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Evaluation of thermal protection performance of honeycomb
sandwich structure fabric for fireproof clothing
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(1. College of Fashion and Design Donghua University Shanghai 200051 China; 2. Institute of Design and Innovation
Tongji University Shanghai 200080 China; 3. Key Laboratory of Clothing Design and Technology Ministry of Education
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Abstract In view of the heaviness and stuffiness of current fireproof clothing a honeycomb sandwich
structure with heat insulation high temperature resistance moisture absorption and ventilation was
proposed to improve its performance of functional protection and heat and moisture comfort. By analyzing
the inherent heat transfer mechanism of honeycomb sandwich structure 7 different kinds of honeycomb
sandwich structures were designed and fabricated. The current typical layers of fabrics were chosen as the
experimental samples. Taking into account of the fabric weight and the sorts of honeycomb sandwich
structure 21 kinds of experimental schemes were designed. Thermal protection performance ( TPP) tester
was used to evaluate the thermal protection performance and further the effect of side length wall
thickness and core thickness of honeycomb sandwich structure on thermal protection performance of
fireproof clothing was investigated. Experimental results show that the honeycomb sandwich structure is
light and can meet the requirements of thermal protection performance. The smaller the side length the
larger the wall thickness and the larger the core thickness the larger the TPP value of the fabric and the
better the thermal protection performance.
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1
. Tab.1 Fabric samples and fundamental characteristics
/ / /
14 (g*m™) mm  (Lem™2es7!)
° A Nomex® IIIA 211.6  0.65 206. 57
B 150/ 106. 1 0. 66 0. 84
R Cl 170  Nomex® 72.3 0. 81 1 658.02
C2 14120  Nomex® 128.4 1.28 1087.65
-6 C3 [450 Nomex® 151.3 1.65 988. 50
D 125.6 0. 61 1262.45
. 1.2
7
8 1
9 10
1
Fig.1 Schematic diagram of sandwich layer
honeycomb structure
. 14
N o 6
11-13
N 2 o
2
Tab.2 Parameters of honeycomb structure
/
mm mm 1%
El 0
E2 3 5.2 25.1
E3 3 2.6 44.2
E4 6 5.2 44. 4
ES 6 2.6 64.2
1 E6 9 5.2 56.2
E7 9 7.8 44.4
1.1 1.3
B; ~ (
C1.C2.C3; ) 3
D. 1. C1.C2.C3 2 7
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E1.E2.E3.E4.E5.E6.E7
21
0.81.1.28.1. 65 mmo,
21 1 . 8 15

21 3
63 o

3

Tab.3 Experimental scheme design 2

Fig.2 Schematic diagram of thermal protection

performance tester

1 A B cl D El
2 A B cl D £2 TPP =1, X ¢
3 A B Cl D E3 ‘g
4 A B cl D E4 ' ,
5 A B c1 D ES (84+4) kW/m*; t,
6 A B C1 D E6 s. TPP
7 A B cl D E7 }
8 A B 2 D El '
9 A B c2 D £2 °
10 A B c2 D j0k]
11 A B 2 D E4 )
12 A B 2 D E5
13 A B 2 D E6
14 A B c2 D E7 4,
15 A B c3 D E1 F2 E3 E4 E5 E6 E7
16 A B c3 D E2 -
17 A B c3 D jok] :
18 A B 3 D 4 E2 ( 13.1 ~
19 A B c3 D ES 37.7 g/m?) ; ES5
0 b “ D o ( 46.4~96.9 g/m’) ; E3 E4 E7
21 A B c3 D E7
3
1.4 40.2.71.2.84.0 g/m’.
TPP N N
. 3 .
( TPP) 4
Tab.4 Areal density of honeycomb core layers
g/m’
° 2 cl 2 c3
Custom Scientific Instrument CSI206 El 72.3 128.0 151.0
. E2 54.2 96.0 113.3
E3 40.2 71.2 84.0
E4 40.2 71.2 84.0
125 mm 50% 50% ES 25.9 45.8 54.1
) E6 31.7 56. 1 66. 1
(84:4) KW /m’. E7 40.2 71.2 84.0
25 so )
2.6 mm TPP

TPP
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3 5.2 mm
0.81 1.28 mm E2
TPP E6  TPP E4  TpPP
E4  E6 ;
1.65 mm E2  TPP
E4  TPP E6  TpPP
2.6 mm
3 TPP
Fig.3 Influence of honeycomb side length on TPP value
3 3 mm
9 mm TPP
o 3 mm 6 mm TPP
1.2~1.5 : 6 mm
9 mm TPP 0.2~0.9
TPP o
2.2
o 4
3.6.9 mm
o © 4(a) E2(
3 mm 5.2 mm) E3( 3 mm 2.6 mm)
PP  4(h) E4(
6 mm 5.2 mm) E5( 6 mm 2.6 mm)
PP 4(c) E6(
9 mm 5.2 mm) E7( 9 mm 7.8 mm)
TPP
4 TPP
0.81.1.28 mm TPP 0.2~
0.8 ; 1.65 mm  TPP

Fig.4

4

TPP

Influence of honeycomb wall thickness on

TPP value. (a) Side length of honeycomb of 3 mm;
(b) Side length of honeycomb of 6 mm;

(c) Side length of honeycomb of 9 mm

0.8~1.1 o

2.3

1. 65 mm

0.81 mm
TPP o

Nomex®

TPP



3 : * 137 -

gap on the thermal protective performance of fabric
assemblies used by wildland firefighters J . Journal of
The Textile Institute 2016 7( 8) : 1030-1036.

3 ZHU F L ZHANG W Y. Evaluation of thermal

performance of flame — resistant fabrics considering

TPP 5

thermal wave influence in human skin model J

Journal of Fire Sciences 2006 24: 465-485.

I 2012
22(4): 132-138.
QI Zhengkun ZHANG Heping HUANG Dongmei et
al. Comprehensive evaluation of thermal and moisture
comfortableness of fabric for firefighter protective
clothing J . Journal of Chinese Safety Science 2012
22(4): 132-138.
5 LK McCarthy MARZO M Di. The application of phase
5 TPP change material in fire fighter protective clothing J .
Fig.5 Influence of honeycomb core thickness on TPP value Fire Technology 2012 48: 841-864.
5 7 J . 2014(7) : 10—
El TPP E2 13.
CUI Zhiying YUAN Xiaoyun MA Chunjie. Evalution

of the performance of firefighter protective clothing with

( 3 mm 5.2 mm) 6 mm.

2.6 mm ES  TPP TPP

the addition of phase change material J . Technical
Textiles 2014(7) : 10-13.
0~6 mm TPP 7 )
; I . 2014 35(8):
TPP 124-132.
ZHU Fanglong FAN Jianbin FENG Qiangian et al.
Application and feasibility analysis of phase change
materials in fire — fighting suit J . Journal of Textile

3 Research 2014 35(8): 124-132.

8 . TPP
1) J. 2008 29(5) : 84-88.
LI Hongyan ZHANG Weiyuan. Flame retardancy and
TPP value of fire—fighting wearable fabric J . Journal of
Textile Research 2008 29( 5) : 84-88.

9 QI Zhengkun HUANG Dongmei HE Song et al.
Thermal protective performance of aerogel embedded
firefighter’s  protective clothing ] . Journal of

N N 3 Engineered Fibers & Fabrics 2013 8(2) : 134-139.

10 .Si0,

3) N J .

. FZXB 2015 35(1) : 87-96.
ZHANG Zhihua WANG Wengin ZU Guoqing et al.
Silica aerogel materials: preparation properties and
applications in low-temperature thermal insulation J .

1 : ] Journal of Aeronautical Materials 2015 35(1): 87—
2016(2) : 3-5. 96.
CUI Linlin. Development status and trend of fire fighting 11 .
and fire — fighting clothing at home and abroad J . D . : 2013: 58-59.
Tianjin Textile Science & Technology 2016(2): 3-5. CAO Xichuan. A study for honeycomb structure
2 HE H YUZ C SONG G. The effect of moisture and air equivalent and thermal control of spatial structure D .



- 138

40

12

13

Xi‘an: Xidian University 2013: 58-59.

2009 28( 4) :40-45.
PAN Shidong. Survey of design and

Material

WU Linzhi
manufacturing of sandwich structures ]
Progress in China 2009 28(4): 40-45.

W Dafang 7 Liming P Bing et al. Thermal protection
performance of metallic honeycomb core panel structures

in non—steady thermal environments ] . Experimental

Heat Transfer 2016 29( 1) : 53-77.

I. 2013 27( 8) : 147-151.

15

FAN Zhuozhi SUN Yong DUAN Yonghua et al.
Influence of metallic honeycomb parameters on its heat
transmission performance J .Materials Review 2013

27( 8) : 147-151.

2008( 5) : 339-343.
XU Landi DAI Guoding YANG Xiaohua

Research on the thermal protective performance of the

et al.

fabric materials used in fireman personal equipment
J . Fire Science and Technology 2008 ( 5): 339-
343.



