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Study on critical enthalpy extraction ratio and numerical

validation for magnetohydrodynamic inlet
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Abstract: To ensufe that the-magnetohydrodynamic ¢MHD) inlet works in starting
state, the concept of critical enthalpy extraction ratio-was-proposed for the MHD inlet. The
quasi-one“dimensional ‘model for ‘the critical~enthalpy extraction ratio state of MHD inlet was
analyzed using the turbojet engine'model, the variable cross-section pipe flow theory and the
expressions of modified polytropic efficiencies. By comparison of this model with the compu-

tational fluid dynamics (CFD) method, the results show that this model fits good, and the

error is less than'5. 7%, thus providing a reference for design of the MHD inlet.

Key words: magnetohydrodynamic inlet; critical enthalpy extraction ratio; start state;
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Fig.1 Sketch of the magnetohydrodynamic inlet
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Table 1 Inlet conditions for Hartmann flow.

E 2 B
Densityp /(kg/m’) 1. 225
Viscosity p/1077 (kg/(m + $)) 1.8
Electrical conductivity ¢ /(mho/m) 800
1.2
Ha=0
LOF  Ha=s SO
Ha=10
0.8 F
) Ha=20 |
| Ha=30
04F
0.2F v Numerical
1 Analytical
n -
-0.006 -0.002 0.002 0.006

yim

& 2 Hartmann JZ i 3 & 0 i

Fig. 2 Hartmann laminar flow velocity profiles
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Table 2 Geometry graphs for different area ratios

Case A/ A x/m
A 0.6 1
B 0.8 1

Mm

I\ . | | ' j | I : | ]
04 0.6 0.8 1.0
x/m

(a) Case A

pm

; g T ]
0.2 0.4 0.6 0.8 1.0
x/m

(b) Case B

K3 A IR AR L LA 1
Fig. 3 Pipe flow geometry graphs for different

area ratios
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Table 3 Inlet conditions for magnetohydrodynamic

flow
ZH BAH
po/kPa 1013
po/kPa 202. 6
Ty /K 3000
Y 1.399

R/(J/ (kg « K)) 287.036
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