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Application of Porous Silicon Nitride Ceramics as Cover Material

XU Ying, JING Zhao, GAO Ying-Ying, LIANG Huan, LLIU Na
Beijing Aerospace Long March aerocra ft Research Institute, Beijingl100076, China

Abstract; Porous silicon nitride ceramics have been widely used in aerospace field because of
their good bending strength and dielectric properties. In this paper.the application of porous silicon
nitride ceramic as cover material is studied, and its temperature field calculation and experimental
research as thermal load-bearing material are carried out. Through simulation and experimental
research,it is concluded that as cover material, porous silicon nitride ceramics have good thermal
structure matching and thermal shock resistance, and the heat resistance temperature reaches
1400°C ,can meet the requirements of hypersonic vehicle.
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Tab. 1 Properties of different silicon nitride series ceramics

) . o Silicon nitride Silicon nitride Porous silicon nitride
Material Type Dense silicon nitride
composites 1 composites 2 Ceramic material
Density(g/cm?) 3.10~3.20 1.8~1.95 1.8~1.95 1.67+0.02
Porosity( %) 0 24~29 18~25 45~55
Flexural strength(MPa) 600~800 90~120 70~7590~120
Modulus of elasticity(GPa) =320 45~60 35~45 45~60
Tensile strength(MPa) 177.85 1.5~1.8 1.4~1.7 1.8~2.1
Tensile modulus of
) 240. 45 3.0~4.0 3.8~4.8 3.0~4.5
elasticity(GPa)
Fracture toughness
‘ 6.0~8.0 2.0~2.3 1.0~1.5 7.33
(MPa » m'?)
Coefficient of linear
‘ 3.1~3.2 <3.2 1.5~1.9 5. 86
expansion( X107 /C)
Thermal conductivity 11(Room
13.5(1000°C) 1.15 4.62
(w/m * k) temperature)
Specific heat capacity 1000~1010 0.75~0.91(Room

1233(1000°C ) 943~1009
(J/g+ K) (500°C ~800°C)  temperature~200°C)
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Figure 1 Relationship between material Figure 2 Variation of mean linear expansion
thermal conductivity and time coefficient with time
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Figure 3 Schematic diagram of porous silicon nitride ceramic cover
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Tab. 2 Performance parameters of porous silicon nitride ceramics

Normal temperature . .
Specific heat capacity

Performance parameter Density(kg/m*) thermal conductivity
J/kg « KO
(W/m + K)
Porous silicon nitride ceramic 1670 7.3 1000

B HE RAT RS IER BT £ 0 - PR 25 8 3R #1) 500 ~ 800k W/ m?® , K AT LA Al ik # 800s A . ZFLAML
ik Wi 2 SR (U B 307 BT B g AN 4 FnIRl 5 FFs . BRI E B A R = E A 6 BT,
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+1.005e+03
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+7.81de+02
+6.6953e+02
+5.551e+02
+4 465e+02
+3.34%e+02
+2.233e+02
+1.116e+02
+0.000e+00
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Figure 4 Cloud diagram of temperature field calculation results of silicon nitride ceramic
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Figure 5 Cloud diagram of temperature field calculation results of silicon nitride ceramic
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Figure 6 Cloud chart of calculation results of connecting ring(unit: K)
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Tab. 3 Cover and connecting ring temperature summary

Position Cover surface Inner wall of cover Connecting ring

Corresponding time(s) 100 850 850

Maximum temperature

value(°C)

1340 157 69
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Tab. 4 Test flow field state

State parameters Average heat flux(kW/m*) time(s)

I 500~600 100

i 700~800 750
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Tab. 5 Summary of test measurement and theoretical calculation results

S Surface Maximum temperature of Maximum temperature of
tate
temperature inner wall of cover-|| inner wall of cover- |
parameters . . .
(QOD] quadrant(°C) quadrant(°C)
Test 1339 157 125
Theoretical
_ 1340 166 129
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Figure 7 Comparison between calculated results and experimental measurement of

inner wall temperature of cover( | quardrant)
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Figure 8 Comparison between calculated results Figure 9 Comparison between calculated
and experimental measurement of inner wall sults and experimental measurement of inner
temperature of cover( | quardrant) wall temperature of cover( |l quardrant)
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