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Simulation of three-dimensional magnetohydrodynamic enhanced scramjet

ZHENG Xiao-mei, YANG Xing-yu
(Beijing Aeronautical Engineering Technical Research Center, Beijing 100076, China)

Abstract: Simulation model of the three-dimensional magnetohydrodynamic (MHD) en-
hanced scramjet viscous inner flow field was established. Geometry of a scramjet applied
both MHD controlled inlet and MHD energy bypass was designed at Ma=6. Numerical sim-
ulation was performed, and three-dimensional flow field structure, distribution pattern of the
electric parameters, and characteristics of energy transformation were analyzed. The results
show when flight Ma=8, MHD controlled inlet can be used to draw the compressive shock
waves back to the cowl lip, the separation zone disappears, and the flow field of the inner in-
let recovers to the design condition. The MHD energy bypass can decrease Ma of the flow
before combustor efficiently, so as to improve engine performance. In the MHD generator,
distributions of flow and electric parameters are comparatively ideal to make efficient effect,
while the MHD accelerator needs large amount of energy input to make a significant accelera-
tion. In the MHD accelerator, Joule heating dissipation is severe near the electrodes, which
results in local high temperature, flow field complication and performance deterioration of
the MHD accelerator.
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Table 1 Engine performance of several cases
Case Ma, V,/(m/s) T,/K p2/Pa T,/K pe/Pa 7 P,/MW
Base 3.81 2120.0 796. 8 57004. 1 3041.0 6916153.0
A 3.52 2053.1 877.9 58588. 1 2986.5 4669134.9 0.481 4. 30
Case Mas, V,/(m/s) T,/K ps/Pa Ts/K pi/Pa e P,/ MW
Base 3. 66 2083.1 850. 4 63840.7 3022.4 7545862. 1
A 3. 36 2018.9 928. 8 62507.7 2967.7 4024577.4
B 2.03 1541.3 1487.6 133125.4 2682.9 1078649.9 0.483 23.37
Case Ma; Vs/(m/s) T: /K ps/Pa Ts/K ps/Pa T P./ MW
Base 2.59 2069. 3 1627.3 53627.8 3773.7 1074403
A 2.42 2021.3 1745.9 52701.3 3793.3 817228.7
B 1.93 1725.6 2012.6 71020.5 3504.1 500458. 5
C 2.04 1855.0 2084.6 68317.2 3807.9 572054. 3 0.699 23.07
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