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Abstract. The article features the system of three partial differential equations, which describes the
stream stationary axial - a symmetric incompressible liquid in a pipe. The developed technique allows reduce

the system of PDE to the difference equations which have been solved due to the grid method. Using computer
program MAPLE different values ofpressures difference in the following cases were calculated: a) a smooth
pipe; b) the liquid ispoured in inside a pipe through the reduced part ofa pipe; c) the liquid ispoured in inside
a pipe through a ring. The liquid’s flux modeling in a pipe is investigated at different values ofparameter Re
(Reynolds number), T (parameter of rotation) and A (whirlwind’s intensity). The considered technique is
applicable in specific targets and processes offormation ofwhirlwinds, for example, a stream ofa liquid or gas
in pipelines,, in automobile mufflers, etc.

Keywords: difference equations, grid method, parameter of rotation, Reynolds number, stationary axial
- a symmetric incompressible liquid, whirlwind’ intensity

levads

Modernas tehnologijas pieprasa arvien efektivakas, kompaktakas, videi draudzigakas
tehniskas iekartas. Tas pilna meéra attiecinams art uz energétikas iekartam. Ta ir kompakta,
efektiva un ekologiski tira iekarta elektroenergijas parvérSsanai siltuma, kuras matematiskais
modelis apskatits publikacijas [1; 2]. Pédgéja desmitgadé paradas energétikas iekartas, kuras
konstruétas péc daba sastopama tornado (hurrican) principa [3]. Péc lidziga principa darbojas
darbos [4; 5] modeléta iekarta, kura turbulentu plasmu, laizot to caur speciali konstruétu
galigo cilindru sistému, izveido virpulu virkni un tadéjadi samazina frontéalo pretestibu.

PétTjuma objekti un metodes
Modelgjot stacionaras aksiali simetriskas nesaspiezama viskoza Skidruma pldsmas galiga
caurulé, cilindriskas koordinatés (r,(p,z) apskata Sadu parcialo diferencialvienadojumu sistému
(Navjée-Stoksa vienadojumi) bezdimensiju forma [2; 5; 7]

-r2ee=Vz+r(r INBr,0<r<1,0<z<| 1)
Re M(co) = cazz + r"3(r3anr+ r'4Re E2 (w2)zHpr"], (2)
Re M(w) = wzz+ r(r" wnr, 3)

kur M(g) =v gz+ u gr- konvektivie locekli (g=w;co), (v= vr(r,z), v<p(r,2),

u = vzr,z)) - atruma komponentes, i = \I/(r,2) - hidrodinamiska stravas funkcija vai plasmas
funkcija (v=r'1 W, u=- r'1\iz), ©=0(r,z)=0@pr'1( G(p=uz v r- virpulu funkcija), w=w(r,z)=r vqa
Re=Uoa/v - Reinoldsa skaitlis, E=V0/ Uo - rotacijas parametrs, f(p=(Fr )z(Fz)r - aréjo spéku
(Fr, F2 rotora komponente, Uo - vienmérigas plasmas atrums caurules ieeja (z=0), a -
caurules radiuss, v - kinematiska viskozitate, Vq- linearais rotacijas atrums caurules ieeja
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(Vo=a Qo, kur £20 - lenkiskais atrums. Plismas raksturoSanai caurule uzdod caurteci, t.i.,
pldsmu caur caurules Skérsgriezumu z=const forma [7].

Q =2d |rv,dr (@)
0
vai vidéjo atrumu Qi = Q/(7ra2) = 2(\I/(a,z0) -vI/(0, zo)/ a2 (bezdimensiju forma Qi=l, ja a=l,
\/(a,20)=0,5, /0, z0) =0).
Skaitliskai modeléSanai cauruli parklaj ar vienmérigu rezgi:

rj=0,5hi + (i-hHhi, i=1,.. ., n, Zj=(G-Hh2j=1,...m,
kur nhi=I, mh2=I, un apzimé tuvinatas nezinamo funkciju \\i, co, w vértibas rezga punkta (r,. z,)
ar \ij, cojj, Wijj (hi, h2- reZzga soli).

Uz caurules ass (r=0) simetrijas nosacijumi ir forma

Y= W= cor=wr= w=0. (5)
Caurules izeja (z=I) apskatisim ,,mikstos” (plisma klGst paraléla z asij) nosacljumus

Yz = coz= wz=0.

Caurules ieeja (z=0) atkartbda no Skidruma ietecéSanas reZzima caurulé uzdodam Sadus
nosactjumus:
1) gludas caurules atrisinajums (Skidrums iepldst visa caurulé, Puazeila plisma [5])

¥(r)=r2- 0,54, co(r) =4, w(r) = Q2r2, (6)

kur 0.1 ~ cilindriskas virsmas (r=1) lenkiskais rotacijas atrums;
2) gludas caurules gredzena (0 < ro < r < 1) atrisinagjums (Skidrums ieplGst pa gredzenu,
caurules ieejas dala r < ro ir slegta)
N/ =- r2(In r -0,5)/ g +(r4d In rO+ r@(g-In r0)) Z(2g(r02-1)) - r2n ro/(g(rc2-1)),
co(r) = 2(r'2- 2 In ro/(r2 -1))/g, w(r) =(r2(fi2-Gir®@)- r2(n 2-0i))/(I-r®@), (7)
kurg=Inro(ro2+ 1) + 1- r02, 0 2 ,H| - atbilsto3i virsmu r=I un r=r0lenkiskie rotacijas atrumi;
3) saSaurinatas caurules (r < ro) atrisinajums (Skidrums ieplQst no saSaurinatas caurules,
caurules ieejas dalaro< r < 1ir slégta)

v/ = (r/r0) 2- 0,5 (r/r0) 4, co(r) = 4r0'4, w(r) = Gi r2. (8)
levérojot Skidruma pielipSanas nosacijumus pie cietam virsmam (atrums tur ir nulle),
iegldstam robeZnosacijumus uz caurules virsmas (r=1)

W= 0,5, ilA=0, w=0, aFds,
kur asir virpulu funkcijas sadallfjums uz virsmas (9).

Pétot atrumu sadalljumu pie caurules virsmas (r=I-hi) posma (lj < z < 12) tiek pievadtti
papildus rinkveida punktveida virpuli ar uzdotas funkcijas

G(2) = Asin1000(71k(z-1i)) palidzibu, kur k= N/(12 - f), N - rinkveida virpulu skaits (arpus
segmenta [L, 2] G(2)=0), A - virpulu intensitate (amplitada). Funkcijas vértibas G(zj)= A (ar
precizitati 10'15), kur zj =1t + (2j-1)(12-1i)/(2N). Ja z + Z , tad G(z) < 10'D5 (praktiski 0). Ja A
<0, tad virpuli grieZas uz pretéjo pusi.

Sos virpulus var realizét divéjadi:

1) tiesi pieskaitot G(z) funkcijas @ robeznosacijumam 0% ,ja r=I,

2) netiesi, uzdodot lokali aréjo spéku, pieméram, ja Fr =-4Az, Fz =-Ar, tad f(p=-3A, no (2)
seko co=Ar, no (1) - \I/=ArY/15, tatad skaitliskos eksperimentos vienadojuma (2) funkcija fpir
forma fp= -3G(z2).

Lai iegatu virpulu funkciju oos uz robezas, lieto Teilora rindas izvirzijumus funkciju vértibam
v|/(1-0.5hi, z), co(l-0.5hi,z) punktu (l,z) apkartné (z - fikséts) [5].

legtstam modificétos Vudsa nosacijumus forma (2. kartas aproksimacijas) [3, 4]

s =-(12 h]'2NA -N/9+0,5 conj)/(1-0,75 hi), 9)
kur oos, V&ir co, Vvertibas, ja r=1, z=zj.

Analogi var iegat robeznosactjumus virpulu funkcijai pie ieejas (z=zi=h2), ja tas dalu aizsedz
cieta virsma, proti
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ooji = - 3 hzw2 rf2(NA2 -\J/,i) -0,5a2 (10)
Diferencialvienadojumus (1-3) aizstaj ar diferenu vienadojumiem, lietojot centralas
diferences kopa ar monotono-eksponentu aproksimaciju (Patankars [2, s -3 ]).

Aproksiméjot izteiksmi R=r(r_1gnrass tuvuma (r=ri=hi/2) vienadojumos (1, 3)
(g=w; W), ievéro nosactjumus (5), t. i., g05 =0, g0j =gij un ka r 1gr-> gm, ja r->0. Lidz ar to
ieghst

R=rihri(n/:hri(g2)- glj) - shf2 gl)) + o (hl2).

Aprékinot hidrodinamiska spiediena p=p(r,z) sadalljumu uz ass (p(0,z)), lieto norméto
kustibas vienadojumu z-ass virziena (v=vz, u=vr)

pz=ri(rvnr+ vZ- Re(v vz+ uvz). (11)
levérojot (1), (5), un r''(r vjr-*-2(q- \ymz, vz-> \\imZl, ja r->0, u=0, ieglst
pz0,z)=-2co(0,z) - 0,5 Re N\M)z. (12)

Aproksiméjot atvasinajumus ar vienpusigam diferencem (©nr(0,z)= \I/nr(0,2)=0)

WU(0,Z)) =(81 ¥ij - V2 )/Ohj2 + 0(h,3),
ekstrapolejot funkcijas © vértibas uz caurules asi

fl(0,Z)) =(9 ©ij —o 24)ss + 0(hi4)
un izmantojot aritmétiskas vidéjas funkciju vertibas, ar 2. kartas aproksimaciju iegast formulu
Pz(0,Zj.0,5 =-(9©ij - ©2j + 9 ©ij-i - ©2j-iyss - Re(8L(il/Zij - \iij_i ) - (y2) - y2li))/(18hzhi2).
Integréjot So sakaribu tuvinati ar vidéjo taisnstira formulu segmenta [0,1], ieglst spiediena
sadalTjumu gar caurules asi

p(0,Zj) =p(0,0)+h2 Y ,Pz(0,z* os),j=1,...,m, (13)
k=\

kur p(o 0 )= s 1- spiediena kritums (11(r) =p(r, )- p(r, 1) =81 neatkarigi no r) gluda caurulé ar
garumu 1 Skaitlisko eksperimentu mérkis ir no (13) izskaitlot 11(0) atkartba no Skidruma
ietecéSanas reZzima caurulé, no skaitla Re lieluma un no doto papildus rinkveida virpulu
intensitates A. Ta ka fikseto vértibu \I/(0,2)=0, vi/(0,2)=0,5 de| caurtece Qi caurulé ir konstanta
(Qi =1), tad no spiediena krituma izmainam varés spriest par caurules pretestibas un atruma
izmainam - samazinoties 11(o) Vvertibam, atbilstoSi palielinasies Skidruma pldsmas atrums
caurulé un otradi.

Rezultati un to izvértéjums
Skaitliskie aprekini tika veikti ar parametriem N=4, 1i=0,5, 12=2,5, 1=4, Re=I1;10;20;500,
T=0;2, r0=0,475, A=+ 500;1000;2000; 106; 0, n=20, m=80. Cetri rinkveida virpuli (k=2) ir
sakoncentréti punktos zi=0,75, z2=1,25, Z3=1,75, Z4=2,25 (r =0,95). Diferencu vienadojumi
tika realizéti ar apak3éjas relaksacijas palidzibu (relaksacijas koeficientu veértibas no 0,3 I1dz
0. 9.
1. Skidruma plasma gluda caurulé (6), T=0, Re=500, Q2=0.
Atkariba no parametra A ieglstam dazadas spiediena kritumu vértibas (l.tab.) un spiediena
sadalljumu uz cilindra ass (Pielikuma l.att.: A=0, 2. att.. A= - 2000) (1.-3.att. un 9.att. uz
horizontalas ass atlikta z koordinate, bet uz vertikalas - spiediens).
2. Slgidruma plisma no caurules saSaurinatas dalas plasakaja (8), T=0, Re=I;10;20,
Qi=0, A=0.
Atkariba no parametra Re ieglstam daZzadas spiediena kritumu vértibas (gluda caurulé ar
radiusu ro un garumu 1- 1)1(0)= 8 r04 1=628,60) (2.tab.). Spiediena un plasmas funkcijas
sadalljumus dots attiecigi 3. un 4.attéla (Re=10) (4.-8.att. un 10.-16.att. uz vertikalas ass
atlikta z koordinate, bet uz horizontaldas - caurules radiuss). Eksperimentali iegats, ka,
palielinoties Reinoldsa skaitlim Re, virpulu zona paplaSinas. Realizéjot virpulus ar lokalu
aréjo spéku palidzibu (4 rinkveida virpuli caurules gredzenveida paplaSinajumos), tika
novérots, ka spiediena sadalljums uz ass batiski nemainas, bet plisma virpulu zona mainas
(5.att.. A=106, 6.att.. A=-106). Pie parametru vérttbam Qi=Il, F=2, Re=10 A=0 spiediena
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kritums ir n(0)=270, bet pie A=106 un A=-106- atbilstoSi fl(0)=267 un n(0)=272. PlGsmas
ITnijas (A=0, A=106) ir redzamas 7. un 8.attéla.

3. Skidruma plasma gar caurules malam caur gredzenu (7), r=0, Re=T00, fii=0, 0.2=0,
A=0. Saja gadijuma 9. un 10.attéla redzamas attiecigi nemonotonas spiediena izmainas ar tam
atbilstoSo plasmas sadallfjumu gluda caurulé. Spiediena izmainas ir mazas, ja virpulu
intensitate ir A=+ 106 (pozitivdam veértibam spiediena kritums ir par 5 mazaks neka
negativam). 11. un 12.attéla redzamas plasmas ITnijas, ja A>0 un A<0. Rotacijas gadijuma
(r=2, f2i=0, 0 2=1, A=0) aina ir Iidziga 10.attélam, bet ja A=+ 106, tad - 11 un 12.attélam
(vérojamas nelielas izmainas, ja Di=I, F~-0). Jaatzimé, ka plisma nav atkariga no rotacijas
virziena mainas (Di, 02 ar pretégjam zimém), jo vienddojuma (2) ir saskaitamais ar w2.
Funkcijas w ITmenu ITnijas (A=0) gadijuma, ja fZi=0, Q.=1 un Qi=I, ~2=0 ir redzamas
atbilstoSi 13. un 14.attéla, bet 15. un 16.attéla - virpulu funkcijas o limenu linijas, ja fii=0,
0 2=\ unn,= n2=0.

Secinajumi

1. Rinkveida virpulu realizacija caurules iekSpusé pie virsmas paatrina plGsmas atrumu
caurules iekSpuseg, ja virpulu grieSanas notiek pulkstena raditdja kustibas virziena (A>0).

2. Plasma caurulé ir atkariga no parametra Re (Reinoldsa skaitlis), T (rotacijas parametrs) un
A (virpulu intensitate) vérttbam.

3. Plasma caurulé ir atkariga no ietecéSanas reZima caurulé.

4. Aprékini ir saistiti ar konkrétiem virpulu lietojumiem energétika [3-5]. Darba aplokota
metodika lauj modelét un pétit daba sastopamas virpulauku (tornado) paradibas, Skidrumu
un gazu plastamibu cilindriskas vidés, pieméram, gazes vai naftas vados, automobilu
izpQtéjos u.c.

Summary
The stream stationary axial - a symmetric incompressible liquid in a pipe is modeled. Process is
characterized by system of the partial differential equations (equations N awe-Stock) given in the
dimensionless form in cylindrical coordinates (r, cp, z) (1), (2), (3) [1, 2]
where M (g) = v gz + u gr - convective parts (g= w;co), (v= vr (r,z), v<p(r,z) , u= vz(r,z)) - velocity
components, /= \|/(rz) - hydro dynamical flux function (v= r'1\\f#, u = - r'1\Jz), co= co(r,z)= coPpr'l (cop
=uz-vr-function ofa whirlwind (circulation)), w=w (r,z)= r vp, Re=UO0a/v- Reynolds number, F= V 0/
UO0- parameter of rotation, f9 = (Fr )z - (Fz)r- a component of a rotor of external forces(Fr, Fz), UO -
velocity of a uniform flux at an input in a pipe (z=0), a - radius of a pipe, v - kinem atics viscosity, V 0-
linear speed of rotation at an input in a pipe (V0=a QO0>Do - angular speed). For the characteristic of a
stream in a pipe, the channel is defined, i.e. flux resembling through cross section z=const in the form
(4) [1] or average velocity Qi = Q/(7ta2)= 2(\]|/(a,zo) -\|7(0, zoV a2 (in dimensionless form Qi = 1, if a=1,
v|/(a,Zo)=0.5, v]/(0, Zo) =0). For numerical modeling the pipe becomes covered by a uniform grid.
On an axis of a pipe (r=0) conditions of symmetry are submitted in the form (5). On an output of a
pipe (z=1) we shall consider "soft" conditions (the stream is established parallel to an axis - z) vpz = coz
= wz=0. On an input of a pipe (z=0) depending on a mode of flowing ofa liquid in a pipe we lay down
the following conditions:
1) The solution of a smooth pipe (the liquid is poured in inside all pipe, Puasel’s flux [1]) (6), where
fi2 - angular speed ofrotation of a cylindrical surface (r=1); 2) The solution of aring of a smooth pipe
(0 < r0< r < 1) (the liquid is poured in inside a pipe through a ring where the entrance part of a pipe is
closed atr < ro) (7), where g= in r0 (r02 + 1) + 1- r02, 02, F2r angular velocities of rotation accordingly
for surfaces r=1 and r=ro. 3) The solution of the reduced pipe (r < ro) (the liquid is poured in inside a
pipe through the reduced partofa pipe where the entrance partofa pipe is closed atr0< r < 1 (8).
Taking into account conditions of sticking of a liquid to firm surfaces (there velocity is equal to zero),
we receive boundary conditions on a surface of a pipe (r=1) w= 0.5, A =0, w=0, m=cos, where cosis a

distribution ofthe whirlwind function on a surface ofa pipe.
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Boundary conditions for a whirlwind function on the surface are in the form (9), but near an input
(z=zi=h2) (at the closed input) - in the form (10).

The pressure’s function on z -axis is in the form (11 - 12), the corresponding pressure’s distribution -
(13) and the pressure’s difference is (J1(r) =p(r,0)- p(r, 1) =81. The numerical calculations were
processed by parameters N =4, li=0.5, 12=2.5, 1=4, Re=1;10;20;500, T=0;2, ro=0.475, A=
+ 500;1000;2000; 106; 0, n=20, m=80. Four whirlwinds are placed in the points zi=0.75, z2=1.25,
z3=1.75, 24=2.25 (r =0.95).

Different values of pressure’s difference [1(r) in the following cases were received: a) a smooth pipe(0
<r<1)(6), T=0, Re=500, fz2=0 (Fig. 1.,2); b) the liquid is poured in inside a pipe through the reduced
part of a pipe, (r < r0) in a part (0 < r < 1) (8), T=0, Re=1;10;20, Th=0, A=0 (Fig. 3. - Fig. 8.); c) the
liguid is poured in inside a pipe through a ring (0 < r0< r < 1) in a part (0 < r < 1) (7), T=0, Re=100,
«1=0, Q2=0, A=0, (Fig. 9. - Fig. 16.).

Conclusions: 1. Acceleration of a stream of a liquid at a wall of a pipe is achieved by creation the
vortical stream on a clockw ise direction.

2. Character of a stream of a liquid in a pipe in many respects depends on values of the parameters Re,
T and A.

3. Character of a stream of a liquid in a pipe in many respects depends on a mode of liquid’s pouring
in inside of a pipe.

4. The considered technique is applicable in specific targets and processes of formation of whirlwinds,

for example, a stream of a liquid or gas in pipelines, in automobile mufflers, etc.
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PIELIKUMS

1 tabula
Spiediena krituma [I(0) atkariba no parametra A vértibam
A 0 500 1000 2000 -500 -1000 -2000
11(0) 32 22 18 12 38 46 53
2. tabula
Spiediena krituma JI(0) atkariba no parametra Re vértibam
Re 0 1 10 20
n(0) 69 82 283 440
l.attéls. Spiediena sadalijums uz 2_.&_1tté|s. Spiediena_sadaITjutns uf
cilindra ass gluda caurulé (A=0) cilindra ass gluda caurule (A=-
2000)
2.attéls. Spiediena sadaltjums uz 4 .attéls. Plasmas sadaltjums gluda
cilindra ass gluda caurulé (Re=10) caurulé (Re=10)
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5.attéls. Plasmas sadaltjums caurulé ar
saSaurinatu ieeju un rinkveida virpuliem
(A=106)

7.attéls. Plasmas sadalijums gluda
caurulé ar saSaurinatu ieeju (A=0)

9.attéls. Spiediena sadalijums uz ass
plidsmai caur gredzenu gluda caurulé

6.attéls. Pldsmas sadaltjums caurulé ar
saSaurinatu ieeju un rinkveida virpuliem
(A= -106)

8.attéls. Plidsmas sadalijums caurule ar
saSaurinatu ieeju un rinkveida virpuliem
(A= 106)

10.attéls. Plasmas sadaltjums caur
gredzenu gluda caurulé
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11.attéls. Plismas sadalijums caur
gredzenu ar rinkveida virpuliem (A>0)

13.attéls. Rotacijas funkcijas w sadaltjums
plidsmai caur gredzenu (A=0, fzi=0, 02=1)

15.attéls. Virpulu funkcijas @ sadalijums
pldsmai caur gredzenu (A=0, Oi=0, 02=1)
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12.attéls. Plasmas sadalljums caur gredzenu
ar rinkveida virpuliem (A<0)

14.attéls. Rotacijas funkcijas w sadalljums
plasmai caur gredzenu (A=0, Oi=1, fZ2=0)

16.attéls. Virpulu funkcijas oo sadaltijums
plismai caur gredzenu (A=0, Oi=0, 02=0)



