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Abstract: The computational fluid dynamics(CFD )numerical model is established to analyze the aerodynamic
heating of gap for thermal protection system. The heat flux distribution of gap is compared with that of plate.
Maximum heat flux appear at the upper of gap, and the heat {lux on windward side is greater than that on
leeward side. The heat flux is concentrated in upper gap that is approximately equal to the width of gap. The
FEM heat transfer model for heat control analysis of gap is established based on the heat flux of gap. The
aerodynamic heating and cavity radiation of gap result in the increase of temperature of structure, which is the
reason of the short circuit phenomenon of gap. Finally, the influences of gap shape on the heat control
performance are studied. As the width of gap increases, maximum temperature of structure increases. As the
radius of rounded corner increases, maximum temperature of structure decreases. As the height of gap step
increases, maximum temperature of structure increases, when the height of windward side is greater than that
of leeward side. However maximum temperature of structure decreases when the height of windward side is

less than that of leeward side.
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Fig.1 Inlet condition of windward side for gap
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Fig.6 Heat flux vs. width in gap

5 W I B B AT TR E L B 7 4 T AR R K
T R XU T A I 28 3 A R B T 1) 1 4 AT 15 0, DR
Ha] 155 DL R 4598

(1) H1 &l 6 AT 1, 4% B A 77 76 1 B T 4% Bt Ak 44
T B = AR, IF ELAE B S A P B AR
JE A, FAVIARE W 1Ay T B A O 285 B 2~ 4 4%

(2) B 1B 7 AT, BE R AR E AR R AR 2 B I
vity JRUSF 5 4 R 5 3R X4 %) DX, i HL TR DXk g A
i ol | (1 G B2 4G DT o0 N s
T FA  E
2.2 TPSZEPE #3534

W 1L 7 v 2 5 XL TR R XU TR A B T A
PG EE AR 3R L TR AT 28 A R P B R A SR
P, BY AT A 2 TPS $4 3 H H A 4% B 34 Ik Bl i
i) A5 Ak B I B o EEr T 4k TPS & 3 BE 76 40 7

50
— Windward
---- Leeward

Fy
(=]
T

)
(=]
T

Heat flux / (kW * m”)
=S

(=]
T

o 1 2 3 4 s
Depth / mm
PR 7 G B AR R U R 7 1) o3 A
Fig.7 Heat flux vs. depth in gap

R & 8 firak , Horp TPS 58 & L=100 mm, 4%
B 58 W=2 mm, P W FLJE E A =40 mm, v/ 25 f3
BRI h,=4 mm, B A S VLIRS R E R b=
1.5 mm, oA AL A F I E 9 s , 36
B #FC A0 3R T HIRE Q. (B #A FU A1 36 18 AR A R, (5%
B P Q. B LB BN 1Y 2K S IR R A R B R R
A S BALE C R i RAR MU B . fE 51 TPS
WA HALHE IR QR R, R T HF5E TPS 4 B e
B RsEm N AR CH R T A0 oL, W
1R, THIETHAZFEQMR, TH 24
EHREM QLR MR, T 36 &I AEMNQ,
RVFIQ., T0 A48 ir A i B 45 Ak

SIP— v
MUk g5

8 el RO
Fig.8 2D FEM model for heat transfer analysis

B9 TPSLEBAL BN A 1 7 A AF
Fig.9 All boundary conditions in gap

B FRFC LA B AR DL R A LR T R
B WA cABRE o MK 2P . AT A
R A Bl BB A 3R TR AL B LA R R R B il
W 1o 1) 722 P15 0 A 181 10 T 7w, JHG v B # RC Ah R T
PR I R B n=0.85, G5 W IR IR R 25 °C.

oy BT ARAT T 4% B L v B4 XUTHT A AR AT
B AR 4 B AR AL R T 5 C B B R T



370

n

2
¥

e

PN 1% %51 4%

®1 JFIREEWBRES
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Tab.3 Maximum temperatures for the surfaces of title
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Fig.14 Heat flux distributions with different gap width
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Tab.5 Maximum temperatures for surface of structure

with different gap rounded corner radius
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Tab.6 Maximum temperatures for surface of structure

with different gap step height
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