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Thermal Buckling Characteristics for
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Abstract

High speed vehicles are subjected to high therroallihngs due to aerodynamic heating during asced
reentry. Since a thermal protection system paneméchanically constrained, it may cause thermalklng
under excessive thermal loadings. The thermal lngktould disturb the field of flow and make aerodynic
characteristics unstable. It is thus necessary @sigd the thermal protection system panel to prevkerma
buckling. This study defines the analytical modéltemperature distribution using the finite diffaoe methol
for the thermal protection system panel with larganmperature differences inside and outside. Thipeg
proposes the approximate model of the thermal kugkicharacteristics for the thermal protection et
panel through the use of the Ritz method. The iglidf the present method was verified by comparthg
results of the finite element analysis. Furthermotleis research performs the parametric analysistha
thermal buckling characteristics for the thermabtpction system panel by using the approximate mode
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(a) Top view
Fig. 4 2D finite element model of TPS pa

(b) ISO view

Table 1 Specification of TPS panel

Description Value Unit
Length of TPS panel(Z,) 170 [mm]
Width of TPS panel(Z,) 170 [mm]

tin oty 1 [mm]
Thickness of
Saffil insulation(t,,) =5 [mm]

*Thickness of Inconel625 Plate  **Ti-6Al-4V Plate

Table 2 Material properties of Inconel625

Description Value Unit
Modulus of elasticity(E)| 2.05x 10° [MPa]
Poisson’s ratio(v) 0.308 -
Thermal expansion(a) | 13x107° [/cl

Thermal conductivity 10 [mm-ton/s*C ]
Specific heat 41x10° | [mm?/s%C]
Density 845%x107°| [ton/mm?®]

Table 3 Material properties of Saffil alumina

Description Value Unit
Modulus of elasticity(E)| 2x10* [MPa]
Poisson’s ratio(v) 0.01 -
Thermal expansion(a) | 8x107° [/cl

Thermal conductivity 0.062 [mm-ton/s>C]

Specific heat 4% 108 [mm?/s?C]

Density 9.6x10"" | [ton/mm?®]

Table 4 Material properties of Ti-4Al-6V

Description Value Unit
Modulus of elasticity(E)| 1.14x 10° [MPal
Poisson’s ratio(v) 0.31 -
Thermal expansion(a) | 9.4x107° [/Cl
Thermal conductivity 12 [mm-ton/s*C ]
Specific heat 6.48x10° | [mm?/s*C]
Density 4.42x107°| [ton/mm®]

@, Figs. 8~102 nAAA AAZAYL wo 1~3

(a) Ritz method
Fig. 5 1% mode shape of TPS panel for 4S

(b) FEM

7 7
RS

(a) Ritz method (b) FEM
Fig. 6 2" mode shape of TPS panel for 4S

(a) Ritz method
Fig. 7 39 mode shape of TPS panel for 4S |

(b) FEM
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Table 5 Results of the modal analysis using the
present method and finite element method

for 4S BC
Eigenvalue | Differencel%] )
. Present (a) Ritz method (b) FEM
method 42.766 295 Fig. 10 3 mode shape of TPS panel for 4C
mode FEM 41.821
P
grd | TSN g7 agg 5.3 & X2 SMol i3t AR ED
method 6.93 _ _
mode FEM 104.54 %E"Ri E':él HlJ_.I,_% %EI_I- ijll%
ga | Present | B ool ANG ARDY fEesyel T
mode |-method | 473 A e #Y SE PEE e u Qe Az
; g gide] FAE wigke] et d A= e 7S
L, A #FE 2EE Teklvh slA 23 Tables
Table 6 Results of the modal _aﬁalysis using the 7~8. Figs. 11~12¢l] UERSIT}
present method and finite element method Tables 7~8%} Figs. 11~125 1w AA¥ A w
for 4C BC
A2 ANE FF ST o] A=y gide T
o Higenvalue | Differencel®] | ) sorpo) mey gaasald Ane dusae o
s resen
P ethod | 114042 118 o} dopA s AL g 5 YAt FY L%
mode ey 112.71 BEEE g difo] A2® Hae geAA A =
gna | Present | . AY w 97%, nAHAA AA 212D © 96% o©]4e]
mode |method 107 AHED e e FAagt due] Axg Y
FEM 188.81
] Present ol zulgdd=d st Jddoez e F4s
3!‘ T = =z =] j=j = =
method | 00 6.51 e WG Fol AN/ Wiel wdA Fo| F
mode EEM 250.57 7 EAREE 2 Aol EAEE Ao HUAHY
}.
Table 7 Comparison of Ritz method and finite
element method’s results for 4S BC
Thickness of .
(a) Ritz method (b) FEM Saffil insulation | 7 method | FEM ) Error

Fig. 8 1* mode shape of TPS panel for 4C [mm] [c] [c] [%]

1 42.766 41.821 2.25
2 91.086 88.764 2.61
3 158.06 153.86 2.73
4
5

221.51 220.87 0.29
346.94 337.82 2.70

(@) Ritz method (b) FEM
Fig. 9 2" mode shape of TPS panel for 4C




26 o851 §5h ¥y Al

Table 8 Comparison of Ritz method and finite 6. OH7HH T 2
element method’s results for 4C BC
Thickness of 2 =xdA A 4 = S dis 2414 =
. . Ritz method FEM Error o
Saffil insulation (€] (] (%] 98 ugoz wypds B4S F3sigt. G
0
[mm] NzE sdel A sE Sl W@ Fe Wee 7t
1 114.042 112.71 1.18 A 4 ddA e FAot. E =FoAe d=3d ¥
2 242.895 238.66 | 1.77 a3 Elely gHae FA7E A8ttt 7pAsis e
3 421.495 411.51 2.42 29, Helg H#o FA 2 ddA FA Wl
4 590.715 | 587.10 | 0.61 o He 54 s 12k dske s
5 o BEY Ua o% By =
5 925.167 | 890.23 | 3.92 S R
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Fig. 11 Critical buckling temperature under uniform 4 &4 Z3+= Figs. 13~14, Tables 9~103 #Zt}.
temperature distribution for 4S | SexA] AAZA A A" ow oA FF %
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Fig. 12 Critical buckling temperature under uniform
temperature distribution for 4C I
Fig. 13 T, according to the thickness of each layer

for 4S BC
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Table 9 Results of parametric analysis for 4S BC
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Table 10 Results of parametric analysis for 4C BC
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