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Abstract; To explore the service behavior of thermal protection materials in hypersonic environments, wind tunnel
experiments and numerical simulation methods are used to investigate the failure of D6AC steel structure under
multi-physics coupling. Based on the basic theory of hypersonic aerodynamics and structural mechanics, the multi-
physics coupling theory model of hypersonic D6AC steel structure is established. The aerodynamic heating and
structural response in different flight environments are obtained by N-S equation simulation, and the results of
numerical simulation are verified in wind tunnel test. The aerodynamic heat is the main factor leading to the failure
of D6AC steel structure. Under three different flow conditions, the ablation phenomenon occurs in the steel
structure, and the starting time of the structure ablation depends on the total temperature of the incoming flow.
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Fig.1 Calculation region of D6AC steel structure
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Fig.2  Fluid-thermal-structural numerical simulation method
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Fig.3 DOAC steel simulation process
®1 BERBSH
Tab.1 Flow field parameters of nozzle
T AHREE/K AR5/ MPa 0 D Ma H R /K H H R/ Pa
1 2 300 4.07 5.155 484.18 3442.47
2 2 400 4.07 5.128 513.42 3494.92
3 2 500 4.07 5.104 538.49 3 534.56
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Fig.4 Flow field parameters distribution of nozzle in condition 3

DR IR B AN 5 B, T BB AR B )

ECUATRELIE P 7L 0 LA 17 wgr RS

PSS 0 B A, 71 5B AL it —

(12) AT SR B R e
Ma2A8

2.5
P,=P,x1.2°x|—————| . (12
rooe (1.4Ma2 - 0.2] (12)

X P, W BATERAA, 5460 MPa; Py il ki
DI, SRy Pa

5 REABETEE

Fig.5 Nozzle schematic in wind tunnel test
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Tab.2 Nozzle simulation-experiment comparison
T4 D R, Pa D BRI At {E/ MPa I Fe T 0 i/ Pa W/ %
1 3442.47 0.1157 3336.23 3.2
2 3494.92 0.116 3 3 388.46 3.5
3 3 534.56 0.119 3 3 508.18 0.8
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Fig.6  Calculation model of D6AC steel structure
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Fig.7 Temperature and stress distribution of fluid domain
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Fig.8 Time history of temperature of stagnation point
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Fig.9 Schematic diagram of wind tunnel test device
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Tab.4 Phase change starting time of D6AC steel

TR OEE/K %ﬁéﬁ%ﬁjﬁ:‘rﬂ/s ﬁtﬁfﬁ%ﬁgfﬂ/s o
1 2 300 27.9 27.82 0.3
2 2 400 17.4 17.30 0.6
3 2 500 13.5 13.43 0.5




. 136 - I S N A N I % 53 %
VI L1 Sl =Rk I 1 T 5 e 2 000
RIS HE 7T LR fhySHe Vi IR R, FF A e o soof T3 P
A TR 2 L T 200 95 i L0} et
BRC B3 A A R ORI, DR £l
T s P O IR U AT R 0 T 401 25 2 1 000f
SEAIHL, L D6AC HIHE 150 S5 , Ak B A 1 i ol
[F1] 5 3 6 Bisf ) 22 ) ) 22 43 31K 0.3% ,0.6% ,0.5%.. 400F
2000,
gl ——2300K 0 10 20 30 40
161 3300k "
(a) T 1
2 000

B /mm

B 11 R E Rt E a2 i
Fig.11  Time history of ablation of the structure
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Tab.5 Maximum temperature at different speeds

R 4 Ma 5 Ma 6 Ma
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Tab.6  Air properties at different altitudes

1= /km J£71/Pa /K %R/ (kg - m™)
15 12 111.4 216.650 0.194 75
20 5529.3 218.351 0.088 91
25 2549.1 221.552 0.040 14
30 1196.9 226.509 0.018 41
35 574.6 236.513 0.008 46
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Tab.7 Maximum temperature at different altitudes
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Fig.14  Temperature-time curve of structure leading edge at

different altitudes
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Tab.8 Maximum temperature at different attack angles
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Fig. 15  Temperature-time curve of structure leading edge at
different attack angles
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Tab.9 Maximum temperature in different aircraft shapes
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