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In the present work, numerical simulation of steady, compressible and supersonic airflow in a magneto-
hydrodynamic (MHD) generator is studied. The flow is considered to be ideal with low magnetic
Reynolds number. A two-dimensional channel with four-pair electrodes and with various geometries
and boundary conditions is utilized as a MHD Faraday generator model. The computational model
consists of the Navier-Stokes equations coupled with electromagnetic source terms, Maxwell's
equations and Ohm's law. Implicit density based solver is used to solve the Navier-Stokes and the
electric potential method is used to solve the Poisson's equation. The constant temperature boundary
condition is compared with constant heat flux. Due to the low Joule heating and generation of higher
electrical power, constant heat flux boundary condition is selected to use .Then the effect of change of
the channel geometry is investigated by considering constant cross section, divergent, convergent and
divergent- constant cross sections as Faraday MHD generator. The geometrical effect is investigated on
the electrical efficiency and power output of MHD generator. The results showed that electrical power
and efficiency of divergent -fixed channel was higher than others and its joule heating is lower. Due to
the Joule heating induced by the magnetic field and the importance of engine cooling, other working
gases such as Krypton are analyzed.
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Fig. 1 Joule heating distribution along the wall
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Fig. 2 Comparison of Mach contour in MHD channel
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Fig. 5: Position of the attached shocks in channel without magnetic
field a)Experimental schlieren picture b)present result
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Fig. 7: Position of the attached shocks in channel with B,=1.3 Tesla
a) Experimental schlieren picture b) present result
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Fig. 10 Comparison of variations of Mach number in centerline of fixed

cross section channel for B,=0 and B,=7T
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Table 6 performance parameters of various channels

S byt b Lo b Sl
Ma, 1.36 1.38
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Table 9 performance parameters of air and Krypton in divergent -
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Table 10 performance parameters of divergent-constant channel at
various intensity of magnetic field
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Table 7 performance parameters of various channels

JUlS ahaie pelans
JULS awazn ol Ken 131y gl Sl
Ma, 1.36 0.97 1.4 1.1
P,(kPa) 155 430 124 193.76
Tmax(K) 643.4 714 6683  659.71

q,(Mw-m™) 29061 5254 390.22 298.75
q(Mw - m™3) 42228 5254 4729 435.28
Te %59.23 %50  %54.8 %59.3
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