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Abstract—This paper reports an analytical analysis of g-jitter induced flows in microgravity under the
influence of a transverse magnetic field. The analysis is carried out for a simple system consisting of two
parallel plates held at different temperatures. A single component of time harmonic g-jitter is considered.
General solutions are obtained for the velocity profile with a combined effect of oscillating g-jitter driving
force and induced Lorentz force, the latter resulting from an application of a transverse magnetic field.
Various limiting cases are examined based on the general solutions. Detailed calculations are also provided.
Results show that the g-jitter frequency, applied magnetic fields and temperature gradients all contribute
to affect the convective flow. It is found that the amplitude of the velocity decreases at a rate inversely
proportional to the g-jitter frequency and with increase in the applied magnetic field. The induced flow
oscillates at the same frequency as the affecting g-jitter, but out of a phase angle. The phase angle is a
function of geometry, applied magnetic field, temperature gradient and frequency. While a magnetic field
can be applied to suppress oscillating flows associated with g-jitter, it is more effective in damping low
frequency flows but only has a moderate damping effect on the flow induced by high frequency g-jitter.
The temperature gradient also has a profound effect on the g-jitter induced flow. The oscillating velocity
profile evolves from a single wave to a half wave across the channel and the maximum magnitude of the
velocity increases as much as a factor of three as the wall temperature parameter increases. The wall
electric conditions also affect the flows and stronger damping effects occur when the walls are electrically
conducting. Copyright © 1996 Elsevier Science Ltd.

1. INTRODUCTION

Natural convection is driven by buoyancy forces
resulting from both temperature gradient and gravity
field. This convective flow is known to have a pro-
found effect on the solutal homogeneity of crystals
grown from melt on earthbound conditions. Much of
the interest in going to space to carry out the melt
growth of semiconductor or metal crystals is to reduce
this buoyancy driven convection through significant
reduction in gravity. While microgravity environment
is indeed helpful in suppressing convective flows, it
introduces additional effects that are undetectable or
present during Earth-based growth of crystals. One of
these effects that affects the melt growth experiments
is the flow associated with residual accelerations or g-
jitter. Flight experiments unveiled that residual accel-
erations or g-jitter occurring during space processing
can cause appreciable convective flows in the melt
pool, making it difficult to realize a diffusion con-
trolled growth from melts in microgravity, as orig-
inally intended {1].

The residual accelerations associated with mic-
rogravity come from crew motions, mechanical
vibrations (pumps, motors, excitations of natural
frequencies of spacecraft structures), spacecraft
manoeuvres and attitude, atmosphere drag and the
Earth’s gravity gradient [2]. Studies on g-jitter effects
showed that convection in microgravity is related to

the magnitude of g-jitter and to the alignment of the
gravity field with respect to the growth direction or
the direction of the temperature gradient [3-5]. A
residual gravity of 107°~10~% g is found to be sufficient
to cause unacceptable fluid motion in the liquid, unac-
ceptable in the sense that the g-jitter induced flow
is intensive enough to affect deleteriously the solutal
element distributions in the melt and hence the quality
of the crystals grown. The orientation of the gravity
vector with respect to the temperature gradient plays
also an important role in melt flows. The velocity
attains a maximum when the gravity vector is per-
pendicular to the temperature gradient.

Numerous attempts have been made to estimate
and calculate the adverse effects of time varying g-
jitter [6-11]. These calculations are all based on
numerical models. Both 2D and 3D numerical models
have been developed for this purpose [4, 12]. These
models have been used to study the effects associated
with both idealized single- and multiple-frequency g-
jitter modulations and realistic g-jitter data collected
by accelerometer during actual flight experiments.
These studies showed that the frequency, amplitude
and spatial orientation of the residual gravity vector
all play an important role in determining the con-
vective flow behavior of the system. When the residual
accelerations oscillate about the positive and negative
of an axis, the orientation of this direction relative to
the density gradient determines whether a mean flow
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NOMENCLATURE
B magnetic induction X unit vector in the x-direction
B, applied magnetic field y unit vector in the y-direction
E nondimensionalized electric field, ¥ y-coordinate
E=EJE, Y nondimensionalized y coordinate, y/L

E, electric field scale
g-jitter or residual gravity field
o magnitude of g-jitter
Ha  Hartmann number,
Ha = LBO\/(O'/VP)
1 total current
] pure imaginary number, j = \/'— t
J current density
3 nondimensionalized current density
L width of the channel
Re,, magnetic Reynolds number,
Re,, = uLop
rr nondimensionalized wall temperature
parameter, rr =(T,— 1o)/(T,— T,)

T, T, T,, T, temperature, temperatures of
wall 1, wall 2 and fluid
time

u velocity

U, velocity scale

U nondimensionalized velocity, a

complex quantity
|U|  amplitude of velocity,
Ul = J(U-U*

z z-coordinate.

Greek symbols
B system parameter, f = \/(Ha* +jQ)

i thermal expansion

a electrical conductivity

o electromagnetic skin depth

P density

H magnetic permeability of free space

v kinematic viscosity

w applied frequency

Q nondimensionalized frequency,
Q=wl?v

0 nondimensionalized temperature,
0=(T-T)/T,—Ty)

T nondimensionalized time, 7 = t/7,

Ty time scale, 1, = L?/v.

Subscript

x,y.z x,vand z components of a vector field
T temperature.

is generated in the system [10]. Sinusoidal oscillating
accelerations induce an oscillating convective flow and
composition oscillation in the liquid pool. The result-
ant velocity and composition fields oscillate with the
same frequency as the affecting gravity field.
Undoubtedly, these studies have shed light on the
basic nature of g-jitter effects and have provided a
thrust to devise useful mechanisms by which the g-
jitter induced convective flows may be further
suppressed. One of the untested ideas is to apply the
principle of magnetic damping to achieve the velocity
reduction. Magnetic damping is a less plausible mech-
anism than gravity for free convection reduction. It
originates from the interaction of the flow field of an
electrically conducting fluid and an applied magnetic
field. This interaction gives rise to an opposing Lor-
entz force that reduces or damps the flow velocities in
the liquid. Application of a magnetic field has been
found to be effective in controlling the melt convection
during crystal growth from melts under terrestrial
conditions and has now been widely practiced in the
metals and semiconductor industries [13]. While there
has been a large amount of literature addressing both
the basic characteristics of g-jitter induced flows and
application of magnetic damping to convection con-
trol in melt growth on Earth, little, if any, work has
appeared to assess the magnetic field effect on the

convective flow associated with g-jitter in micro-
gravity.

In this paper, the behavior of g-jitter induced free
convection in microgravity under the influence of a
transverse magnetic field is analysed for a simple sys-
tem consisting of two parallel plates held at different
temperatures. Our objective is to develop a basic
understanding of the interaction between an applied
magnetic field and oscillating flows associated with g-
jitter. Towards this end, a somewhat idealised, single
frequency g-jitter component is considered. From
data collected from flight experiments, g-jitter can be
approximated using a Fourier series, with each com-
ponent oscillating time harmonically. Thus, the total
effect of g-jitter may be considered as a superposition
of the effects caused by each individual component
for the system being considered. It is noted that the
superposition may not be possible for general flow
systems involving nonlinear terms. In what follows,
general solutions are obtained first for the velocity
profile with a combined effect of oscillating g-jitter
driving force and induced Lorentz force resulting from
an application of a transverse magnetic field. Various
limiting cases are then examined based on the general
solution. Detailed calculations are also presented. g-
Jitter induced flow is studied as a function of various
parameters including g-jitter frequency, applied mag-
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netic fields, temperature gradients and wall electric
conditions.

2. MATHEMATICAL ANALYSIS

Let us consider a free convection problem as illus-
trated in Fig. 1. An electrically conducting fluid is at
temperature 7, and flows as a result of temperature
gradient in between two parallel plates that are infi-
nitely long in both x and z directions but held at
different temperatures. We consider here a fully
developed flow. Further we assume that the g-jitter
field under consideration is spatially constant and
otherwise varies time harmonically. For low Prandtl
number fluids such as molten metals or semiconductor
melts, which are of direct relevance to microgravity
materials processing, the temperature field is primarily
diffusion controlled and can be considered approxi-
mately unaffected by the free convection. Therefore,
the time varying gravity field will generate an oscil-
latory velocity field. If a transverse DC magnetic field
is imposed as shown in Fig. 1, this oscillatory flow
field will be damped. The mathematical description of
the problem is given by both the Maxwell equations
for the electromagnetic phenomena and the Navier—
Stokes equation for the fluid flow phenomena [14-
16]. For the geometry shown in Fig. 1, these equations
may be simplified as below,

E. 9B,
dy ot

(1

ou 0u o
Frie V‘a; +9(O)p:(T-T,)— /_](E2+B0u)BO'

@

For experiments considered for space processing,
the magnetic Reynolds number, Re,, is very small.
For example, for typical processing conditions [3], the
velocity is scaled at u ~ 0.4 mm s~' and L = 0.02
m. Hence Re,, ~ 1 x 10~? for silicon melts. It can be
shown that for such a small Re, and a moderate

g(ty=go elot

Fig. 1. Schematic representation of g-jitter induced free con-
vection problems and coordinate system used for calcu-
lations.
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external magnetic field B,, to a leading order, the
magnitude of the induced magnetic field B, is [14].

B, ~ ByRe,,. 3)

Thus, in comparison with By, B, can be neglected and
one thus has the effective magnetic field given by

B = B&+BY = By¥+ B,Re,.X = B,§ )

which means that the bending of the magnetic field
caused by flow is negligible.

For a time harmonic g-jitter with a frequency o,
g(t) = g™, the flow field and the induced electric
field should have a similar time varying behavior.
Hence, equation (2) can be simplified. If the following
scaling factors are chosen for the velocity, the electric
field and time,

_ GoBr(T,—T,)L?
v

Uo

E 9oPr(T, —T,) LB, L’
o= ; =T

equation (2) above can be rewritten in a non-
dimensionalized form as below

d*U
dy?

—p*U = H*E—8 (5)

where § = ./(Ha® +jQ) is a complex number.

For a time harmonic velocity field, the induced elec-
tric field and hence the induced magnetic field should
vary harmonically with the same frequency. For a low
frequency system, the electric field behaves approxi-
mately as if it were induced by a non-oscillating flow
field, provided that Re,, is small. To see this, equation
(1) is nondimensionalized using the parameters given
above, and thus the spatial variation of the amplitude
of E can be shown to be on the order of Re,(wL/uy)

dE  [wI\B, (oL

dY_(uo)B'O'V(uo )Rem. 6)
Studies showed that for most experimental designs
considered for space processing, the predominant
effect of g-jitter effect comes from the low frequency
component, in particular those within the range of
107102 Hz [3, 4, 10]. For this frequency range,
(wL/ug)Re,, = L’wopu =(3.8-38) x 107%. This sug-
gests that to a leading order the electric field E may be
considered uniform across the channel but otherwise
varies with time harmonically with the frequency of
the affecting g-jitter component.

For a low Prandtl number melt, such as a molten
semiconductor or metal, the heat transfer is primarily
diffusion controlled in microgravity and hence the
energy equation takes the form of

9
dy?

@)
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This equation can be readily integrated with the fol-
lowing boundary conditions

0=ry atY=0 and O0=1 atY=1

with the result for the temperature profile described
by a simple linear relation

0=(1—rp)Y+ry. (8)

Knowing the temperature field, the velocity field
can be calculated. Substitution of equation (8) into
equation (5) and application of no slip boundary con-
ditions along the walls result in the final velocity
profile, namely

sinh(8Y)
sinh f§

U= Z;;[(HazE~ 1)

—Ha E+ri+(1—rp)Y

+(Ha3EfrT)%§)—)]. )
sinh

Having obtained the velocity distribution, other rel-
evant electromagnetic quantities can be determined.
The induced current density and its spatially averaged
value, that is, the total current, are calculated by the
following expressions,

J=E+U (10)

1=J|3(Y)dY

1 {coshf—1

p— - _ 2 _— — ¥
_E{Hﬁz[/}sinhp’(zHaE T—rp)

l+rp

+—~§~—Ha2Ejl. (11)

Note that equations (9) and (11) both contain the
electric field E, which must be determined by the elec-
tric conditions of the walls.

3. RESULTS AND DISCUSSION

The above analytical solutions can be applied to
assess the behavior of the g-jitter induced flow with or
without an applied magnetic field. Prior to discussing
the detailed flow behavior, analyses of some limiting
flow conditions will be presented. The analyses will
allow us to derive some simplified functional relation-
ships by which some asymptotic behavior of the flow
associated with g-jitter as affected by a magnetic field
may be estimated.

3.1. Some limiting cases

3.1.1. Pure convection (Q = 0 and Ha = 0). This is
the case often reported in the literature [17, 18]. In
this case, the gravity field is considered constant, or
Q = 0, and no magnetic field is imposed over the con-
vective flow. Thus, = 0. This corresponds to the
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buoyancy driven flow under terrestrial conditions.
The solution of the flow is imbedded in equation (9)
and can be obtained by first constdering the solution
when f is small and then letting § approach zero.

When f is small, the hyperbolic sine function can
be expanded in a Taylor series, that is,

sinh § = p+1 8%+ O(B°). (12)

With this substituted into equation (9), canceling §°
at both nominator and denominator, and then letting
p approach 0, one has

limU = 1 r r 2 1 o 13
) =(rr— )”6‘_”‘2“*‘( rr+ )g (13)

which confirms with the expression obtained by Aung
by direct solution of equation (6) with =0 [17].
Note that the velocity solution is real and the imagin-
ary part becomes zero for this limiting case.

3.1.2. Pure g-jitter induced time harmonic motion
(Ha = 0) and frequency effects. In this case, free con-
vection is induced by g-jitter with a non-
dimensionalized frequency Q and no transverse mag-
netic field is applied. As a result, the Hartmann
number Ha is zero. With this condition substituted in
equation (9), one obtains an oscillatory flow whose
amplitude is spatially dependent,

7 ll’
& —J,QLIT-f—(l ri)Y

- sinh( /() Y) + r¢ sinh(/ E)(1 — Y))J (14)
sinh /(i) '

From equation (14), it is clear that when the fre-
quency goes high, the amplitude of the oscillatory flow
is reduced, although the time varying behavior, or the
frequency of the velocity field remains the same as the
g-jitter field. The rate of this velocity reduction is
inversely proportional to the frequency associated
with g-jitter. For the limiting case where Q — oo, there
exists basically no flow. This conclusion is consistent
with findings reported by Alexander e al. who did
extensive numerical simulations for a 2D cavity [3, 4].

3.1.3. Magnetic damping of natural convection
(Q = 0) under earthbound conditions. This case cor-
responds to the application of magnetic damping
effects on natural convection driven by the Earth grav-
ity field. The velocity expression can be obtained by
simply setting Q = 0 and letting f = Ha in equation
(9) with the result,

sinh(HaY)
sinh Ha

1
U= —|(HE~1
Ha’ [( )

—~H&@PE+ri+(1—rp)Y

, sinh(Ha(l —Y))

We note that when rp =1, the above expression
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reduces to the solution of classical Hartmann problem
where the flow is driven by a constant pressure gradi-
ent [16]. For this particular case, the pressure gradient
would be normalized as one.

3.1.4. Magnetic damping effect on g-jitter induced
convection (Q # 0). Two types of velocity can result
depending on the electric conditions of the walls.
When the walls are made of electrically insulating
materials, there should be no net current flowing in
the system, or 7= 0. As a result of this, the electric
field can be obtained from equation (11) with the
result,

14 2cosh f—Bsinh f—2
2 [2Ha*(cosh f—1)+jQP sinh f]

(16)

It should be noted that even though the total current
is zero, or no net current flows out of the system,
the current density is not zero. Instead, it forms a
recirculating path within the melt as a result of the
divergence of the current density having to be zero.

If the walls are electrically conducting or ideal con-
ductors, the total current that can flow out of the melt
will not be zero. However, the fact that the tangential
electric field must be continuous across the melt to
wall interface requires the electric field in the melt to
be zero, or E = 0 [16]. In this case, the electric current
is induced by the applied magnetic field and the
velocity in the system and the total current flowing
through the system is given by equation (11). The
velocity profile for this case thus becomes,

U= %[rT+(l—rT)Y

sinh(BY) + ry sinh(8(1 — 1))
B sinh B ] a7

For either of the two cases, one can easily see that
the oscillatory convective flow can be reduced if a
magnetic field is applied. For a sufficiently large mag-
netic field, the velocity may be reduced to the extent
that the condition for a diffusion controlled growth is
met. As a limiting case, zero velocity attains if § is let
to approach to an infinity or f — oo, with Q held
constant in equations (9) and (16) for insulating walls
and equation (17) for conducting walls. Since
E ~ 1/Ha as Ha — oo [see equation (16)] for insu-
lating walls, we have the following asymptotic relation
as f — oo for a g-jitter field,

U~ L ~ L (18)
g BS

where n = 2 for insulating walls and # = 1 for con-

ducting walls. For ry = —1, however, n = 2 for both

insulating and conducting walls, as in this case £ =0

[see equation (16)]. It is worth noting that the above

relation should be applicable as well to magnetic
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damping of non-time-harmonic free convection under
terrestrial conditions.

3.2. Detailed calculations

Detailed flow distributions are presented in this sec-
tion. Here the majority of cases presented are for
conducting wall boundary conditions in the z-direc-
tion, and consequently the electric field E is set equal
to zero. The afterward check on the velocity results
indicated that the error in the velocity associated with
neglecting the time varying contribution in equation
(1) is smaller than 0.001%. The selected results pre-
sented below show the effects of g-jitter oscillating
frequencies, the applied magnetic field and the tem-
perature gradients. The results are presented in a non-
dimensional form. The nondimensional numbers used
for calculations are obtained from properties of
molten silicon and for the g-jitter component with a
frequency range of 1072 to 1072 Hz, or

Q = wL?v = 2r(0.001-0.01) x 0.0004/3.5x 10~’
= 7.18-71.8,

except for a few cases. This frequency range is con-
sidered the most influential in affecting fluid flows in
space materials processing systems.

Figure 2 shows the natural convection distribution
across the width of the channel induced by g-jitter
without an applied magnetic field for different times.
The quantity plotted along the vertical axis is Imag
(Ue"™) = Real(U)sin(Qr) + Imag(U)cos(Qr), which
represents the measurable value for a driving force
g = Imag(g,e™) = gosin(wt). The flow oscillates
about zero and changes direction, as expected. It is
noticed that at around Qr = 57/4 the velocity profile
also oscillates along the width of the channel but for

0.18
Ha=0
Q=10
ry=1
0.10 [ Qr3ma
0.05
3 0.00 = " == = S —— = -
-3
L]
E
-0.05 F
Q=74
-0.10
-0.15 — e
0.0 0.2 0.4 0.8 0.8 1.0
Y
Fig. 2. Velocity distribution of oscillating free convection
induced by g-jitter.



2858
0.15
Y=0.5
Q=10
0.1g(t
0.10 a(t)
U(Ha=0)
0.05 |
s
g
5
£
5
§ 0.00 —
2 UfHa=5)
2
]
[
E
-0.05 +
0.10 |
-0.15 - . . =
0.0 0.2 0.4 0.6 0.8 1.0
Quln
Fig. 3. g-Jitter induced free convection variation over a cycle
of oscillation.

other times the velocity profile is approximately
parabolic.

Figure 3 depicts the flow behavior at a fixed position
(Y =0.5) with and without a magnetic field. As a
reference, the g-jitter oscillation driving the natural
convective flow is also plotted but scaled down by a
factor of 0.1 for the purpose of comparison. It is clear
that the flow oscillates at the same frequency as g-
jitter either with or without a magnetic field. There
exists a phase change, however, between the g-jitter
and the flow. The phase angle is strongly affected by
the magnetic field. It is also clear from the figure that
application of the magnetic field helps to suppress the
flow, and the flow intensity is damped more than 50%
when the Hartmann number increases from 0 to 5.
The damping effect of the magnetic field on the g-jitter
induced flow is further illustrated in Fig. 4, where
the flow distribution is plotted as a function of the
Hartmann number. As a limit, the flow can be damped
entirely if a very large magnetic field is applied, as
indicated by the horizontal line across U = 0.

The effect of the g-jitter frequency on the flow
behavior with and without a magnetic field is pre-
sented in Figs. 5 and 6. As shown in Fig. 5, g-jitter
induced flow decreases quickly as the frequency
increases, suggesting that higher frequency g-jitter
would have less harmful effects in inducing flow vari-
ation across the channel. This is consistent with our
previous limiting analysis as discussed in Section 3.1.2.
The flow variation across the channel with an imposed
magnetic field is shown in Fig. 6. Comparison of these
two figures indicates that the magnetic field can be
very effective in damping flows induced by the low
frequency g-jitter. In fact, it is more effective in sup-
pressing the flows associated with g-jitter with lower
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0.15
r=3n/4

Q=10
rr=1
0.10 |

Ha=0

0.05

Imag(Ue'™)
2

-0.05

Q=Tn/4

-0.15 - . . :

Y

Fig. 4. Magnetic field effect on the damping of flows associ-
ated with g-jitter.

frequencies. To assess this effect quantitatively, the
amplitude of the induced velocity at ¥ = 0.5 is plotted
as a function of Ha and frequency, as appears in
Fig. 7. The magnetic field strongly affects the low
frequency convective flow and only has a moderate
effect on the high frequency g-jitter flows. At Ha = 15
and beyond, the curves converge to virtually the same
line almost parallel to the horizontal axis, indicating
that the frequency becomes basically irrelevant and
further increase in the magnetic field would have little
effect on damping the flow. This is consistent with our
earlier asymptotic analyses presented in Section 3.1.4.

Ha=0

=1

[L4]

Fig. 5. g-Jitter frequency effect on oscillating free convection
in a vertical channel.
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0.04

Ha=5
re=1
=0
0=10
0.03
Q=20
=2 0.02 Q=50
0.01
0.00
0 0.2 0.4 0.6 0.8 1
Y

Fig. 6. Dependency of convective flows on g-jitter frequency
in a magnetic field.

As the flow is driven by a combination of the tem-
perature gradient and gravity residuals (i.e. g-jitter) in
microgravity environment, the temperature gradient
also affects the fluid flow behavior. Figure 8 shows
the flow distribution across the channel with Qr as a
parameter at the wall temperature parameter,
rr = — L. In contrast with the velocity profiles in Fig.
2, the flow at rr = —1 shows a well defined wave
oscillation along the Y-direction and there exists a
time-invarying nodal point at ¥ = 0.5 where the vel-
ocity is equal to zero. The effect of temperature gradi-
ent on the flow is also depicted in Fig. 9. It is apparent
that the velocity profile gradually approaches a half-

Y=0.5
rr=1

0.1

0.05

Fig. 7. Decrease of velocity amplitude |U| as a function of
applied magnetic field strengths.
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0.025
rr=-1
Ha=0
0.02 Q=10
0.015

0.01 |

0.005 |

Imag(Ue'™)

-0.005 |
-0.01 |
-0.015 |
-0.02 |
-0.025 . . . .
0.0 0.2 0.4 0.6 0.8 1.0
Y
Fig. 8. Oscillating behavior of convective flows at the wall
temperature parameter, rp = —1.

wave shape, and also the magnitude of the velocity
increases by more than a factor of 3 as r; increases
from negative 1 to positive 1.

For magnetically damped flows, the electric con-
ditions of the walls also have an effect on the flow
behavior in the channel. The results presented above
are computed assuming the walls are electrically con-
ducting. The velocity profile across the channel when
the walls in the z-direction are electrically insulated is
illustrated in Fig. 10. As a result, the total current
flowing out of the system is zero, but the electric field
is calculated by equation (16). From Figs. 5 and 10,
it is clear that application of a magnetic field also

0.04

Ha=5
0=10
=1
0.03 |
rr=0.5
S 002} =0
rr=-0.5
0.01 |
re=-1
0.00
0.0 0.2 0.4 0.6 0.8 1.0
Y

Fig. 9. Dependency of the velocity amplitude upon tem-
perature gradients.
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Ha=5
rr=1
Q=0
0.08
Q=10
0.06
=) 020
0.04
Q=50
0.02
0.00 s . L .
0.0 0.2 0.4 0.6 0.8 1.0
Y

Fig. 10. Flow distribution along the yp-direction with the
electrically insulating walls.

results in velocity reduction with electrically insulating
walls. Comparison of Figs. 6 and 10 further illustrates
that the magnetic damping effect is much stronger
when the walls are electrically conducting, although
the velocity profiles are similar for both conducting
and insulating walls. This is qualitatively consistent
with the asymptotic results [see equation (18)].

4. CONCLUDING REMARKS

This paper presents an analytical analysis of g-jitter
induced flow behavior in a parallel plate channel sub-
ject to a transverse magnetic field. Only single com-
ponent of the g-jitter effect was considered. The par-
ameters used in the analyses are derived from the
material properties of molten silicon and correspond
to the influential g-jitter frequency range reported in
the literature. The study focused on the steady state,
oscillating behavior of a fully developed flow in the
channel. The general solution was obtained for the
velocity and various limiting cases were examined.
The g-jitter frequency, applied magnetic fields and
temperature gradients all contribute to affect the con-
vective flow. The detailed flow behavior was also pre-
sented as a function of applied magnetic field, oscil-
lating frequency of g-jitter and temperature gradients.
The analyses showed that the amplitude of the velocity
decreases inversely proportional to the g-jitter fre-
quency and also as the applied magnetic field
increases. The induced flow oscillates at the same fre-
quency as the affecting g-jitter. but out of a phase
angle that is a function of geometry, applied magnetic
field, temperature gradient and frequency. While a mag-
netic field can be applied to suppress oscillating flow
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associated with g-jitter, it is more effective in damping
low frequency flows but only has a moderate damping
effect on the flow induced by high frequency g-jitter. The
temperature gradient also has a profound effect on the
g-jitter induced flow. As the wall temperature parameter
increases from — 1 to 1, the magnitude of the velocity
increases by a factor of three and the velocity profile
evolves from a single sinusoidal wave to a half-wave
shape. Also, magnetic damping is more effective with
electrically conducting walls.
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