Bul. Stiing. Tniv. Bata Mare, Ser. B,
Matemanca-Informateci, Vol XV(1999), Nr. -2 67-74

Dedicated to Professor fon PAVALOIT on his 60° anniversary

THE MODELLING OF INCOMPRESSIBLE FLUID MOVEMENT
USING HELMHOLTZ'S MAGRAM

Lidia Elena KOZMA

L. INTRODUCTION.

W consider the steady flow of incompressible fluid, which mowves in the
circular domain  #*=x? 2 < H2 asishown (Figurel)

We assume that in a very short time, the intcrior circle travels almost
tangential to the extenior circle. If the circles were tangent, the velocity of thein the
contact point is zero [1],

We study the flow immediately afier the two circles move away(see Figure
23 Futher we make the following hvpotheses:

L. The fluid attacs the interior solid circle with velocity V., in a point O, (sce.
Figure 3), The stream lines, DO, branches out in two streames lines along the solid

OP,=L, and OF,=L,
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2, The points P, and P, are separates points of the interior cylinder’s jet.
3. From points P, and P, the fluid particles move on the stream lines 4, and 4 .

4. The arca M included between 4 | and A |, stream is called, in Helmholtz's
diagram, dead area, where the fluid is in rest (reported (o the Cr cirele) [3] .

The 4, and 4 . lines are discontinuity lines for the tangential speed.

The velocity’s modulus on 4, and 4, isequalto V.

Remark: in Helmholtz's diagram, 4, and 4 | stream lines extend 1o mfinity,
hypothesis which we consider (0 be acceptable, the interest area of the flow in this

case is (OP, 4.} and
(0P, +.).
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In the arca D the movement is considered potential, with the complex
potential Az - i (see. Figure 4)

To study this we will use the method of T. Levi-Civita.
The method starts with the determination of the conforma mapping of the
movement's domain from the plan fiz) on the interior of a semicirele with the unity

radius from the plan ¢ | in order lor the solid walls L., and L, to be represented on

the semicircle, and for the free stream lines 4, and 4 , (o be represented on the
diameter of the semicirele,

To this purpose there we shall use the following (ransformations
(see. Figure S to 7Y

f‘ﬂ—f",_f—:.:-c.:—_.f"
fE2() F=deip=s/]- o
Pelt —1|I,|"|[|:|11 Pk, = 1|II|I='F.3

Fz=aZ+b=a(Z+oos0y) , F-X =+1, F,~X,=-1

The transformation [*=a(Z +coso,) moves the F,F, sepment from the
plan Z-X-7}Y onthe segment [-1,1] ofthe real axis X, and the origin F = ()
mto the pomt X, - —coso, (aand o, arc real, unknown valies).

We will use the ransformation of Jucovscki

2y 7- -%{c%} or £=—-Z+ZE-1 . (C=E+in) which  tansforms  the

[ 1,1] segment of the real axis X in on the semicircle from the plan with radius

(for ¢ -e'™ we have

A Ly
1l Z=-cosg, , cosg,=1 for o, =0 .
oA | ""'L?__ If £ describes the segment (-1, (1) we have
P | A 7, . g o1
-J b O Agifd r »> ':_‘5_”] L= _—j'f‘-.: ‘r‘g} "
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The passing function from plan { to plan fwillbe /= F*=a*(Z -coso, F

(ig.7Yor f-a
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We have lo be determined the a and o, constants,

Futher, we use the known notation w-08+it

where

(a2} ;—d—'{— Vg t0=f pgFa .-'|'..'I_;

) (H) ) = lal =)

(C) 0, gy =G = oo
; oy _ .

() e the free fines [V =V =1=0 § Imw-0, -1={=1

(e) Using the Schwarz principle, we extend the function w (), wich is
olomorphe i the entire wnit circle.
Searching w{) as a series 2 we gcl
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2. THE DETERMINATION OF THE CONFORMABLE REPRESENTING FUNCTION
IN THE CASE OF THE GIVEN PHYSIC MODEL
We consider the equation

(6) .:f:-ie“”-df- i—r”‘h:ﬂsn —é{i*—} 11——}-:1*‘“

F ¢ ¢

where cosa,=-cos0=1. . After integration we obtain

-

™) = o [0 20D

Between the points = - x — iy from L,=L, and the homologous € -&** [rom

the ¢circle with unit radins we have:
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The detachment pomts P, and P, of the fluid particles are obtained
respectively for o-m,a=0 in the relations (8). In the present prohlem’s casc,

using also the symmetry principle of Schwarz, we presume, for example that:

T ok E ST
4 : 2
(9) 6=
Lo 1) R L
4 S 2
Mow, using (5) there have
i 1-il
(10 i) - ——In
2 d+ic

and the complex potential for o, -0 will be

. EC T W
(1) fD =a[ TLIZIE}I :

3. THE DETERMINATION OF ¢ ' AND A’ CONSTANTS
Knowing m the physical plan the detachment points P, and P, lor example:

Pl{g,r%‘i} for o0,=0 and using relation (8) we will obtain for the

—

determination of constant a™:
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['rom relation (107 we will obtain for () =0+t

i =N e
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(13) e = SN E\J ~ ¢ (cos O = isin 0)
+1 1 +e'®
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4. THE CALCULATION OF THE TOTAL PRESSURE ON THFE OUTLINE

It 1s known[2] that the resultant of the pressures on the outline is given by the

formula |2]
ipl, Jr' PETIA ﬁ L

(15 K AR =
) 2 : . 3 di
- . Tl Jf !
Using the fields for ¢ from (13) and f_f,' from (11} we have;
£
1
(16) ﬁ— :111—£—l+ ||

wi(l)=w (M) +%m""'{D‘J-C2 -

g™ o1 +iw -




(17) Rez ﬂf"“’ = =
dg
Replacing in {15) we obtain;
Voo I
R = Lw . R -0 and Wi
2 3

—

where @~ - constanl given by the relation (12)

The total pressure coefficient ¢ -

REMARKS

1. The considered model approximates also a plan configuration as in
figure 9.
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2, We wonder if lines 4, and 4, unite or give other sources of vortexes.
Figure 10,

3. It is possible that the particle detachments take place after a temporal law
of peniodic type (pulsatile), so that in the arca between the circles current lines of

A and 4, form to be generated and also vortexes, the area being finite,
The conjugation of these facts in time may lead to the total of the pressure
forces on the outline Cr with undesired results for a real case.
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