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Numerical analysis of subsonic high-temperature-gas
ther mal environment simulation
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Abstract -~ The article introduced-an_experimental method using subsonic high-tempera
ture-gasflow to smulate aerodynamic.thermal environment of near space hypersonic vehicle.
In the test section of\ the'experiment-equipment , the subsonic high-temperature gasflow gec
ted the room temperature air to make the heat distribution of the experimental condition in
line with that of the real flight condition on the surface of the cap. Twelve experimenta con-
ditions were analyzed usng FLUENT. The numerical analyss shows the temperature of the
stagnation'will-below that of the gasflow , the inject ratio change of the facility can make a
wide temperature change in the back region of the nose cone, 0 the facility is efficient to

smulate the aerothermal environment of the hypersonic vehicle in a certain accuracy.

Key words: near space; hypersonic vehicle; thermal environment smulation;
aerothermal ; high-temperature-gas; numerical s mulation
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Table 2 Parameters of the simulation case
/ mm / K / (m/9) / mm
1 100 1500 200 150
2 150 1500 200 150
3 200 1500 200 100
3 4 200 1500 200 200
Fig.3 Discretization grid of the flowfield 5 200 1500 100 150
6 200 1500 300 150
7 200 1500 200 150
’ 8 200 1600 200 150
, 9 200 1800 200 150
1 10 220 1800 200 150
. 11 300 1600 200 150
Table1 Gascomponents 12 400 1600 200 150
CO.  H:0 0¥ N2 7
4

! % 14.8 6.7 5.6 72.9
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Fig.4 Contoursof temperature distribution Table4 Howrate of gasand ejecting air in cae 5, 6, 7
! (kg/ 9) ! (kg/ 9
' 5 0.366 2.15 5.9
6 1.09 6.76 6.15
2.3.1 7 0.731 4.45 6.1
( 7,89
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Fig.5 Temperature comparisonincase 7,8, 9 300 R 1 2% - B /mm
5 ! 6 56,7
J ; Fig.6 Temperature comparisonincase5, 6, 7
( ) 1527 ,1396 K
1330 K, 1036,962 K 926 K.
1800,1600 K 1500 K, 273,204 K ;
170 K. , 1365,1329,1277 K,
3 6> 7> 5
4 1 H
3 7,8,9 7 5 0.2, 6 7
Table3 Howrate of gasand gectingair incae 7, 8, 9 0.05
/ (kg 9) !/ (kg/ 9)
0.731 4.45 6.1 ; 7
0. 686 4.26 6.2 6 7 5
0.609 3.93 6.5 2.3.3
( 3 !4 17)
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Table5 Howrate of gasand gecting air-in cae 3.4, 7

! (kg/ 9 ! (kg/'s)
3 0.731 4.74 6.5
0.731 4.37 6.0
7 0.731 4,45 6.1
(250 mm)
, 7
2.3.4
( 1,2,7)
8.
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, 2.7 1 ; 7 3,
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, 1 ,

Fig.8 Temperature comparisonincasel, 2,7

6 1,2,7
Table 6 Fowrate o gasand gectingair incael, 2,7

! (kg/ 9 ! (kg/ )
1 0.183 2.36 12.9
2 0.411 3.45 8.4
7 0.731 4.45 6.1
2.3.5 9 12
9 33400
m, Ma=6.5, )
( 0.8)
9 ;
( [10-11] ),
11,12
10 ,
, 9 12 9
10
; 11,12 9,10
(1600 K)
9,10
, 11,12 250 mm

,  250mm
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Fig.9 Temperature of the nose cone surface
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