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Abstract

Magretic Field has much effects on hydraulic pressure drop of fluid with the high
electrical conductivity, [n the present study, solution on MHD pressure drop is sought
theoretically for the uniform cwrent density model with simplified physical gectnetry,
U=ing the MHD equation in the rectangulsr duct of the sodiwm lguwid flow under
transverse magnetic field, electrical potential is sought in terms of the duct geometry
and the electrical parameters of liguid metal and duct material By the product of
induced  current inside liguid metal and transverse magnetic field, the presswre
gradient is found as a function of the duct size and the electrical conductivity of
liguid metal As a result, pressure drop is theoretically predicted according to flowr
velocity and magnetic flis density, A experiment is prepared for the examination of

the thecry,
[. Introduction

Liguid metal sodiun with the high electrical conductivity iz used asz a cocolant of
Liquid Metal Heacters of KALIMER Piin-:is.llJ In the KALIMER, the pressure drop of
the lguid sodiwn flow can ke strongly affected by the external magnetic field
Warious works have been carried out for the circulation systems in use of Li or
NaH.lz_b] Fractically, pressure drop iz predicted to be caused by the duct systern of
non—magnetic stainless steel in addition to lgud sodivm  itself Generslly, pressure
rop has negative aspects in the hydraulic svstermn, Electrically conducting fluid can
experience pressure drop by the magnetic field induced by the device such as EM
Acwrmeter or EM pump in the Liguid Metal Heactor, Then pressure deop by magnetic



field becomes the function of duct geometry and electrical parameters, [n the present
study, theoretical calculations are worked out with uniformm current model on the
rectangular flow section, [t is analyezed under reasonable assumption that the pressure
rop b wall friction is negligible compared to that by MHD action in the strong
magnetic field In this kinds of flowing with Harttmann mumnber ?é»’ﬂl,”jJ viscous tertn at
the MNawvier—Stoles equation iz negligsibly small in commparison with electromagnetic
force termn and thus pressure dropl vp) becornes wp=JxRB for inviscid flow where J

iz uniformn current density under D C magnetic flies density( B

II. Formulation

Figl for the present experitmental device shows the cross—section of the rectangular
dhict section with transverse uniformm magnetic field and FigZ2 is an  illustrative
diagramn for the analysis based on uniform cuwrrent density model Along the upper

wall current and voltage are given as fo]lwrs.w

Ix) = & = % (1)
V() = Vg — +IR(E) 2)

Irn the sodiwn flowing, voltage is obtained from Ohm' s law,
Vix) = wu{x)Bb — IR, (3)
Cornbining Egs, (20 and (3) gives velocity distribution

2(x) = 2q — hfxia? ()
where = (Vy+IR)/Bbnd k,=IRfiB)

And average velocity over flow channel is given by integration from O to a

o= iy — -';Ew'rg ':5:'
Therefore,
[[Eh = (Vy + IR; — IR/ (B)



Along the side walls, applying Hirhichoff s laww shows following relation
vy = RS2 + IR, (7)
By eliminating Wy from Egs. (6 and (7). current density is obtained as follows,

_ [iB
/= XR. T Rt RD ®

. . . -
Therefore, presswre gradient is calculated by Lorents s ;::urt::-n:h_lt:t.lrj :

—dfdy = JB = KuoEB? ()
Ky = 1 + af3b + O (107
(Ref, Ky = O7/(C7 + lin circular geometry)

where O = g, /oend & = Jw(Rﬁ - R%}IJ,-(RS + Rin Eg (Q0) presswre gradient

iz hnown to be proportionsl to velocity and squared magnetic flux density, Practically,

In the Mivazaki's Nall blowdown E::-:pe:rimentlz_bj,

00819 and 004 each in the rectangular (aspect ratio = 0451 and circular geometry(
inner radius = 2265 mm oand outer radius = 243 mm) where the range of the
cperating magnetic flux density is 03 — 1757 and that of wvelocity is 2-15 mfsec, He
al=o shows good agreement with the theoretical prediction

ky has the experimental wvalue of

III. Theoretical Results and Discussion

In the Fig 3 pressure ceefficient (Hp) is plotted as a paramneter of duct thickness
according to operating ternperature, The value of the coefficient is increased at the
larger duct thickness, As a result, relatively thin duct geometry is required for the
rechuction of the efficlent presswe drop from the Fig 3 Figd-Fig 6 shows the
theoretical prediction over the ow operating range of the fluid welocity writh 4
mfsec and the magnetic flies density with 02-0458 T, Fig. 4 shows presswre gradient
idp/de) according to the magnetic fields against mean flow  wvelocity(U) in the
ectangular channel of the sodium termmperaturs with 200 °C, And Fig5 shows pressure



gradient versus the magnetic field (B) with the mean flow velecity as a pararneter at
the same temperature, [n the Figd and Fig5 it is shown that pressure gradient

itcreases in proportion to flow welocity and sguared magnetic field Fig 6 shows
mresswre gradient on the electromagnetic force density (J;UBZ} at the different

ternperature,  Because electrical  conductivity  i= smaller at  higher ternperature,
glectrornagnetic force density becomes smaller at higher temperature, But on the
contrary presswe gradient is shown to be larger at higher temperatwre in the Fig G
Because electrical conductivity of duct material also becomes smaller at the high
ternperatire and so Jouls' s dissipation in the duct is reduced, it is thought that most
of the electromagnetic force can ke transferred to pressure drop without much loss, n
fact this large presswe drop can be applied to the flow control of the lgud metal

Elcrey,
[V, Conclusion and future plan

The pressure drop in rectangular channel with uniform megnetic field has been
frurnd as a function of duct geometry and magnetohydrodynamic parameters using the
uniform  cuwrrent model, Theoretical prediction has been carried out for the some

variables and it is shown that presswe rop is given as the wvalue of the developed
electrornagnetic force rmultiplied b the coefficient, Ep (— Ap= fé;d}ﬂﬂz& In the

near future, experimental characterization are going to be worked out and comparative
analyses will be accompanied, While, pressure drop by the magnetic field which is
negative aspect in the hydrawlic systermn can be reciprocally applied to control the flow
where liguid metal is adopted,

— Nomenclature

v Cwrrent Density
» Total current per unit length (=Ja)
s Half of inter—upper wall voltage

v Magnetic flux density

. Pressure

» Fluid welocity

v Mean welocity

» Half length of wpper wall
v Half length of side wall
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te T hickness of duct wall

g; ¢ Electrical conductivity of the sodium

T  Electrical conductivity of the duct material
R, ' Hesistance of upper wall (= af g,,t)

R, ' Hesistance of side wall (= &/ a,t,)

R; ! Hesistance of fluid (= &/ g, 4
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Fig, 3 Pressure Coefficient (EKp) vs Fig, 4 Pressure Gradient vs Flow Velocity
Temperatwre aceording to Duct in Uniform Magnetic Field
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Fig, 5 Fresswe Gradient vs Magnetic Flux Fig, 6 Fresswre Gradient vs Electromagnetic
Density according to Flow Velocity Force Density according to
Temperatire
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