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Abstract: This paper summarizes the types of existing pulsed MHD generators and their research progress
at home and abroad. Furthermore, the key technical and scientific issues in the process of MHD power generation
(near electrode voltage drop, boundary layer separation, Hartmann effect, power generation system modeling,
performance analysis, high magnetic Reynolds number, strong electromagnetic effect, impedance matching,
etc.) are reviewed and summarized in order to grasp the MHD dynamic behavior and the mechanism of energy
conversion, improve MHD generator performance. Then, three main applications in the aerospace field are intro-
duced, including MHD energy bypass, scramjet—driven air bone MHD power generation, and surface MHD pow-
er generation. Finally, the development trend of pulsed MHD technology is summarized and prospected, the aim
is to provide guidance and reference significance for its practical process.
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Fig. 1 Schematic illustration of PMHDG
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Table 1 Performance comparison of typical PMHDG
- i Soviet Russia USA MHD Co., (127 USA Artec USA Sandia

Parameter Union''* Velikhov!" LD CHINATEECAS ) Lrp Lab. "¢

Working fluid Plasma—forming fuel Explosive product plasma Shocked gas plasma slug
Conductivity/(S/m) 50 110 10000 - 18000 18500
Velocity/(km/s) 2.05 2.19 7.00 2.10 25.00 20.00

Magnetic field/T 2.5 2.0 2.8 22 5.6 9.4

Channel structure  Rectangle/expansion  Rectangle/expansion

Power generation

hannel size/ (0.9~1.6)% (0.9~1.4)%
channet sizefm 1.0x4.5 (0.5~0.94)x3.7
(dl,zxwl,le‘)
Voltage/V 2500 2600
Current/A 2.20%x10° 2.20%x10°
Power/W 5.10x10° 5.70x10°
P/(W/m*) 1.00x10° 1.50x10°
L] 7.4~8.6 5~10
Energy/J 1.9x10° 2.5x10°
Efficiency/% 12.0 18.0

Rectangle/linear

Rectangle/linear ~ Cylinder/ring Rectangle/linear

20%x15%x78 1.3%2.0% $3.8%16.0 1.27%5.08x%
(x107%) 20.5(x10™%) (x107°) 119(x107°)
1100 76 1840 10000
2.60x10° 6.77x10° 3.30x10° 1.80x10°
2.80x10° 4.3x10° 6.07x10° 1.80x10°
1.20x10'" 8.00x10° 3.32x10" 2.34x10"
1.0x107* 1.19x10™ 3.5x107° 2.0x107°
3.0x10* 41.7 1.4x10° 3.0x10°
1.6 1.2 - 0.08

Notes: d:Electrode spacing(The subscripts 1 and 2 indicate the inlet and outlet of the channel); w:Electrode width; @:Channel diameter; L:Length;

P,: Power density; ¢, : Pulse width.
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Fig. 8 Schematic of the four-ramp MHD-bypass scramjet system'
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Fig. 9 Geometry of MHD enhanced scramjet'®
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Fig. 10 Electric parameters distributions in the channel'™
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Fig. 11 MHD energy bypass system incorporating jet/gas turbine engines'
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(a) MHD power generation experiment

(b) Pumped plasma rocket with MHD

Fig. 12 MHD power generation at JP aerospace™

(a) Shock wave wind tunnel experiment system

(b) Plasma discharge image

i Supersonic
i airflow

Static air

(¢) RF discharge images in vertical flow
and in parallel flow

Fig. 13 Hypersonic MHD power generation experiment at air force engineering university”" ™
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Fig. 14 Scramjet-driven air borne MHD generator concept
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Fig. 15 Analytical domain and coordinate system'™"
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Fig. 16 Experimental scramjet driven DCW-MHD
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(b) Assembled MHD generator channel
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Fig. 17 Distributions of the current density and the current

streamline on the x-y plane®®
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Fig. 18 Scramjet-driven MHD power generation experiment in HVEPS project™!
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Fig. 19 Scenario of external MHD generator™

Miles 557 FE A TRAT 25 J8] Bl o T A v i B
T O A R R B T 52 2R B, 2 RAT AR AN S B R
HE AR 127, Sk WA 10em, KAT R 45~
60km , 3 Ji 2 6~Tkm/s ] , SN EB#E 38 4 0.27T, 1] LA
£ RAT 8% 3~5em JE R M & 7 oK 1930 72 h R A
T 07 2 IR LG Ty R A L (H DA 2508 I 1% wt A2 A7 1)
Bl 4 28R, W SRR VR e B Rh T, T R R R LA
EEE L WA, W5 R AT LUK B Y R RE
- BHL A 3G 5 T 7, o8 M i B2 $R IR 800k W T R
FH T RAT 28 3K 35 0 U 2 2 i v, A8 30 XU A DR A
FE 345 B 58 /0N | 7 1 A O Ak i A S 0 47 B BH )
W T 15% , B D26 BEAR T 32MW , THBE Fe 3 i, B
T4 #E 800KW Iy 1] DL 3K 453 32MW 4t Jy , HLih F 3%
A A SR S PR R PR R S T A,
i 1 Ak A B T AR Y L A T LAk — A SR T
[ 20 4 FF A RAT & 64T 1 A T 2R B BUR B

Seed injection slot MLIERIES O

Fig. 20 Diagram of a re-entry vehicle with the MHD power

extraction section between “fin” electrodes””

210294-13



Fa3% His i

2022 4F

Fujino 25 48 T P A K AT 28 ML 2K 2 W 28 /R
Tl L R W R AT F RE R B, AR 9E B, 24 RAT R
A 29 60km, 5.6km/s , A Il 1 3 5% FE AE 0.3~
0.5T N8k, il S IGH 3 IMW (1) Zh 5% 3 1 3 3% 671 2%
HL R VA I 3 K/ AT AAEAR SE e Bl (JLE T
FU 2 LI OO 2 il th D3 &1 21 A RAT kAT

Shock wave

Magnetic field Plasma flow

o,
ey

Fig. 21 Concept of on-board surface Hall type MHD power

generator for extracting electric power in re-entry flight*®

AL 28k 2 T JK AL U R & L ) R A A AR A R

H T & PR e R R T A RAT AR, B
SN H AW E TS (3 R AER
ZH0) T o — 20 BT AR D e AT AR
it & B ML BE A R )

Fujino 88 VBIF 5% T 24 BF M H A 37 1 R R %]
8 B, AN ) BH AR BE & O R R0 67 &) XoF B 38 3% 1H #E it
R LR RE R SE M . AT g SR R 1.35m, 7F
A 3 T A — R E L, BRIE B AL T B SRR, BR
TE B MR A F 8 30 B3 o 24 AT i R R 4y
60km 1 5.6km/s, ¥} il i % #% 3% & K A6y 0.5T B, WF
YW, W40 3 10 8 JK 0 MHD & W AL T A 550 2% il B
A B BE T AAGE B RS DR IMW . 4R JE BE
e E 18 B AR, — O T R R BH AR 5 I R =2 TR] ) B
ARl R RN BRI AN S — T
E B 5 B S T SE A X3 AT AR A 5 MHD AH B AR
14 SR B IR FL 3, T LU/ 457 i oAb 17 RE T A B

Takayama%ml]ﬁ'z:lﬁlﬁﬁﬁ?%g%ffl:*ﬂﬁ%‘%ﬁ%
JRB MHD & H ML 8 I 25 /< 8h ) 2 e 1 J T BUE AT
58, A KAT RSk AR o 1.35m, KAT Bk 52~
64km , B 55 A Jite i 48 B f 7 50 BE R 0.5, S5 R F£ W,
Bl CAT R R RN AR R b A T A
HAERENERSEWEE TR Wi RER, &
64km AT = B, AT EE )Rk 5.5MW, 1 28 L U R
2.5kA T 7E 52km CAT & R, BT ASRRAE B )2
FEA R S R LG R SR Z MHD A BLVE A B

TR BRI T F AL R 15kW . AN R AEIESE T 32
A7 (9 MHD % H AL AT A /D B i Ak ) BE T R0 B, HL
e 3t A A B R A BA A =2 1) A B I, B A =S BE
J3 4 B AT REME [ 22 g AN TR R AT SR E T R S B
J SRR Z AR &

-~-=Contour lines of electric power

i '~_I .'\_ Kt ‘\_ "4 51.9km
BV A NN —o— 557km
000 FiR N Ne— 59.6km ]
oL R N\ ~e—63.6km
= A ) N Mg
O \ A \ Y, BN
on \ \ \ . ~
£ 2000 | NN B
S} [ RN e Y\
i .
-§ \\ hy e ik\ ez =
= . L ™
\ N L e
1000 b Sy <3 vw-
0.5MW ™~ __ S
TeTe e AT IMW-
0 ' L L ]
0 1000 2000 3000

Load current/A

Fig. 22 Relationship between load voltage and load current
at each flight altitude""

— S AIF ST ALY 2 T e T i R h A
e JE] L MOHD AR B AR R 3 T 3 1R K fL S 5 F
55, U T — S g AR

Cristofolini Z&"' SE B WF 59X T 3 #8 75 T
e S R I 5 A S PR B9 MIHD AH B4 R 38 o s X
A e 7 XU B A R Ak 6 SRR T T
HE T DA B0 R T R TR AR VE R . SER R L A
A A MHD M EAER N AR s k£ T
AR A5 Ak, MHD A B AE FH R 3k B 56 i = A Bk
P2 H BN SR 1 X, BT I B S T
PRI, B2 1] 96 48 % 1 3 K, AH F A MHD A1 B 4E H
B S S22 o SRR AN o R R T 2 7% ~13% . I
Hb, S Y8R R L 377 BB AE 400~500V /m , i 2l 3 F
T 40% LY, & 23 Sy J6 MHD AH 5 AE F B4 2 0 3
PR 5256 18 o

1% % 197 5 5 Bl 2 BF 5T BE Bityurin 2521090 BE AT T
% THI W I MR R PR B SIS W T, Hh R S B R K B
(14 XTI 58 it B2 6 B 7 R AT R A MRS, SRR R

(a) Without MHD
Fig. 23 Experimental photographs of large test body'

(b) With MHD interaction

[102]

210294-14



FaA3E 8l

Jok e 3 S A v B AR T 5 i

2022 4F

Ui R 12, kg S5 B Sy 2, 47 7 K LA AT
S B 206 W A HL T3 i DA R TR R AR A R R A A Y
AT AL A B R R R R N R R R EL AT AR R R L
e N — 2B ST R BT A A, P 24 73 53 g BB A
Wh AR G e R G A e P e S B

Fig. 24 On-board electrical power generation at institute of

high temperature of Russian academy of sciences"""

285k 1 A AT 5 o A B S TR 85 3 Ik o G O AR
e BB AR N T B U AR BE A 55 B R o s A 2l L
Lo 2 T B it A 5 L B4 A PP BE 0 B A 3 AT, O E
ST HAEY R AT AR 09 AR Ik B0 AL 3
AR H A T 05 H A DR RE L A SC HE 2y
Br OSBRI B AR B 208 T o8 3% , [ S0 56 H R K e
T34k T 52 56 % B 5T B B B B AE A A5 0 R SR 1 T
FEALRL AT for 0k — 20 A Ji o 4% i SCR6 L 4R i i
PR BARTE AT 25 TR 04 T 5 2 4 75 B 3L 1A O 3 19
Z A LB, T 8 B Al 52 96 BF 7S, P4 1) O T 7
FHWETE o PRI, A BEAS W 0 % 08 ok e s O AR 2 H v
SR AR R 2 ) R4 BIF 5, 4 Bl v S O A
KRGS R R R TR TE L S TR ST Y
DA

5 FHit5RE

7 SO Ik e A e R B R A B 5 R O
oA R BE 27 ) A A 23 0 I 40 A = A 32 25 ]
J7 AT T 2R A 458 S AT

(D) Z e PR . B & i I
RS i RS Y = Z R 2 Y B G A
B RAR B 1 24 A7 R 2 2% T R 2 R iR B o3 B
Lo = A XA 55, 58 A WU A 30 1 24 e oy O
P20 f B HLRE D IR TR Y N=S J7 B L A 5E 5 MHD AR .
PR FI T B B U0 A U 20 0 5 % 55 S 1 AR B R A L 4

71N R FELE T P AR AE A A LB 20 BT T R R B R
BN R W AN R R P ANV Y VAN =R V2 ¢4
TiC B 20 X A FL R R B9 R L Sk IOk e AL 1 A AL LA
PB4 I BRI o0 B B 07 BRSO A . IR
T Y S BT 5 A G M B L A O 2l R A %
PEFABLEE

(2) fift 23 it % 40008 1) L AT 2 o O A i i 5%
% 52 R BE 05 A7 5 AR A o T R Sh FL B A G
o U 0 K5 i 7 A R DL Y, R e
A7 i o B T AR R 4R A PR RE . LOBRR vh R
S HILBIK By B i U AR A HL AT LR DR A% 58 S L T
B e TR, J0 kR Al AL G2 J7 aCBEAT T v 1 Bk i
MR T P B S R BRSBTS R R R
I 1] B ML R o b, 3R T R A A R R T LA
AT FE I AR OB BE B O PL B At L 3 AT
DA T AT 25 080 BH L2 3 T o Jok i i AR i v R T
AL 25 LR AR BT W B R B, AR O A B8 A
BUEMT TSR O AR5 1 HAE mf 77 AT 1 iR
B, SR AR 5 A9 52 5 BIF 5T 1 A BE 18 B TR R S T B
B, il 29 A i 8 A R AT AR N B — 2 SC B B R
BLAE B R B RO O S M TEAIR G
P R IR B AR O T O RO A R S
R L, R T AR 2 R T B4R ol A B g R
0 AU D 2, T R ik S AT 5, S KT AR R S
288 K BB R BE T R, DL G b B 1) TR N ]
W .

(3) 3 Z2 Bk 22 K e R = il R BRHEAE o Bk
G A A v AR B AF 5 I AN R gl S AT AT
FERAN AN 2l S JAR B 1 2 = RS s B
BT R REARER SRR AR R A
FH I A Bk A R (2 2 90 23 f K B AR 19 K e k4

PRUTTT , TG 78 D A2 AR BT S5t 300 J2 N7 A {EL, koo i O
R R H B AR R ARt s i SR v Y TR A P i A
T RABFIERIIRER
B RO E R AR SR BT

S 30k

[ 1] Velikhov E P, Afonin A G, Butov V G, et al. A New
Generation Pulsed MHD Generator [J]. Doklady Phys-
ics, 2019, 64(5): 238-243.

(2] kg, BRE, HAEL. TFRRmMm M) It
A JEHUTO R 5 R, 1998.

[3 ] #hER, BiRE, mal . kb g niik & B yLor oL
KRBT, @ HOAREIR, 2000, 10(6): 102-106.

[ 4] Jones M S, Blackman V H. Parametric Studies of Explo-

210294-15



Fa43% Hisl i

#

2022 4

[7]

[9]

[11]

[12]

[13]

[14]

[16]

sive—=Driven MHD Power Generators[ C]. Paris: Interna-
tional Symposium on Magnetohydrodynamic Electric Pow-
er Generation Conference, 1964.

/NG, BT, RO, AR T HBB AR R & Sl
o 7 i S I BB ). HEEREAR L 2010, 31(1):
12-17. (ZHENG Xiao—mei, LU Hao—-yu, XU Da-jun,
et al. Numerical Simulation of a Two—Dimension Scram-
jet MHD Controlled Inlet[J]. Journal of Propulsion Tech-
nology, 2010, 31(1): 12-17.)

Mhbmse , B2, B0 6 BRIk e & 55 K vl R
2B IR & AR B PE REBE WF T ()], it =5 3 g 2%
iz, 2012, 27(5): 999-1004.

ST, KR AE L B A R R b R R S AL A AT
FEl)). e AR, 2013, 34(1) : 140-144. (ZHANG
Yi-ning, LIU Zhen—de. Conceptual Research on Magne-
tohydrodynamics—Oblique Detonation Ramjet[J] Journal
of Propulsion Technology, 2013, 34(1): 140-144.)
WM, WP, RER, S BRTHTRBEN S
R B R L] SRR, 2013, 34(5):
706-712. (HUANG Hao, HUANG Hu-lin, ZHANG
Xi-dong, et al. Hypersonic Magnetohydrodynamic Gen-
erator Based on Electron-Beam—Generated lonization
[J1. Journal of Propulsion Technology, 2013, 34(5) :
706-712.)

Bscs, X1 T, T R S B bk g R
RUEBE R G R [1]. FAAEIR L 2005, 26(6) :
828-832.

Afonin A G, Butov V G, Sinyaev S V, et al. Rail Elec-
tromagnetic Launchers Powered by Pulsed MHD Genera-
tors[ J|. IEEE Transactions on Plasma Science, 2017, 45
(7): 1208-1212.

Afonin A G, Butov V G, Panchenko V P, et al. Multirail
Electromagnetic Launcher Powered from a Pulsed Magne-

tohydrodynamic Generator [J]. Journal of Applied Me-
chanics and Technical Physics, 2015, 56(5) : 813-822.
A . D ER RO A R L s R E TR (D).
BT E RS B LTRSS T, 2006.

AR, RGO L KR U AR A B LB S O e O
gEmELT]. fEdR I HOR, 2005, 1(5): 13-17.
Ishikawa M, Koshiba Y, Matsushita T. Effects of In-
duced Magnetic Field on Large Scale Pulsed MHD Gener-
ator with Two Phase Flow [J].
Management, 2004, 45(5): 707-724.

Baum D W, Gill S P, Shimmin W L, et al. High-Power
Pulsed Plasma MHD Experiments[ﬁ}. California: Artec
Associates Inc, 1982.

Agee F J, Lehr F M. Vigil M, et al. Explosively=Driven
Magnetohydrodynamic(MHD) Generator Studies[ C]. Al-
buquerque: 10th IEEE International Pulsed Power Confer-
ence, 1995.

Energy Conversion and

[19]

[22]

[23]

[25]

[26]

[27]

[28]

[29]

[30]

[32]

210294-16

B, MUK, 2 ok, L SR TR IR R
W LT]. IR TR A#4R , 2018, 5(4): 331-346.
A, AR, WL, FL S S AR
CREH AN N S )] it kg, 2017, 47(1):
452-502.
Litchford R J, Thompson B R, Lineberry J T. Towards
Integrated Pulse Detonation Propulsion and MHD Power
[R]. AIAA 99-3662.
Litchford R J, Thompson B R, Lineberry J T. Pulse Det-
onation Magnetohydrodynamic Power[J]. Journal of Pro-
plusion and Power, 2000, 16(2): 251-262.
Litchford R J, Jones ] E, Dobson C C, et al. Pulse Deto-
nation Rocket MHD Power Experiment[ R]. AIAA 2002-
2231.
Koshiba Y, Yuhara M, Ishikawa M. Two—Dimensional
Analysis of Effects of Induced Magnetic Field on Genera-
tor Performance of a Large—Scale Pulsed MHD Generator
[R]. AIAA 2004-2368.
Ishikwa M, Yuhara M, Fujino T. Three—Dimensional
Computation of Magnetohydrodynamics in a Weakly lon-
ized Plasma with Strong MHD Interaction[J]. Journal of
Materials Processing Technology, 2007, 181(1) : 254-
259.
BT, ek PR R o B R L B
MR, R B $ORBE 2, 2010, 40(5) -
496-502.
R A . R A AR A 4 R A AR TR R R L R G
RERFIERFSEID]. dbat: hEREBE KA, 2017,
KT, £ OB, WER, OSSR R
S B 1 2 E R BCE A, IR R R (L%
JZ), 2019, 49(1): 101-106.
Kim D K, Seo M S, Kim I. Lagrangian Simulation of Ex-
plosively Driven Magnetohydrodynamic Generator [J].
Journal of Applied Physics, 2003, 93(11): 8884-8889.
Hardianto T, Sakamoto N, Harada N. Three—Dimension-
al Flow Analysis in a Faraday-Type MHD Generator[J].
IEEE Transactions on Industry Applications, 2008, 44
(4): 1116-1123.
Kobayashi H, Shionoya H, Okuno Y. Influence of Non—
Uniform Magnetic Flux Density on Turbulent MHD Flows
in a Liquid Metal MHD Power Generator [R]. AIAA
2011-3602.
Satake S, Maeda T, Shimzu K, et al. Study of Influence
of Induced Magnetic Field of Liquid Metal MHD Genera-
tor Experimental Facility[ R ]. AIAA 2007-4022.
Koshiba Y, Matsushita T, Ishikawa M. Influence of In-
duced Magnetic Field on Large—Scale Pulsed MHD Gen-
erator[ R]. ATAA 2002-2145.
Panchenko V P. Preliminary Analysis of the “Sakhalin”



a3k sl

Jok e 3 S A v B AR T 5 i

2022 4F

[33]

[36]

[37]

[39]

[40]

[41]

[44]

[45]

World Largest Pulsed MHD Generator[ R]. AIAA 2002-
2147.

Pain H J, Smy P R. Experiments on Power Generation
from a Moving Plasmal[J]. Journal of Fluid Mechanics,
1961, 10(1): 51-64.

Hill W G, Page R H. Self-Excited Explosive=Driven
MHD Generator[ J]. AIAA Journal, 2012, 50(5): 942-
944.

Ahn J W, Choi J S, Lee J, et al. The Effects of Resis-
tance and Inductance of an External Load on the Perfor-
mance of Explosively Driven MHD generators [C]. Nor-
Jfolk: International Power Modulator Symposium , 2000.
Senior P, Stewardson H R, Smith I R, et al. A Compact
Self-Excited Pulsed MHD Generator with Novel Power
Conditioning [C]. Albuquerque: IEEE International
Pulsed Power Conference, 1993.

Senior P, Smith I R, Stewardson H R. Pulsed Magneto-
hydrodynamic Generators [ C]. London: IEE Colloquium
on Pulsed Power, 1996.

Sha Ci-wen, Zhao Lin-zhi, Peng Ai-wu. Gun-Type Liq-
uid Metal MHD Pulse Generator Concept and Analysis
[R]. AIAA 2011-3289.

B OB, MBS, F 2% —MUSERS S
=R R Wi 7 SR Ao N 5 AL O B Sl EE
CN1066851804, 2017-05-17.

Braun J, Saracoglu B H, Magin T E, et al. One Dimen-
sional Analysis of the Magnetohydrodynamic Effect in Ro-
tating Detonation Combustors[J]. AIAA Journal, 2016,
54(12): 1-7.

Braun J, Saracoglu B H, Magin T E, et al. Mono Dimen-
sional Analysis of the Magnetohydrodynamic Effect in Ro-
tating Detonation Combustors[ R]. AJAA 2016-0898.

T R R S O SR (D]
TLIn: ZRE R, 2009.

WHHE, FEME, UL, & ORARKE L ERE
R OBE 2 O U B R AL L] KR A
2017, 40(5): 98-101.

KH, FEME, £, F. ERRIE R RIRRERZ
X G 3t & F s e R ACE SR SR LD ). fR BEAE
2017, 9(9): 19-21.

Velikhov E P, Dogadaev R V, Panchenko V P, et al.
Study of Properties of Combustion Products of Advanced
Solid Plasma—Generating Propellant for Pulsed MHD
Generators [ J . Doklady Physics, 2010, 55(7) : 338-
343.

JA R, B, TN B S b Ay S2 I
BJ]. &aeM R, 2005, 13(3): 148-149.

Cambier J L. MHD Power Extraction from a Pulse Deto-

nation Engine [C]. Cleveland: AIAA/ASMEISAE/IASEE

[48]

[49]

[50]

[51]

[52]

[53]

[55]

[56]

[58]

[59]

[61]

210294-17

Joint Propulsion Conference and Exhibit, 1998.
Matsumoto M, Murakami T, Okuno Y. Numerical Stud-
ies of Flow Behavior and Performance in a Pulse=Detona-
tion-Driven MHD Generator[ R]. AIAA 2007-4130.
Matsumoto M, Murakami T, Okuno Y. Numerical Simu-
lation on the Performance of a Pulse Detonation Driven
MHD Power Generator[J]. Journal of the Japan Society
for Aeronautical and Space Sciences, 2008, 56 (648) :
34-40.

Jiang H, Liu J, Luo S C, et al. Hypersonic Flow Control
of Shock Wave/Turbulent Boundary Layer Interaction Us-
ing Magnetohydrodynamic Plasma Actuators[]J]. Journal
of Zhejiang University Science A (Applied Physics & Engi-
neering) , 2020, 21(9): 745-760.

Korotaeva T A, Fomichev V P, Yadrenkin M A. Numeri-
cal and Experimental Simulation of Magnetohydrodynam-
ic Interaction in a Hypersonic Flow of a Blunt Body[J].
Journal of Applied Mechanics and Technical Physics,
2020, 61(2): 162-170.

XN TCAR, A0, HOBREE M PR R A R G R R BB R
MAWETELT]. MAMK, 2017, 23(2): 202-206.
Gurijanov E, Harsha P. AJAX: New Directions in Hy-
personic Technology[ R ]. AIAA 96-4609.

KRN, HROR A, SEIEAN . MHD 8 2 55 I R o i &
SHLAT AT BT [0 ] B ST 23 it R R4 24, 2009,
35(3): 272-275.

Fraishtadt V L, Kuranov A L, Sheikin E G. Use of MHD
Systems in Hypersonic Aircraft [J]. Technical Physics,
1998, 43(11): 1309-1313.

Park C, Bogdanoff D W, Mehta U B. Theoretical Perfor-
mance of Frictionless Magnetohydrodynamic Bypass Sc-
ramjets [ J]. Journal of Propulsion and Power, 2001, 17
(3):591-598.

Park C, Mehta U B, Bogdanoff D W. Magnetohydrody-
namics Energy Bypass Scramjet Performance with Real
Gas Effects[J]. Journal of Propulsion and Power, 2001,
17(5): 1049-1057.

Kaminaga S, Okuno Y, Yamasaki H. Quasi—One Dimen-
sional Analysis on MHD Energy Bypass Scramjet Engine
Performances[ R]. AIAA 2003-4286.

Kuranov A L, Sheikin E G. Magnetohydrodynamic Con-
trol on Hypersonic Aircraft under “AJAX” Concept[J].
Journal of Spacecraft and Rockets, 2003, 40(2) : 174-
182.

Gaitonde D V. Magnetohydrodynamic Energy—Bypass
Procedure in a Three-Dimensional Scramjet[J]. Journal
of Propulsion and Power, 2006, 22(3): 498-510.
Gaitonde D V. Effect of Hall Currents on Simulated

Three—Dimensional Scramjet with Magnetohydrodynamic



Fa43% Hisl i

#

¥N

2022 4

[63]

[64 ]

[67]

[68]

[72]

[75]

Bypass[J]. Journal of Propulsion and Power, 2006, 22
(3): 700-703.

KRN, 2065t . R U A A R R v Rk S LA
BT, s 8l J %4k, 2012, 27(10) : 2390-
2400.

BTG, B, W, S5 Hall UV 0 = 48 6 14
RS, J1% R, 2008, 40(3) : 306-314.
T, ER M, B SC. T e R R
MHD-Arc-Ramjet B¢ & 05 ¥R [J]. fi2s %4, 2007, 28
(4): 769-775.

T, BR800 S0, £ 90 IR X MHD-Are-
Ramjet B¢ & 16 31 K s WL HERE s m [ )], HESEH AR,
2008, 29 (6) : 759-763. (YU Da-ren, TANG Jing-
feng, BAO Wen. Effects of Multi-Stage Arc on the Per-
formance of MHD—Arc-Scramjet Combined Cycle Engine
[J]. Journal of Propulsion Technology, 2008, 29 (6) :
759-763.)

g 3¢, FEHE, Fik{. MHD-Arc—Ramjet B¢ 47§ 5
5 AJAX R A PEBE LLBELT ). o027 4k . 2007, 28(1):
157-161.

Blankson I M, Schneider S. Hypersonic Engine Using
MHD Energy Bypass with a Conventional Turbojet [R].
AIAA 2003-6922.

Benyo T L. The Effect of MHD Energy Bypass on Specif-
ic Thrust for Supersonic Turbojet Engine [R]. AIAA
2010-232.

Schneider S J. Annular MHD Physics for Turbojet Ener-
ey Bypass[R]. AIAA 2011-2230.

JP Aerospace. Year 2010 Review Picture [EB/OL].
http : llwww.jpaerospace.com, 2014.

AR 3, ANLL, A R, AL RE T IO XU e
G AR S T AR ST RG], s AR, 2011, 32
(6): 1015-1024.

ZENLLL, ZEA5 30, R IR R R R IR
(MHD) -85 HE & R Sl w2 Se s s [ cl. sl
B T A I e S R A AR 2, 2000.

Yang P Y, Zhang B L, Li Y W, et al. Investigation of
MHD Power Generation with Supersonic Non—Equilibri-
um RF Discharge [J].

2016, 29(4): 855-862.
woOW, ZERR S, KA R, SF L WIRBR RS T H R
LI R GRS [T]. AR, 2015, 36(5):
774-779. (GAO-Ling, LI Yi-wen, ZHANG Bai-ling,

Chinese Journal of Aeronautics,

et al. High Temperature MHD Technology System Design
and Commissioning Experiments [J]. Journal of Propul-
sion Technology, 2015, 36(5): 774-779.)

BRI, KE R, wW, L B R R R
A g A g (], R AR 2017, 38(6) -
1419-1426. (LI Yi-wen, ZHANG Bai-ling, GAO Ling,

[77]

[79]

[80]

[81]

[84]

[85]

210294-18

et al. Research on Generation and Control of High Tem-
perature Gas in MHD Power Generation [J]. Journal of
Propulsion Technology, 2017, 38(6): 1419-1426.)
TR, BB, a5 50, 5L o BOk s AR &
HL 3 T s R M BCE L] HEEROR , 2016, 37
(8) : 1594-1600. (ZHANG Bai-ling, DUAN Cheng—
duo, LI Yi-wen, et al. Numerical Simulation of Seg-
mented Faraday MHD Power Generation Channel Flow
Field Characteristics[J]. Journal of Propulsion Technolo-
gy, 2016, 37(8): 1594-1600.)

LiYW, LiYH, LuHY, etal. Preliminary Experimen-
tal Investigation on MHD Power Generation Using Seeded
Supersonic Argon Flow as Working Fluid [J]. Chinese
Journal of Aeronautics, 2011, 24(6): 701-708.
Lineberry J T, Begg L, Castro J H, et al. Scramjet Driv-
en MHD Power Demonstration HVEPS Program [R].
AIAA 2006-3080.

Lineberry J T, Begg L., CastroJ H, et al. HVEPS Scram-
jet=Driven MHD Power Demonstration Test Results [R].
AIAA 2007-3880.

Lineberry J T, Begg L, Castro J H, et al. Scramjet Driv-
en MHD Power Demonstration Test=-HVEPS Project Over-
view[ R]. AIAA 2006-8010.

Takahashi T, Fujino T, Ishikawa M. Comparison of Gen-
erator Performance of Small-Scale MHD Generators with
Different Electrode Dispositions and Load Connection
Systems [J]. Journal of International Council on Electri-
cal Engineering , 2014, 4(3): 192-198.

Nagakubo Y, Yamashita T, Takahashi T, et al. Compari-
son of Generator Performance of Small-Scale Diagonal
and Faraday MHD Generators[ R ]. AIAA 2010-4302.
Takahashi T, Fujino T, Ishikawa M, et al. Three-Di-
mensional Analysis of Power—Take-Off Regions of Exper-
imental Scramjet Driven MHD Generator [R]. AIAA
2008-4330.

Takahashi T, Fujino T, Ishikwwa M. Performance Analy-
sis of Experimental-Scale Scramjet Engine Driven DCW -
MHD Generator[J]. IEEE Transactions on Electrical and
Electronic Engineering, 2013, 1(8): 440-445.
Hardianto T, Sakamoto N, Harada N. Computational
Study of a Diagonal Channel Magnetohydrodynamic Pow-

er Generation | J|. International Journal of Energy Tech-

nology and Policy, 2008, 6(2): 96-111.

Niwa N, Takahashi T, Fujino T, et al. Three-=Dimen-
sional Analysis of Generator Performance of Large—Scale
DCW-MHD Generators with Circular and Square Cross—
Section| R]. ATAA 2012-3177.

Niwa N, Takahashi T, Fujino T, et al. Performance
Comparison of Scramjet-Driven Experimental DCW-

MHD Generators with Different Cross Sections[J]. Elec-



a3k sl

Jok e 3 S A v B AR T 5 i

2022 4F

[89]

[91]

[92]

[93]

[94]

[95]

[96]

trical Engineering in Japan, 2014, 187(2): 9-16.

Inoue M, Ohkuma H, Takahashi T, et al. Study of Ef-
fects of Electrode Configuration of Full-Scale Scramjet
Driven DCW MHD Generator with Three—Dimensional
Analysis[R]. AIAA 2010-4304.

Harada N, Kikuchi T, Lineberry J T. Numerical Simula-
tion for Hypersonic Vehicle On—Board Magnetohydrody-
namic Power Generation[ C]. Johor Bahru: IEEE 2nd In-
ternational Power and Energy Conference, 2008.

Bityurin V A, Bocharov A N, Popov N A, et al. To On—
board MHD Power Generation [C]. Moscow: 20th Inter-
national Workshop on Magneto—Plasma Aerodynamics,
2021.

Bityurin V A, Bocharov A N. MHD Generator Onboard
Space Vehicle [J]. Technical Physics Letters, 2011, 37
(8): 66-70.

Wie D V, Nedungadi A. Plasma Aerodynamic Flow Con-
trol for Hypersonic Inlets[ R]. AIAA 2004-4129.

Chen G, Lee C H, Zhang J B, et al. Modeling and Para-
metric Studies of External MHD Generators [R]. AIAA
2009-1233.

MR WD, SRENAT, ZRMRE . FEOARAT 8% 5K I RE R AK
A R AU ) ). b st A R R 4Rk, 2010,
36(2): 135-139.

Chen G, Zhen H, Li X, et al. Numerical Simulation of
External MHD Generator on Board Reentry Vehicle (1.
Journal of Automation and Control Engineering, 2016, 4
(4):273-278.

Macheret S O, Shneider M N, Candler G V. Modeling of
MHD Power Generation on Board Reentry Vehicles [ R].

[98]

[99]

[100 ]

[101]

[102]

[103]

[104]

210294-19

AIAA 2004-1024.

Miles R B, Macheret S O, Shneider M N, et al. Plasma—
Enhanced Hypersonic Performance Enabled by MHD
Power Extraction[ R ]. ATAA 2005-561.

Fujino T, Ishikawa M. Feasibility of an Onboard Surface
Hall Magnetohydrodynamic Power Generator in Reentry
Flight[ﬂ. Journal of Propulsion and Power, 2009, 25
(1): 83-93.

Fujino T, Yoshino T, Ishikawa M. Prediction of Genera-
tor Performance and Aerodynamic Heating of Reentry Ve-
hicle Equipped with On—Board Surface Hall Type MHD
Generator[ R]. AIAA 2008-4225.

Fujino T, Yoshino T, Ishikawa M. Aerodynamic Heating
of Reentry Body Equipped with Onboard—Surface Hall
Magnetohydrodynamic Generator [J]. Journal of Propul-
sion and Power, 2010.

Takayama Y, Yoshino T, Fujino T, et al. Generator Per-
formance and Aerodynamic Characteristics of Space Vehi-
cle Equipped with On—Board Surface Hall MHD Genera-
tor[ R]. AIAA 2009-3906.

Cristofolini A, Borghi C A, Carraro M R, et al. Hyper-
sonic MHD Interaction on a Conical Test Body with a
Hall Electrical Connection [J]. IEEE Transactions on
Plasma Science, 2008, 36(2): 530-541.

Bityurin V, Bocharov A N, Baranov D S, et al. Study of
MHD Flow Control and On-Board Electrical Power Gen-
eration[ R]. AI4A 2006-1008.

Bityurin V, Bocharov A N, Baranov D S, et al. Power
Extraction Experiment with a Surface MHD Generator in

Hypersonic Airflow[ R]. AIAA 2007-3882.

(it . R L)



