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PE3IOME

Pasrnexga ce KpaeH, 3anbfiHEH C BUCKO3EH Cbl'lyl/lﬂ, UWNUHABP, YAMTO rOpHa U A0NTHA OCHOBA Ce BbPTAT C Pa3nnyHK 1 NPOTUBOMNOMOXHM NMOCOKW BINOBU CKOPOCTHK.
lMpunaraiku metoga Ha <Dpre BbpPXY OCHOBHUTE YpaBHEHUA Ha XMOPOMEXaHUKaTa € Nony4eHo NoneTo Ha CKOPOCTH Ha (hnymna.

Pasrnexpame kpaeH uunuHabp ¢ paguyc R v gbmkuHa |, v, (0,2) = v, (R,2)=0 ,0< z< [
KOMTO € HambfIHEH C BU3KO3EH (hryua W YMATO ropHa U AoMnHa
OCHOBa C€ BBLPTAT B MPOTUBOMOMOXHM MOCOKM C BIMOBU v (r,0)= -w,r 0 r< R (2)
CKOPOCTU, CbOTBETHO W U —w; (cpur.1). MocTaBsme cu 3a Len v, rD=or ,0<r< R
[ ONpeAenyM MoneTo Ha CKOPOCTUTE.

KbETO V, € TaHrMpaLlaTa ckopocr.
Kato npunoxum metoga Ha ®ypue, T.€. Kato NONOXMM

ve(r2)=f(R).9(2) (3)

ot (3) n (1b) nonyyasame
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OCHOBHWTE ypaBHEHMS Ha XMOPOMEXaHNKaTa Ha BU3KO3HUTe dz
nyuau B TOaM  crnyyail ce ceexgat go [ d 1 d 1
drywn y xpar  po  [1] {+_l+(_A__2)f:0 5)
vy 0 B dr rdr r
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ir~ ridr r° 0z g(z) = Cshaz + C,ychaz
d = AJ + BY, 6
a_(p+Q):O (IC) f(l") 1(617’) l(ar) ()
z
Kboeto Ji e uunuHopuyHa yHkums (Bessel dyHkumus ) ot
MbpBU POA W MbPBU ped, Yi- uunnHapudHa dyHkums (Weber
KbieTo p e HansraHe (ckanap), Q-noexuuan Ha obemHuTe (bYHKUWST) OT BTOPM POZ U HPBM PEA.
UMK, P-KOBCPULIMEHT Ha  BUSKOSHOCT Ha  nywpa, V- Or (6) n ot nbpBOTO Yycnosue (2) crneadsa, Ye yHKUMATA
TaHmpatla ckopocr. Vo(r,Z) MOXeEM [la ThpCUM BbB BIAA
OcHoBHaTa 3aaya Ce cBexaa A0 TbPCEHETO Ha PeLLEHNeTo o
Ha ypaBHeHueTo (1b) npu cnegHUTe rpaHUyHM YCroBKs v, (r,z)= 2 (AiShaiZ + BiChaiZ)Jl (aiz) (7
i1
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i

KboeTo a, = %, fl. - Hynute Ha Ji(r), i=1,2,3,....., a 0T

nocriefHuTe fiBe YCIoBUS (2) NonyyaBame cicTemara
Z BJ,(a;r)= -0 ,r (8a)
i=1

Z (A;sha,l+ B,cha,l)J, (a;r)= wr (8b)
=1

Kato nonoxwm 7 = Rx(0< x< [,0< r< R) (8a)
npvema BuAa

-0,Rx= Y BJ(¢x),
=1

a crnej Kkato YMHOXMM TOBa pPaBEHCTBO N0 XJi(&x) M
WHTErpupame B rpanuum ot 0 go 1 nonyyasame

[

w ]Rj x*J, (&, x)dx = Z Bi'f xJ, (&, x)dx

i=1

1 OKOHYaTenHo

20,
asz(fk)’

B, =

KbaeTo J, e UMnuHOpudHa yHKUMS OT MbpBK poa W BTOPM

pef.
CbBBPLLEHO aHaMoM4yHo, KaTo 03HAYUM

B, = Ashal+ B,cha,l

nonyyaBame

MpenopbyaHa 3a nybnukysaHe om
kamedpa “Aemomamusayusi Ha MUHHOmMOo npou3godcmeo” Ha MEM®

20
f,=——, k=123,...
a,J ()
W Taka gocturame o cuctemara
20

A,sha,l+ B,cha,l = ———

a.J,(¢,)

_ 20,

B, =-—
a.J,(¢,)
4YMETO peLLeHIe BOAM KbM

_ 2 cha,l+w

a,J,(&,)sha,l
20
B, =- — L
a,J, (&)

11 OKOHYaTENHO Hanuceame

> 20 ,sha,(z- 1)+ 2wsha, z

eS| a,J, (& )shal

PaeeHcTBOTO (10) € pelleHne Ha nocTaBeHaTa OCHOBHA

k

v (r,2) = J,(a,r) (10)

3apava. 3abenssea ce, ye npu |a) | = |w 1| NOBbPXHUHATA

z=l/2 octaBa HenmogBwkHa. YucneHuTe  eKCNEPUMEHTM

nokasear, 4e npu |a) | # |w l| MNoneTo Ha TaHreHTupaLute

ckopoct V4 =V (7,z) wma Typ6oneHTeH BuA.

Heka oTGenexum, Ye pelieHaTa Tyk 3afava Bb3HUKBA U B
rnobanHuTe Hayku 3a 3emsrTa.
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STATIONARY STREAM OF VISCOSE FLUID IN A PIPE WITH FINITE LENGTH

Veselina Dimova

Utrecht University
Department of Applied Geophysics

ABSTRACT

Petko Lalov

University of Mining and Geology “St. Ivan Rilski”
1700, Sofia, Bulgaria

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
fluid which has up and down bases rotating in opposite
directions with angle velocities of w and -w; respectively (see
Fig.1), is considered. Defining the velocity field is the target of
the present paper.

|

Figure 1

Basic equations of hydromechanics of viscose fluids in this
case are set to

(1]
v, 0 )
p—=—(ptQ)=0 (la)
roir
62v¢ 10v¢ 7 02v¢
+t——-"4+—)=0 15
ﬂ(arz rir r*  0z? 16)
L (pra)=0 (Ie)
0z

where p is the pressure (scalar), Q is the potential of volume
powers, p is the coefficient of viscosity of the fluid and v, is the
tangent velocity.

The basic problem is brought to finding the solution of the
equation (1b) with the following limit conditions:

v (0,2) = vy (R,2)= 0 ,08 z<1
v (r,0)= -w,r ,L0¢r< R (2)
v (r,)=wr ,0¢ r< R

where v, is the tangent velocity.

Applying the method of Fourier, i.e putting

Vo(r2)=(R).9(2) (3)

from (3) and (1b) is obtained

r2d2f+l’£'f Q
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where

g(z) = C;shaz+ C,chaz

f(r)= AJ,(ar)+ BY,(ar) (6)
where J; is a cylindric function (Bessel dyHkuus) of first type
and first row, Y- cylindric function (Weber function) of second
type and first row.

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

[

v, (r,2) = z (4;sha,z+ B.cha.z)J,(a,z) (7)

i1

where a, = %, ¢, - zeros of Ji(r), i=1,2,3,....., and from
the last two conditions (2) is obtained the following system

Z BJ(ar)=-w,r (8a)
i=1

Z (A,;sha,l+ Bchal)J (a;r)=wr (8b)
i=1

Puttihng 7 = Rx(0< x< [, 0< r< R)
the appearance

(8a) takes



-0, Rx = Z B.J (¢ x),
=1

then multiplying this equation to xJ:(¢x) and integrating it in the
limits from 0 to 1 is obtained

1 ® 1
w IRI x*J, (€ x)dx = Z B,.I xJ, (&, x)dx
0 i1 0
and in finite

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

In absolutely the same way, designating

B, = Assha,l+ B,chal

is obtained
e 2 k123
a,J, ()
S0 getting to the system
20
A, sha,l+ B,cha,l = ———
a,J, (&) 9
- _ 2a)l
’ a,J, (&)
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which has the solution leading to

_ 2w ,cha,l+w
¢ a,J, (¢ )sha,l
20,

. =t
a,J, ()
and finally is written

- -0+
v, (r,2) = Z 20,sha,(z- 1)+ 20sha,z
=1 akJ2 (((k)shakl

J,(a,r) (10)

Equation (10) is a solution of the basic problem just defined.
It becomes evident that if |w | = |w 1| area z=I/2 remains

unmovable. The numeric experiments show that if |0) | # |a) 1|

the field of the tangent velocities vy = V; (7,2) has the
appearance turbulence.

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