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EXPERIMENTAL STUDY ON INERT GAS MAGNETOHYDRODYNAMIC
POWER GENERATION BY DETONATION-DRIVEN
Lu Ziyin** Zhang Xiaoyuan™) Li Jinping" Ma Hu*
*( State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Beijing 100190, China )

*( School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China )

Abstract As a special high-power pulse supply, magnetohydrodynamic(MHD) power generation device has many
advantages, such as high efficiency, large capacity, and fast startup. The key to restrict the development of it is how
to obtain the working gas with high conductivity. The driving capacity of detonation-driven is far beyond the
conventional mode. It has unique advantages in providing high temperature and high conductivity gas. Applying the
detonation-driven shock tube technology to MHD power generation is beneficial to breaking through the technical
bottleneck, so an experimental study of inert gas MHD power generation based on detonation-driven shock tube was

carried out. According to different ignition positions, detonation-driven shock tube can be divided into backward
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mode and forward mode. Backward detonation-driven mode can provide a long time and stable state of the gas, while
forward detonation-driven mode has the advantage of producing high enthalpy gas. The test system is composed of
detonation-driven shock tube, Laval nozzle, power channel, electromagnet, vacuum tank, load resistance and other
measuring devices. In the test, plasma flow is generated by backward or forward detonation-driven shock tube. The
inert gas is compressed to high temperature and high conductivity by shock wave, ionized into conductive plasma.
The plasma accelerates to high speed inside the nozzle, then cut the magnetic induction line in linear shaped faraday-
type generator to generate electricity. Under the condition of 0.9 T magnetic induction intensity, the stable output
power at 3.5 Q load reaches 1.9 kW by backward detonation-driven with a duration of 1.5 ms. With an external load
0f'0.035 Q, the generator can produce up to 212 kW for a short time within 0.3 ms by forward detonation-driven, and
the power density is 0.2 GW/m?>. The experiment successfully verified the feasibility of inert gas MHD power

generation by detonation-driven shock tube. And it provides a new method for the application and development of

high-power pulse supply.
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Fig.2 Schematic diagram of detonation-driven
MHD power generation
OB e — e P AL el AT T BAR
R EBO, ER B R4 A AR DR R
H T 77 A R RS 1 e iR U, S 1 R ] A BE
(IS T et AR SR AR B R ) BB Y,
B AR RIS DRSS, R Rsh Byl
GRS TN GBI S i AL Ms $5E 19 o NS0 B
By, e 5 AR LE R 7 R L i R R
NSO S S W BIIRIRAS (4 XD FIHR
FIBEAIIRE (LX) HIIHHK

iz 27/1 M2_71_1
R n+l 7+l

2y, (5)
— 471
fp_ramla M, — 1y
n+la, M,

b ag M ag 70500 4 XA 1 XA 2R A4
GEIRAS 2 SE T, NS S A EL Ms 5 3R B0 U AT

IS AMAMIE LG Po/Py AL a/ar RIEFDE, 7RI
IS MREABES T, S5 4 XIS SAAE S
R A R T IR A3 5N S -

1R LIRS R TR A W SR & B BT AR I &
SARAENIRBNIE, BRI 1Al IAWIGE 7SR 11 20
U b FE—AREMAMEEN, FeHE LR A
RS, BBk, WS A 1) o — e 4
MR . Ao id BRI TR AN 2 S ML ) SE B, PR
Mk 2 e s A NIRRT I N BE, R R IR
FrEmZE C EHBY. (R REE I 5 23 W R — R 7] ) £
B R, EERENIERT, SAEEE
HEF L, # R L A B EiRERE .
TRIER G MIRE = RALT CIIRE, B R A K
WA PR, #RREAE A Bt & I Ik 3h <Ak,
B2 T A N TR A R 1 R A4 22 DK sl U =X
TF [ 25 SR Bl A s R AR 22 KBl . 3 1R i R R T
BAFE, HEARGMBERKXH, VLK 3.

1F (AR SR sh i i ) 3y, BERsh B
BB A, AR B AT A B Ao
U . SRR, R BT IK AN B
A R HAETE . BIARE AL, RSB AARRA S
OO, 8 i = R IR s Sk . B S s
FE R, DRSNS AAREE N A DR 5l B [ B R BN S 3
1B WAL TT 175 N AL 3% 7 I S5 AR, BT
PR 5 R R I, 2w, NS
ANWTEEYRR, DRI IF )R DK Bl B IR B e A5, (HS
MR EAE.

S R IRE LLEL 3(b) s, FESRS)BOA ]
A IREN B, SR B o T i S R
B o DR Bl B ity S A A% i AR A, R ik
RETBERITHE, SR — A E s R AU
Je BRI I IR B By RiEAE R, AR S R
RV NIREN SR, TERE R B 25 T RN . N
SR e FLAE St I 11 S SR, R U A R Bh B )
AR (1 X)) HEAT IR, 193354965 1 sl &k
AR (5 XD



VAR &

¥

Chinese Journal of Theoretical and Applied Mechanics

(a) IERREIRS
(a) Forward detonation-driven
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(b) Backward detonation-driven
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Fig.3 Wave diagram of detonation-driven
MHD power generation
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(6)

Performance parameters of backward
detonation-driven shock tube

Type Parameter

Mole ratio of driver gas H2:0,=2.5:1
Initial pressure of driver gas [<10°Pa] 4

Driven gas Ar
Initial pressure of driven gas [Pa] 2500
Incident shock Mach number 9.8
Ts [<103K] 13
Ps [<10®Pa] 15

R 2 IEFREREICE TR S
Table 2 Performance parameters of forward

detonation-driven shock tube

Type Parameter

Mole ratio of driver gas H2:0,=3.5:1
Initial pressure of driver gas [<10°Pa] 4

Driven gas Ar
Initial pressure of driven gas [Pa] 1250
Incident shock Mach number 14
Ts [<103K] 16
Ps [<10®Pa] 2.5
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Table 3 Working conditions

Type Parameter
Driven gas Ar
Ts(backward detonation-driven) [K] ~ 1.3x10*
Ps(backward detonation-driven) [Pa] ~ 1.5x10°
Ts(forward detonation-driven) [K] 1.6>10*
Ps(forward detonation-driven) [Pa] 2.5x10°
Avrea ratio(Exit/Throat) 2

Load resistance [Q2] 0.035~3.5
Magnetic flux density [T] 0.9

Kl 4 13 LIRS RETRAR K F e o
Fig.4 MHD power generation equipment
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(b) The stagnation pressure curve
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Fig.5 Pressure testing results of shock tube

XoF AE R H L S Vs B B Y R A R B ALY
HIREAT T W5, IR 6, A AR
(1) AR ARYERRAE 2.4, AT A EREIRE, |
O T VLI BE VA ) R AR, AR BAE I 5 18 TE
e L S TR K R N A A e o P I e TR VN
&, A EIETE N R EZ) 6400 K, 77 0.075 MPa.

Kl 6 HiE A Sk A

Fig.6 Distribution of mach number in the channel

K7 et 7B b ANk 3.5 Q I, AR
B S FL s L R AT A S D % R P ] PR AR A
2R AR A A — 3, FEDEAS 5 A AT o B
RO, B 5 B AR P ROIRAS , 4EHFIS T2 1.5 ms,
IR N [ . SR H R R EBOE R, W
HIT AR U — W B), 7 A —TE 1) T ¥l O AL
HIE N AL FR R RSN . R LIS S B A REAH I,
V46 R 7140 50 Pa, [T AL AR 38 o SRR
TBTE A 5 A B R 2 iR A B, WX )
SR IR S R RE, TERL T IEE. BB
) 1.5ms N, SAEMIm -T2 IR 23 A, PR
Hoh 82V, REEET 5 MR o=
TETRER, FYIHRL 1.9kW, &R IIRIE
B 2.4kW, BB ET 26 A, B 92V, N T (S
SRVER R IAAAE, BRI 45 R wT Sett, fEM A
ISR NHEAT T EERR, MWE 7(b)rT LAE T
RS B AR R I FRFE AR, HRAEFIE
FEACHHXS N, 16 ) B ML

(a) L[k, FHULHERT (A A2 1k fh 2k

(a) Curve of voltage and current with time

Cb) i t Dy R B v ) AR A4, 2k
(b) Curve of output power with time
K7 5038 3.5 I 5[] 1 B S At R 5 P
[RCTEE S
Fig.7 Results of backward detonation-driven MHD
power generation under 3.5Q load resistance
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Fig.8 Results of forward detonation-driven MHD
power generation under 1Q load resistance
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Fig.9 Results of forward detonation-driven MHD
power generation under different load resistance
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