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Abstract—The process of transporting magnetic fluid
in a heat pipe is modeled. Motion of the fluid is dven
by several forces (gravitational force, surface tesion, magnetic
force and in a small extent also wettability). Fronthe physical
viewpoint, the task represents a coupled problem. fle paper
deals with its continuous mathematical model and &
numerical solution. The methodology is illustratedby a typical
example.
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. INTRODUCTION

The process of transport of magnetic fluid
in the considered heat pipe at the presence of atiadield
is characterized by a relatively complicated intéom
of several forces acting on its particles. In ortterobtain
sufficient information for their quantification augntitative
analysis of the situation in the pipe in the presen ,ff
of external magnetic field is needed, as is ilasd L
in Fig. la.

Without the presence of external magnetic f|e|d, Fig. la: Arrangement of the considered heat plpm(f\llew)
the cooling medium, condensing in the upper part
of the heat pipe, flows freely down along the ingdr
surface of the heat pipe. Its movement is onlyuirficed
by the gravitational force, surface tension and gamall
extent) also by wettability.
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The situation changes, when the magnetic figlstarts
growing from zero. In the vicinity of magnetic psld
of a considered electromagnet (see Fig. la, b) figld
is characterized by a steep gradient oriented twar
the edges of the tapered poles of the magneticititdere
the particles of the condensate are influenced bgnatic
forces oriented in the same direction. And when dkial
component of this magnetic force together Fig. 1b: Arrangement of the considered heat pipe Vtew):1 - heat pipe,
with the analogous component of the force generated™ condensate flowing down along the pie; magnetic circuit — poles

. . of the circuit,5 — direct current carrying field coil

by the surface tension exceed the correspondingspre
and gravitational force, the particle stops flowidgwn In the axis of the pipe the magnetic forces vanish
The volume of the droplet increases with growinggneic e droplet fills in the whole cross section of thie,
field and after reaching a predetermined value afmetic  the column of the condensate in the axis and ity
flux density in the axis of the heat pipe the dedffills s kept in balance only by the surface tension.
in its whole cross section, preventing the condensa o ) i
from continuing flowing down. Now, the operation  |ne magnetic field-dependent evolution of the siara
of the heat pipe is practically stopped because off the pipe is shoyvn in Fig. 2 The dlstrlbutlonmagnenc
no transport of heat (provided that the total Weighforce lines in particular sub-figures must be cdestd only

of the condensate does not exceed the magnetiteasibn orientationally; the presence of magnetic fluidfant, leads
forces). to changes in their distribution together with ttieange

of the shape of the droplet.
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Fig. 2: Droplet of condensate formed by forcesragtin it for increasing
magnetic field

Il.  INVESTIGATED ARRANGEMENT

The task will be modelled in the Cartesian coortgisa
X, yas a 2D problem (Fig. 3). Thus, it is considergihite
in the direction of thez-axis. The droplet is considered
a static body, the dynamic phenomena being neglettas
means that its shape is rigid and no fluid is ssppdo flow
into it or out of it. In other words, in the course
of investigation its curved surface remains uncleang

. MATHEMATICAL MODEL

The distribution of magnetic field in the investigd part
of the system (see Fig. 3) obeys
for the magnetic vector potentialin the form

curl(l curIAj =0, (D)
U

whereu denotes the magnetic permeability. The magneti?\IO

vector potential has only one componén(x, }) in thez
direction. Equation (1) is solved in an area sumdad
by the artificial boundary PSQR. The boundary tadé
determined in the manner that its increase no loaffects
the field distribution within the heat pipe. Equeti(1) has
to be supplemented with correct boundary conditidng [
clear that the parts PQ and RS of the boundary
are characterized by the perpendicular entry afefdimes,

so that (3]
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Fig. 3: 2D model for computation of magnetic field

Now we can choose

Aps=0, A gr =By ©)

After obtaining the distribution of quanti#, (x, y) we

determine the distribution of magnetic field stridng
[H (%, y)| following from the formula

Hluy)= [6Az(x, y)]ﬂ[a/&(x 9)2 @

0x oy
and distribution of the volumetric energy
Wi (X, y) of magnetic field
1 0
Wm(x,y):z,uH (xy). (5)

The volumetric magnetic fordg, (x, y) acting on a particle
the equatiomf the droplet at point, y is then given as

fm (X y) =—gradw, (x y). (6)
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