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Abstract - Inverse problem of the two - phase liquid flow separation on components
under magnetic field action is firstly resolved at given law of the moving boundary
alteration. Automodel solution is established, which may be approximated till various -
areas of dimensionless variable &. It is found the relationship between the phase radius
r o and magnetic properties of the liquid involved. The dependence of velocity function
on rheological parameters of the liquid is estimated. The changes of the liquid flow
separation due to effect of the alternating magnetic field are shown. It is established,
what liquids should be combined in total flow in order to acquire the best effect of
separation.
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1. INTRODUCTION

Separation of multi-component liquids (mixtures, solutions, emulsions) by means
of physical field is a problem of great interest from both practical and theoretical points
of view. Opportunity to separate the moving liquids for their phases allows us to
facilitate the most of technological processes ( see, for example [ 1 1) and decrease
expenses in oil and chemical industry, medicine, etc. Recently, universal external agent
able to separate any multiphase liquid is absent. Each of them has some advantages and
lacks. For example, magnetic field is sufficiently effective if the separated phases of the
liquid have essential magnetic properties (susceptibility and / or permeability), as it was
shown in [2]. High - frequency electro - magnetic fields [3,4] and direct electric fleid
[5,6] may also be considered as the physical agents able to separate two - component
liquids. Nevertheless, the analysis of existing experimental works gives an opportunity
to conclude that the magnetic field (m.f.) is one of the most appropriate for practical
purposes.

Despite of sufficient nurnber of the experimental research in this area, the question
about theoretical investigation of two - component liquids separation on their
components is open so far. Moreover, review of present literature showed an absence of
theoretical papers devoted to this problem. The main reason is that from mathematical
point of view the problem belongs to the class of the problem with moving boundary.
For this class the integration of the equations conjugates with serious mathematical
difficulties. In present paper ones make an attempt to give the theoretical solution of the
problem of two - component liquid flow separation on its components under the m.f.
action.
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2. MATHEMATICAL STATEMENT OF THE PROBLEM

As a basic model for the process of separation one takes the following. Certainly,
in moving the visco - plastic liquid within cylindrical pipe there is a separation of this
liquid for two phases: the first - plastic phase with the radius r ¢ and the second - visco-
plastic one expanding throughout r ¢ <r <R (R - radius of considered cylindrical pipe
). The complete mathematical description of this process is given in [7], where in terms
of the inverse problem for the boundary of plastic area it is developed the automodel
solution of non - stationary process of the liquid separation for two phases. The
boundary change law is accepted to be as the most appropriate to observed experimental

data
7y :&ﬁ ,

hereafter the coefficient ¢ is a certain constant parameter that describes the separation
rate of the visco - plastic liguid,

Let’s propose that in switching on the permanent m.f. the separation of a two -
phase liquid realizes by the same scheme like considered in [ 7 1. Such an approach
at!nws getting the automodel solution of the problem of the two - phase liquid
s, aration by means of the permanent m.f. In similar approximation the value r
describes the boundary of the one phase after separating.

Let’s consider the linear non - stationary motion of two - phase liquid in
cylindrical pipe. It is taken that at + < 0 there is the steady flow with velocity

distribution by the law ——%r | here B, is constant magnitude characterizing applied

mf. (detailed consideration of the question of m.f. action on the viscous liquid with
account of magnetic and rheological properties of the last is investigated in [ 8 ] ).
Pressure drop AP at ¢ >0 is accepted to be equal to zero. The axis z is directed alor
the axis of the cylindrical pipe.

From linearity of motion of the two - phase liquid it follows that v, = v, =0.

. . 0
Taking into consideration cylindrical symmetry of problem involved, one has a"z = ()

@

o . . dv : .
and ultimately from the continuity equation wém?m ={ . Then, the equation of motion
z

will be represented by the following form

dv. 9%v. 19dv
f = £ o & —B 1
’Oar W[8r2+r8rJ i M

under the condition that the value B ; is determined by the parameters of magnet used
and rheological specifications of the liquid [ 8 ]

Bl miQﬁﬁ{ ..... B(2)
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herein M is the magnetic moment of unit volume of the liquid, B ) _ permanent factor
describing magnet and naturally changing in dependence on construction and type of the
magnet, the poles forms, distance between them efc, upper and lower signs “+“ and
« _ « correspond to the liquids with positive and negative magnetic moments,
respectively.

The initial and boundary conditions are given in the next form which is the most
corresponding to matter of the process considered

v (ri=0)=-2ty, @
)
ov.
e ln(e),1]=0, 3)
ar
3 . B
Seln(o]===2r, @
P (f=0)=0 (5)

How it was marked above, let’s take that the boundary of one separated phase of the
liquid ro changes by the law

=t (©)
In this case it is obvious _
2aB
V;,[r(}([),t]m_._MLIBM (7)
3 0

3. SOLVING THE PROBLEM

Solution of the formulated problem is automodel and takes the following form

v (r,t)y= B’ f(8) (8)

g 20B G P
3 p nt

2
and @ - the dimensionless variable ( analog of this variable has been successfully used
in [ 9] as “ Boltzmann transformation “ ). So, our problem is reduced to determining the
function f{ @) . Inserting the relationship (8) into the equation (1), after non - complex
mathematical calculations one has

where

d*f(e) * \d f(0) 3 | 2
f — L =Ll -0 f(8) = B, 9
46’ 2) do 2 J(0)=5; ®)
where the value B is defined as

307

2o\ p
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For the function f( @) the boundary conditions are altered and may be represented like

flG)=-1, (10)

af(ga)_ _ 2
50 =0 , HG—CX\/‘; (11

The equation (9) belongs to the class of non - homogeneous hypergeometric
equations, solutions of which is a difficult task. So, by means of the following
substitution

. _
J"(@)mg(é’)+w9~3wt.‘5’3 (12)
let’s transform the equation (9) into appropriate homogeneous equation
d 2 2
g‘,,V._f(fil+(1+€W}£‘Ui€9) :

e . = 13
46 5 ) dg 079)=0 13

[he substitution (12) may be established due to the next scheme. One takes
f(8)y=¢(8)+kE° , where k - the coefficient that should be defined. Then, it is
obvious. obtained '

df(6)_dg(d)

+3k 67
de d6é
d*f(0) dg(8) ’
e = s 6k @
d6 d6

and after inserting the last formulae into the equation (9) one yields, « xB% . The

equation (13) can be resolved hy various methods, for example, contour integrating
[10}. However, such a solution has not obviousness. So, it is worthwhile to look for the
solution as an infinite series. One accepts that the function g ( &) is expressed by means
of the series

§(0)=3 a,6' | (14)
i=0

and finds all the required values of the coefficients « ; and indices ¢ . For this it is
necessary to find all the derivatives of the relationship (14)

di(@g)zz l-aigi-j 5
i=0
dzg(e} - 2
SN i~ a6
100 "%

and introduce them into the left side of the equation (13) instead of the function g ( )
and its derivatives. Having selected the summands with the same degree of variable 8 ,
one yields the following series
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Since the equation (13) is homogeneous, it is obvious that every coefficient at any
degree of ¢ should be equal to zero. This condition gives the infinite system

For the odd and even values of index i two system of equations are obtained,
respectively

m-;o:(}@Maz@:O,

m%azaum%eﬂ =0, {-

From these systems one gets the next result: all the coefficients with odd values of |
are zero, but from the magnitades a; with the even i only ag, a; and a4 are
different from zero, so that for the function g( @) there is the following dependence

gll)=a,+a,0" +a,0" (15
under the law between the constant coefficients, a ; (i =0, 2, 4) given below as

3 1 3

=28 » Gy =od) ==y

8 S 32

It is clear that the coefficients ¢ » and a 4 are expressed through a . For finding
the coefficient a ; one should use the boundary condition (10). Firstly, let’s return to
the original function f{ @) . Taking into account the substitution (12), we have

B, .
[(8)=-316"ta,+a,0" +a,0°

Now it is used the condition (10). The calculations give
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and ultimately for the function f{ €) of the equation (9)

3 3
[+ 42— 9"
B B
F(o)y="20"-{1+207 |- 8 . 236 (16)
9 9 3g

At infinitesimal values of the parameter @ which physically corresponds to stationary
regime of the flow ¢ —» eo, from the relationship (16) one can acquire for the velocity
function
B
1+-—6;

4 8¢ + ﬁweg‘
8 256

f(@-—0)=-

Having analyzed the formula (16) we are able to estimate the dependence of the
function f( 8 ) on various rheological parameters of the liquid involved. For instance,
the more the rate of the boundary separation ¢, the less the function f( &) because

af(o
the inequality f(9)
Ja

~< 0 is valid. Physical explanation of the last aspect is obvious.

The phase separation is foliowed by energy dissipation. It is clear that under weak rate
of the flow separation the dissipation of energy is insufficient, naturally, the velocity
function f( @) is more than for case of the flow separation with greater rate.

4, CONCLUSION

So, the algorithm developed here allows to analytically resolve the inverse
problem of the two - phase liquid separation by m.f. Obtained automodel solutions are

valid under the law 7, ma'.\/? for the boundary change of one phase. Certainly, the

value « depends on the physical parameters of the phase composing the liquid flow. In
[ 8 7it has been revealed that the change of hydraulic characteristics of liquid under m.f.
action is connected to magnetic susceptibility of the liquid. If two various by sign
magnetic susceptibilities of phases in the liquid are existed, then under m.f. effect their
separation takes place due to different “rheological” reaction of these phases on applied
m.f. Accordingly to the results of [ 8 ], for diamagnetic liquids decrease of their
viscosity with parameter B ¥ under magnetic field should be observed, while for para -
and ferromagnetic liquids ones have to indicate the increasing their viscosity. Naturally,
the more difference between the magnetic permeabilities of considered phases 4 ; and
U 2, the greater separation process as a whole. In principle, in this case ones find two
values of the liquid velocity: v (r,2) for the liquids with M >0, and v (r,¢) - for
the liquids with M <0 . As a result one gets
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v (1) =B,r* f(9),
v ()= =Byr*? f(0)

for the permanent m.f. effect. By other words, there is the different character of velocity
change at the same function f ( & ) . The variant of various by sign magnetic
susceptibilities of phases composing the initially unified flow considered here is the
most optimal for the separation effect. Of course, the separation under m.f. will be
realized for two phases with the univalent sign of their magnetic moments M as well,
but for similar combination of the liquid phases magnetic propesties the effect will not
be so essential.

Hence, the more the value Ay, the greater the constant o ( because there is the

dependence « ~Au ), and the boundary of the phases separation r o, respectively.

oy
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