IDIEAL RILOW

COMBINATION OF BASIC FLOW PATTERNS

- DOUBLET < LINEAR
= FLOW AROUND CYLINDER

- DOUBLET < VORTEX <~ LINEAR
= FLOW AROUND ROTATING CYLINDER



DOUBLET + LINEAR = FLOW AROUND CYLINDER

STREAM FUNCTION COMBINATION

wcombination — lpdoublet + lplinear

L sin@ — Ur -sin@
27T

This can describe a uniform flow through a cylinder. In real
life, a cylinder is a solid body, and has a radius value.
Therefore, the value of Y .ompination N€€d to be modified.

Substitute the value of (r,8) = (r,0) inthe Y. ompination-

lpcombination =0

0 = -_F. sin@ — Ur -sin @
27T



If r=4

0 = - £ sind — UA -sin@

21TA
L sind — UA -sin@
21TA
. U
= — —UA
SmH(ZnA U)
0=t _ya

2TA



Strength of doublet can be determined as ;

u

0 =—-—-UA
21A

u = 2nUA?

Substitute value of u inthe Y. ompination

0 = -_F. sin@ — Ur -sin @
27T

2mU A?

= -sin@ — Ur -sin @
27T




A

_T'Sing—UT'SinH

A2
= —Ur-sin6+7-sin3

AZ
= —Ur-sin@(l ——2>
T



Stream function of flow around cylinder can be shown as :

A2

Velocity potential of flow around cylinder can be shown as :

AZ
¢cy1 = —Ur-cosb (1 — —)

72



VELOCITY COMPONENT

_dl/)_ d U ol A>
Yr T 740 T rdo st r2

AZ
U, =—U-cost9(1——>

72

If r=A4,wewillget u, =0

_ Ay _af (&
ST Tar\ Y r2

AZ
Ug =U-sin9(1+r—2>




If r=A, ug =2Usin6

Maximum velocity occurs at 8 = 90
and the wug = 2U

[f. T'=A,UQ=0
sin@ =0
=0 dan &



PRESSURE ON CYLINDER SURFACE

Pressure on the cylinder surface can be written as :

V1=U
V, = 2U sin

1 1
P,—P, = E’OUZ — EpU2(4 sin® 0)



Pressure coefficient, €, can be written as :

P, — P

=1 —4sin%6

Cp =



Pressure at point 2:

1 .
P, =P, +§pU2(1 — 4sin? 9)

Drag force on the cylinder surface:

Fp =JdF-cosH

rZTL’
= P,cosf6-A-do
Jo

2T
[ 1 2 2
= P1+§pU (1—4sin“0) |cosf-A

Jo
- dO




Lift force on the cylinder surface:
FL =_de51n9
2T
=J P,sinf-A-df
0

21 1
=j <P1+§pU2(1—4sin29))sinH-A-dH
0

=0



DOUBLET + VORTEX + LINEAR
= FLOW AROUND ROTATING CYLINDER
STREAM FUNCTION COMBINATION

Ycombination = ¢cyl + Yyortex

_ A? I
=—Ur-sinfg|1——]——"1

r2 2T



If the cylinder does not rotate, the value of the vortex, ',
becomes zero.

If the cylinder rotates, the vortex, I', has a value. This will
cause the top of the cylinder to have high velocity and low
pressure. The bottom of the cylinder will have low
velocity and high pressure.

This pressure difference will result in a LIFT FORCE.
It is known as MAGNUS EFFECT.

(H.G., Magnus, a German physicist, 1802-1870)



VELOCITY COMPONENT

- rdo - rdo

dy d _ A? I
U, —Ur -sinf 1_r_2 ——-1

U, =—U-cost9(1——

2

2

72

Ifr=4,u,=0

Zn-



Ug

Ug =U-sin9(

dl,b_ d U in@| 1
dr dr oSt
) P

r2 21T



STAGNATION POINT

At the stagnation point, velocity is zero.

AZ
U, =—U-cos€<1—r—2>=0

r =4
=U-sinf 1+A2 + d =0
Ug = Sin 7"2 27'[7"_

—TI
4nUA

sinf@ =

This means that the position of 6 isinfluenced by the strength of the vortex, I' (gamma).



There are four (4) main possibilities :

[ = T N
sind =0 S g

['< 4nUA N
sinf < —1.0 /ﬁ @\\~

n<6<2m 7 RN




[' =4ntUA
sinfd = —1.0

I'>4nUA

/ TN \T\
sing > —1.0 /@QED)X)C
0 = impossible A\




LIFT FORCE

Pressure on cylinder surface;

1 2 1 2
Pr+opUs =Pk +5pq

U = free stream velocity
q = resultant velocity

1 q>
P, =P +=-pU?|1——
2 1+2P ( UZ)

r
—uy, =2Usin@ + ——
1= Yo SIS



f——uﬂ'29+2mﬂ'9+(r)2
= Sin TL'A Sin 27TA

P -P-+1 U? |1 — 4sin? 0 L 0 ( r )2
2 =hTop SIS 2UA



Lift force per unit width:

2T
FL =—j PZSIDQAdH
0

—jznP+1Uzl 4sin2 0 ZF'Q(F)Z ing-A-do
e — — — — — ln ] ]
) 1 2,0 Sin Sin > S

ntUA

Known that:

2T 2T
j sin0d9=J sin30do =0
0 0



T 2 4

_pUrye sinzern
0

FL — pUF
p = density of fluid

U = free stream velocity
[' = strength of vortex



