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Abstract: Knowledge of the thermal performance of Ni-based honeycomb sandwich panels in a thermal protec-
tion structure (TPS) is a prerequisite for the design of metal thermal protection structures(MTPS). In this ar-
ticle, transient heat analysis of honeycomb sandwich panels is conducted starting from a simulation aerodynam-
ic heating experiment on Ni-based superalloy sandwich panels of GH3039. Based on the theoretical analysis of
convection heat transfer of the boundary conditions to the plate faces, simulation of the panel transient heat
transfer is obtained. Impacts of the thermal field on metal honeycomb sandwich panels for different environ-
ments of underside faces are calculated. Then errors and corrections between the results of the panel in experi-
ment and the panel in a multilayer structure are analyzed. Finally the effect of parameters in the sandwich panel
design on the transient thermal performance of the panel is discussed and the influences of material properties
and thickness of core-wall on transient thermal performance are demonstrated.
Key words: honeycomb sandwich panels; heat performance; transient; finite element method; metal thermal
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Honeycomb sandwich panel specimen

Fig. 1
of Ni-based superalloy
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Fig. 2 Sensors on rear face of honeycomb sandwich panel
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Fig. 3 Calculation model of honeycomb sandwich panel

R SR 76 B0, 6 83 A A LA RS 54
Y SEBR R /N—2, B SCERC10 B S8 A 4
#BF GH3039 fI S8 1 Fixs.

£ 1 GH3039 ##I5H
Table 1 GH3039 material parameters

ERE oA
R/ C 100 200 300 400 500
13. 15. 17.2 18. 20.
(We+(m-°C)™h 3.8 50 8.8 0
R/
544 574 636 645 762
(J+ (kg+TH>™H
B/ (kg » m™*) 8 300

HY T 52 S 58 1 A<sl AR, 1 8 T Al T S
KA S (6] AT I B 5t 20 A S5t 9 44 L 3 B8R 6 9
B e R

N, = C(G,P)" (D
h= N.A/H (2)
K. G = gBAtL’ /v FR A6 F 58 I, B oy 1k
KRB/ CY A=t — oo t, HEETR L, ¢
76 B R T 1 30 B R AR L X BB 20 °C) L L oKy
o AR R P RUBE 3 B R T AR 98 5 C A n R
I SE 1 > A8 4l SCER (10 ] C=0. 59, n=
1/45h AR R E(W/ (m” « °C)) s H W8
JEEE ;A Py N, w43 5 #CF  (w/ (m? + C))
W R B R BN A2 B B (m? /) L B AT
ERAM YIS E MR R R IR B 0 R AR 4L
ATASCHRC10 12 715,

GRS TR 3| B/ WG 7/ L N B 1l

(W/m*) K
q= h(t, — t.) (3)

W % SR PN R 18 A% A 32 B JRAL T RN R A

HH A B T R AT R R R

pc%f: Ve (VD +V () +Q  (4)

H LT IR T p B RHE I 5 ¢ 4 BUAEE s



674 it

H¥

% i 530 %

NG T R T IR s ¢t HITE; ¢ =oVie T0
NER SRR B, 6 S8 Stefan-Bolzmann ¥ %%, i@ &
B 5.668 W/(m” « 'C'), Vi, K5 45 ] (1 46 5T
MR, 85 B 1. 0, e M FRITHU R AL, T. A
JCIRFE s Q AR L 7EIX LB N AR, Q=0,

W4 5 i 3% T AN A0 2 ) 1 26 S 4 A A A 1
i 2

q= oV (e T¢ — a Tomy) (5

s T R 28 IR BT IR BE 3K B 20 °C 50 H IR
L&

2.2 BEITESER

R0 e AR 38 DR 7S A % 28 L 40 i T R it
—EBIRE AT, AE t=300 s UG . 5 B
FA) T e T R . A A R I 0 B R R R AR 4 X
(DA (2) GRS PRI AL A 4 0, )5
R JIN X5 37 R B — Ao AR B, kML S o
J1A 150 “C A1 200 “C RS TE B0 1 XA R B
VB Ay H b RS A5 155 B0 R 219 00 T AR P S . 3R
TR ANZRZEHR 15 W/ (m” » C),

THER T W s BRI AR #3200, 300, 400,
500 C i &L T e 53 A B AARICR . ik g R
ULIE 4, NIEL 4 AT LUE Y, W8 B R BE 7 ] A 3

fREErC

400
395
391
386
381
376
371
366
361
356
351
346
342
337
332
327

(a) It E400 C

e i
(b) In#AE500 'C
B4 s i bR A T A R

Fig. 4 Calculation results of heat shield for honey-

comb sandwich panel
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tal results
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Fig. 7 Comparison of results for different boundary

conditions of heat convection
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Fig. 9 Transient temperature gradient on honeycomb

sandwich panel under aerodynamic simulation
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