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Abstract

Accurate mass diffusivity values are important in mass transfer processes. Diffusion experiments conducted on earth are typically con
vectively contaminated due to either thermal or solutal gradients. Liquid metals and semiconductors have high electrical conductivities, anc
applied magnetic fields may suppress buoyant convection in these liquids. In this paper, an axisymmetric self-diffusivity model is considerec
in the presence of a steady, strong, uniform axial magnetic field with liquid indium. An isopycnic (radioisotope) tracer is used so that only
thermal differences drive the convection. Five different combinations of a steady, uniform heat flux and a steady, periodic heat flux are impose
along the vertical wall while uniform heat loss is allowed through the top and bottom walls of the cylinder. The addition of periodic heat flux
with the reduced uniform heat flux has a positive impact on the output diffusivity results for the same applied magnetic field of 5.24 T.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction microgravity conditions. Verhoevd@] emphasized that any
horizontal component of a density gradient in the liquid re-
Diffusionis animportant componentof solidification mass sults in a spontaneous convection with no threshold.
transfer processes. Accurate and reliable modeling of these Alexander et al[3] performed 3D time-dependent trans-
liquid—solid processes requires corresponding accuracy ofport modeling and showed that horizontal temperature non-
both impurity and self-diffusivities of the molten liquid as uniformities across the sample aslow as 1 and 0.1 K can drive
well as the solid. Presently, there are several different theo-convective transport rates in 1 and 3 mm diameter capillar-
retical predictions of self-diffusivity in melts and its temper- ies that exceed the diffusive transport rates under terrestrial
ature dependend®(T) [1]. Given a perfectly isothermal en-  conditions {p). Experiments conducted by Persson ef4l.
closure, self-diffusivity measurements should be insensitive showed that the concentration versus distance (squared) plots
to convective contamination. Therefore, it should be possi- for vertical and horizontal capillaries both yielded linear fits
ble to determine accurate values of self-diffusivity and the even though the diffusivity values differed by a factor of 1.2.
correspondind(T). Practically, during self-diffusion mea- This is due to the fact that both purely diffusive behavior
surements in the presence of gravity (terrestrial experiments),and convectively contaminated mass transport have the same
even a small non-uniformity in temperature in the melt may solution form. Therefore, a linear fit is no guarantee that a
drive a buoyant convection that can result in erroneous val- resulting diffusion profile is free of convective contamina-
ues of measured diffusivity. This convection may be produced tion. The convective contamination of typical terrestrial data
even with residual acceleration magnitudes characteristic ofprevents a reliable choice of the temperature dependence of
self-diffusivity, much less impurity diffusivities.
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the electrical conductivityy, of liquid metals and semicon-
ductorsisvery large, some researchers have applied magne
fields to suppress the buoyant convection in the liquid durin:
self-diffusivity experiments. Alboussiere etf@] determined
that with Lorentz electromagnetic damping of convection ir
liquid metals and semiconductors, the convective contribt
tion to the mass transport is scaled as Hartmann nuhidet
which is a characteristic ratio of the electromagnetic bod
forces to viscous forces in the liquid.

In actual self-diffusivity experiments, the measured diffu- a
sivity results in the presence of buoyant convection that lis
within 5% from the known real valu€)q, would be consid-
ered acceptable. In our previous pajdrwe presented a first b 4 050 0.50 Flux [a.u.]
self-diffusivity model with an applied, uniform, axial mag- 0.50 0.50
netic field. The model is assumed to be axisymmetric, an
the results were presented for liquid indium with moderatt
magnetic field strengths (0.218 and 0.873T) with differen
heat transfer conditions. This paper is a continuation of th
previous work, and the purpose of this paper is to determin
the allowable temperature non-uniformities in the liquid tha
will guarantee that the measured diffusivity values are withir
5% of the actual value when the model is exposed to a stron(c)
uniform, axial magnetic field45 T). Five possible combina-
tions of a steady, uniform and a steady, periodic heat fluxe
are applied along the side wall as the driving force of buoyar
convection in the liquid, and uniform heat losses are assume
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through the top and bottom walls of the cylinder during the !:) !:D

measurements. Note that the purpose of the periodic he ‘ ‘

flux is to produce localized hot and cold regions along the¢ ! -~ [

vertical wall of the cylinder and its overall heat flux is zero. ‘ ‘

In our previous studiefs,7], the numerical results suggest | [~ !

that the application of an additional steady, non-uniform hee ! ‘
——— |

flux with the reduced steady, uniform heat flux have benefi
cial effects on the output diffusivitypoyt, results. Thus, the
variation of heat transfer conditions is studied in this mode(®) ()
with a strong magnetic field with intensiBy=5.24T. The
simulated diffusivity results for liquid indium are presented
in this paper.

Fig. 1. (a) The schematic of the self-diffusivity model. (b—f) The set up with
the dimensionless incoming heat fluxes for Cases I-V.

magnetic field flux densitfs for our model is
2. Problem formulation V x B = Rnj, Q)

Inthis model, the liquid is assumed to be a Boussinesq fluid whereRy, = MPUURWit.h the mggn_etic permeabi_lity ofliquid
with a uniform densityp. The fluid is contained in a closed P anda characterlstlc velocity, is the_ magngtlc Reyr_lolds
vertical circular cylinder of lengti@ =30 mm with an inside number which represents a characteristic ratio of the induced
radiusR= 1.5 mm, schematically shown Fig. 1a. Gravity  © applied magnetic field strengtf8], and] is the electric
acts downward along the cylinder axis while a uniform axial CUrrentdensity, ngrmah_zed IbyUBo. For liquidindium Rm is
magnetic field is applied in the opposite direction. For the N the order of 107 for this model. Sinc&n is very small for
dimensionless model, the origin lies at the centerlimeq) self-diffusion experiments, the effect of the induced magnetic
andz=7/2R the vertical wall lies at = 1 and the top and bot-  field is neglected in this model. The characteristic velddity

tom limits are az= 10 and—10, respectively. The radioactive  With @ strong magnetic field is defined ad@:
tracer is at the bottom of the cylinder at the beginning of the 2pg0B AT,
measurements. U= TR

In addition to the applied magnetic field of the magnet, an 0
induced magnetic field may be produced due to the associatedVith a sufficiently strong applied magnetic field,
electric currents. The dimensionless equation governing thePe= pc,URk< 1 where ¢, is the specific heat and

(2a)
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