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Effect of Rectifier on Characteristics of Helical-Type Seawater MHD Power Generator
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Abstract

A seawater magnetohydrodynamics (MHD) power generator/hydrogen generator is a unique system that
not only transforms the Kinetic energy of ocean and tidal currents directly into electric energy but also
generates hydrogen gas as a by-product, which is expected to be used as an ultimate clean energy source. In
seawater MHD generation, a new helical-type seawater MHD power generator using a solenoid
superconducting magnet is an attractive renewable energy source that can be installed offshore. Recently, a
rectifier having five fins with an outer diameter of 97 mm and a length of 150 mm has been designed,
fabricated and examined to elucidate the effect of the rectifier on characteristics of the helical-type MHD
generator: flow loss, internal road, electromotive force and generator output. Experimental results are
discussed in comparison with a pervious data without a rectifier.

(Received June 30, 2015)
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Fig.1 Principle of helical-type seawater MHD power
generation.
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Fig.2 Schematic diagram of rectifier.
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Fig.3 Draft of helical-type seawater MHD power generator with rectifiers.
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Fig.4 Relationship between flow loss and flow rate
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Fig.6 Voltage-current characteristics in forward

electric field.
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Fig.7 Voltage-current characteristics in
electric field.
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Fig.8 Experimental result for electromotive force in
forward magnetic field.
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Fig.9 Experimental result for electromotive force in
reverse magnetic field.

TXRIRRIAEIE 272 > Tl Y, L J) O FH IS R
IZ B3 b, Elect.1 = Elect.6, Elect.2 = Elect.5,
Elect3=Elect4 £ 72%. L)L, Figl0 2 15 &,
LB /1T Elect.1 > Elect.6, Elect.2 > Elect.5 &\
I FEFRIT 72 o TN DL BER 5 R FE I 0D A& AR ]
DAEEZEZTH, oI EMEZ T CILE
MENROTNDI ENRDLND. ZiLbb, i
TN WBEDOFRER L LT EH Lo 2REIX
FIZHFITERE Lo N RE Tlid v &
%i%h&>ﬁf®%%ﬁ%f@%@%ﬁﬁm
HEMBNEDIZHIT TH O, mhn~J
Ve S EARIE~ZLT D ERITE WA 3 L C
W L L, BAFICERaeERE LI LI
& o T, ®ERBUTH B AT OB O 2k T
o TLEoTEH#EHIEND. 2 LT, &
%ﬁﬁf@%%%ﬁk%*%%ﬁ?@@%%k
WEBE G2, ZOX )R- L BE
TE 5.

20 25 30

4.4 REHSD

Z OWETIL, FEEHIC 7 [T ZHNL,
JIEfE35 & Wikeys 05 1A Tt % 10, 15, 20, 25, 30
[MYhICF N E N ST, BB LT a2

=10 [m3/h]
—8—15 [m3/h]
20 [m3/h]

=25 [m3/h]

=830 [m3/h]

6

0.8

0.6

0.4

Electromotive force (V)

0.2

0
0

[N

2 3 4

Elect. number

5

Fig.10 Experimental result for electromotive force on
each electrode.



* Elect.1 WElect2

A Elect.3 ®Electd
*ElectS o Elect 6
OElect1pre. A Elect2pre.

Oflect3pre. O Elect.d pre.

Generator output (W)

gome

0 ] ] o]
10 15 20
Flow rate (m3/h)

~
&

Fig.11 Experimental result for generator output in
forward magnetic field.

EHoMmERELEZHE LT, BEHZRDT.
KU E T 4 BOFHMEITW, FER -2, G
HIRTNIWEMEEZ T 20 K L. 2 L
T 20 B L7tk 7 — & i— %%wflo
R FHR 21T o 7. Z N E N ORI
LB N ORER R A Fig.11,12 1ZR 7

Fig.11,12 # A5 &, Electl & 6 [T E DI ET

WET 0 W] THh D, ZAUTEE S FZERORE S
5L b0 I, MNAESEEERZLTED
P, R E B KOBRNSRETE 5 2T
W ERRIKTH B, FiV T Elect.2~5 (255
H3 5 &, il 13EER 2D 59 Elect.5 X /)
PERWNZ Enbond. — 5, Elect.2~4 |34 EMRT
FElXbHDHHLOD, BEDH mz»i»f:@éfk%& 7‘;
STWA. X 51T, Elect.3 Tl D J7a1z
TRERENHTWSD. Elect.3 LIS DKE FﬁF‘ﬁ
DO 722D F 72 JRIRTFARE S DOZETIERL,
WEHEIOZETH D EEZ TN 5.

Elect.3 136435 )5 7] TNFRHCPTIC K & 7e 781370
<, BENEE LWL Tldd 523, ik 30 [m¥h]
DERyMRELE & EENHBFERZLRD &,
JIGREYs K 0 & WiREs 7m0 7 DN EE R Sy R R &
BB DOEDNNE Do 1= (IERES TIEER i

I 177 [V], EE S 1.26 [V], ¥l Tl
%%%W%T%MA4W]£%ﬁﬁ129WDEE

ORI E BN L TV T
25)571?5?) Bt — BIEREDN AL EIT D Z &
NEETERVNEEZLND.

5. F&o
AL ELODLELUTOL OIS,

(1) i zH 2z 59 RzFF o e FR LT

i B

eI L 5K DOPN SRS 7 4 VERT
MR STV 5. AR X AR 20 [mm], & &
150 [mMm]DBEDJEHHZ 7 ¢ 2 ERA~FLR 2 A L—
2L O DOHHEROR S 5 [mm]D kY

21

mO © @

 Elect.1 MElect.2
AElect.3 ®Elect.4

o>

+ Elect.5 ®Elect.6
DOElect.1 pre. Elect.2 pre.
OElect.3pre.  ©Elect.d pre.

Generator output (W)

15
Flow rate (m3/h)

20 25 30

Fig.12 Experimental result for generator output in
reverse magnetic field.

EWOAAIT WD —F7 40 UEIEES 150
[mm], 2a TV /A 72°OP 5 B Rlc»> T\ 5.

(2) WEIATOIER TS & 72 o 738 EE
ANA RO O OO ELINEFEHET 5729

TR I T i & B %Ltﬂﬁzﬂﬁ”@%ﬂ%
%1@% L7z 728, LV IEMeT — X &155729

EiRE 6 0E L.
(3) HEMHE 7 —T4 VICEEL, ORI

REWD BB LT H6, QI Eiig: O
I BB Ltﬁm,@)%‘éﬁ%%%%ﬁ HEiT A 2 i
B L2, @%ﬁﬁl’ﬁ%%ﬁﬁv?ﬁiﬂ N STk s

RE LGS (BEX) @%%"Eﬁi%%ﬁﬁ B O
*B {YTE%%% Xig L7eHe (EE) o 550
ﬂtlsf«ﬂ—im@%@@uﬂg%ﬁot. T2 B i
10, 15, 20, 25, 30 [m*h] & L7-.

R E LW IZA D, Oy
DOFWNDEALDOBERIZA U Hifr7e EOREIZ LY

FHRME & DFREN KR E WRER L 72 o 72 B i
H R OHERKITFE B B RO KIS tthﬂiﬂé$ET

X DITE/NE L, FEEMAT T IR A

TZBRIFIF L A EHRKDOERD 2o T & {ﬂf%‘%
R GITRRIE LB OBENA R 6.

ZAUEIAY BV S EARIERE T DB O
BEARERANCELS LEZZ A FREEZLND.
&E @ﬁ”i.%%lm“é & fEE = L ARE & OPRIRHE
KDOFETNFIFERL o Tz,
(4) & %E§M@ﬁ%ﬁ%TL$%%%ﬁo
7=. NAWEAK % 10 , 20 [mYh] Tifi L, F BRI
(2 0~3.5 [V]DEL A HIN L THEIEHLZ KD 7=
ERREEIL 1.2 ~2.0 [V], NEHHTI
1.1~62 [Q] TH o 7=. BEDEBR TR LNIZEF

FE & OFRZEIIKRIEIZRE Uz, ER RS T
VLB T M OYA NEES T IS T/h S

{Tpotz. fﬁi%%ﬂﬂ K5 EE {)lm)muﬂ <
B MEPDAH BT, NEEBTX 43 C
720N Elect.l & Elect.6 TR VMEE foto 71. L s



L Elect.6 OifidE; DA, NEHRHUIFEEH 75D
Tl & [F5I2 7o 2. 2R B O RS Y5
LEZLND.
(5) FEEMIT 7 [TIOBIGZHIIN L, Ak & ¥
W45 718 T &% 10, 15, 20, 25, 30 [m*/h] (248
b S THRAREDZFHH L. EEHYOE
WRClE, NEREYS, Wi e bIciE Ok
SR EFERLNE o2 FIFIZDWT
1%, Elect.1 > Elect.6, Elect.2 > Elect.5 D /1#k
BRIV, BICHRFICHRE L ERGOEETIX
e EZ N5, £7- Elect.l & Elect.6 133
BERD TRV, BENT/NESWEE 2>
T~
(6) FETEMEIC 7 [TIOBEESZEIIN L, NERLS &
B 75 16 T &% 10, 15, 20, 25, 30 [m/h] 124
{b S/ THEFIEEGE L 7= a] 24550 O i i 7 % )
EL, ¥BEHNERD-. Elect2~5 (CEHT 5
L, EEBEMBTEIIHDLOD, MEDMEE A5
R E 72 o 7o, K EME O H 20 F 227 IKE
FAEREBOZETIT R, NEBRIOZETH 5
LEZTNAD.

A%OBEIILL T oMWY Th 5.
(1) WMEWTHEOZL LI CTE 5 X 5 etk
EBERLTC, BMBOLBEITY. £, th %
MAROREIZ L D BEFE L RS,
(2) BROIREBEELMEZ TLRE LIIREETER
AT D T2, KIEUL L7 s Er 2 ER 3 5.

B

AHBIFFE D —HIT %6 L C, BHRAFgE S g
A (24246143)DHEBh #5217 £ LT, Z ZIThK
HERLET.

s

5
%)

f

S E X

(1) Takeda Minoru, Hirosaki Hiroki, Kiyoshi
Tsukasa, Nishio Shigeru : Fundamental Study
of Helical-Type Seawater MHD Power
Generation  with  Partitioned  Electrodes,
Journal of the JIME, Vol. 49, No. 3, pp. 113-
117 (2014)

Minoru TAKEDA, Takuya YANAKA, Shigeru
NISHIO, Hiroki HIROSAKI, Anh Kiet BUI
and Tsukasa KIYOSHI : MEASUREMENTS
OF VELOCITY DISTRIBUTION INSIDE
HELICAL-TYPE SEAWATER MHD POWER
GENERATOR USING FIVE-HOLE PITOT
TUBE, Proceedings of the International
Symposium on Marine Engineering (ISME)
2011, Kobe, B5-1 PAPER (2011)

BUH 32, WEARLEN, AR, 7ERE R,
A A S AE P& AN VR
Wit MHD FE RSP 3D Jitd 43 A a ],
H AR T2 Rk 24 AT HHES

@

3

22

4)

FSCEE, pp. 113-116 (2012)

%, IR CEE, RIRRE, WAL,
)R, IR K, RE AU
iEs MHD J8 SN O B A0 12 K IE T
g DR, 5 83 Pk 254F) <V
VIV =T Y TR T R SR,
pp. 183-184 (2013)





