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The Conductive Fluid, Confined in the Infinite Rigid Cylinder, Surface
Vibration Under t‘he of Variable Electrical Field

S, Sertentas, R. Staikevidius, G. Vitkuuskas
Kaunas University of Technology, Lithuania

Abstuct: The electrohydrodynamic conductive fluid surface vibration confined in an rigid cylinder and having a circular
interface has been investigated . It is found that there exits a critical electric field beyond which the intensive vibration of
surface is exits. When the surface tension factor prevails in the system the resonanse curve is directed at the smaller side of
velocity of electrical field and amplitude of oscilations decrease while increasing the velocity of electrical ficld. When the
viscous factor prevails in the investigated system, the rezonance curve is symetrical with respect to maximum amplitude.

Keywords: electrohydrodynamic, surface vibration, rezonance.

The investigated model is showh in picture 1. In a

circural hermetic cylinder there is conductive liquid, which g =0, when 0 O, when 2= —h . (3
—=U,whenr=ry — =V, when Z=-N,, )
4

takes up volume 0<r<r, ; 0sv<2m; -hy<z<0 .In distance b, P
from the surface of liquid the metalic electrode is placed. ¥
The space between the electrodes is filled with gass and
supplied with altenating voltage. 5 5

” | —2=-—’7.U=0,when:= \ (4)

0z ot .
7 U= Uny(t), whenz = h, (5)
Uoy(t) ‘
™~ r where A - Laplacian operator in cylindrical co-ordinate

system, ¢, 1 -the potencial of liquid velocity and the
amplitude of surface vibration, U - the potential of
electrical field p y, q, a -correspondingly the density of
liquid, dynamic viscosity, normal acceleration and surface
tension coefficient.

Well investigate the symmetrical surface vibrations
acordingly 10 z axis. With respect to boundary conditions
Fig. 1. The investigated model ,& ) ,b - .pc : ~)un ary'u)n Hons

(3) ¢ and n we search for solutions in certain type[2]:

< 0B, (1) chk,(z+h,)

In equilibrian stage the meniscus of conductive liquid _
has hemisphere form, and the lines of cletrical forces are p= ZCU o & shk h Iy(k,r).
perpendicular to both surfaces. The motion of liquid - L R
surfaces harmonized in all volume and the potentional of
electric field is harmonized in between electrodical space.
Taking into consideration all the mentioned presumtions R
the vibrations of the surface of conductive liquid we can = chﬂn (O (k,r),
describe in the following equation system([1]: el
Ap=0, AU=0, (1) where k= ;-”— , &, -n-order Bessel function
r
Lo( kor )=0 root.

0
F(rz1) =p-é‘t£ P4+
In order 10 find unknown coefficients B,(1), ¢ and n

()Zw ad 0 on 2 , expressions we pul into kinematic equation (2). After
2 -é—z— + '—a—'(’ —) 1+ '(‘)7‘ ' (2) simple matematical operations and using . uations (4) and
t ror or (5) we get:
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s &Ulk t

L) zaﬂ(')+(qk L2,
) " a’ L

o’ p " Anphlthk b
3C,ak ! thk 3C,ak,thk by 2 U
where y, = k) J{k.rlo’(k.r)lf(k,r)+-§Io(k,r)ll’(k,r)Jdr, V= ;

We shall investigate the case, when the electrical field  that is y(t)=cos€t. In this case the cquation (6) can be
between the electrodes changes accordingly cosinus law, written;

]3,8()

+[é‘ +8,81(1) w +8, cosZQz)ﬂ 0 -7B8 =0, (7)

8B, (1)
ar’

U b 2 2
whre g = LuklWhhy o [pataky RO e onoh
8rphthk b, P 8rph!

K2 = 21k}, 8, = constant, the value of which is fixed in the way of experiments.
'ﬁ

When ¢, cos28U =0 we get equation of suface  Bi(t)=a sind2-bcos{x=fysin($2- @),
free oscilations, when the uniform electrical field -is

supplied between electrodes: :

s sl b
where f, = (a‘ +b')3, @ =arctg —
a

Using this expression in equation (7) after simp
We notice from this equation that indirect factors and operations, we get the following equation of constrain
constant component of electrical field decrease the velocity oscilations amplitude when Qzw
of free oscilations. If we want to find B.(1 )when Q= @
the solution of equation (7) search in the following form:

3 (& | o) | gl wz\z 9] g! o‘jl
13,18 | s 1 25660 1-L0 | Lo B oLl [ 2080 4200
Ay 27'[93 Jz"' 2" [ QJ Pt PToY ( Q') 16[0‘ Q-J

A

2 2

2-7'—,+-]-5f ‘
8807 '8

In cases when viscousity factor or nonlincar surface
tension factor is small the equation (8) can be written:

09§ -

when y,=0 (9)
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when 8,=0, (10)

n10%m
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Fig. 2. Resonanse liquid surface vibration amplitude curve, when

8, = 0.50=3,1.10"m, hy=10"m, hy=3.8.10"m.

While the surface tension factor prevails in the system
the resonanse curve (fig.2)is directed at the smaller side of
Q meanings and - the amplitude of oscilations
decreases while increasing the velocity of electric field. In
this case to excite the surface vibrations we can only

when ff; is a whole quantity that is:

E(,b(

]‘.

167pw, 8, thk,h,

g;  thk,h,
L]
5t (gt A
3-—2‘—'— é4’—’~(5‘, ,f+-41'- <Q'<o}-
I
52 ,4 4 2
——5"-+ .13 5‘3w3+—:— :
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. SURFACE VIBRATION UNDER THE OF VARIABLE ELECTRICAL FIELD

R. STATKEVICIUS, G. VITKAUSKAS

When viscouc factor prevails in the system (fig.3) the
rezonance curve is symmetrical with respect to maximum
amplitude.

Conclutions

Using received expressions we can calculate
dynamical characteristics of commutators with liquid
metalic contacts depending on their geometrical
parameters and supplied characteristics of electric field.

n10*m
E=2.0*
10'v/m
6 \
Es=1.6*
10'v/m
et
4
Eo=1,0* \\
10vm |f
2 \
0 S8
41 41,5 42 f Hz

Fig. 3. Resonansc liquid surface v*hration amplitude curve, when
7, = 0 5=3.1.10°m, ho=10"m, hy=3.8.10"m.

If we compleate this condition, then area of described Q'
meanings €xists, in which we can excite intensive
oscilations of surface. The boundaries of this area we find

from condition ﬂ(; =0, Then follows:
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