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Visual observation of the e!ect of magnetic "eld on moving air
and vapor bubbles in a magnetic #uid
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Abstract

Theoretical prediction suggests that magnetic #uid (MF) as working liquid in heat pipe could enhance and control the
heat transfer under the application of magnetic "eld. However, heat pipe experiments using ionic MF showed only
marginal gain and demands investigation. As an initial step, visualization of air and vapor bubbles behavior under zero
and applied magnetic "eld has been carried out using X-ray. The observations can be summarized as follows; applied
magnetic "eld (a) reduces the size and deforms the shape of the bubble that secede from the heating surface or air supply
tube, and (b) accelerates the movement of the bubble in the liquid. ( 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Magnetic levitation on nonmagnetic bodies in
a magnetic #uid (MF) has been applied to the
separation of materials of di!erent densities [1],
development of a new energy conversion system
using gas}liquid two-phase magnetic #ows [2] and
MF heat pipes [3]. In the case of heat pipe, the
magnetic levitation force acts on vapor bubbles
evolved during boiling of the MF and believed to
enhance the heat transfer properties. However, heat
pipe experiments using MFs demonstrated only
marginal gain and demanded detail investigation.
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As an initial step towards "nding the answer, vis-
ualization of air or vapor bubbles in MF had been
attempted using X-rays. Though there has been
attempts using X-rays [4], ultrasonic echo [5] and
proton rays [6] no detailed information is avail-
able. In this paper, we report the real time visual
observation of the e!ect of nonuniform magnetic
"eld on air and vapor bubbles moving in a static
and boiling MF using the microfocus X-ray
generating equipment.

2. Experimental

A microfocus X-ray generating equipment (Fig. 1)
was used to irradiate the cell (30]20]200 mm)
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Fig. 1. The experimental setup.

Fig. 2. Magnetic "eld and magnetic "eld gradient distribution
in the Z (vertical) direction.

that contained MF. Air bubble was introduced
from a point 2 cm (z-direction) above the bottom of
the cell and a nonuniform magnetic "eld (Fig. 2)
was applied perpendicular to the movement of the
air bubble. In the case of a boiling MF experiment,
a copper rod of 2 mm diameter was used as the
source of heat. The experimental set up and detail
description of the cell is given in Fig. 1. X-rays were
transmitted through the MF column and received

by the #uorescent plate. The image on the #uo-
rescent plate is created by the di!erence in the
intensity of the transmitted rays. The brightness of
the #uorescent plate was electronically ampli"ed
and projected onto the secondary #uorescent plate
and the image was developed by a TV camera and
visualized using a TV monitor.

3. Results

The levitation force is generated when a non-
magnetic body is immersed in MF placed in
a nonuniform magnetic "eld. The forces acting
on a nonmagnetic body moving in a static mag-
netic "eld are (a) gravitational force <o

"
g, (b)

levitation force <o
&
g and (c) magnetic levitation

force k
0
M+H and can be given by the follow-

ing equation:

F/<"(o
&
!o

"
)g!k

0
M+H.

Solid substances immersed in MF experience the
magnetic levitation but do not undergo any change
in their size or shape. However, in the case of air or
vapor bubbles, the magnetic "eld is expected to
bring about changes in their shape, size and move-
ment within the #uid.

Fig. 3. The analyzed images of air bubble released from a tube
from the bottom of the cell, at a constant rate under applied
magnetic "eld strengths of (a) 0, and (b) 0.2 T in water-based MF
of 51.2 wt%.
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Table 1
Summary of experimental observation. Note: clearly observed, not so clearly observed

Observed phenomena Ionic MF Water-based MF

Air bubble Size
Shape
The state of seceding bubble

Vapor bubbles in boiling MF Size
Shape
The state of seceding bubble

Fig. 4. The analyzed images of air bubble released from a tube
from the bottom of the cell, at a constant rate under applied
magnetic "eld strengths of (a) 0, (b) 0.075 T and (c) 0.15 T in ionic
MF of 22.7%.

3.1. Ewect of magnetic xeld on the movement of air
bubble

The Fig. 3a shows the movement of the air
bubble under 0 and 0.2 T in a water-based MF of

51.2 wt%. It was observed that the bubble de-
formed in the direction of the magnetic "eld as
shown in Fig. 3b. The degree of deformation de-
pended on the strength of magnetic "eld and solid
concentration of the MF. Fig. 4a shows the e!ect of
magnetic "eld strength on the size of the bubble
released from a tube of 1 mm diameter at a con-
stant #ow rate in ionic MF of 22.7 wt%. The size of
the air bubble released becomes smaller for increas-
ing magnetic "eld strength. Furthermore, for higher
magnetic "eld strengths the movement of the bub-
bles within the #uid got accelerated. When the mag-
netization of the #uid is high the e!ect of magnetic
"eld is large. Here, the bubble size is reduced and lift
o! speed is increased so much that it is quite di$-
cult to obtain the image with the present resolution.

3.2. Ewect of magnetic xeld on the vapor bubble in
boiling MF

The boiling experiments were carried out using
ionic and water-based MFs. All phenomena re-
ported in the above section were con"rmed in
boiling ionic MF under external magnetic "eld.
Furthermore, the enhancement of heat transfer
characteristic under applied "eld was observed by
a decrease in temperature of the surface of heat
source. When a "eld of 0.2 T was applied, the ionic
MF (22.7 wt%) reduced the temperature of the
heat source by about 203C, where as only 83C of
reduction was attained in the case of water-based
MF (24.6 wt%), all other factors being the same.
The boiling characteristics of ionic and water-based
MFs were di!erent and work is in progress to
identify the cause for the same.
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4. Conclusions

We succeeded in visualizing the e!ect of mag-
netic "eld on air and vapor bubbles in MF. The
observations made using X-ray microfocus equip-
ment for air bubble and boiling MF are sum-
marized in Table 1. Furthermore, ionic MF showed
better heat transfer characteristics than water-
based MF. However, further quantitative analysis
has to be carried out to conclude on the right MF
for heat transfer applications.
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