fig. 6 Surface temperatures at different body parts of the

thermal manikin

R B gk T BUE N IR T R B B A2 B o
FE ORI s . AR B 598 3 v BE R N Y
Jhg 2 T UG FE RS G s2 i LT 7. KRR AL < 65 W/ m?
B, 25 2 JE BN 55 mm 2> £ 10 mm, i N # H
15 YA M 34.07 CTFF & 34.96 ‘C(AT=0.89 C) ;
110 W/m? N A B AF 46 A 36.98 ‘CTF & 38.52 “C(AT
=154°C). XERWHmIBEIZSEEFERRTAEE
£ A A 0 B N 2T iR B TR R T RN . B SRR R
FEE R /N A N DY B 2% T B A . RN R N
KR R /IS R SR TR B K B F —H . miE g
R R E R B AR A 6 RN 3R TH IR ) R e B R
0.

TRZ RS 12 5w B 5w AR N SR R
BN ENEE . @WE KT ZE R,

76

12 2y i 6B N 2R THI IR FE A B ) LA A e i R 3
(F=120.50,p<C0.001) , H M i K F = K2R
R (F=10.71,p=0.002) .

40 65 W/m?
391|110 W/m®
© 38
~
B 37
]
I 36
K-
2 35
EX 34
33
32 55 40 25 10
SR JZEE /mm
(a) K5
O 65 W /m?

39r| M 110 W /m”

55 40 25 10
R 2R /mm
b) /N
40¢
65 W/m®

39r| M 110 W/m*

32 55 40 25 10
252 E /mm
(c) K JHE
40
65 W/m?

391 (MM 110 W/m*

55 40 25 10
2 JJR R /mm
(d) /NG

B7 BANKEREERE
Fig.7 Surface temperature of the thermal

manikin’s limbs



Fire Science and Technology

CHB A F5# Ky 2026,45(5)

HIR &R

2.3 ZREEELS SR A

RERET & FBURARTREE K. BAR
W= A 110 W/m2i (8 N 25 36 47 3= 18 5 FE 4o B 8 B
JRe 10 CHHE N 10 7 %36 B A 34.24 °C5 15 “CH B
N T 3R 35.3 °C 5 25 “CIF R A 3% 1 F 29 iR
% h 36.37 °C 532 (CHY lx N 3R TH ~F 34 3L % R 37.78 °C.
AR BN 10 CHE K 2 32 °C L, I\ R 1H T ¥R E
T, X 2 T B R 2 3 T S PR BT 1) 2 0 0 Ok, R3S
F T 5 PR BT 1] (AR S 6t I AR A 2 B R, B 8
N ARGE b iR 2 ) R R R B Y, X — AR kR S
HARDY J D 2" [ 50 v 35 55 i B 6 A A #4 & 45
R 1) 52 e R A — B

252 B R /N T B0 N R T R E B R 5 R R
R g . SRR RS PRSI RO VY R
FERIRR S S B 9 Fis o KBRERAL : 25 <2 JEE M
55 mm ¥ /> & 10 mm, £F 32.25.15.10 “C ¥ 5 % 1

40

Bl I0°C EH15°C
39f|[C25°C mm32C
& 38
2 37
Juc
i 36
®
DEE
B34
33
3255 40 25 10
23R EEE/mm
(a) K

55 40 25 10
2R EE /mm

(c) K

AR 3R TR R AR ZE 4 o 1.5941.54.0.42,
0.12 °Co BN KR L /NE KRN /N R 22 T L 5 16 K
HA—8H.

40
Bl 0°C @ 15°C
39r|CJ25°C E32°C

038
S~
437
=
36
L%zs
=
34
33
3

2
S KB M ORI KB MBS
i
B8 BAZMAUREERE
Fig. 8 Surface temperatures at different body parts of the

thermal manikin
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Fig. 9 Surface temperature of the thermal manikin’s limbs
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