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Feasibility analysis of solenoid-based magnetohydrodynamic

heat shield system for hypersonic vehicles

LI Kai, LIU Weiqiang
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Abstract: In order to analyze the feasibility of MHD ( magnetohydrodynamic) heat shield system for the nose cone of hypersonic vehicles, a

normal columned solenoid-based MHD thermal protection system model was built. By using the low magneto-Reynolds MHD model, a set of

numerical simulations for hypersonic nose cone with external magnetic field were performed; the feasible range of magnetic induction intensity of

normal solenoid-based MHD heat shield system was obtained; the requirements of the solenoids geometric parameters were drawn to meet the limit

of coil current density. Results show that, considering the saturation effect and the current density limit existing in the process of MHD thermal

protection, the system works better when the stagnation magnetic induction intensity B, is in the range of 0. 05 ~0.20 T. When B, is equal to

0.20 T, the stagnation heat flux density and total wall heat flux is reduced by 31.3% and 56. 6% respectively, indicating the effectiveness of

thermal protection. However, the required coil mass is so heavy that its structure must be optimized to be actually utilized.

Key words: magnetohydrodynamic flow control; hypersonic vehicle; thermal protection; solenoid magnet

AR (8] o P 3 AT 2 AT A
FBORHCE S B M RO . T
EGE LRI I AT A AT AR MRS A R AR AR Hik
i, LA TR T 228 B BT 7 (89
AT TR AT AT HERF ST, 0 7e LB A T
S JERIE A 4

R R BIT7 BE  f LA T 20 4D SO 4
PRAT JEFRAN L 1 /% (Il rh T Sy R H 3 2
BB WGV IR ) o WEBRA TR [ AR Y AR
HREVE T S I 7 2 B DX, =
PN B R R, R 3 A S A ELA T 2™ A S 8
7 )R S B AC 38 0, o &5 1 3 K7 D 4
H DT A ARR 25 Tl LB HE , S BRI A o s 4

«  UeFs HHEE:2015 -09 - 25

B R GEA RE R IO FLBE , T LG AL 5
H BT B B LAY, AN 2808 RATHr i 3R
TS ALY, ] SRy, AR 2P, m] R At
AP IIEECE M, R G AR A
Py n] AR 2R o

20 AR LK, @A BT P EOR B T —A
BRI G, X 18 25 T LA R R DR 57
EERAR DR B AL SR T 5 @ r A U I 4
PFREL s OF LGBk GBS RERR BRI A i @
FRL TG Iy 2 1 R e A o IR R IR 5T
JIr Bityurin 25 5 UCHESE T AR AN [R] A P R S HE
ARG BT P R 1 2 510 D BB A 1R
(A2 A B 4P AR 5 O s O S B 1Y

EETH :HEK QAR RS HIIH (90916018 ) ; #iHE4 A AR 34 9T BT H (13112002 )
EHE BN 2FF(1989—) , I IR P& A 5T 4, E-mail : LiKai898989@ 126. com;
XS GRGIESR) , 5B, 2092, 4 144 S0, E-mail : liuweigiang_1103@ 163. com



" 26 e PN

5538 &

B s iAgi 3 R e A

Fig.1 Schematic of magnetohydrodynamic

heat shield system
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Fig.2  Physical model of solenoid-based

magnetohydrodynamic system
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results and Miller’s results
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