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Plane Wakes behind a Moving Magnetic-Field Source
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The structure and evolution of plane wake flows induced magnetohydrodynamically behind a moving
magnetic-field source are investigated experimentally.  This paper, a sequel to a preceding one”, pre-
sents some supplementary laboratory results.

Introduction

In a preceding paper”, it was reported that a plane wavy wake forms downstream of a
localized magnetic field.  The field source is a permanent-magnet unit moving at a constant
velocity along a shallow water tank filled with electrolytes. As is well-known, wavy
wakes form downstream of a “submerged” rigid body at high Reynolds numbers. The
formation is due to periodic separation of the boundary layers from the body. In the mag-
netohydrodynamic system composed of a combination of electrolytes and constant magnetic
fields as described above, no boundary layer separation from bodies is concerned; the wavi-
ness of the wakes in this case appears solely as a result of their inherent instability.  The
preceding paper thus showed that the wavy wake formation is not necessarily connected
with periodic boundary layer separation from bodies.

In this paper, some supplementary laboratory results are reported as well as a few
technical details concerning the magnetohydrodynamically driven system of flow of electro-
lytes.

Experimental Setup

The experimental apparatus is similar to that used in the preceding study”. A water
tank made of transparent acrylic resin plates is 20.0 ¢m wide, 100 cm long, and 1.50 cm
deep. The experimental setup and procedure are almost the same as before. Instead of
salt water used previously, however, a 1.5 % solution of sodium hydrogen carbonate
(NaHCOs) was used as a safer working fluid.  The shallow tank was filled with this solu-
tion up to the depth of 1.10 cm. A unit of permanent magnets as a constant magnetic-field
source was arranged similarly as displayed in Fig. 1 of the preceding paper”. The max-
imum magnetic flux density (B) was normally 0.095 T.

Similar types of electrolyte flow systems have been employed to set up periodic 2D
streamings, of which the instabilities have become a subject of interest’*~®.  The systems
may also provide a simple method of setting up diverse types of incompressible MHD flows,
of which active studies have revived in recent years® .
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In the previous experiment, the distribu- T
tion of the electric current density was deter- »WO_O,_U___—O/'O
mined by measuring a total current supplied -
for electrolyzation; the current distribution 1l
along the tank was left unknown. In the
present experiment, an exploratory measure-
ment was made of the distribution of local
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electric current (I,) across the tank, using a 0 50 X tcm 100
hand-made device consisting of two small Fig. 1 Electric current (I,) distribution with distance
pieces of probing electrodes.  The result is x measured from one end of tank.

shown in Fig. 1.  The current distribution

is hardly uniform; the maximum deviation of I, from its mean reaches more than 8 %. It
should be noted, however, that the submergence of the probing electrodes may, in itself, have
affected the orginal current distribution.

Electrodes for supplying a constant electric current were made of brass cylinders hav-
ing nearly the same length as the inside length of the tank. It has been found that, for pro-
ducing plane wakes, such long electrodes are not always needed but small pieces of them
moving together with the nearby magnetic-field source can do. In the latter setup, howev-
er, it is hard to evaluate the actual current distribution around the magnetic-field source, be-
cause no current lines may be straight except a dividing line connecting the electrode cen-
ters.

Experimental Results

The wake flow fields may be governed approximately by the Navier-Stokes type equa-
tions including the j X B body force term, because the electromagnetic and hydrodynamic
equations are well decoupled in the present experimental condition; j and B are the electric
current and magnetic flux densities, respectively.  The similarity reasoning gives that the
flow on full scale depends on such parameters as the Reynolds number R (=Ud/ ¥ ), the
non-dimensional “Lorentz” force Q (=jBd/ £ U?), and the reduced time Ut/d, where U, d, v,
£, and t and the magnet speed, the magnet diameter, the kinematic fluid viscosity, the fluid
density, and the time measured from the start of magnet-unit motion.

In Fig. 2 are displayed two typical plane wake patterns: (a) shows a wavy wake
formed when the long stationary electrodes were put in a NaCl solution, and (b) shows one
formed when the short electrodes were moved together with the permanent magnet unit in a
NaHCOj; solution.  The total current applied is denoted as I.  Both wake patterns look
similar, and the wavy wakes thus can set up with either of the two electrode configurations.
The value of Q for Fig. 2 (b) is only approximate because of the difficulty of precise evalua-
tion of j.  The maximum values of B for each field-source configuration are used to deter-
mine Q.

The measurement of mean wavelengths (L) for the wavy wakes was made when the
long electrodes and 3.5 % salt water as a working fluid were employed.  The result is
shown in Fig. 3, in which L/d is plotted against R for Q between 0.77 and 1.04. The
wavelength decreases monotonically when R is smaller and approaches to about 8.2 as R
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Plane wavy wakes behind a moving magnetic-
field source.

(a) With long stationary electrodes in 3.5 %

salt water:
R=260, Q=0.994, U=1.53 cm/s, [=1.25A,
d=2.00 cm

(b) With short moving electrodes in 1.5 %
NaHCOs solution:

R=299, Q=4.83, U=1.28 cm/s, [=0.250A,
d=2.00 ¢cm

6 Q:0.77-1.04
. L . | . |
250 300 R 350 400
Fig. 3 Reynolds number dependence of mean

wavelength of plane wavy wakes at nearly
constant Q.

(a)

(b)

Fig. 4 Wakes with cross flow at R=57.0 and
Q=154.

increases in the range of R examined.

The effects of cross flows on a plane
wake were investigated with several diffe-
rent arrangements of the magnets. It was
observed that, when an initially straight
wake was blown off from the side by a
localized cross wind in the middle of the
tank, the wake became unstable and wavy
after the blowing. It was also observed
that, when a cross wind blew constantly,
the basic wake remained straight while a
circulatory flow set up in the tank. An
example is shown in Fig. 4. In this case,
the elctrodes were located on the left and
right ends of the tank so that the body
force continued to cause a cross flow dur-
In Fig. 4 (a), the leftward-
moving magnet unit is still in the middle of
the tank and a clockwise-rotating circula-
tion is established behind the unit. Figure
4 (b) shows the wake formed after the
As will

ing the run.

whole tank has been traversed.

be seen from the picture, the basic wake pattern remains straight to suffer no wavy distor-

tion.

The interference of the wake with a more complicated cross flow was investigated

exploratively.

the bottom of the tank, equidistantly with alternating polarities.

Figure 5 shows a symmetric flow induced by the magnets alining, behind

With the use of a pair of

two magnets, a single pair of standing mushroom vortices as shown in Fig. 5 was selected in
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Fig. 5 Mushroom vortices induced on alined magnets (a)‘
arranged equidistantly with alternating polar-
ities at B=0.100 T and [=1.00 A.

the middle of the tank, and made to inter-
fere with a progressing plane wake original-
ly formed due to the moving magnetic-field
source.  The result is displayed in Fig. 6.
Figure 6(a) shows the encounter of the
wake with the vortex pair.  Figures 6 (b)
and (c) show the subsequent development of
the interfering flow pattern.  Figure 6 (c)

shows that the wake has become wavy after Fig. 6 Interference of plane wake with a vortex pair
the encounter and a large block of symmet- standing in the middle of tank at R=67.5, Q
rical vortices is formed in the far wake. =0.164, U=1.00 em/s, d=0.600 cm, B=

A cross flow thus distorts the plane wakes 0.0300 T, and j=50.0 A/m".

. (a) Ut/d=35.0
substantially. (b) Ut/d=61.7
In conclusion, the Reynolds number de- (¢) Ut/d=138

pendence of the mean wavelength of the
plane wavy wakes induced by the Lorentz force is established for the range 250 <R <400.
The plane wakes are substantially affected by cross flows.
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