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Fig. 1. Schematic of coupling computations of the magnetohydrodynamic turbulent flows based on the perfect gas model (pu; is the

turbulent viscosity coefficient, k¢ is the turbulent heat transfer coefficient, Fyep is the number of iteration steps of the flow field in

the coupling calculation process).
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Table 1.  Freestream conditions for the supersonic

flat plate flow.
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Fig. 2. Comparison of the wall law calculated by the SA
turbulence model (velocity profile, at z = 1 m) under the
adiabatic wall conditions with other results?!l.
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Table 2.  Freestream conditions for the hemisphere flow.
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Table 3. Freestream conditions for the flat plate

magnetohydrodynamic turbulent flows.
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Fig. 8. Comparison of laminar velocity profiles under the

different magnetic field strength with z = 0.06 m.
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Fig. 9. Comparison of turbulent velocity profiles under the
different magnetic field strength with z = 0.06 m.
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Fig. 10. Comparison of the turbulent temperature profiles
under the different magnetic field strength with z = 0.06 m.
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Fig. 11. Comparison of turbulent skin friction coefficients
under the different magnetic field strength with z = 0.06 m.
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Table 4. Freestream conditions for the 34° ramp mag-
netohydrodynamic turbulent flows.
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Fig. 12. Analysis of local force mechanism of 34° the ramp

compression corner MHD flow control system.
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Table 5.  Electromagnetic flow control parameters.
HHETA  21/m  z2/m BT oe/ (Sm™1)
Case 1 0.30 0.40 4.0 4.0
Case 2 0.35 0.45 4.0 4.0
Case 3 0.40 0.50 4.0 4.0
Case 4 0.45 0.55 4.0 4.0
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Fig. 13. Effect of MHD position on wall pressure coefficient and skin friction coefficient distribution: (a) Wall pressure distribution;

(b) skin friction coefficient distribution.
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Fig. 14. Effect of MHD position on velocity and temperature distribution at z = 0.4 m station section: (a) Profiles of velocities;

(b) profiles of temperatures.
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Abstract

Under the assumption of the low magnetic Reynolds number, the coupled model is established for the
turbulent flow field and the externally applied magnetic field. The AUSMPW+ scheme and LUSGS method are
used to solve turbulent magnetohydrodynamics (MHD) flow equations, in which the Spalart-Allmaras one-
equation turbulence model is used. A series of numerical simulations over various geometry configurations,
namely, a flat plate and a compression corner, is conducted by using an external electromagnetic field. Results
show that the performance of MHD boundary layer flow control is determined mainly by the Lorentz force in
the streamwise direction. With an external magnetic field used, the low velocity fluid in the boundary layer can
decelerate and increase the static temperature locally. Moreover, the counter-flow Lorentz force always brings a
negative effect on the turbulent skin friction coefficient, and the location for the MHD zone has a great
influence on the control efficiency of the ramp-induced separation. A reasonable magnetic field layout scheme

should be configured in practical engineering application.
Keywords: magnetohydrodynamics, turbulent boundary layer, multi-field coupling, flow control
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