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STATIONARY STREAM OF VISCOSE FLUID IN A PIPE WITH FINITE LENGTH
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ABSTRACT

A finite length pipe, filled with viscose fluid, with bases rotating in opposite directions with constant angle velocities, dragging the fluid, is looked over. The velocity field
is defined.

Finite cylinder with radius R and length |, filled with viscose The basic problem is brought to finding the solution of the
fluid which has up and down bases rotating in opposite equation (1b) with the following limit conditions:
directions with angle velocities of w and —w1 respectively (see
Fig.1), is considered. Defining the velocity field is the target of v (0,2)=v,(R,2)=0 ,0<z<I
the present paper. ¢ ?
v, (r,0) =-awr ,0<r<R (2
v, (r)=or ,0<r<R
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C where vy is the tangent velocity.
Applying the method of Fourier, i.e putting
L vo(r2)=(R).9(2) @)
Cua
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from (3) and (1b) is obtained

d?f df d?
r2= - +r———f —?
dl’ zdr :dZ :i,(—l:az) (4)
Figure 1 fr 9
Basic equations of hydromechanics of viscose fluids in this or
case are set to q2
1] 94+ig=0
‘2 (pra)=0 @
p = (p+Q)= 1) gzf 1qf 1
rooor = —+(-A-—)f =0 (5)
62V¢ 1 a\/(p V¢ asz dr rdr r
U+t ——2) =0 (1)
or ror r 0z
5 where
—(p+Q)=0 (1c)
0z g(z) =C,shaz + C,chaz
f(r)=AJ,(ar)+BY,(ar) (6)
where p is the pressure (scalar), Q is the potential of volume
powers, p is the coefficient of viscosity of the fluid and vy is the where J1 is a cylindric function (Bessel dyriuus) of first type
tangent velocity. and first row, Y:- cylindric function (Weber function) of second

type and first row.
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From (6) and from the first condition (2) it comes that the
function ve(r,z) can be sought in the following appearance

v,(r,z)= i(Aishaiz +B,cha;z)J,(a,z) (7)

i=1

Si

where &, =R &, —zeros of Ji(r), i=1,2,3,....., and from

the last two conditions (2) is obtained the following system

i B;J,(ar) = —a,r (8a)
S (Asha,l +B,chal)J, (a,r) = ar (8b)

i=1

Puting r = RX(0< x<I,0<r <R)
the appearance

—o,Rx = iBi‘]l(é:iX) ;

(8a) takes

then multiplying this equation to xJ1(&x) and integrating it in the
limits from 0 to 1 is obtained

1 © 1
a)le x2J, (Ex)dx =) BiJ.le(gk x)dx
0 =l o
and in finite

B, = 2®1 k=123........

aJ,(&)

where J2 is a cylindric function of first type and second row.

In absolutely the same way, designating
S, = Asha,l + B,chal

is obtained
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IB = ’ k =1,2,3,....
©ad, &)
s0 getting to the system
Asha,l + B, cha,| __ 2o
T adu6) o

20,

B =—7—

aJ, (&)

which has the solution leading to

_ 2(w,cha,l +o

- a,J, (&, )sha,l
20,

Cad, (&)

B, =

and finally is written

2, 2w,sha, (z 1)+ 2wsha, z

v, (r,z) =é a J, (£ )sha,l

Ji(a,r) (10)

Equation (10) is a solution of the basic problem just defined.
It becomes evident that if |a)| :|a)l| area z=I/2 remains

unmovable. The numeric experiments show that if |a)| * |a)1|
the field of the tangent velocities Vv, =V, (I, z) has the

appearance turbulence.

It should be stressed that the problem just solved arises in
global Earth sciences too.
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