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Analysis and numerical simulation of the hypersonic vehicle thermal
protection structure
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Abstract Carbon/carbon (C/C) materials, heat—resistant rigid ceramic tiles and flexible felt were used for the leading edge, lower
surface and upper surface of airbreathing hypersonic vehicles to meet thethermal protection requirement. The thermal analysis finite
element model of hypersonic vehicles was established using Abaqus. The temperature distribution and the changes during the entire
flight of the vehicle under typical aerodynamic heating were calculated. The peak temperature of the leading edge was 1637°C, and
the peak temperatures for the upper and lower surfaces were 635 and 805°C, verifying the effectiveness of the proposed thermal
protection structure. The temperature—time curve shows that the temperature of the leading edge and upper and lower surfaces
increased significantly at 500 s with a largetemperature gradient. From 500 s to 1500 s, the temperature was continuously high. The
temperature decreased rapidly after 1500 s. The heat transfer models were built for evaluating the efficiency of the three typical
thermal protection structures. The optimum thicknesses for the materials were obtained as 57.6, 52.9, and 53.3 mm, which may
provide references for the design of thermal protection systems.
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element model and TPS

221 HEERESIHEMG

AAH5E 5 H Blosser ™ 1y rh sl AR 45 3 LK1 3, &
4 Ry BRI P T % 52 ) ) A3 ATRE O, b R 3R TE A PR
DI, AT T I B A A T O, AF G X=43 RATAR IE
Yoy VAT YA 3 A o £ T 2 B — I 1] il 2 (&1 3) A1l
A A B ik (B 4, R mFER/NT0, T
TN K T OV A A RSP 2 T A B AL ik A T
G A BOF oy K TR N . B BOR ISRl Y F i 2k

N 68

BB I 2 T ARG P 4 i 2R L], PR 1R 3 TR
MR PEA T A5 LEIE BB/ o AT 4 Pz, i Gk Ad ) PR 28 B
W LA S TAT Y 6 7% , b 2 TAT Y PR 8 E IRl T SR T E9 0.5
75 o BB R HILER T T B 8 1S Ay DA 1] 3, U o
PR 2R K TR 3 IR B AT 45 LU AR B, 4 A5 B x4k 5 B
I AL R IN A 26

—_— N W A U NN
T T T T T T T 1

PR BE/(10'W-m™?)

500 1000 1500 2000 2500
Fif 18)/s

E3 2yl FEHRREEREEEL
Fig. 3 Average heat flow density variation chart

w Es W
T T 1

PR BE/(10°W -m %)
)

(=}

'S4 32101 2 3 45
BLE DAL E %

B4 HmzEANAEENL
Fig. 4 Heat flow density variation along the string

2.2.2 (REIHMEET NS
X-43A KA R B s it 7 & A BRI R A

Jrg& o MBS AR LR, P — 0 BBy FA A A
W, — ¥R R TR 2 o 2 B ARSI AE R B RES KL

ﬁu%‘% 1’“%,% 3 Fj]‘,/j“_\‘[&ﬁ,ﬂﬂﬂo
®1 CICEAMHSH

Table 1 Parameters of C/C composite materials
W R RERT AR SRR v RS
C  (kgrem™) H/GPa b (Wem'-K") (J-kg'-K") ZRE
25 1900 40 0.25 0.462 315 0.8
200 1900 50 0.25 0.321 331 0.8
1000 1900 60 0.25 0.134 406 0.8
2000 1900 80 0.25 0.131 499 0.8
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Table 2 Parameters of rigid ceramic tiles
LT W _ ?f%fh?i& H::*?.@ _ ?Aﬁﬁ#

/kg-em™)  /(W-m™-K")  /(J-kg'-K") £S04
100 200 0.033 820 0.93
200 200 0.041 890 0.93
500 200 0.080 1111 0.93
600 200 0.090 1190 0.93

Table 3 Parameters of flexible heat—insulating felt

RE/C B JE (kg cm™) SHEAEB/(W-m™-K™)
500 96 0.035
800 96 0.05
1000 96 0.065
1200 96 0.08
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Fig. 5 Mesh model and reference points setting
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Fig. 7 Temperature field of the leading edge and upper
surface at the peak temperature
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Fig. 8 Temperature—time curve of the reference points at the
leading edge and upper and lower surfaces of the fuselage
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