L &K E TR F17E F1
.36 - EQUIPMENT ENVIRONMENTAL ENGINEERING 2020 4FE 1 A

i 25 (/) "€ 1T 2% Bh P i/ A 3 — (R 1L 3R
HRA T RN/ #RATA

H?I-%iﬁ 1a,1b , %ﬁﬁ 1a,1b , ZIEE 2a,2b
(1. TWAKRE afiRkZk b.ABTX VTERITERENE, BL 710072;
2N REBIKRE a.FMZFER b.SoHBSMERAAREE, LR 100081)

WE: B8y BLGHETR RATENEM RGP 2ARETRAFGTR LR, e RLBRIhE SHRm R/
REB P AGGIFERREG, Fik HRBEE SR ITBARDFolr Py ey R, &t —Fe L4
B E R — R 5 3P 454, R\ & 3R R, # & B A M — AL 2 5 3P 25 M 6 SR Ak P AR
S — A AP LM e B e A e B TR ik, AR AT EME AR, TR PP 2
MAENEIAL B A FFR, FARA BT R ITRNIBE0W. R — RGP EMSEAREE 2T
BILAAR, AT MR IR R BT, B X0 — IR 37 45 M R B A R B R o m kit R, A —
RKATR R ARIT I FE,

KR — LRI A% Bk ARE; A/BATH HRRE

DOl : 10.7643/ issn.1672-9242.2020.01.007

RESES: TI4; V216 XERFRIRAD: A

XEHS: 1672-9242(2020)01-0036-07

Design and Thermomechanical Behavior of Full-composite Structurally
Integrated Thermal Protection Structure for Near Space Vehicles

SHI Sheng-bo"™'"®, TANG Shuo"'®, LIANG Jun***
(1.a. School of Astronautics, b. Shaanxi Aerospace Flight Vehicle Design Key Laboratory, Northwestern Polytechnical

University, Xi'an 710072, China; 2. a. School of Astronautics Engineering, b. Institute of Advanced Structure
Technology, Beijing Institute of Technology, Beijing, 100081, China)

ABSTRACT: The paper aims to develop a lightweight thermal protection structure and system with integrated thermal protec-
tion and load carrying capacities to meet the rigor requirement on structure and thermal protection system of near space vehicles.
A full-composite structurally integrated thermal protection system (SITPS) was designed according to the requirements of both
load carrying and heat resistant. The ablation properties of composite SITPS were studied by the thermal exposure experimental
tests. Ablation and thermal protection mechanism of surface materials were studied. The modeling of thermal and mechanical

responses of the SITPS was proposed. The application research of SITPS for the wings of a hypersonic vehicle was carried out.
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The coupled thermal and mechanical analysis was conducted through the finite element methods. Although the thermal decom-

position existed on the heated surface of SITPS after thermal exposure test, the structural properties of the post-test SITPS was

still good. The SITPS designed meets the design requirements of both thermal protection and load carrying, and is an ideal

thermal protection scheme for the next generation of aerospace vehicles.

KEY WORDS: structurally integrated thermal protection system; thermal protection; load carrying; thermomechanical behav-

ior; high temperature test
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Fig.1 Main design parameters of corrugated sandwich
integrated thermal protection structure
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Fig.2 Preparation of corrugated sandwich thermal
structure with quartz/phenolic composites
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Fig.3 Surface morphology of corrugated sandwich
composite material thermal structure after high
temperature exposure
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Fig.5 Equivalent heat transfer model of corrugated
sandwich thermal structure: a) two-dimensional heat

transfer model; b) one dimensional heat transfer model

T Pl 80 S — PR AL P BT 477 65 K 1 L T B it
300 kW/m?® (52 RS, BnEETE R 1800 s,
5 T T AR R 48 3 SR 2% A1) o — ARk 3BT 7 25 4 ) 2
TR 07 7 4 S RO X I J8e A P A e I, P LA
WREA R RS & %N 0.8, —IRfLIABTP 45
FIVIERTRIE J 295 Ko 340, ZmE B2 Pt i Xt
PR HER G, AN TR SE RO 2 PR R $iu
S — AT IERAT[R] S 1800 s A, i) FH 9 h 45

B8 AR FY ARAT B — R AL AT B 45 44 P 5 10 TR 37
= EnE 6 s

NT1

1

+1.590e+03

+1.522e+03

+1.455e+03

+1.388e+03
+1.320e+03
+1.253e+03
+1.186e+03
+1.118e+03
+1.051e+03
+9.837e+02
+9.164e+02
+8.490e+02
+7.817e+02

NT11
+1.584e+03
+1.521e+03
+1.458e+03
+1.396e+03
+1.333e+03
+1.270e+03
+1.207e+03
+1.144e+03
+1.081e+03
+1.018e+03
+9.550e+02
+8.921e+02
+8.292e+02

b —4EAER

K6 Pt AR 17 45 R i B 7 Y — i A% JARS R 5
THAL AL AL (AL K
Fig.6 One dimensional heat transfer model and
two-dimensional heat transfer model of corrugated sandwich
thermal protection structure temperature field (Unit: K):
a) two-dimensional model; b) one dimensional mode
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Fig.7 Finite element model (a) and boundary conditions
(b) of corrugated sandwich thermal protection structure
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