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Development of the Numerical Method for Liquid Metal
Magnetohydrodynamics (II)

— Development of the 3D calculational method —

H. Ohira*. K. Ara*

Abstract

Application of advanced electromagnetic components to the main cooling systems
of Liquid Metal Fast Reactor is investigated in the Feasibility Studies on
Commercialized FR Cycle System. Although a number of experiments and numerical
analyses were carried out on both high Reynolds numbers and high magnetic Reynolds
numbers, the complex phenomena could not be evaluated in detail by the 2-D models.

As the second step of the development of the numerical methods for the liquid
metal magnetohydrodynamics, we extended the two dimensional model to the three
dimension and calculated the magnetohydrodynamics in a large electromagnetic pump
for the verification. The velocity profile in the flow region showed a M—shape and the
calculated pressure drop in the pump agreed better than that by the 2-D model. From
these results it was concluded that this 3—-D model was available for evaluating the pump
characteristics.

Mgnetohydrodynamic turbulent channel flows were also calculated by using an
artificial wall boundary conditions for the purpose of saving the computational time.
The results showed that both average profiles of the streamwise velocity and the
turbulent intensities agreed well with those by a detail model and experimental data.
From these results, it could be expected that the artificial wall boundary conditions
were valid even in uniform magnetic fields.

*  Innovative Component System Research Group, Advanced Technology Div., OEC
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BB BTAEROBESBEERL TV, FlxiE, X 2-3 DL BEITE.

bn+1__bn
1 1 _ | » n__n__ n) _
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DBARDERILT D,

Fiz, K(2-48) ZEHEL TELDH LR DBEREI (3-53) 35D D,

G, o Egdcely =~[[f, Eq ™ < Fp Jiob7

1

to Ik, Ea -(V xFg )de; (2-53)

T, uf EERTHE AT M Th B, SbIC, STV AR
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}:)o
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BIENTED, MBERBLUESZIBE TIC285 . 85 LU THBIL 556 LG X
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J=c(E,+uxB,) (2-57)

ZITHRAFDalIEHMERBICEBERLVIHIBHRTHY., ol IEKEERTHD, ZNHOR
75%5??%#5&‘\:@\ Lo BERERLLTOIIICERRTES,
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BOBE. FEFENEER T L7777 — DR, 7o — LV OERIB I OA — A0 BRI
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© BHERIPELDL, T _N— N DIERIDLRE SRS B 2185, VxB; = ugyj;
FEES T, BEICHLTEL TS, £Z T, 7777 —DERLVHEBRLED,
OB; /0t =-Vx E;
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V7= Spalding BlZIR D ISR END,

F(y+,u+)=u+_y+pr(_xg{exp(w)-l_(wy(w*)z_(mﬂ -
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T ‘%f’” (fu )= —2vgGsS (4-11)
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Holz, EBIZ, BEERE FMOERSEMENZELY Ha=52.5 DWLTHODFr —2THENLD T, L
7o B30T, ERLOD X™=100 (IZBITDETAIENT 7 — R H DBR THY ., BEEBEIMEShi2 W gE 0
RAND PRI MEE R T ¢ 2 B,

AT SAFTIE, xP =70 OFEIRIZ IV T Hartmann Of#1L, Spalding Bl }z 8 SH & BL—F L=,
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WREEZAT o7, TORER, LT OERBALIL 22T,
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725 MBS R O LRS-,

(2) RBRFTIITET MIIVBON - IME-ERFER VR 7 -EREEIZBEL T, &
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WIZ, LBV IRNBERSEIT, LS REE BT M3 "TREL 725 LES (Spalding A% B
VM2 LES) FEFRGRE~EA 770, ERBERF Yo R AERICEIMEN TVWAHSE
R OWTHEITEER L, TR, LTOFERNEL) LT,
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3 3-1 KEVERIR L T DA /T A—H

INTGA—H &
BEEHAE 0.575 [m]
TAEEBAME 0.565 [m]
TAEBAE 0.490 [m]
BEHNE 0.482 [m]
RS 5.616 [m]
z Frasm B 72
r FEIMAEEREIE 2
r 5 MR D 10
r FRAHEER 5B 2
0 FmaElE 3
FEATEIR D 0 A B 15°
F 3-2 AT RV ST A—F F UG ft:
INGA—Z fif
T RID LEEEE 871.70 [kg/m3]
TR DR ER 3.18x1074  [Pa-s]
BREE 1.257X107%  [H/m]
FHNvLAEBRGER 5.222X106  [S/m]
ZINERInER 1.044X106  [S/m]
B—NAEyF 0.312 [m]
B 20.5 [Hz]
ILEET L 7L
BEEE R & ERaV3P
B 5 AR BRI R S 5.616 [m]

B 7 IS B R Y  EBAR EINEE

0.312~5.304 [m]

Re-s

0.972

At

5.0x10~7

3

1.0X1073

< 3-3 BIRFTREEFEIT T — R

FEATT o — A JE (m/sec.) | BiEE (Hz)
1 11.3 20.5
2 10.7 20.5
3 10.0 20.5
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F 4-1 RN

Case Ha Re . Finite Elements(x) Cn
1 12X 8X16
2 12X16X32
3 0.0 1450 12X 32X 64
4 24X32X64
5 12X 8X 16 1.4
6 52.5 1450 12X 8X16 1.2
7 12X16X32 1.2
8 12X 8X16 1.2
9 125 1900 12X16X32 1.2

(%) Finite elements in (the normal) X (the spanwise) X (the streamwise) direction.
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J@-ﬁl}': ‘

FEREHMIH
BX . FTNLRTF—RALIP
“RE ;160 m*/min
588 : 0.25Mpa
"AJB1 : 1680 kW
-InFEBE: 1350V

-FBER : 884 A

B : 200 Hz
-AR—ILEL : 147R—)L
CREBME ;75 mm
AT—AK: 4420 mm
r—S U 5ME ¢ 1900 mm

FRIIL

B3-1 REBHALTOHEMER U X444
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Condtion : 30% rated current , 20Hz Probe sweep test
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Axial position of EM Punp (nm)
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Condtion : 30% rated current , 10Hz Probe sweep test
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