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Formulation of the basic_grounds for the development of a clean MHD electrical
power generation harnessing solar energy
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The aim of the research is to formulate the basic grounds for the development of
an environmentally clean MHD electrical power generation harnessing solar energy, where high temperature
inert gas plasma is used as a_working fluid without any seed material. The MHD generator performance
which 1s competitive or superior to that of the conventional seed plasma MHD generator has been obtained
in a shock tunnel experimental facility. Furthermore, the electrical power generation harnessing the
energy of C02 laser which is as an alternation of solar pumped laser has been experimentally demonstrated
for the first time. These results obtained in the research are quite innovative and originative in the
long history of MHD power generation research and development in the world, and the objective in the
research has been successfully achieved.

MHD




1)

)

(L-SSPS)

1)

(2) Co,
(1)
10.8m 130mm
47
10,000K
0.2MPa
(ON/OFF)
ON
M @] I _‘..-p-rcnnd,::glqnﬁl
A
:
'Jumlp'[ank
1
2
9,000K
0.105MPa, 47
16.7kW 12.9

235MW/m? 4



E O op Presureport  Optical window
£ Pitot tube
; 20k
= %
E ppFlowin . e B _.Flowout___, |
=
E 20 |
= 0 Throat Electrode(Tpairs) Potemtialprobe
00 30 o U 1V S v R 1)
Streamwise length [mm]
2
3
4
= /
(7500K)
8000K

(3.0%(7500K), 7.9%

(8000K) , 10.8%(8500K) , 12.9% (9000K))

(0. 1%(1T),

2.5%(2T),7.5%(3T), 12.9%(4T))

Enthalpy extraction ratio [% ]

b) Ti=8000K (c) Ti=0000K
3
15 T T
P, =0.105\Pa i
10F } @gg b
Ry,.q=0.5Q
5t } [ ] Rﬁj—lnﬂ’
Ry,.q=2.0Q
" Riga=3.00
o-e—e . L !
7000 8000 9000 10000

Inlet total temperature[K]

7500K

)

—— H Ionization degree
0.001 0.002 0.003 0.004 0.005 0.006

miml

(a) Tin=9000K

| O ITonization degree
0.001 0.002 0.003 0.004 0.005 0.006

(b) Tin=7500K

6000K

8000K

9000K

co,



[\mpu\sedwsmarge 2‘“\2: - LJ:T
| 1 ad TT,LQ
jii;z\—;/robe ——
6
6
2
1)
5.0V
11.3V
2.3
900y s, 400u s
0.4
2)
3) 18%
4)
0.07w

0.19w

co,

s

Alﬁﬂﬁﬁlil
aaa
EH555
Rogowski coil
co.LasEr | ™= D
- P

LASER
pe———
8
8
2
10 kPa 30 Q
36 mW
1L us 15 us
2
100
3
10 ps
3
2 z
3

oujul o u



Laser

NV R L—H—EREIMHDRE
Ya—XFYAL IV RT L

MHD generator

—

Radiator

C. D. Maxwell, and L. N. Myrabo,
“ Feasibility of Laser-Driven
Repetitively Pulsed MHD Generators” ,
Proc. AIAA 18th Thermophysics Conference,
AlAA-83-1442, 1983, Montreal (Canada)

M_.Tanaka, T.Murakami, Y.Okuno, “"Plasma
Characteristics and Performance of
Magnetohydrodynamic Generator with
High-Temperature Inert Gas Plasma™, IEEE

Trans. Plasma Science, , Vol.42,
2014, 4020-4025
DO1:10.1109/TPS.2014.2365591
MHD
Vol .62, 2014, 170-176
DO1:10.2322/jjsass.62.170
MHD
, , 134 , 2014,
620-625
DO1:10.1541/1eejpes.134.620
MHD
. , 134

, 2014, 614-619
DOI:10.1541/1eejpes.134.614

MHD

, , 134 , 2014, 464-469
DOI:10.1541/1eejpes.134.464

T.Murakami, Y.Zhuang, Y.Okuno, "High-
temperature inert gas plasma
magnetohydrodynamic energy conversion by
using linear-shaped Faraday-type channel™,
Journal of Applied Physics, ,
Vol .113, 2013, 063303-1 - 063303-6
DO1:10.1063/1.4792056

H_Kobayashi, H.Shionoya, Y.Okuno,
"Turbulent duct flows in a liquid metal
magnetohydrodynamic power generator™,
Journal of Fluid Mechanics, ,
Vol .713, 2012, 243-270
DO1:10.1017/jfm.2012.456

T.Murakami, Y.Okuno, “Magnetohydro-
dynamic electrical power generation using
convexly divergent channel 11. Numerical
simulation™, Journal of Physics D: Applied
Physics, , Vol .44, 2011, 185202-1 -
185202-10
DO1:10.1088/0022-3727/44/18/185202




T.Murakami, Y.Okuno, “Magnetohydro-
dynamic electrical power generation using

convexly  divergent  channel l.
Experimental demonstration™, Journal of
Physics D: Applied Physics, ,

Vol .44, 2011, 185201-1 - 185201-8
DO1:10.1088/0022-3727/44/18/185201

M.Matsumoto, T.Murakami, Y.Okuno,

L.Wang, Y.Zhuang, T.Murakami, Y.Okuno,
Magnetohydrodynamic Energy Conversion
with Supersonic Argon Plasma Flow” , Proc.
of the Asian Joint Conference on
Propulsion and Power AJCPP2012-007,
2012.3.2,

K_Watanabe A.Kawasaki
T.Murakami "Experimental Studies of

Y.Okuno

"Two-dimensional Numerical Simulation on
the MHD Flow Behavior in a
Pulse-Detonation-Driven MHD Electrical
Power Generator™, IEEJ Transactions on
Electrical and Electronic Engineering,

, Vol.5, 2010, 422-427
DO1:10.1002/tee. 20555

MHD

FTE-14-38, 2014.11.26,

M.Tanaka, T.Murakami, Y.Okuno
"Numerical Simulation of Performance of a
High Temperature |Inert Gas Plasma
Faraday-type MHD Generator with Segmented
Electrodes™, 12th International Energy

Conversion Engineering Conference,
AlAA-2014-3557, 2014.7.28,
M_Matsumoto, S.Takagi, Y.Okuno

"Feasibility Study of a Laser Beamed
Magnetohydrodynamic Energy Conversion®,
The Asian Joint Conference on Propulsion
and Power AJCPP2014-059, 2014.3.7,

T.Murakami, M.Tanaka, F.Komatsu,
Y.Okuno, "Magnetohydrodynamic  energy
conversion using high-temperature
inert-gas plasma™, The XXXI International
Conference on Phenomena in lonized Gases,
PS4-110, 2013.7.18,

M.Tanaka, Y.Zhuang, F.Komatsu,
T.Murakami, Y.Okuno, “Experiments of High
Temperature Inert Gas Plasma MHD Power
Generation with a Faraday Type Generator™,
43nd AIAA Plasmadynamics and Lasers
Conference AIlAA-2013-2889, 2013.6.25,

MHD

FTE-13-037, 2012.9.27

Seed-Free Pure-Inert-Gas Working MHD
Power  Generation™ 42nd  AIAA
Plasmadynamics and Lasers Conference in
conjunction with the 18th International
Conference on MHD Energy Conversion
(ICMHD) AlAA-2011-3286, 2011.6.27,

T.Murakami Y.Okuno "Experiment and
simulation of MHD power generation using
convexly divergent channel”  42nd AIAA
Plasmadynamics and Lasers Conference in
conjunction with the 18th International
Conference on MHD Energy Conversion
(ICMHD) AlAA-2011-3287, 2011.6.27,

A.Kawasaki L.Wang K_Watanabe
T.Murakami Y.Okuno "MHD Electrical Power
Generation with Seed-Free Pure-Inert-Gas
Plasma™ Proceedings of The International
Conference on Electrical Engineering 2011,
ICEE-A053, 2011.7.12,

http://ww2.es._titech.ac.jp/okuno/

@
OKUNO, Yoshihiro

@
MURAKAMI, Tomoyuki



