o~/

| C/( ' NUMERIQAL SOLUTIONS FOR THE OALCUL:TIONS
( OF LAMIRAR BOUNDARY LAYER AND PUINT OF
SEPARATION FOR FLOW P.8T OIROULAR OYLINDERS

&

(P
o e

“C. a\' ?: e
For

-

Ths Degree of NMaster of Solience

HABSAN MOHAMED BADR

Degembear, 1972 LY

bl

Central Library - Ain Shams University




-‘-

ACKIWNORLEDGEMENTS

This research has been carried out under the supervision
of Drr. M. El-Attafi B8inbel, Professor o.f Pluid Mechanics and
Rydreulics, Ein Shans Univereity.

The author is greteful to Prof. Dr. Sindbel for his
ensouragemsnt, guidance and valuable suggestions which enabdled

him to develop and complete this research work.

The suther like also to expross his deep appreciation to
Dr. M. R. Heddare for his somtinuocus encouragenent, deep
interdst and kind help.

The help which I have received from all mexbers of the
staff of the Computer oonter of £in Shame University, Cairo,
are hereby gratefully acknowledged.

Thanks are also due to Mr. Mehran and Mr, Omar for their

valuable help with the equipments in the hydraulios laboratory.

-

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



-1 .
ABSTRAQT

Recently, the bLoundary layer studies have become
extremely important. These studies find their applications
in the calculation of skin friction drag acting on bodies
travelling through fluids, such as the Arag on the surface
of ships, aeroplane wings and the bludes of pumps and
turbines.

Boundary layer separation is one of the topios which
find great intereat from research workers. Separation is
usually accompanied dy the formation of eddies in the wake
of the streamlines.

The equations of motion which desoribe the flow of
a viscous fluid over a solid surface are three non linear
partial differential squations, known as Navier-Stokes
oequations., Till now only approximate solutions are given
for these equations except for some few cases. Prandtl {1904)
obtained his solution fer these eguations arfter studying the
order of magnitude of the individual terme and eliminating
terme of small order of magnitude. One of theee terms that
had been negleeted by Prandtl and others is the temm ajg
in the equations
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for case ol two dimensional steady incompressible flow,

The purpose of our work is twofold. First, to study
the effect of oavitating oonditions on the location of the
point of separation. Becond, to study the effect of
negleoting the term 3‘-% on the velocity distribution in
the boundary layer.

The study is performed for the case of ciroular oross-
sestional cylinder of 5 cms diameter at Reynold's number
of about 9,35 x 10“. The pressure distribution around the
eylinder is measursd in a water pcavitation tunnel, This
pressurs distribution is used for the calculations of the
location of the point of separation for different values of
the tunnel cavitation rmber,

A numerical integration routine besed on the finite
difference method was developed and used to solve the
differential equations of motion. The method of solution
is programmed in Fortren 1V for use on the IBM electronic
computer of Ein-Shams University.

The results l.m?.ioate that the point of separation moves
slightly towards the forward stagnation point as the cavitation
nutber incresses, Curves for the error arises in the velocity
alstribution due to neglecting the term -

Lo

are also plotted.
ax P
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distance along the curved wall measured
from ths forward stagnation point.

distance along the normal to the wall.
velooity component in x direction.
veloeity component in y direction.
pressure.

kinematic viscoalty.

denaity

velocity of main atreasm at the edge of
the Youndary layer.

length .

boundary layer thickness.

non dimensional distances .

non dimensional velocities.

non dimensional pressure

Reynold 's number

dimensionless distance, 7 =y {2}'
see equation (7.18)

functions of y given in appendix(B)
displacement thickness.

momentum thicknesas.
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A shape faotor.

X poe og-ation (2.39)

Z see oquation (2.LO)

+ streas function.

'i' non dimensional stream function.

Uo veloeity of uniform stream.

U(x) non dimensicnal velooity of the main
streanm.

Pl step size in X @diseotion.

h step sige in y direction.

g o h’ see equation (5.20) and Appendix(B)

8y By Xy see equation (5.21) and appendixz(B)

-] angle measurod from horisontal line.

P, see equations (5.22).

ﬂj ses oq 1tion (5.26).

Sy carrector of velocity, see eq.(5.28).

P(3), O(J)v c'(‘) see equationa (5.30).
p,¢ .2 matrices

o savitation factor.
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CHAPTER (1) (1)
. INTRCDUCTION

At the bDeginning of the present century more attention
was given the study of fluia flow in boundary layery. This
study finds its applicationh in the oaloulation of the skin
friction dreg which aots on s body when moved through a
fluld, for example the dreg of a ship, of an aseroplane wing
and the pump impeller and turbine runner.

Boundary layers have the peculiar property that under
certain conditions the flow in the 1mmediste neighbourhood
of the 850114 wall becomes reversed causing the boundary
layer to separate from the solid boundary. The separation
is accompanisd by a more or less pronounced formation o*
eddios in the wake of the dody. The determination of the
1nsation of the point of separation is important for the
calculation of 4arag.

The equations of motion which describes the flow of a
viscous fluid over a 80lid surface are three nom linear
coupled partial differential equations. They are known as
Navier-Btokes equations. With the present state of knowledge
it is Ampossible to obtain an examot solution of these equa-~
tions except for very few cases. Most solutions which can de
found in the literature were cbitained for approximate verslons
of Navier-Stckes equations. One of theae approximations is
the boundary layer equations, Prandtl obtained these equations
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after studying the order of magnitude of the individual

terms of Navier-Stokes squations and eliminating terms of

small order of magnitude, ne of these terme that ad deen

negleoted by Prandtl and others is ths term _:___\l_ (oo
x?

next chapter).

The purpose of this work ia dual. Piret we are going
to study the effect of cavitating comditions in the stream
of an incompressible fluid on the location of the point of
peparation. BSeoond, we are going to atudy the effect of
eliminating the tem ..B_z.i! on the ocalculated values of the

ioceation of the point of separation. A study of the effect
of the same term on the oaloulated values of the velocity
distridutions at different sections will be, also cdtained.

The two dimensional flow of water around a oircular
cylinder of 5 oms Alameter of ths water tunnel of the faculty
of engineering, Bin-Shame University ie used to obtain the
jressure dlstribution aroun: the cylinder. This prssure
dietribution is used for the calculations of the location of
the point of separation for different values of the tunnel's
cavitation mmber, The static pressure in the main stream
and coneequently the cavitation number could be controlled
using & vacumn pump {see chapter 3).

To study the effect of eliminating the term _%.__q on the
location of the separation point, a solution of t-he boundary
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layer equations is odbtained taking this term into oconsidera-
tion. This solution is compared with the solution of the

2
same equations at the same conditions when —2—2"3 wap neg-

Ax
lected.

Mumerical integration of the boundary layer equations
was achieved using & speoisl finite difference scheme in
which the truncation error has been minimised. The echeme
ie progremwed in Fortran IV for use on the IBM electronis
computer of Bin-Shams University.

1
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CHAPTER (2)

LITERATURE REVIEW

Prandtl's pioneering work of 190L atarted a new ers
in the field of viscous fluid flcw. The literature of
this subject has become abundant. 1ln the following we will
driefly ocutline the master works which are relevent to our
inveatigation 1

1) In 1904 Prandtl (1) showed how the Navier-Stokes equa-
tions could be simplified to yield approximate solutions
ror probleme in which the viscosity is small or the
Reynolds nunber is large., Ve shall explain these simpli-
fications for the ocass of two dimensional flow of a fluid
with very smll viscosity ahout a oylindrical body of

slender cross-ssction as shown in Pig.(1).

The Navier-8tokes equations for steady two dimensional

incompressible flow (see reference 2 ) are
, .
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2
2y v __143p,» 3
u g + v 37 ) )!t ()l + ) {(2.4)
) 2
udl LR 182, @, Ly (2.2)
dx 2y ~ 3y 3:2 3y
cintinuity equation 24 +1-! = 0 (2.5)
Jdx oy

with the brnundary conditions
w(x,o0) « v(x,0) = o ,ufx, 03) « U(x)
where

u, v ere velccity components in x and y directions.
J(x) Ais the velocity outside the boundary layer at

diastance x .
) presaurs.
- denaity of fluid.

Dimension’.9se co-ordinates and variables were used by
Pranatl. Let £ be soms length in the x direction and &
scae length in the y direction. Let U be some typical
velscity 4n the x direction and V in the y direction
such that

LA 02.4)
u L
The following new variables were introduced :

x =X ;ax ;a h P.;H-‘-l- ;‘ " (2
AR = A R
Def1irie
. _ud g
R TR (2.6)
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After substituting (2.%) into (2.1), (2.2), (2.3) and

making use of {2.4), (2.6), the Navier-8tokes equations
becomel

.28, 3du..22,1 2% 2% _
uﬁ+va; D;*R ;);2‘;261’ 3;2 {(2.7)
- DY dy _ ] .1.32‘; Y (2.8
R ERb R A R r A TLE T A
i . 21. o 2.9)
ox Oy (

Using the dimensional analysis to the original problem
to £ind u as s funotion of x, ¥, U, ¥ , 2 by the Pi
theorem. The solution could be expressed in the form

%"(E' e ) (2.10)
’ B?U

In the dimensionleas variables (2.5) this takes the
form .

8= r(z Y f" ) (2.11)
To £1ind a solution such that u depends only upon T!-

. x

I2 we take £ = at (2.42)
thon B = P (37 i,

o~ -~ - 24; 24-
a2, ., 24 . -?_B+%%§,L%(z.13)
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(1)
. 2.

X N 2.
%(a%i"%g).-ﬁ‘ﬁ-}ii‘i-%* (2.14)

Retaining terme through the first order of £ only, one

guts
s2d,;238. .28, 23 (2.15)
TR Y 2: 2y
Q—g a 0 (2.16)
2y
Continuity equatiom 3—'3 * ?—i « 0 (2.47)
Pz vy

Thus the equations of motion in its coriginal dimensional

{'orm begomse

Yy , 23 _ _1Q g.n u.ﬁ .48
u.x vay s x‘ Dy (2.18)
2P . 2.1
e 0 (2.19)
du Dv
5: + -3_; = 0 (2.20)

which are nown as Prandtl's boundary layer equations.

Blasiue and Hiemens (3) constructed a method to give the
velocity components u end v at any point in the

boundary layer as a power series in x whose caefficients
are functiona of y. BSome of these co-efficients, express-
ed in non dimensional form, had deen evaluated bYby Riemen:

and improved by Howarth (4). We shall illustrate this
method for the sase of an obatacle which is symmetrical
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