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Analysis of aeroheating-temperature field coupling characteristics
for thermal protection panel of quasi-wavrider

CHENG Xing-hua,~YANG Tao+ FENG Zhi-wei
(College of-Aerospace-and Material Engineering,
National\University of Defense-Technology. Changsha 410073, China)

Abstract: \For thermal protection-panel of quasi-waverider, the loose coupling algorithm was
applied to drive the iteration ofthe aeroheating and heat transfer analysis. Then, the coupling char-
acteristics of aerOheatihg-temperature field were studied. The results show that, before radiative e-
quilibrium \ the-etrors of cold wall and radiative equilibrium aeroheating are +55.1% and —15.4%
over actual aeroheating respectively, so coupling analysis for aeroheating-temperature field was re-
quired. As the local adiabatic wall temperature is not changed with time, the surface heat-transfer
coefficient is a key parameter for coupling effect. Only two aeroheating calculations are needed dur-
ing calculation of coupling aeroheating-temperature field with average heat convection coefficient,
and the error of predicted wall temperature is less than 2. 5%, thus highly improving the analysis

efficiency of coupled aeroheating-temperature field.
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Table 1 Thermal properties parameters of thermal protection panel
ok C/Sict Si0, Al
%R/ (kg/m?) 1870 240 2803.5
298.15K:0.019
sz 273K:11.74
FREH/(W/m - K) 923.15K:0. 021 166. 9
1673K:17.2
1073.15K:0. 023
255.54K:816. 43
. 300K :682 366. 66 K:904. 35
LA/ (J/kg « KO 550
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Table 3 Surface heat-transfer coefficient of panel

winward center line ( x=0m)

T qu/ | T,/ T/ hct/
(kW/m*) K K  (W/m?*K)
1% RE 265.3 300. 0 6154 45.32
s 263.9 403.0 6154 45. 89
5s 260. 1 699. 7 6154 47. 69
10s 256. 7 968. 4 6154 49. 50
20's 253.1 1268.0 6154 51. 80
10s 251. 1 1437.0 6154 53.23

RSP 250.0 1532.0 6154 54. 09

F4 BB POEREERRH(x=0.3m)
Table 4 Surface-heat-transfer coefficient of panel

winward center line ( x=0.3m)

T Gw/ T/ Tow/ he/
kW-/m®) K K (W/m*+K)
B BE 697.06  '300.00° 6263.05 116.90
1s 649,88  564.08 6263.05 113.95
5s 562.65 1107.95 6263.05 109,14
10s 515.90  1441.14 6263.05 106.99
20s 486.44  1668.55 6263.05 105.87
40 478.55 1733.00 6263.05  105.64

EEEAE 470.91 1794.14  6263.05  105.37

F5 BRORPOEREERZH(x=0.8m)
Table 5 Surface heat-transfer coefficient of panel

winward center line ( x=0. 8m)

T qw/ T./ T/ he/
(kW/m*) K K (W/m?+K)

B BE 1471.50  300.00 6274.21  246.31
1s 1236.82  790.643 6274.21  225.55
5s 948.921 1564.39 6274.21  201.48
10s 850.668 1883.07 6274.21  193.72
20's 815.314 2005.43 6274.21  190.99
40s 809.632 2025.89 6274.21  190.58
WSE#T 802.618  2050.68 6274.21  190.03
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Table 6 Number of calculated times of aeroheating for

different surface heat-transfer coefficients
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Table 7 Total aeroheating for different surface

heat-transfer coefficients (unit: MJ/m?)

LA Wi Hsf & BE WA Ty
S 1 10. 30 9.27 10. 90 10. 10
B 2 35. 34 40. 96 34. 83 37.83
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