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Test on the permeability of quartz hybrid phenolic material under
different pyrolysis temperatures
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Abstract: In order to acquire the permeability of quartz hybrid phenolic materials at different temperatures, the experimental device which was

used for measurement in gas permeation process in quartz hybrid phenolic materials was developed, and a method based on Darcy’s law for
measuring permeability of quartz hybrid phenolic materials was presented. Quartz hybrid phenolic materials at different pyrolysis temperatures were
chosen as the research object, and the gas pressure between down and upper materials and the gas flow rate through the materials were obtained.
The permeability of the materials was obtained according to Darcy’s law. The results show that the permeability of complex pore composites can be
measured by this experimental device. As the results show, the permeability of the quartz hybrid phenolic material is positively correlated with the
pyrolysis temperature. The higher the pyrolysis temperature is, the greater the permeability be. The permeability level is in 10" m? at 673 K
pyrolysis temperature and in 10 ~2m?* at 873 K and 1 073 K pyrolysis temperature. Furthermore, permeability of quartz hybrid phenolic materials and
pyrolysis temperature meet the formula K =9.5 x 10 "> T 6. 32 x 10 ">, The experimental results have enriched the basic physical data of this kind
of resin-based composite materials, and provided a basis for the analysis of material permeability and thermal mass diffusion characteristics.

Keywords: quartz hybrid phenolic material; pyrolysis temperatures ; experimental measurement; permeability
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Fig.3 Quartz hybrid phenolic composites at

different pyrolysis temperatures
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Tab.1 Fundamental physical parameters of

quartz hybrid phenolic materials
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HE (kg (Wem™ -« (J-ke™ -« Huffsm B/
m™) K™) K') JE/MPa MPa
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473 K 0.490  0.08 1.05 27.3 2.1
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7 FS 4 full scale, i H 4.
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Fig.4 Macrostructure of the original composites
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Fig.6  Partial magnification picture of materials at

different pyrolysis temperatures

7 S A Ta) 3l 2 A A% 0 B OREBR T R iy

P 7Rl 0, AR B T R A R R R L A %, B
AR U R B R, AR R MR A R R T
473 KA F 1 073 K i, 5% B R Bl AR dli 12 42
PEAIE o IR v T 473 K Sk R GG
R AV 5 PR AR I EE A 673 ~ 973 K Z [, 5 Fi A R
MR RO A BEAR T 473 K, iR B R
TH R A%, AL BEAE 673 ~ 973 K Z Al , A1k
AR DR A, 7 A R SOMOR R 25 FA
fifp I B R 71 073 K, 4R A AR A iR A 2
105

100 | TR AT

SIS R 95T 99% . IR 673 K
I, s ZE MR A2 fif 2 5 R X Ap =493 3720 +
52 428 PR Tl 873 K I, JE 22 R 1 A8 4k
R R Ap =120 5180 + 6 243 ; I @ IR B H
1 073 K, He 22 F 30 1 22 A i 2 e R 3 Ap =
579900 +7 769, RIV, [ 2515 AR i R 2R 1 5%
Z, DRI AN [ A i 8 A 3 2% 1 By e o et
(895 i o R L 096 2 35 VU R 2l , ] e kY E AR
TR 25 TR BB R

700 000

= REfFL
o iREfE2
W

600 000

500 000 -

400 000

Ap/Pa

300 000

95

200 000

100 000 -

R*=0.99
L] A p=493 372v+52 428

0.0

0.5 1.0 L5
v/(ms™)

(a) 673 K

160 000

140 000 |-

120 000

100 000 |

80 000 |

Ap/Pa

60 000

40 000

20 000

= AR
o IREAR2
W

R*=0.99
A p=120 518v+6 243

0.0

80 000

0.5 1.0 15
v/(ms™)

(b) 873 K

70 000

IRE 1
IRER 2

N
—-a_
<

90

BREA /%

85

L

80 1 1
1000 1200 1400

BT Al B IR S AR R R
Fig.7 Cripple specific gravity of materials at

different pyrolysis temperatures

SR AR I A7 S AR A R IR £ T
1 Rt fE, B AT 2 22 5 R A R AL S &R, AN
K 8Fk . [ 8w, s 22 5 UM i BB A G, 3
R, 22 MO, 2L T e A (U 5 A AR

60 000

W

Ap/Pa

50 000 |-
40 000
30 000
20 000 -

R*=0.99

10 000 A p=57 990v+7 769

1 1

0.0 0.5 1.0 1.5
v/(m-s™1)

(¢) 1073 K

P8 AN IR AR I RE T A T 22 B W B2 284k
Fig.8 Variation of gas pressure with velocity at

different pyrolysis temperatures



158 - e AN o 4

5543 &

B9 /R T A1 Be 2= b s 5 5 bR F 2K 7
EF(S) B ARG B R FE AR R .,
9 B AL i BE TR S 7 A1 RS A 5 35 2t
A, UAEHRH R KT 98% , 1535 KA
TR R, AT R RN K=9.5x107 T -
6.32x 107", BRI, b E B T iR B
BRI, —E IR 3l ) T A i 2 LA R A
5o MBI K 673 K B, 2 I A5 4 3 4 Ak
M E S MR AERBBERR 1077 m* &Y,
873 KF1 1 073 K HMRLE T , HAMS 5 S H 2
1077 m® Jg. HONIR R, R b A i 2
AR FLIARRE R A, 58 AR R b A i
F o BRI AR A L 2 AR, R
PR il a1 B3 R SURT L B33 R R AE
TAAGE I Z LA T MES) R T AR e 8
BRI,

X101

400f = K "
W

3.00

R*=0.98
K=9.5X10"137—6.32X10712

1.00

600 300 1000 1200
T/K

B9 A (LB RS RIS I8 AR IELEE ) 284l
Fig.9 Variation of permeability of quartz hybrid phenolic

materials with pyrolysis temperatures

10 25 T SIS £ 0 6 1) A 0 T 8 A
FHR I6 18 18 3 R B PRI E A8 A6 . e
I 9FE 10 7] LK B, BN A A5 A RHI 15 35 2R b
PR IR T AR IEA — 3, PRIBE T R, B 5
RIR, PRI g 673 K I, A7 55 iy i A
AR A AR B B R B AR 1077 m?,
BRI BE , IR A RS 3 R AR R R
PRy 873 K F1 1 073 K B}, 47 $44k
O A R RNS 15 3 LU IR &2 & R B3 %
N, PURTEILRE T A A b s A
MRER B BL2F A ml Ak, 3 B0eT 4 5 3k ik
OYE PR R H O S A B o T AT A
oAU BRI AR AH A T A S BRI AR R TR SR A
h R SR

3 #ig

1)673 KT 8 i PR3 A0 2 K i £

-1
5.00 x10

. K
4.00 | e .

R*=0.99
K=9.7X10"47T—6.6X1071

1 1
600 300 1000 1200
T/K

K10 £y SEmEM NS 15 3 BRI 1 s Ak
Fig. 10  Variation of permeability of phenolic materials with
pyrolysis temperatures
JEAAL I T [ A6 ), 4k T 0 i IR A, 673 ~
973 KT 11847 e A% A 1 188 2t R 4 Aok il AR
FRo 1073 K T ialhe P AY A7 3 28 1k 193 T B AS A

FE4, MR YR I 224k

2) A BEZRA I T A L L B A 2% , A ) A4 fife Ui
JETN ARG AG A& AN AR ], T 12 30 5 30 sl 8 (il Jy
P B BRI R AT 20 M, 5 2 5 S ) A0 7
AR FREE T A e LB MR BB A

3) 1k ) 7 3 A S AR Ak I T A RL Y 2 0%
REPRRR B BOEAG . Bk b, B3 R AR
TR WG K, 673 K #RIRE T, G4k
MRS S A bR B SRR 1077 m? ;873 K il
1073 KT, M EHBERN 1077 m® E, HFH
FHE B R AR WL K=9.5 x107"T -
6.32x107",

S % 3k ( References)

[1] MCMANUS H L N, SPRINGER G S. High temperature
thermomechanical behavior of carbon-phenolic and carbon-
carbon composites, [ . analysis[J]. Journal of Composite
Materials, 1992, 26(2) : 206 —229.

[2] DIMITRIENKO Y I. A structural thermo-mechanical model of
textile composite materials at high temperatures [ J ].
Composites Science and Technology, 1999, 59 (7).
1041 -1053.

(3] WF2Ed AREE/ WS A AORHY B LI S i — Ty 25
RERTFEID]. BR/RIE: IR/RIE DR, 2013.

SHI Shengbo. Ablation mechanism and thermo-mechanical
behavior of silica/phenolic composites[ D]. Harbin; Harbin
Institute of Technology, 2013. (in Chinese)

(4] AN, BARNG, 229, 45, LA BN ARIAVE A be

BABREERN [T ] WL K224 (L) , 2010,
44(8): 1567 —1572.
ZHENG Chenghang, CHENG Leming, LI Tao, et al.
Numerical simulation of low calorific gas combustion and heat
transfer in porous media[ J]. Journal of Zhejiang University
( Engineering Science ), 2010, 44 (8) . 1567 - 1572. (in
Chinese)



5 1

FNFHE, 55 AN AR IR R A AR A IR T S S A RS 2 AR I

- 159 -

(5]

[12]

[13]

[14]

ZEEGTE. AR RERAG S G B R R B B R TR R LR A A
D], Jbat: JeasgimR:, 2017.
LI Weijie. Thermal

simulation for variable density charring materials [ D ].

protection models and numerical
Beijing: Beijing Jiaotong University, 2017. (in Chinese)
W, FHERS, RB1, S5 SBHRAVRZ AL AR TR
RSB ARIE[T]. TRAY R, 2014, 35(2):
299 -304.

XIE Tao, HE Yaling, WU Ming, et al. Study on theoretical
model for the effective thermal conductivity of silica aerogel
composite insulating materials [ J]. Journal of Engineering
Thermophysics, 2014, 35(2) : 299 —=304. (in Chinese)
A, AR WA S/LICI-NaCl 25 R R RS R
Ko L] ThEgRbE, 2013, 44(16) : 2409 -2415.
LI Yuefeng, ZHANG Dong. Thermal conductivity anisotropy of
expanded graphite/LiCl-NaCl phase change material [ J].
Journal of Functional Materials, 2013, 44 (16). 2409 -
2415. (iin Chinese)

e, R, . BB R Z AL RS B R
A R B E [J]. L4 g2, 2002, 17 (3):
326 -332.

LI Heng, ZHANG Xiwen, HE Feng.

permeability and inertial coefficient for porous materials with

Measurement of

the consideration of compressible effects of gas[ J]. Journal of
Experimental Mechanics, 2002, 17 (3): 326 - 332. (in
Chinese)

XL, Sl 2L R k[ M]. JEat 4T
Ak AL, 2006.

LIU Peisheng,
methods[ M ].
(in Chinese)
JOSEPH D D, NIELD D A, PAPANICOLAOU G.
equation governing flow in a saturated porous medium [ J].
Water Resources Research, 1982, 18(4): 1049 - 1052.
GASCOIN N, FAU G, GILLARD P. Indirect Infra-Red
Determination  of permeability ~ for

applications| C]//Proceedings of the 17th AIAA International

MA  Xiaoming.
Beijing: Metallurgical Industry Press, 2006.

Porous materials testing

Nonlinear

Darcian cooling
Space Planes and Hypersonic Systems and Technologies
Conference, 2011.

JOLLS K R, HANRATTY T J. Transition to turbulence for
flow through a dumped bed of spheres [ J]. Chemical
Engineering Science, 1966, 21(12); 1185 - 1190.
WEGNER T H, KARABELAS A J, HANRATTY T J. Visual
studies of flow in a regular array of spheres[J]. Chemical
Engineering Science, 1971, 26(1); 59 —63.

WK, REDIE. 22T 008 BRI 2 AL B8 i3 R i i

FElI]. R (A ARBIZERR) , 2000, 40 (12) .
94 -97.

Determination  of

CHEN  Yongping, SHI

permeability for porous media using fractal theory[ J]. Journal

Mingheng.

of Tsinghua University ( Science and Technology ), 2000,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

40(12): 94 -97. (in Chinese)
WANG T J, WU C H, LEE L J.
measurement and analysis in liquid composite molding [ J].
Polymer Composites, 1994, 15(4) . 278 —288.

Fdir, BOEAR, ZAME, 5. RANALBM ERE B R IS
SR AF ST (1] TR AW B AR R, 2016, 37 (9):
2023 -2026.

WANG Jing, XIA Xinlin, LI Donghui, et al.
experiment on the permeability of micro-nano porous materials
[J]. Journal of Engineering Thermophysics, 2016, 37(9) .
2023 —2026. (in Chinese)

BYON C, KIM S J. The effect of the particle size distribution

and packing structure on the permeability of sintered porous

In-plane permeability

Transient

wicks[ J|. International Journal of Heat and Mass Transfer,
2013, 61: 499 -504.

FmugE, H A, PR, % NI SRR T YRR IR
ST SR IR (1], A KK T
2019, 45(1): 123 - 129.

WANG Liyan, CUI Zhanzhong, CHEN Weihua, et al. Test
on permeability of phenolic composites under different
pyrolysis temperatures [ J ]. Journal of Beijing University of
Aeronautics and Astronautics, 2019, 45(1) : 123 —=129. (in
Chinese)

LT, Adh, MBEE. AR o U R AL A
WIS MR [T]. db st i 28 it K k4 % 4, 2012,
38(5): 702 -706.

SUN Jining, DENG Jing, DENG Hongwu. Structure design of
a new cooling system combined micro channel and film cooling
in the turbine blade [ J]. Journal of Beijing University of
Aeronautics and Astronautics, 2012, 38(5) : 702 —=706. (in
Chinese)

GASCOINN. High temperature and pressure reactive flows
through porous media[ J]. International Journal of Multiphase
Flow, 2011, 37(1) . 24 -35.

KIM H M, LETTRY Y, PARK D, et al. Field evaluation of
permeability of concrete linings and rock masses around
underground lined rock caverns by a novel in situ
measurement system [ J ]. Engineering Geology, 2012, 137/
138 97 - 106.

o [ A AL B B 2. A0 2 R AL R
BT GB/T 25995—2010[ ST, dbst: Hi bR th AT
#t, 2011.

Standardization Administration of the People’ s Republic of
China. Test methods for density and apparent porosity of fine
ceramics: GB/T 25995—2010[ S]. Beijing: Standards Press
of China, 2011. (in Chinese)

PR, FARES S TRMGKE AR [M]. 2 Bz dest: 1
ARl L, 2006 ; 45 - 47.

YAN Zhaoda. Thermal Energy and Power Engineering Testing
Technology [ M]. 2nd ed. Beijing; China Machine Press,
2006 45 —47. (in Chinese)



