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High-temperature Insulation Properties of AL(SiO;); Fiber/Phenolic
Resin Composite Material

TANG Wen—long, TIAN Chun—rong, JIA Xiao—rong, CHEN Gui—sheng
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China)

ABSTRACT: The heat—resistant and high—temperature insulation properties of Al(SiO;); fiber/phenolic resin composite
material were investigated, and meanwhile a numerical solution to the heat conduction process containing chemical heat
effects of a hermetical system with multilayer different heat insulation materials in high—temperature environment was
searched. Alx(SiOs); fiber/phenolic resin composite was prepared for heat insulation in the hermetical system, and the active
high temperature resistant heat insulation goal of the material was achieved through the endotherm feature of the phenolic
resin decomposing at high temperature. The heat insulation properties of the hermetical system with multilayer adiabatic
materials were investigated through the fire test. Therein the hermetical system was fabricated with 20 mm thick Alx(SiO;);
fiber/phenolic resin material, and the temperature on the back side of the high temperature resistant adiabatic material was
tested during the fire test to investigate the heat insulation property of the material. On the assumption that the decomposing
heat of the phenolic resin is equivalent to a heat resource in the multilayer adiabatic system containing chemical heat in
hermetical system, the heat conduction mathematic model of the hermetical system was established. The Matlab Partial
Differential Equation Solver was employed to solve the problem numerically. The numerical results were compared to the

test temperature to verify the accuracy of the calculation results. After 120 min of sided ablation in open system, the back
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surface temperature of Alx(SiO;); fiber/phenolic resin composite material with a thickness of 2 cm kept below 140 °C and

there was no sign of damage. As measured in the fire test, the endotherm feature of thermal decomposition of the

inorganic high—temperature resistant adiabatic material extended the heat penetration time, and the maximum deviation

of the numerical solution of the heat conduction model in hermetical system from the test result was 37%. Al(SiO;);

fiber/phenolic resin composite material has good ablation resistance and high—temperature heat insulation property, and

the heat equivalence hypothesis is reasonable and practical in solving the heat conduction problem in heat—insulating

system with chemical heat effects.

KEY WORDS: composite; phenolic resin; heat insulation
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Tab.1 Modeling parameters of the fire test

(ST e p/(kg-m™) c/(J-kg'-K™) K/ (W-m"-K") 0/(W-m™) H/(J-m2-K™") 6./C
M 7860 460 46 0 0 800
N 670 1093 0.12 -172 213 0 29
p 350 1900 0.05 0 0 29
R 1.1881 1009 0.025 0 0 29




JESCHE A5 < R BR AT A/ B R I A2 B il P BAPE RE AT 33

a FPELGEnhm

b BRI H

K13 2 em JEAFBHATIBE M 120 min 518
Fig.3 Photo of the 2 em thick composite after 120 min sided abla—

tion

160r
140f
120F
100f
80+
60}
40}
20F

o/c

R R0.71 g/em’
-5 R0.90 glem’
B RO

0 20 40 60 80 100 120 140
t/min
K4 pepdud fe bbb ek T a2k
Fig.4 Temperature curves of the back surface vs. time during the

test of flame ablation

PR AR Tt A, X 78 & A JOR F Y
UL A B pThe bR AR

3.2 EHHFRNRREHAESON

BT A5 i A5 1) 28 DA 4 2R PN 1) T 88 0 A 15 0 DL
Bl 5, SEPR bR % AR R TE x—y ST b R 2 A
TR P 2RO R RRGE M, A x—z, y—z R 1H Y
TRLE o A S ], R DR YL 43 A B2 vl A ] PN R
MRS, R R, T LSS B R N AT
22 PR AR R TR A I DL

kg B B 5 R BRI S ST R SR A R 2
ANTR) IS 2t SR A T4 (L, 5 3 AR R 0 x il i
ALk, WK 6.

H 11 6 AT UL, 7 LA~ B 20, ¥ x Bl o) 2 AL AR 3R N
LR E A A /N TR TR TS L, 3% 5 S PR ol 2
ANFHAFIY , 7= A P 03 45 SR S5 A 2 57 9 s % A
FHG

PEEAY ST AR S5 A 3 150 A ER N TCAILT v Tk P
P RSB 2R il , okt #ase e Sy AR, 78
AR T Q A E A , IR 5 R G FE i
PR A IR . MRHERAL T FE TR, 0 /71N

750
700
11650

o/C

750
700
650
600
550
500
450
1400
350
4300

y/m

077005 0.1 0.15 02 025
X/im
b 7 x—y TR B

IS 7E 500 s B 2R 51 (2 DA R AR 1 32 A
Fig.5 Temperature field of the fire—test box at 500 s

t=600s =480

100 /\

t=30s

R360s 2405
b 002 0.04 006 008 0.10 012 0.4

x/m

K6 RRTTAA 2 A A [ 20308 BT x Bl o3 A
Fig.6 Curves of temperature vs. x—position resulted from the model-

ing solutions at variable time

T 0, fEAHY b Q ST 7 a1 Y, 1T SE PR 0 2 i
bmﬁm&%mﬁm&ﬁmmﬁmm%%ﬁMmﬁ_
SEEA T ER . B S ERIE A — B 5
ﬁﬁﬁm&&ﬁ%ﬁwﬁﬁﬁAﬁﬂfmmfﬁ¢%
BeREIR M2
mE6Tﬂmﬂﬁt%%L?mﬁwm%%W
A R SRR AR . XA BRI AR, it
SEL TR IR A it 2 Sk R AE R 28 i R R 2 T,
BERIR ML THIREE . B4 REERGHIN I O N
XPREA BRI R S8 1 BTk, 78 Pr e e o fd
O M (H HON G Ry ) vk, X T B 28 i) R G &
JE IR Ab P R RO 2E A i I SR, T
RNV BOW AR R IR R BE AN AR o Bifi 2 15 R] ) HE RS



34 o R 201642 ]
T B 53 A 43 5 S PR 102 W 4 B, A5 B A5 RO EE 4y 100 .
90 e
}’ﬁ‘ o - 2z
R 0 LB T2 T AR . J
AL A L5, L 7. 2 &
100p 50 A
9% 40 $ A 3=0.12 Wim - K) 0=0
0] #2202 W/(m - K) 0<0
80 e - 2=0.05 W/(m * K) 0=0
0 [ 205100 200 300 400 300 600 700 800
£ w PSR *
3 A
50 L B8 ARSI ST
40 e MNAFHIREST.S °C Fig.8 Curves of temperature vs. time for materials with different
< 1A6=8 C
30 & i 2Fi%54529.35 C thermal properties resulted from modeling solution
20,

0 100 200 300 400 500 600 700 800 900
tls

L7 I R R I (S A R X L
Fig.7 Comparison of the measured temperature vs. model calculat—

ed temperature at test time points

WEARHAZE T AR A 2E IR I AL, Rk 1 T
JEFF Ui T FHBF 20, A TF B B st 220 ) Bt 2 175 15 20 11
i ] 2 B2 A4 RHE R 250 T BB 2R B B ] 4
TS B I ) 7 — R RRE B RAE T AR B A EBE
d AR, =345 s I, x=0.25 cm, 6=29.35 °C, X}
DU A I B W T s T, DR B4 3] el S5
AR ZE B I ] 345 s,

R 2 AT TC ML o i B AR RIS I e i T
IR BT, R R A 3 2 R A R R A R L TR
o DUJE T 5 S B 2 T A A8 A5 AR £ 0 3
TR B R XA, B LA JC ML 5 T b AR R
SR A BsE ) Sy A B A 220 1) 2R 4 T 94 T A Ak st 2 oy
1k WE 8 7w, i [ BE A 560 s, 10 e sk 2 i€
TELRE S 94.79 °C. 1 BHAR Y fik 1y X el sl S A v e P
BRI AR B A SR B TR] PN 6 R
(] DX R] , H T N2 TR R Ak 2 AN |, 55 7R AN i
.

L7 PR B AT E 5 e TR A )
B AEINERE ST AT, TR B A K — 2, mTREAY R
DR 0 Pt S 00285 PAT (R 2 Rk AT B A VAT 177 %
SRR, DASCR $R B Te A7 RS T4

FERGR 2R AR5 S 25 38 2 5 KR
NS rey )R IR JBE 55 G IR B ST 8 R 37.5°C, HiHE
{EAH 2224 8°C., JUIAF X it 5B A 21% o AR fb SR 31X A f
B R ELAJE TR A B W I L, WXt
5 AR Z2 M M B A SR BBU3 B4 it , 0 B T R TR A
PG, (i TR SR e 5 (/N

I AR IR XS A ) 118 45 b 15 e sl Al 15 175 0 1
PAL FHEATIE TR R R B A RRAEA T IR AN . DA
P8 AL UL, Xt TR EFR 55 2T 4B I IS AR AR A Y
T, FRHAZE B [ K K454, A 100 s, 1 Tt
(A TCATLTRS /2 T B A R B3R 51 345 s, A R ZE T T 44
T 5 2k B AR AR ST IR] |, AL X A 60 4 25 47 s ]
B 3 S, TEAIL TR 7o 7L B AR ARk 1 ARGAE 2 B s [
Z S EECH 0.05 W/ (m-K) B FHRHA K, BRI
TREE UL, B S B AT RHAE TT A F A R
R PR A ] T B

4 45iE

TEE MR BR 2T AE/ B T W IR 52 45 B RHRAT LA Al e it
B, L G A B AR AR R i IR AR (A
BHE R F RSB I RS A R S T 44
FHAHT s IR A .

T Ml P PR 22 A i T P PR PR R R 45 A
IR BRTAR T R BB PRI . e I
fi 13 7. 22 T PR VAR A R R EREE T IR TR
FOBUELR S5 1R (EBO 0T, U] A0 I B A i
P A= PR 14 B B Z ) AR T R BLRA
BRI

Sk :

(1] RESCHe, HARA%, BUGEAR , 5. J5 4R 2T A J2 A1 38 9 1) Rk 1R

I BER IR 2 A S R A PR RERE S ()], T e G 41
*#H,2014,12,32(4) :32—36.
TANG Wen-long, TIAN Chun-rong, JIA Xiao—rong, et al.
Mechanical Properties Investigation of ALSiOs Fiber/Phenolic
Resin Laminating Composite Interbeddedly Reinforced by
Aramid Fibre Cloth[J]. Fiber Composite, 2014, 12, 32 (4) :
32—36.



$37 4 3

JESCHE A5 < R BT A/ B R I A2 B il P BAPE RE AT 35

2]

[4]

[6]

[7]

(8]

WAE, REHE, IR, A T2 AT DR R RE T 1Y R R 4y
BRI f2 T A2, 2007,28(3) : 112—114.

YAO Kai, WU Xue-yan, GAO Xin—bao, et al. Analysis of the
Influencing of Ammunition Package on Logistic Ability[]].
Packaging Engineering,2007 ,28(3):112—114.

XS], SO, HUEs AR R A5 Th AR 2 B AR JL
AL (). Tl 2006,35(2) : 16—19.

LIU Chao, SHI Guang—mei. Non—Fourier Heat Conduction in
Wood Slab of Accident-resistant Packaging Container{J]. In—
dustrial Heating,2006,35(2) : 16—19.
JAAKL, 20 BRES, A ORI T 3 B2 e AR 34
R ST, R AR PREE TR, 2010,26(Z1) : 139—141
ZHOU Ben-quan, LI Ming—hai, CHEN Jun, et al. Test Re—
search on Wood pyrogenation in Sealed Container[J]. Space—
craft Environment Engineering,2010,26(Z1) : 139—141.
WRZESC, A, BT 5 2 BE ) A e ) A0 75 5K 9 0 5K 70
Frld]. A% T/, 2009,30(10) : 62—63.

CHEN Jun-wen, CUI Li-hai. Analysis of Packaging Demands
and Countermeasures Based on Ammunition Capability De—
velopment[J]. Packaging Engineering,2009,30(10) : 62—63.
EARTE. AT R PR PR FR A PR RN BRI .
AR ,1995(4) . 7—12.

WANG Bao-qian. Environment and Environmental Tests of
Accident-Resistant Container for Payload|J]. Environmental
Technology, 1995(4) :7—12.

JAMES B, JARVIS, RAMARAO I. Heat Conduction in Lay-
ered Composite Materials[J]. Journal of Applied Physics,
1985,3,57(5) : 1569—1573

Motk , R, S SRR S AR L R S 01T &R
AR, 2007,24(6) : 147—152.

—

—

€
[

LIN Qiang, QIU Zhi-ping. Nonlinear Heat Transfer of Sand-
wich Composite Structure[J]. Acta Materiae Compositae Sini—
ca,2007,24(6):147—152.

YANG C Y. Direct and Inverse Solutions of the Two—Dimen—
sional Hyperbolic Heat Conduction Problems[J]. Applied Mat—
hematical Modelling,2009,33(6) :29007—2918.

MOHSEN T, SEYFOLAH S. Analytical and Numerical Solu—
tions of Hyperbolic Heat Conduction in Cylindrical Coordi—
nates[J]. Journal of Thermophysics and Heat Transfer, 2011,
25(2):240—253.

ALIFANOV O M, ARTIUKHIN E A, Rumiantsev S V. Ex—
treme Methods for Solving Ill-Posed Problems With Applica—
tions to Inverse Heat Transfer Problems[M]. New York : Begell
House Publishers, 1995.

[12] JIANG F M,SOUSA A C M. Analytical Solution for Hyberbol—

ic Heat Conduction in a Hollow Sphere[]]. Journal of Termo—
physics and Heat Transfer, 2005, 19(4):595—598.

COLIN BAILEY. Computer Modelling of the Corner Compart—
ment Fire Test on the Large—scale Cardington Test Frame[]].
Journal of Constructional Stell Research, 1998 ,48:27—45.
SALEH A, AL-NIMR M. Variational Formulation of Hyber—
bolic Heat Conduction Problems Appling Laplace Transform
Technique[J]. International Communications in Heat and Mass
Transfer,2008,35(2) :204—214.

TR, 2R , BRI AR AR S AR AR R R A
PR AT ] AL FEAE4, 2005, 26(1) : 90—93.
WANG Feng—hu, LI Peng, TAO Yu-bo. Study on Mathmati—
cal Model and Visualized Numerical Solution of Heat Conduc—
tion for Hot—pressing Single—ply Wood[J]. Transactions of ma—
terials and Heat Treatment,2005,26(1) :90—93.

A A A A A A A A A A A A A A A A A A A A AR S SR R R R R

(EEF29W)

[13]

[14]

GUO Yan—feng, WANG Hong—tao, FU Yun—gang et al. Re-
search on Unitary Performance and Cost Evaluation System of
Cushioned Package[J]. Packaging Engineering,2007,28(11):
78—180.

JBMEIN. HE T Anysys (4 H B AR 20 1 1 Bk 7% 05 BL1 . BHE AR
K,2007(1):76—77.

XING Ya—cong. Drop—impact Simulation of PCB Assembly[]].
Science Information,2007(1) :76—77.

IR o i VIR 2 N s i e NG R
AP A5 B, 2006,5(11) : 68—73.

ZU Jing-ping, XUE Cheng—qi. Research on Simulation Anal—
ysis of Cell Phone Drop[J]. Manufacture Information Engineer—

ing of China,2006,5(11):68—73.

[15] PIMESER , PhE B, AP, 45, 7SI e 3 0 e T S A5 T

A F12EAT R BT D). AL TR, 2014,35(1) 1 18—
22.

SUN De—qiang, SUN Yu-jin, ZHENG Bo-bo. Simulation
Analysis of the Out—of-plane Quasi-static Compression of

Hexagonal Honeycomb Cores[J]. Packaging Engineering,
2014,35(1):18—22.



