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Fig.1 Metallic honeycomb panel specimen
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Fig. 2 Schematic diagram of testing equipment for infrared

radiant thermal test
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Fig. 3 Set and control temperature curves on the front surface

of metallic honeycomb panel
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Table1 Set and control temperature values of T3 on the front surface of metallic honeycomb panel

t/s 50 100 150 200 250
set temperature/C 559.3  659.5 685.5 699.9
control temperature/C  558.6  659.0  685.0  700.2
relative error/% —-0.13 —-0.08 —0.07 0.04 0.01

708.3
708.4

300 350 400 450 500 550 600
713.3 740.0 8129 820.6 761.6 7122  677.8
713.7 7394 8125 820.5 762.0 712.0 676.8
0.06 -0.08 -0.05 -0.01 0.05 -0.03 -0.15
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Fig. 4 Distortion of high temperature alloy panel and metallic

honeycomb panel after 800 C heating
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structure
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Fig. 6 Gr curves on back surface of

metallic honeycomb panel
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Table2 physical properties of GH3039 and GH536

GH3039 GH536

T/ Thermal Specific Thermal Specific

C conductivity heat conductivity heat
W/m'C)  J/(ke’C)  W/mC)  J/(keC)

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
400 18.8 645 14.2 427.1
500 20.5 762 15.9 452.2
600 21.8 779 174 464.7
700 234 921 20.3 515
800 25.1 1047 21.4 535.9

584.6
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627.6
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656.3
670.7
685.0
699.4
713.7

677.8
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711.5
728.4
745.3
762.1
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795.9
812.7
829.6
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Fig.9 The honeycomb panel unit temperature
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Fig. 10 Temperature curves of experiment and

calculation at T'1
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Fig. 11 Temperature curves of experiment and
calculation at T2
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Fig. 12 Temperature curves of experiment and

calculation at T'3
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Fig. 13 Heat-shielding performance of metallic honeycomb

panel at different temperatures (¢=200s)
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Table 3 Temperature differences between front and back

face of the metallic honeycomb panel at different
temperatures (t=200s)

Experiment condition (¢=200s) T1 T2 T3

front surface temperature/ C 300.0 600.0 700.0
back surface temperature

3 261.5 5139 5774

(experiment)/C

temperature difference(experiment)/C  39.8 87.5 122.8
insulation efficiency(experiment)/% 13.2 145 175
back surface temperature (FEM)/C 255.9 503.8 572.1
temperature difference (FEM)/C 43.6 95.1 125.6

insulation efficiency (FEM)/% 145 158 17.9
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Fig. 14 Heat-shielding performance of metallic honeycomb

panel for 3 temperature curves
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Table4 Temperature differences and heat shielding efficiency of metallic honeycomb panel between front and back face

at different times of curve T'3

t/s 50 100 150 200 250 300 350 400 450 500 550 600
front surface temperature/'C ~ 558.9 659.0 685.0 700.2 708.4 713.7 7394 812.,5 820.5 762.0 712.0 676.8
back surface temperature/'C ~ 397.2 538.8 563.2 577.4 583.2 5883 599.4 656.6 673.1 632.8 593.7 565.4
temperature difference/C 161.7 120.2 121.8 122.8 125.2 1254 140.0 1559 1474 129.2 1183 1114
insulation efficiency/% 28.9 18.2 17.8 17.5 17.7 17.6 18.9 19.2 18.0 17.0 16.6 16.5
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RESEARCH ON HEAT-SHIELDING PROPERTIES OF SUPERALLOY
HONEYCOMB PANEL FOR NON-LINEAR HIGH TEMPERATURE
ENVIRONMENT Y

Wu Dafang®?  Zheng Liming? Pan Bing* Wang Yuewu* Sun Bing! Mu Meng*
*(School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)
T(School of Astronautics, Beihang University, Beijing 100191, China)

Abstract The heat-shielding characteristics of metallic honeycomb panel structure (MTPS) in high temper-
ature environments are very important parameters for thermal protection design of high-speed aircrafts. Using
the self-developed transient aerodynamic heating simulation system designed for high-speed aircrafts, the heat-
shielding performance of MTPS in the non-linear high temperature environment up to 800°C was experimentally
investigated. The heat-transfer characteristics of MTPS at transient and steady states, and the heat insula-
tion effects at various temperatures, were obtained. Also, by carefully considering the multiple heat exchange
including the radiation among the inside honeycomb walls, the heat transfer of the metal structure and the
heat transfer of the air within the honeycomb cavity, a three dimensional finite element model was established
to simulate the heat-shielding performance of the honeycomb panels. The numerical simulations agree well
with the experimental results, verifying the correctness and effectiveness of the numerical simulation method.
The good agreements also confirm the feasibility of substituting expensive air thermal simulation testing using
numerical simulation. Some other key issues, such as heat shielding efficiency variation of the MTPS in complex
non-linear high temperature environment, the relationship among the heat shielding efficiency, the change speed
of front surface temperature and selection of emissivity for the MTPS’ surface, were also discussed in this work,

which provide important references for the heat-shielding of MTPS to be used in high-speed crafts.

Key words honeycomb panel structure, heat transfer, experimental research, numerical simulation, finite

element
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