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Abstract: By-dsing-a self-developed transient aerodynamic thermal simulation system of
high-speed aircrafts;” the heat-shielding performance of metallic honeycomb panel structure
was tested at different transient thermal shock rates ranging from 5°C /s to 30°C /s, with the
maximum instantaneous temperature reaching 950 °C. Furthermore, a three-dimensional fi-
nite element method was established to determine the heat-shielding performance of the me-
tallic honeycomb panel structure at different simulation environments with high thermal
shock rates. The numerical calculation results coincide with the corresponding experimental
results, verifying the credibility and effectiveness of the experimental methods and the nu-
merical calculation approach. The tested metallic honeycomb panel structure exhibited slight
planar flexure and deformation after the experiment in the high-temperature (950 ‘C) envi-
ronment; thus, in the context of high-speed flight vehicles, this structure is particularly
suitable for structural components that must be made of lightweight materials with slight de-

formation in a high-temperature environment.
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Table 1 Pre-set and control heat flux data and the measured temperature results for metallic panel
1] /s

0 20 30 40 50 60
W i BE/ (kW /m?*) 1. 50 150. 00 150. 00 150. 00 150400 150. 00
PR /(KW /m®) 1.51 150. 41 149. 82 149. 91 149. 72 149. 94
FHXT R 2/ %% 0.67 0. 27 —0.12 —0.)06 =0.19 —0.04
n/C 20. 2 169. 4 333.5 4772 597. 1 687. 8
t/°C 2002 172..4 336. 6 478.7 596. 5 685. 3
/°C 20. 3 172:6 336. 2 477.3 594. 2 683.9
u/C 20, 1 16872 332.1 474.3 593.0 683.5
t/°C 20. 2 171.7 334.0 475.3 593. 4 684. 6
t/°C 20. 3 168. 6 332.6 477.8 596. 1 686. 7
toe/C 20. 2 170. 5 334.2 476. 8 595. 1 685. 3

(Lt max— tawve )/ tave 1/ 26 0. 50 1.23 0.72 0. 40 0. 34 0. 36

{((a—1)/t}/% —0.50 0.47 0.27 —0.13 0.17 0.16
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Table 2 Pre-set and control temperatures on the front surface of metallic honeycomb panel
i i) /s 0 5 10 15 20 25 30
T i B/ °C 50 200 350 500 650 800 950
P o R
i P R/ C 49,7 198..5 349. 7 4987 649.5 801. 4 947.5
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ﬂ» \ﬁ; 3
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o
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Table 3 _ Physical properties of GH3039 and GH536

GH3039 GH536
)%/
o HRMEEY WRE/ SRR HE/
(W/(m="C)) (J/ (kg+C)) (W/(m=C)) (J/(kg*C))
0 12.1 460 8.5
100 13.8 8.6 372.6
150 544 389. 4
200 15.5 574 10.9
300 17.2 636 13.3 402.0
400 18.8 645 14.2 427.1
500 20. 5 762 15.9 452. 2
600 21.8 779 17.4 464. 7
700 23.4 921 20.3 515.0
800 25.1 1047 21.4 535.9
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Fig. 12 Metallic honeycomb panel unit temperature

field at different thermal shock rates
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Fig. 13 Pre-set temperature curves-on the front surface

of metallic honeycomb panel
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Fig. 14 Calculated and testing results on the back
surface of metallic honeycomb panel at

different thermal shock rates
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Table 4 Measured and calculated results on the back surface of metallic honeycomb panel at

different thermal

shock rates

oz B8] /s
HE/(CC/s) 5 10 15 20 25 30
WHEAE ., /°C 38.8 86.7 171.9 287.7 427. 2 578.1
30 HEAE (.. /C 38.7 83. 4 172.6 294.5 437.3 581.7

[Len =t/ ten 1/ % —0. 26 —3.81 0. 41 2.36 2. 36 0.62
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o 1] /s

AR/ CC/s) 5 10 15 20 25 30
WAE ../ C 32. 8 69.0 134.3 226. 2 339.4 467. 1

25 HHAE ./ C 32.1 69. 2 139. 8 237.7 350. 2 470. 9
[z —te2) /12 1/ % —2.13 0. 29 4.10 5.08 3.18 0. 81

WHEAE t.:/°C 30. 3 58. 8 108.0 176.0 258. 7 352.1

20 TFRAE (. /C 30. 8 60. 0 112.7 186.7 272. 8 364. 9
[(fs—tes) /s )/ % 1.65 2. 04 4.35 6.08 5.45 3. 64

W E ../ C 28. 8 50. 7 86. 4 134.4 193.0 258.5

15 THEAE te./C 29. 6 51.7 88.9 140. 2 201. 9 268. 4
[t —ten) /1 1/ % 2.78 1.97 2. 89 4.32 4. 61 3.83

WHAE 5 /°C 28.5 44.1 67.9 98.5 135.1 176.3

10 IFRAE s/ C 28. 4 44.3 68. 4 99. 8 137.6 179. 8
[(tes—tes)/tes 1/ % —0.35 0. 45 0.74 132 185 1.99

M te.s/C 27.5 37.1 50. 2 65.7 83.5 102.7

5 THE tes/C 27.3 37.5 50.7 66.2 83,6 102. 6

[Ctes—tes) /s 1/ %6 —0.73 1.08 1. 00 0.76 0.12 —0.10

conveetion through high L/ rectangular cell[J]. Journal
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