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Numerical Analyses on the Performance of Liquid Metal MHD Engine Generator

BTE HET(ER), EA  Fen? fhE ok, B ABECER)

Tetsuhiko MAEDA (Mem.), Kazuya SHIMIZU, Kazushi KAKIZAKI, Motoo ISHIKAWA (Mem.)

In this paper, Liquid Metal MHD engine is discussed. This engine is a free piston internal combustion engine with an MHD power
generator. The Liquid Metal oscillates back-and-forth in two separate channels with magnetic fields, driven by free pistons driven by
internal combustion, and that provide electricity. Firstly the effect of applied magnetic field distribution on the generator performance is
investigated by two dimensional magnetohydrodynamic simulations. The high efficiency is obtained on the condition that a magnetic
flux distribution is uniform. On the contrary in the case of non uniform magnetic field condition, it is observed that the eddy current and
M-shaped velocity profile where magnetic flux density changes rapidly and efficiency is lower due to it. Secondary the calculations of
dynamic characteristics of the MHD engine system taking simulation results into consideration are carried out. It was shown that it was
possible to change the power generation output by adjusting the stroke.
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Fig.2  x-y cross sectional view of the generator channel.

45

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HAAEM ¥4£3%

Vol. 13, No. 1 (2005)

YHEEZ Tab.] IR, AHT I3, BRSBTS
FTIIT > TE O T, RSB ORI L T, 60°C
RN DIEER RV E[12), BRI, HRASIREE T H B
LRILTHDEIEL, 25°COERREEDMEZ ATV
5(12), EEROBEETIET, /HEVOT200CDES
OEZ AV Y-[12], FVIBER&E, AOFSEEEbSET
A L7, BEDE, 1L, UTIGRTRTRD,

14 I

_ " output " output

= 13
Ap- LyLzux,n (13)

ZIT, APFBANKROHAMOENZE, L BRERMEE
B, L REERER S, u ADTETH B,

Tablel Calculation conditions.
Initial conditions.
Working fluid U-alloy 47
Inlet velocity 1.0~20 m/s
Load resistance 1.0x10* Q
Physical properties of U-alloy47.
Mass density 8.80%10° kgm’
Viscosity coefficient 2.74 mPa * s
Electric conductivity 231%X10° S/m

2.3 WEHEBENMMPREEMREICE 2 DRE

EIANTEESE 10ms, AREHIEE 1.0X10°Q& L,
SNBEIRER DO D3R EMEREIZ 5 2 DB ERD,
B AT S TANENIRER D53 % Fig3 1O~ d, Zhb
DA T CREFER TIX 1.0T TH B, Patten1.0 T,
2385 C 10T , Pattern0.7 2>5 Pattern0.01 Ti3RERL)>
5 iR O T TN 1) CREREE B 2 Fa BB
D EETSAE Ieo>TUWND, Pattern0.0 (%, FERROK
DAYV 2B MREER20 & LTS/ Th D,

IO DOFHETHRONI-FENEE Tab. 21T,
BRI, BRI 28— E(Pattern1 0)DSRMFD &
SN L, REERI CHIBRELKR T213EM
FIHET Lz, ZOFRREZFDT2DIZ, BEREAD
EFiSH % Figd, 5 \ R, Figd 13, BOREEZFEaE
T—ED%M (Pattern1.0) & L7=bHDT, Fig5id, BE
SEEA CORSREEE 0 & L7 %{t(Pattern0.0) TOREFR
ZRL T3, Figd, Figs & bICRERRTIE, 7/ —
K350 Y — RIZEDWOERSINEEIMTOIL TV DS
T e DA, Figs T, BOREENSBLO+HRER

46 (46)

D EFRBROTROESNEBNT, FERER & (i &
N D KX RIBERISE LT, BRNERICRILAE
THRAEEBATERE L, BEEZELTWAZ Libhs,
Figd IZI3Z D X 5 REROFIR SR, ZDHE
1%, BEREEINZVGETTCIY, RERSICK L TEE
FDINE S REBEN TORESZEE L T B204E
Cl-eE2 6D, JIUIRERR LR, TRk

elec?rode
=
; 0od—o— Pattern 1.0
‘3 —&— Pattern 0.7
5 —o— Pattern 0.4
M %—e— Pattern 0.1
El h —a— Pattern 0.01
Pl ", —— Pattern 0.0
5
=
2
x[m]
Fig.3  Magnetic flux density distribution.
Table2  Efficiencies.

Pattern1.0 79.54%

Pattern0.7 78.03%

Pattern0.4 74.54%

Pattern0.1 67.88%

Pattern0.01 61.30%
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Fig.4  Current vector and flow distribution (Pattern1.0).
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Current vector and flow distribution (Pattern0.0).

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HAAEM #53E

Vol. 18, No. 1 (2005)

DREREESIIRERICKRE e BE 5 X, TOR
B /INEL T HDITIE, BREEOE{LE TE 57207
INELTBTEBMELEZLND, LLieais, £
BUIMER T 2REAITTE B2 /hETH&ETHY,
fRIE L LTI, SRS RT 208, FEEHEK
HFRROTIRER SRR EHA L, FREDR % kT
THIEBEEEZ DN, TOTDOFTRRIRORE
WEHRDOBREL 125,

WICFHEEBHEN LR x=0.1m) , ANx=005m) , FL&
(x=0.0m) , HO(x=0.05m) , FH(x=0.1m) TP x HHHEE
Dy Fs% Figo \REHL 3 DOBEHEES T
(Pattern1.0,0.0L,0.0)lZ VWV ORY, BEBRBARN L HAT
i, Pattern0.0 TR& GHREZRAEIY, FHEYVEER
L DIEIENMFRIOT a7 7 A )V Lzt & e
STW5, BEFRADENERIZENT, HERSE
CTRY ZOWSOMEEPRATUTTIE, FEFE L S
& CERBTN TN D2, FERRIC L RERF
BERBENH M X /257012, TR Ttz REeE4
AHEMOa—L Y HREL TS, —F, ZOEHSD
BEEREE CIBERANG & T ilmERDm X L7
D, BRI LSBENCEND 0 —L Y ABELTE
0, FEPRHECOHBRERT L—FLpdu—L
Y IIAMB X, BEEEETIX T L—X 10V & W=, M
FRIOWNENER SN L EZbND, £, BHRE
EOELEGITRERIC L DROE T2 TR, i
BESFIOEAIT X BRER COBEEHRRIC L DEOET
FLEIERITEEZOND, TT-REFERLRMET
T TR B DS RAR DI 03030 b T sy
TR LT R Lo T,

x=-0.1[m]_ enter center exit x=0.1[m]
T X -——I—‘ T T T
0.02} 1F / 1t 1r / 1r
0.01F - [
o+
-0.01-
-0.02F 1t 1t 1t 1t
— i :'\. | — L \’1 ==
0 10 20 0 10 20 0 10 20 0 10 20 0 10 20
—— Pattern1.0 enter:x=-0.05[m]
----- Pattern0.01 center:x=0.0[m]
~——- Pattern0.0 exit:x=0.05[m]
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Fig.7  Efficiencies and input power against inlet velocity.
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Table3  Conditions of calculation.
Air temperature K] 300
Air pressure [Pa] 101325
Magpnetic flux density [T] 0.01~1.0 (Pattern 0.01 )
Load resistance [Q] 1.0x10*
Compression ratio 10.0
Diameter of cylinder [m] 0.05
Top dead point [m] 0.001~0.01
Bottom dead point [m] 0.001~0.01

Figd ICER h R hu—7 ORIOFEE2EZ, B6
NIBEHARONED L X DEEERETRT, A ha—7
DRI OLEEIFERE L L TRL TV, EEEAIL,
EIFHER RIS LIIZHAIBIRICH Y, HERBIZ XV
EHAZHETE 2 Z LBbhb, AL, HEREL
REFIL, R bba—7BEWNIEEL DT &ibho
77

1000}

E 30 3
P o
g [
3 I 20 g
g 500- 1 &
g £
I 10 =

—e— Power output |
—— Frequency

% 50 100 130 200
Displacement volume[cm3]

Power output and frequency against displacement

Fig. 9
volume.

Fig.10 {ZREZR K OZ OMOFEBHEREZ 7T, E
PRIZERTHE, A o= 10em DEET, 31%&E
BHIES, R hr—r 380 ZEEENEL R0l
JEFRNCOVWTHRET 572012, Figll 2, X R ALEL
B R b L REH ORI LAY, Fig. 11 OF
ROFREEDOEBIZIE, FL7 ey hTE#SMEERTD
LER N HE, Al SR 5 LIRS BORETRE
N COEREEE L 725, Fig1l b A ha—27 B3 &<72d
X FUTENKE 2D, RIETERLILL OIS,
BEMRKENE XIF L Joule BEDKE S PEMPMET L
LEZBND, FFESKENT &1L, MHD REFHE
PN I DB DR S EDREAET S8, —
FTHE, R MEBEAOBGIIHAIBRELLDIF

NI | -El ectronic Library Service




The Japan Society Applied El ectronmagnetics and Mechanics

AARAEM ¥ 53k

Vol. 13, No. 1 (2005)

M Ratio of heat loss to input power{%)

M Ratio of other friction loss to input power[%]

O Ratio of piston friction to input power[%)]

B Ratio of friction loss in MHD channel to input power{%]
Ratio of Joule loss to input power[%)]

100% (-

M Ratio of power output to input power[%]
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