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1. Studies on Liquid Metal MHD in Japan

1) Energy System (Experiment)

Fusion - He-Li two-phase flow (T.I.Tech.)
Mercury flow (T.l.Tech.)
Mercury boiling (T.l.Tech.)

Fusion - Lithium flow (Osaka Univ.)

2) Metal and Cr ystal Process

Crystal growth (Keio Univ., Shizuoka Univ., NEC)
Natural convection - analysis
(Keio Univ., Kyushu Univ.)
Steel casting - mercury experiment
(Kawasaki-steel Corp.)
Solidification of specimen
(Osaka Univ., Tohoku Univ.)
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MHD forced convective heat transfer

in liquid Lithium

School of engineering, graduate school of Osaka Univ.
Naoki UDA,Takashi TERAO,

Shoji INOUE, Hiroshi HORIIKE, and Keiji MIYAZAKI
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Background

+ High energy density heat transfer medium
+ Heat transfer characteristics influenced by magnetic field

+ Comparison with previous Na and Hg data in a conventional

annular geometry

+ Generally, heat transfer (Nu) decreases with an increase of B,

except B=0.1-0.3 T (Miyazaki, K. et al 1986)
+ Test this enhanced Nu in larger flow channel geometry

+ Similar enhancement was also reported in natural convective

heat transfer (N. UDA et al. 1999)

+ Observation of heat transfer and temperature fluctuations with

highly precision and accurate data acquisition system
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Experimental apparatus
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EMP 500 I/min, 5atm (flow velocity 6m/sec)
Tube diameter 52.7mm i.d., thickness 3.9mm
Li inventory 2301

B < 0.8 T for pole gap of 175mm
Pole face = 150mm x 500mm
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Experimental parameters

Operating Temp. 350°C
Flow velosity 0.1~3.0 m/sec
B 0~0.80T
q 0.5 MW/m?2

e Para. sector
©  Perp. sector
Dwyer et al.
***** Michiyoshi et al.
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Heat transfer characteristics of test section with-
out magnetic field
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Peak B of enhanced Nu varies with flow velocity.
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Change of RMS value of temperature fluctua-
tion against flow velocity

Large difference was observed between 3 cases of
B, especially in U=0.1-0.4 m/sec.
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Typical time series and its PSD in absence of B (left) and at B=0.25 T (right)
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Periodical temperature fluctuation was observed
at B=0.1-0.3 T, U=0.1-1.2 m/sec.

B=0.15 [T]
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Maximum frequency in temp. fluctuation varied linearly

with flow velocity.

If this is attributed to vortex series in Lithium
flow, the interval of vortex is about 3.5 cm, which

correspond to Strouhal number of 3.5.
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Summaries of experimental results

With increase of magnetic flux density, Nusselt’s number

decrease, except for a region of B=0.1-0.3 T.

This phenomena is attributed to enhanced temp. fluctuation in

the same region.

A sharp peak was observed in temperature fluctuation at
B=0.1-0.3 T. The peak frequency found to be proportional to
the flow velocity. Which correspond to vortex series of every

3.5cm in Lithium flow.
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3. MHD Turbulence of a Mercury Flow

in a Rectangular Channel
- Flow Characteristics in the Wake of
Turbulence Promoter -

M. Takahashi and D. Yokoe
Tokyo Institute of Technology

Motivation

Heat transfer enhancement was observed
when the magnetic flux density of an applied
transverse field was increased for a lithium
flow in a rectangular channel in our previous
experiment.

Objective

In order to make clear the mechanism of the
heat transfer enhancement, turbulence
behavior in the presence of a magnetic field
is investigated experimentally for a mercury
flow in the wake of turbulence promoters.

Minoru TAKAHASHI, T.1.Tech.
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Non—conducting wall Lorentz force
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Experimental conditions

Velocity ug 0.20 - 0.60m/s
Reynolds number Re 48000 — 144000
Magnetic Flux Density B 0.10 - 0.85T
Hartmann number M 70 - 610
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Turbulence promoter
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Conclusions

Velocity defects formed in the wake of
turbulence promoters was maintained
downstream under a strong magnetic field.

The transition from turbulent condition to
laminar one, or the slight damp of turbulence,
occurred around M/Re=5x10" The RMS of
axial velocity fluctuation had a peak at the
transition and its frequency was about 1 Hz.

Turbulence enhancement occurred at the
condition higher than M/Re=7x103. The
enhanced turbulence developed downstream.
The frequency of the velocity fluctuation was
lower than 10 Hz.

The turbulence intensities at the transition and
enhanced condition were stronger near
sidewalls than in the core region.
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