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1. Back ground

The development of the lithium flow coolin g for the ma gneto-
confinement fusion reactors requires knowled ge on the
fundamental mechanism of MHD flow and heat transfer of a
liquid metal flow.

The two-phase flow coolin g proposed for the reduction of MHD
pressure drop requires knowled ge on the characteristics of flow
and heat transfer of the two-phase flow.

2. Objectives

To make clear the characteristics and mechanisms of liquid
metal MHD flow and heat transfer,
particularl y about
1) mechanism of heat transfer enhancement in a lithium flow,
2) MHD pressure drop of a two-phase flow, and

3) heat transfer of a two-phase stratified flow
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3. Heat Transfer of Lithium Sin gle-Phase Flow
In a Rectan gular Duct

Problem:
Why a magnetic field enhances
the heat transfer of a lithium flow

IN our previous experiment? T
t
) . B—> [© Ll/a \%
Objective: > ,\tz >
Effect of side-layer jets on heat T
transfer enhancement is M

examined by means of a
numerical MHD flow analysis.

Minoru TAKAHASHI, T.l1.Tech.



Basic equations
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Finite difference equations
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uims=2

Re=2500, M=1900

Calculated velocity profile of a lithium flow
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Result

o Calculated MHD pressure drop was expressed
simply by
C; =k,M?/2Re, wherek, =0.13.
 Heat transfer coefficient increased due to

convection effect of side-layer jets by 40%
accordin g to the present analysis.

o Compared with the experimental result, the
present analytical result su ggests that heat
transfer is enhanced not only by the side-layer
jets but by the other MHD factors, such as two-
dimensional turbulence.
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4. MHD Pressure Drop of Lithium Sin  gle-Phase and
Helium-Lithium Two-Phase Flows
In a Circular Tube

Problem : How the MHD pressure drop of a lithium single-
phase flow can be reduced by using a two-phase flow?
Objectives : Pressure drop of the helium-lithium two-phase
flow is measured and compared with that of a lithium
single-phase flow.

Experiment
Circular test tube: Horizontal, thin conducting, I.D. 20 mm
(SS-304 with wall thickness of 2 mm)
Measurement: Pressure drop between taps 1200mm apart
Using pressure transducers 773K
(Strain gauge type, Max:0.5MPa)
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Table 1 Experimental condition of
Lithium single-phase flow

Pressure (MPa) 0.2 0.3
Lithium flow rate (I/min) 10 - 20 2-5
Magnetic flux density(T) 0-14 0-14

Table 2 Experimental condition of
helium-lithium two-phase flow

Pressure (MPa) 0.2 0.3
Helium flow rate(kg/hr) 5-15 5-20
Lithium flow rate(l/min) 1-15 1-5
Magnetic flux density(T) 0-14 0-4
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Result

MHD pressure drop (skin friction coefficient) of a lithium
single-phase flow in a circular tube was expressed b vy

C; =0.014M ? / Re.

The ratio of the pressure drop of the He-Li two-phase flow
to that of a Li sin gle-phase flow R was well representedb vy

R=1.64/B,whereBInT.

The present result su ggests that the MHD pressure drop of
a Li flow can be reduced b y replacin g it to a He-LI two-
phase flow under the condition of stron g magnetic field.
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5. Heat Transfer of Air-Mercury Stratified
Two-Phase Flow in a Rectan gular Duct

Problem : How heat transfer of a liquid metal film flow
IS numerically simulated?
Objective : Applicability of the k—¢ model of turbulence
to a gas-mercury stratified flow is examined.
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Basic Equations
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Additional equations and constants
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Result

Accordin g to the present anal ysis and our previous
experiment, heat transfer coefficient of an air-mercur y
stratified two-phase flow decreased with an increase in
transverse ma gnetic flux densit v.

The k — ¢ model of turbulence which has been verified for

the turbulent flows of ordinar vy fluids includin g an additional
MHD term was capable of predictin g well the heat transfer

of an air-mercur vy stratified two-phase flow well in the
presence of a uniform vertical ma gnetic field.



6. Conclusions

Some characteristics and mechanisms of liquid metal
MHD flow and heat transfer were made clear:

1. the heat transfer enhancement of a lithium flow

was partl y caused b y side-la yer jets,

2. MHD pressure drop of the lithium coolin g was
expected to be much reduced usin g the helium-
lithium two-phase flow, and

3. heat transfer of a liquid metal film flow was well
simulated b y means of the K—¢& model of
turbulence.
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