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Comprehensive evaluation on thermal protection and comfort of
outer fabrics of firefighter protective clothing
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Abstract In order to ensure both thermal protection performance and thermal wet comfort performance of
the firefighter protective clothing 7 kinds of outer fabrics for firefighter protective clothing were selected
for the study. Each single index of thermal protective performance and comfortable performance related
indicators of the fabrics were tested and the influences of factors such as fabric material and performance
parameters on thermal protection performance and comfort performance were analyzed and its influence
law was expounded. A fuzzy comprehensive evaluation method was used to evaluate the thermal protection
performance and comfort performance of the fabrics. The results show that the thermal protection
performance of the fabric is related to the composition thickness and compactness of the fabric and the
comfort performance is mainly related to the fabric density and compactness as well as thickness and gram
weight of the fabric. Among the seven kinds of fabrics tested aramid anti-static fabric is the best in
comprehensive performance while the performance of acrylic fiber/cotton blended protective fabric is the
poorest.
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Tab.1 fabric parameters
/ /
/ / tex ( +(10 em) 1)
mm  (gem?) /%
93% +5% +
1# 0. 60 250 85.86 53.33 48.00 163 153
2%
2# / 50% +50% 0.54 250 86.30 42.00 39.67 197 177
3* / 60% +38% +2% 0.53 250 98.24 52.00 50.33 247 207
4* 100% 0. 66 310 100.00 52.80 51.25 283 177
5% 100% 0.52 203 100.00 32.00 18.80 347 303
6* 100% 0.43 182 96.35 35.20 38.17 250 237
7* 2% +98% 0.51 220 93.44 42.00 41.60 213 210
1.2.1
1.2.1. 1
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Fig.1 Schematic of thermal protection tester
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1.2.1.2 GA10—2014 ( .
p) : 3 WyT = 244m
(150 £2) mm x (150 £2) mm( ) St
(83 +2) kW/m WVT g/(m*e d); S
o 2y h; Am
30 s, (20 £2) C. m’; ’
(65 +4) % 2 go
24 h. 3 min o, 1.2.3
. GB/T 5453—1997 (
TPP = ig b
. TPP kW es/m*; ¢ (20 £2) *C (65 £2) %
kW /m?*; ¢ So 100 Pa;
TPP ; 20 30 cm’
; o 10 ]
1.2.2
GB/T 12704. 1—2009 ¢ 2
1 )]
. 38 °C 2 7
90% 3 .
2
Tab.2 Thermal protection and comfort properties of fabric
Hy /! H,y, ! PP / / /
(kWem~2) (kWem~2) /s (kWesem~?) (mmes™") (g+(m?+d) 1)
1* 575.102 849. 228 8.271 695. 001 66. 68 583.09
2# 491. 100 679. 092 6. 596 554.217 66. 83 446. 41
3# 469. 361 694. 008 6.378 536. 300 59.93 512.41
4% 415. 866 553.289 5.250 441. 105 61. 31 855.41
5# 531. 664 786. 540 7.412 622. 830 163.70 759.79
6" 483. 328 715. 668 6.762 568. 157 211.50 992.61
7* 573.474 839.929 8.072 678.297 139.73 683. 39
;AN 2°C 24<%C
2.1 TPP
2.1.1
2 7 TPP
1*>7*>5% 56" >2% >3% > 4%, 2.1.2
4* 3" TPP 1.2%.5%.6" 7*
2 . 1*.5%.6"  7* 98% .
1.7%.5".6" 2% TPP 4* S17(245 g/m?) >77(215 g/m®) >
3* . 5%(199 g/m’) >6"(178 g/m*) >2"( 125 g/m?)
TPP .
4% 3t ( . ) .
3* 95 g/m’
TPP ; 4* 310 g¢/m*>  TPP 3% > 4%,
1.7 5% 6" 2F .

TPP
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2.1.3
( 1*.5".6*.7%
TPP
2 6" <5"<7" <1" TPP
TPP o
2.2
2.2.1
2 6" 3*
1) .
X(R) = X(1) X(2) . X(m)
Yi(k) = Yi(1).Y(2) ..Yi(m)
HYi( k) ; X (k) » m
vk o
2) .
o KR (R
Xl(k) - Xl( 1): Yz( k) - YL( 1)
3) o
Aoi( k) =1 Y/,( k) _X/,( k) |
A, =max| Y (k) - Xi(k) I
A, =minl Yi(k) - X5(k) |
. AO[( k) ' Amax ’ Amin
4) o
AL +pA L
) k — min max
SOL( ) A()i( k) +pAm;]x
p 0.5,
5) .
Yo = 2% auh
0i m “~ 0i
Yl Xl Xz
X, X, X o

v, =0.658.y,, = 0.610.y,, = 0.642.

Y = 0.640.y,, = 0.729

2.2.2

vy = 0.564.y, = 0.543.y, = 0.701.
Yas = 0.737 vy, = 0.716

2.3
TPP ( S) . (
c) . (D)3
()" o
3
3
3
Tab.3 Test data processing results
TPP (0)
(S) (G) (D;) ’
1* 0.170 0.121 0. 087 0.137
2# 0. 135 0.092 0. 087 0.114
3# 0.131 0. 106 0.078 0.111
4* 0. 108 0.177 0. 080 0.110
5% 0.152 0. 157 0.213 0.171
6* 0. 139 0.205 0.275 0. 190
7* 0. 166 0. 141 0.182 0.167
Q; 3
Q; = uwD; +u,S; +u,C,
SusUyuy 3
u, =0.30 u, =0.55
u, =0.15 7
3 7
#
( 6°) Q;
4#) QL °
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