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Determination method for thermal test condition of the tip

wedge structure heated by high temperature gas flow
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Abstract: In view of to the traditional thermal test method based on the cold wall heat
flux, a determination method based on the curves of the hot wall temperature and heat flux
varying with time was proposed. Certain modification to the heat flux was made based on the
deviation between the target and measured wall temperatures, in order to eliminate and rem-
edy the test error during the earlier stage. And it determined the temperature of gas flow ex-
actly and rapidly by interpolation in the database of the 300 K cold wall heat flux, which

solved one of the problems of transient thermal test along the trajectory. The heat flux data-
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base of tip wedge structure with variant gas flow rate and temperature was set up by CFD

numerical analysis. The aerodynamic heating required for simulation of 9 typical conditions

along a hypersonic flight trajectory was obtained and proved to be quite accurate for the re-

quirements of engineering test by numerical simulation with the average error of heat flux of

4. 5% in the stagnation point region, 4. 6% in the rear plate region, and both maximum error

of no more than 8%. The precision meets the requirements of engineering test. Moreover,

transient thermal analysis results show that in forty-fifth seconds the biggest temperature

gradient is 21 K/mm and 18 K/mm separately at I mm and 10. 1 mm distance from the stagna-

tion point, meeting the demand of high temperature gradient effect of aerodynamic heat.
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Fig.2 Aerodynamic heat flux distribution on tip

wedge structure surface under hypersonic flow
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Fig. 3 Distribution of temperature and thermal stress

of tip wedge structure under hypersonic flow
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cold wall heat flux
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based on hot wall heat flux
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Fig. 8 Temperature distribution contour around tip

wedge structure heated by dual gas flow
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Fig. 10 Temperature and heat flux of each state of

tip wedge structure along a flight trajectory
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Table 3 Comparison of heat flux data of gas flow heating between simulation results and targets
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H bR (e i B4 R H¥rE i B2k
0 0.5 0.51 2.0 0. 044 0. 045 2.3
1 0.6 0.58 3.3 0.053 0.051 3.8
2 1.0 0.96 4.0 0.088 0. 084 4.5
3 1.6 1. 50 6.3 0.14 0.131 6. 4
4 2.4 2.24 6.7 0.185 0.172 7.0
5 4.0 3.73 6.8 0.2 0.187 6.5
6 1.5 1. 46 2.7 0.131 0.128 2.3
7 0.8 0. 81 1.3 0.07 0.071 1.4
8 0.5 0.54 8.0 0. 044 0.047 6.8
4 AEARZRENESREHRE
3000 l}.{.-:).'.".l—l Ffiﬂ.;.ll;‘(’f i E!_'E.‘.'J,ﬁ'ﬁ"flliﬁlﬂf Table 4 Temperature gradient on different positions
2500k O VHAPRIRE  —a— Bl at different times
—o— TL.LISIRE  —o— SMEIASGRAE
r : : B B 17 P 2 UL B % / (K /mm)
i ; fi#/mm  35¢ 40s 45s 50s 555 60s 100s
=
i 1.0 4 10 21 16 14 13 11
1
k 4.2 5 10 17 12 10 9 7
1
1
4 10. 1 5 10 18 14 12 10 7
20. 2 4 10 17 15 13 11 7
30. 6 4 9 15 15 13 11 7
12 RSO A R 5 S TR 2k 50.5 8 7 12 1 12 11 7
Fig. 12 Curves of main temperature during dual gas 101. 3 ) 4 8 9 9 9 6
flow combined thermal test
500 5 & it
= = HbfiL=35 s —ffﬁ;g[ﬂi,f--sss
1600 il . |-y 5 /PR OSUB R SO AL PR 5 7 R A
1400 e B P IRE A0 2 0 T LA I B 400 S 2 4 2
1200 - s F I 5 X 4% 5 B 5P B I 3 95 A A 00 5 B 3 A
e B 1= \ (TN v s N N R Y
¥ 1000 W S T4 A2 — 2 P AT T A B ¢ 5 4 9
¥ < B,

it = AU T 1) ORI O3 A B AR AL T R . B — 2D S
IR AT 0 I 2 PR AL T A o v TR R R
B2 B0 5 7

- . _ . : AR SCHRE Y DL IAEE i B N B B R 1Y I R AL

0 30 w, 2 120 150 ith & S 42 i B bR i RR SO S 8O E T . T i

P13 ANT) I 220, SR A8 45 4 1 =0 I 7 1o 3l B8 A1 it ¢ ﬁﬂfﬁﬂiﬁﬁ&fﬁ‘ﬁ?ﬂ HW{E%QD@M@EKJWH%H%%

, S , Pom A B AR 2 1B 1E L DL AT BRI B AR A
Fig. 13 Temperature distribution curves of tip wedge R .

I 5% 22 () ) 3 o o IR AR AU 300 K % BE

i1 5 BT R R A (R kAT ik T DR A

800
600

400

structure along gas flow direction at different moments



918 i o= 3

1%

e %33 %

P R o B XIS F i B RAT B 9
Al RER 285 A S AP 45 2R W7 L B A DX AR O o
VR 22 4. 500 AR DX T B R 2R
4620 FIH BRI ZEAR KT 8201 2 TR I
R REZR o [R5 B 7 45 SR (2 7 S AT
Ul A DL 5 AR AR5 45 s I L EEE AT 1
mm Ak f KR 22 18 2] 21 K/mm, B3 5 10. 1 mm
Aib 5 R T FE B B A B 18 K/ mim il K B K IR
JEE B B RN 5 5K

58 R 5 2k — 25 R T 56 2 1 56 3IE I i)
HE— 2 2 o ORGP ST,

S 2% 3k :

[1] JOYCE P, POMROY ] B. The Hyper-X launch vehicle:
challenges and design considerations for hypersonic flight
testing[ R]. ATAA-2005-3333,2005.

[2] RONDEAU C M,JORRIS T R. X-51A scramjet demon-
strator program: waverider ground and flight test[ R].
Armed Services Technical
ments, ADA593742,2013.
B a ¥ P BER K G5 R S gl ] B 0 7 1 B I
LRk (], 258 )22 4, 2014, 32(2) :600-609.

LUO Jinling,ZHOU Dan, KANG Honglin, et al. Summari-

Information Agency Docu~

[3]

zation of experimental methods associated with typical aer-
odynamic issues[ J]. Acta Aerodynamica Sinica, 2014, 32
(2):600-609. (in Chinese)

GRANT P, SUSAN P. A heating analysis of the nosecap
and leading edges of the X-34 vehicle[ R]. ATAA 98-0878,
1998.

DINESH K P. X-33 aerothermal environment simulations
and aerothermo-dynamic design[ R]. ATAA 98-0868,1998.
RRT7 AR I A BRSO R T & R
B b ¥ o $A B e M LD 0. 0 25 3 00 % i, 2014, 29 (6) «
1261-1270.

WU Dafang,ZHOU Anfeng,ZHENG Liming, et al. Ther-

[6]

mal protection performances of metallic honeycomb panel
structure at transient thermal shock environment[ ] ]. Jour-
nal of Aerospace Power,2014,29(6):1261-1270. (in Chi-
nese)

BRI BB R 241200 °C @ IR R EE R AR 25 0 P
ST S BB ], A2 # R, 2016,37(6) - 1861-
1875.

WU Dafang, WANG Yuewu, SHANG Lan,et al. Test re-
search and numerical simulation on thermal modal of plate
structure in 1200 °C high-temperature environments[ ] .
Acta Aeronautica et Astronautica Sinica, 2016, 37 (6):

1861-1875. (in Chinese)

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

JEFFREY S H,STEPHEN F H. Test capabilities and re-
cent experiences in the NASA Langley 8-foot high temper-
ature tunnel[R]. ATAA-2000-2646,2000.

LAWRENCE D H,KENNETH E R,DAVID W W, et al.
Hyper-X engine testing in the NASA Langley 8-foot high
temperature tunnel[ R]. ATAA-2000-3605,2000.
YOSHIKI M, SEBASTIANO C. Thermal responses of a
large nose cap model tested at Scirocco[ R]. ATAA-2005-
174,2005.

NORMAN E. Future requirements for hypersonic aerody-
namic and aerothermodynamic facilities [ R]. ATAA 92-
3903,1992.

U = e I B R R R R S R R G
LI, fii % 8 1 24, 2010, 25(4) ; 768-773.

YAO Feng,DONG Sujun, WANG Jun. Numerical analysis
of subsonic high-temperature-gas thermal environment
simulation[ ] ]. Journal of Aerospace Power,2010,25(4)
768-773. (in Chinese)

HRF B 25N 5 R IR R SO AR L 56 T
B AU 8 %42, 2012,27(5) 1 961-968.
DONG Sujun, QI Bin, LI Zhijie, et al. Approach and facility
for aerodynamic thermal test by lower speed and high-tem-
perature gas flow[ J]. Journal of Aerospace Power, 2012,
27(5):961-968. (in Chinese)

WRBEN . FR. R MLEE AT /Ol B A 4l
A AR Tr i (1] 2 8 Jy 241, 2013, 28(2) :290-296.
DONG Sujun, LI Zhijie, WANG Jun. Combined heating
method of low speed and high/middle temperature gas
flow for thermal test of tip wedge structure[ J]. Journal of
Aerospace Power,2013,28(2) :290-296. (in Chinese)
JOHN ] B,RUSSEL M C. Critical hypersonic aerothermo-
dynamic phenomenal J]. Annual Review of Fluid Mechan-
ics,2006,38(1):129-157.

ER T E WA, w5 S50 s g R BE B 0 A
JiEWEFE [T LR AR 3R 85 T . 2008.,25(1) : 33-35.
WANG Zhiyong.,JU Yatang, HUANG Shiyong. The cold-
wall heat flux boundary condition simulation for the ther-
mal-structure experiment[ ] ]. Spacecraft Environment En-
gineering,2008,25(1) :33-35. (in Chinese)

PR VRS, PR, 2041 Sk B A 9I0RUI 1230 R 2 9 4 1k T A
LI BWEAL R 2013,30(3) : 11-15.

LIANG Qiang, XU Quan, YANG Hua. A new quantified
criterion to arc heated wind tunnel test of infrared dome
[J]. Aerospace Shanghai,2013,30(3):11-15. (in Chinese)
TV XA e A QAT AR S O R T B O ik B
FE[1]. P24, 2012,61(18) : 287-293.

NIE Tao, LIU Weigiang. Study of coupled fluid and solid
for a hypersonic lending edge[J]. Acta Physica Sinica.,
2012,61(18):287-293. (in Chinese)

(h#.THR A





