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Numerical Simulation of the Effect of Viscosity on the
Performance of Hypersonic Vehicle

HUANG Wei, LIU Jun, LUO Shtbin, WANG Zher guo
(College of Aerospace and M aterial Engineering, National Univ. of Defense Technology, Changsha410073, China)

Abstract: Twe- dimension coupled mplicit Navier Stokes equations and standard A€ viscid model are introduced to simulate the
inner and outer flow field of hypewonic vehicle, and the equations are discretized by the second order upwind scheme. When angle of
altack is changing from—10 to 7, the effects of viscosity on the lift, drag force and pitching moment characterigics of hypersonic vehicle
in three working conditions including inlet closed, inlet open but unfired, inlet open and fired were discussed. Result shows that the
influence is prominert when hypewsonic vehicle works under inlet open but unfired nlet open and fired condiions. especially T his case
will occur when the drag force characteristic, viscous drag force exceeds 50% of total drag force.
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Fig. 1 Schematic of hypersonic vehicle Fig.2 Sketch map of gridding
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Tab.1 Dimensions of hypemsonic vehicle
Ly Ly» Lys Li L. L, e
Dimension 96 4.2 10. 8 7.0 27.5 183 11
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Tab.2 Boundary conditions of computation
- Pressure Far Field Outfolw( at exit of combustor)
“ P ./ kPa M To/K w2 (ke s) P/ kPa T/K
Closed 2. 511 60 221. 65 - - -
Open but unfired 2511 6.0 221. 65 - - -
Open and fired 2.511 6.0 221. 65 17. 62 25 3000
(7 (8)
Ty= 216. 65+ 0. 001 H- 20000 (7)
P T - 34182
5= | 36 (8)
Px 216. 65
: m P 20km ., Px= 5474.86Pa"
30 ,
3 R 2 s
Level 1 32 63 94 Level 1 32 63 94 Level 1 32 63 9%
P/Pa 1000 35131.3 69262.6 103394 P/Pa 1000 35131.3 69262.6 103394 P/Pa 1000 35131.3 69262.6 103394

_—

|

o] g |
12028 ova ]
’.";:N o
(a) AU KA (b) REHLEH () RapHLRK

3 (G )
Fig.3 Pressure contours of hypersonic vehicle (attack angle is ()
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