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Abstract: Comparability of flow parameters and surface heal flux density on a typical
leading structure by these two heating approach was analyzed, it was demonstrated to be
feasible of utilizing lower-speed and high-temperature gas flow as heating method for hyper-
sonic aerodynamic thermal test. A new combined heating scheme composed of a lower-speed
and high-temperature gas flow and quartz lights was proposed for hypersonic aerodynamic
test of blunt cone’s. The newly-built aerodynamic thermal tester was designed with an effi-
cient double-chamber vaporizing combustor, a new water-cooled pipe structure with thermal
insulation sandwich of keramic material bearable high temperature, electric pre-heaters and
twin-fule-supply scheme for the combustor. It can generate a hot gas of 2100K. The aver-

age gradient of radial temperature distribution of $250 mm nozzle is about 3K/mm. And the
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tester has auto-linear-control ability of temperature and the temperature difference is 46 K.

In a word, it can meet the urgent requirement for thermal test of high temperature and high

heat flux of hypersonic vehicle flying by 24 km height and mach number 6 speed.
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Table 1  Air fluid Parameters before and

after shock wave

/ / /
K 10°Pa  (kg/m*) ()

6 220.56  0.03 0. 047
0.404 1752 1.24 0. 247

4.78 325 0.097  0.105 16. 64
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Fig. 1 Grid for half of tip wedge
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Fig. 2 Temperature distribution of hypersonic flow

around the tip wedge

Fig. 3 Heat flux distribution with isothermal wall

condition under hypersonic flow
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Fig. 6 Temperature distribution of subsonic
high temperature gas flow

around obtuse cap
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Fig. 7 Curves of the radiation balance temperature

under two heating methods
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Fig. 8 Sketch map of the combined heating system
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Fig. 10 Main facilities of the test system
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Fig. 11  Structure of the high-temperature-gas generator
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Fig. 12 Structure of thermal insulation pipeline

in the rectangular nozzle
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s , 3 K/mm,
P s 4 13 3. 0kg/s
. , 100 K/min
s 2 2093 K
b 2 ’
s 46 K. (
5 b
).
4
$250 mm s Table 4 Test results of temperature under linear control
b A
/
/ /
2 s /K /K
(kg/h) /K K
: 5426 493.0 10819 1673 1700 27
1. 5"\"3. 0 k S)s
( g/ ) 5484 464.0 10762 1773 1819 46
2100 K,
5542 481.5 10847 1873 1862 —11
(2. 5 kg/s) ’
118K. 5612 492.0 10752 1973 1987 14
3 3.0kg/s 5668 491.6 10745 2023 2007 —16
N 1373K $250 mm 5970 499. 8 10754 2093 2090 —3
2
Table 2 Test results of temperature under 2200 —_—
Sy = |— BB A DR EE
different flow rates 2000 ,IF' B NEL
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1400 HiN P
808 1.5 2980 —2 1200 | N
- 1000
851 2.0 2110 10 5000 5400 5800 6200 6600 7000
856 2.5 2118 18 ths
635 3.0 2096 —4 13
Fig. 13 Curve of temperature variation
3 under linear control
Table 3 Test results of temperature uniformity
6
/ / / /
mm K mm K D
11:45: 24 145511 4848 —50 1315 9 « 4 ”
11:46:12 —10 1426111:49:00 —60 1369
11:46: 56 —20 1400111:49:18 —70 1323
11:47:18 —30 1369|11:49:58 —80 1295
11:48:04 —40 1343 |11:50:12 —90 1275 3)
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