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Fig. 1. High enthalpy expansion tunnel('?.
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Table 1.  Flow field parameters of high enthalpy experi-
ment.
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Fig. 2. Pitot pressure history at the exit of expansion nozzle.
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# 2 LENS-XX Run 1—Run 4 H f i T80 2
Table 2.  Freestream conditions for the LENS-XX Run 1-Run 4.

T Ma Veo/(km - s71) T /K poo/(g-m™3) ho/(MJ - kg™1) Reco/(x10°m™1)
Run 1 12.20 3.246 175 0.499 5.44 1.4
Run 2 10.90 4.303 389 0.984 9.65 1.9
Run 3 13.23 6.028 521 0.510 18.70 1.1
Run 4 12.82 6.497 652 0.964 21.77 2.0

XHFRZLE

0 0.1 0.2

z/m

B3 25°/55°RUAE M RIRERY (a) R R A& E R B (b)

Fig. 3. Schematic of the 25°/55° double-cone geometric configuration (a) and boundary conditions (b).
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Table 3. Details of grids used for the simulations.

T oA AR A LRI EEE An /mm
Case_ M1 100 x 260 0.1
Case M2 150 x 390 0.05
Case_ M3 200 x 520 0.01
Case M4 250 x 650 0.005
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Fig. 4. Surface pressure distributions with different levels of
the grids. grids.
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Fig. 6. Comparison of surface pressure and heat flux: (a), (b) Surface pressure and heat flux of Run 1; (c), (d) surface pressure and
heat flux of Run 2; (e), (f) surface pressure and heat flux of Run 3; (g), (h) surface pressure and heat flux of Run 4.
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ure and vibrational-electronic temperature and contours of

NO fraction distributions.
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Fig. 9. Heat flux distributions with different levels of the
grids with MHD control.
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Fig. 10. Schematic of the high enthalpy expansion tunnel.
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Fig. 11. Flow field contour structure induced by a double-cone standard model with or without MHD control: (a) Pressure contour

map; (b) vibration-electronic temperature contour map; (c) contour map of NO mass fraction distribution.
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Fig. 14. Wall coefficient distribution of flow field of a double-cone standard model with or without the effect of seed particles:

(a) Pressure distribution; (b) heat flux distribution.
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Numerical analysis of MHD experimental flow field of
double-cone standard model based on alkali-
metal-assisted ionization”
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(National Key Laboratory of Aerospace Physics in Fluids, Mianyang 621000, China)
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Abstract

The development of a new-generation hypersonic vehicle is constantly breaking through the boundary of
flight speed and cruising space, experiencing high-enthalpy shock wave/boundary layer interaction (SWBLI)
during flight, which poses a serious threat to the vehicle’s flight safety. The kinetic energy is transformed into
internal energy because of the strong shock wave and viscous retardation created by high-enthalpy SWBLI.
These thermochemical non-equilibrium conditions can greatly impact the flow structure and surface properties
of the vehicle, which require further investigation. Flow control technology is an important way to improve the
comprehensive performance of hypersonic vehicles. Under the local thermal ionization condition of the high-
enthalpy SWBLI flow field, the conductivity around the flow field is high, which provides a direct working
environment for the application of magnetohydrodynamic (MHD) control technology. An expansion tube is one
of the few qualified test facilities on the ground to simulate the hypervelocity high-temperature flow
environment. Numerical simulations based on the multicomponent thermochemical non-equilibrium MHD model
are adopted to analyze the double-cone standard model flow in an expansion tube under high-enthalpy
conditions. The influences of alkali metal “seed particles” on the control effect are discussed. Results
demonstrate that the developed numerical calculation method accurately predicts the complex SWBLI flow field
of a double-cone under different enthalpy incoming flow conditions. Near the triple point and downstream of
shock-shock interference, the intensity of the thermochemical non-equilibrium effect is the strongest, and the
conductivity of the flow field in related areas reaches the peak. In the high -enthalpy operation state of
expansion tube wind tunnel, adding alkali metal particles to the driven section to assist ionization can
significantly enhance the MHD control effect. Under the action of 0.1% “seed particles”, the separation zone is
increased, and the peak heat flux decreases by about 50%, which meets the engineering application

requirements. Moreover, a saturation effect exists in the seeding amount for the MHD control effect.
Keywords: thermochemical non-equilibrium, magnetohydrodynamic, flow control, double-cone
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