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ABSTRACT

The present inaestigation was on the meanflow parameters of the wake, identit'ying the initial
conditions and a suitable turbulent shear stress model. The equations t'or mass and momentum
conseraation for turbulent flow were solaed numerically by using appropriate boundary conditions
and Finite Dit'ference Scheme. Mmn properties of the flow at the trailing edge were ixpressed by
empirical relation using on experimental values of Faruque t1g83l.

Prandtl's mixing length was expressed as a function of shear layer thickness and it was used in the
turbulent shear stress model.

The calculated results of the different flow parameters of the wske show agreement with
experimental results.

And also shows that Prandtl's mixing length model is satist'actory to express the turbulent shear
stress in the wake.

NOMENCLATURE

U,V

x,y
p

T
U'rV'

Axial & transverse mcan
velocity
Co-ordinate systcm
Mcan dcnsity
Eddy diffusivity
Fluctuating velocities in x & y
dircction
Shcar stress
Prandtl's mixing length
Constant uscd to dcfine
prandtl's new formula
Boundary laycr thickncss
Powcr Indcx
Free-strcam vclocity
Platc thickness
Half width
Drag Co-cfficient (without
prcssure gradient)
Characteristic length
Shape factor
Displaccment thickness
Reynolds number based on the
momentum thickness &
average velocity
Momcnlum thickness
Root mean square

uc

U&V

X&Y

Centre line vclocity
non-dimensional mean
vclocity u/u-,v/u-
non-dimensional axial &
transverse distanccs

INTRODUCTION

A wake is formcd behind a solid body which
is bcing towed through a fluid at rest or
bchind a solid body which has bcen immcrscd
in a stream of a fluid. Fig.l. An exchange of
momentum takcs place continuously in the
wake from the high vclocity rcgion to the Iow
velocity rcgion. Typically high Ievel of
momcntum exchange togcther with a change of
fluid properties make the flow to bc turbulcnt.
The wake gcneratcd in such turbulcnt flow is
said to be turbulent wake.

The characteristic features of turbulcnt wake
are important for many practical enginccring
application. A maneuvering air craft or
submarine which is accelerating or
decclerating leavcs behind it a momentum
dcfect in the form of jet or wake when it
changes speed. All such wakes are turbulent in
character and these need to be studied for drag
and other parameters.
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The objectives of the present study were to
developed a computcr programme to solve
continuity and momentum equations for flow
properties using an explicit finite difference
technique. Identification of a suitable shear
stress model for turbulent flow to fit the
solution and comparison of the calculated
results with the existing experimental results
of Faruque (1983).

GOVERMNG EQUATIONS

The flow configuration and co-ordinate systcm
are shown in Fig, 2. Assuming steady,
incompressible fl ow, constant fl uid properties,
Boundary layer approximations and applying
the order of magnitude principle, the mass and
momcntum conscrvation equations in two-
dimensional flow can be written in the
following form.

du dv
d**dy=o (1)

du du ldru-;-+v_r-=__ (2)- dx ' -dy pdy

Where, t is the shear stress and p is the
density of the fluid. The shear stress includes
both viscous and turbulcnt contributions and it
is written as

t du ---
[=Y6r- uv

Where, y is the molecular diffusivity. The
turbulent part of shear stress is -p u'v' is
exprcssed in terms of Prandtl's mixing length
lPrandtl (1.925)],1 and mean velocity gradiJnt,
au/dy

t du -. .du. ^:=v--:-_12 1:-,;2 (4)p 'dy "dy'

According to prandtl's velocity distribution
principle the relation between mixing length
and vertical distance, Y is I = Xy;X= 0.4.

Where, I = dimensionless empirical constant,
obtained from expcrimcnts.

Hence, according to prandtl's assumption, by
neglccting molecular diffusivity term the
turbulent shcar stress becomes.

r = x2ort k+),

So the final differential form of momentum
equation for turbulent wake is

":i*":;= o'1"(:-rl. * H#] (6)

Where, all variables are dimensionless
quantities.

The initial velocity distribution for turbulent
wake is glvep by the Semlempirical equation
of Prandtl's [Prandtl(l925)]

0)

Where, 6 = 6(x) the initial boundary layer
thickness, which is found from experimcnt
results.

*=G)'^

n = Power Index.

=;[G-,)*{GF
Whcre, 

ff 
i, for*oa from expcriment rcsults of

Islam(1979).

The appropriate boundary conditions
applicable to cquations (1) & (2) are

j|<';u - o v(x,l) -o u(x,6) = u-

The mean velocity distribution for self-
preserving wake is given by the following
semi-empirical equation

(8)

(3)
(e)

u*-u
= 

"*n (-u ) troru-- uc

Whcre, a = ln2

A semi-empirical relation for half width
wake follows from the measurement of
Schlichting and Reichardt (1951)

(11)

ffil

(s)
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CALCULATION TECHNIQUE

An explicit finite difference scheme was used
to solve the conservation and other equations.
At starting, first level information is obtained
from initial conditions and second level
information is obtained from the finite
diffcrence solutions. This scheme requires only
the previous step values. The computer
programme was developed for this purpose
which had capability of handling uneven grid
spacings in x & y directions, the dependent
variables are expanded in Taylor series, the
basic variables are made non-dimensional by
using some transformation. The finite
difference equations and computcr prograrune
for this purpose was presented by the authors
in Islam (''986), and is not repeatcd here.

RESTILTS AND DISCUSSION

This chapter presents discussions on the results
obtained by the present study and comparisons
of these results with the experimental
mcasurements of Faruquc (1983) and other
prcdicted results.

Fig. 3. shows velocity distributions at trailing
edge for differcnt Reynolds number,2.18 X 103,

2.01 x 103, 1.9 X 103 and 1.7 x'103. The free
stream velocity in the wake drops
instantenously when the boundary layer
separates from the plate. Such drop is
observed upto the axial distance x/0 I 55,
(Fig.a) after which it achieves a constant
value. The drop of the uniform free-stream
velocity is due to the increase of flow area as
the profile separates from the plate. Fig. 5
show the development of the wake with
increasing width. Such a spread of the wake
is logical from the view point of encrgy to the
wake from the surroundings.

The shape factor, H = 6*/0, is plotted in Fig.6
as a function of axial distance. The slope of
the curve for any Reynolds numbcr decreases at
a higher rate in the region close to the trailing
edge and at a slower rate with the increase oJ
axial distance. This trcnd of the shape factor
curves in Fig. 6 shows an indication of self-
preservation of flow. The flow will be
absolutely self-preserving when the shape
factor tends to be unity. Dimensionless
velocity distribution ftr the wakes are shown
in Fig. 7(a), Fig. 7(b), to examine their self-
preservation. The half width Y112is used a

length scale in the self- preservation plot. It is
seen after certain axial distan ce, x/ d = t6. The
present results fall on the same line.

Deviation of the existing experimental results
of Faruque (1983) from the present
computational results may be expressed as rrns
deviation. This rms deviation was found to
decrease gradually with the axial distance in
Table-1. The least rms error is an indication of
self-preservation. Examining the rms
deviation in Table-l, it can be concluded with
the higher Reynolds number, it is clear that
the flow is nearer to self-preservation in Fig.
7(a) for Re0e = 2.18 X 103 than that in Fig. Z(b)
for Re0e = 1.7 X1d at X/D = 48.

CONCLUSION

A computer program has been developed to
solve the equations of mass and momentum
conservation using explicit finite difference
scheme for mean velocity, half width and
other flow geomehy and characteristics in the
wake region for four different exit Reynolds
numbers.

The close agreement of the present calculated
results of most of the parameters with
experimental results of Faruque (19S3)
indicates that Prandtl's mixing length model
is satisfactory to express the turbulent shear
stress in the wake.

The flow with in the wake does not show
complete self-preserving within axial
distance covered in the investigation. But at
higher Reynolds number it tends to become
self-preserving earlier for the same plate
thickness at th'e begining.

Table-l

Re0e
x/d

t6 24 48

2.18 x 1d 0.06 0.0620 0.0500

2.01X 1d 0.072 0.0690 0.0675

1.90X 1d 0.078 0.0760 0.0750

1.70XlF 0.09s 0.093s 0.0925

rms deviations at various distances from the
trailing edge of the plate.



Re0e

2-l8 xl03

2'01 x 103

1.9 x t03

t.7 x tO3 ^lEIul

o

a

t
I

..l
"o

t
It
II
i..lt

/
1t .j

/I ....." o
..."o

,l,l
ftr

A,,
_4

:

lta

a

a

'.4
..

I
I
o

a

'L..Q

t '1....

\l
\\I

\

\.

I
I
I

-al
A\.
\o\t

b'b
\|

FIG. 3

5.0 t0.0. I 5.0

_ ( mzs )

---u
MAGNIFIED TRAILING EDGE VELOCITY PRI PROFILE



$

fi

?EEExxxx
FFAS
a\l\-

or<

tiii

1\\\oi \ \l ?
i \ \\ E

i f ,\ I ?1! 1\'i \" \'\ ii \ r\i \f \\i\i\ \\t 
\\i\i\...

:l
1\i \ \.i \ r\
i\ \
.i o 

\ \:

1\\
i\\
:

.\\r , : . \ .l

(D
z

{J
t
\E

(}1

t\

tr,l

(L

t!

l!o
lrlIo
UJ

rr)o
Ol
@

!o

"l.f;,

lrl
-

(,
lrl
J
tro
E,
(L

(.'o
lrl

a
E
UJ

2
f,
\t

('
tr

o
C'l

@

(C'

rn

JOo-
o',999ooooo

oI

xfi/n

o
a\

lr)
t\to

aYl

L1



lrl
Y

=z
zo
F
fg
E
(/)

6

F
(,
o
trl

z
lrl

r')

(9
L

oo

o
CN

o

o
co
o

o
rJ)t\

I

AI
I

(' (no
i
F SBsE
T.\+,.ti9
(t,llltrlll(DOOOO&))>)
cixa- lrl

Mech. Engg. Res. Bull., VoI.'14, (1991)
42



t3
9:'(l,
E

%BtB5
;-Ex x x x>

€?Fo,rH
E, ht a\t 

' - G,l)

r<clxO
IJ

oos

ili

iI
j"{l
; iF

i lliii
i ii,

,"li'iii
#i} 0/*3

lrl()
z
UI
6
J

x

F.

=U}
g,
trJ

lrl

=
E
o-
trl
(L

-(n
lJ.o
zo
F
a

r.o

|c
lr

o
o
lr!

(D

x

o
o
rJ)
\t

oI
\a

o
o
rJ)
.}1

o
oo
6A

o
ortl
l\t

o
oo
a\t

o
o
rt)

o
oo

ooo
oor''

o
oo

orttoadr
on
a\

43Mech. Enss. Res. Bull.. Vol. 14. (1991)



o
rn
Ca,

oo

lrl

J
o-

F

J
l!

llo
lrl
:<

=lrlx

=
Lr,

J
ll.o
E
(L

6o
J
lrl

U)a
trj
Jzo
6z
trl

6
-o

,\'
tr

_s

o
rrl'

oo

c)
rn
o

o
o
o
rn
&

o
9
a\t

o
lrt

oo

o
lrl
o

C)
6a\o

\t
o

ro
o

@
o

o

:E3g
CLxx
lrl

( rn-on)/{ n-sn )

oo
G

E(,
rr'
(0

o
ll
o

(D

o
xo
ll
c,o
(9
g,

I

"rj

raOrOr.ooo
,\jro

E

/

o
x

o.
x
trl

do
F

E(,
rr'l
r0

o
ll
o
(D

t*.l'o
xo
ll
(t,

(D
(l,
E

/

.4



REFERENCES

1. FARUQUE, P. K. O. (1983),

"Experimcntal Investigation of Two
Di;ensional Wakes Bchind Flat
Plates", M.Sc. Engg; (Mechanical)

Thesis' DePt. of Mechanical
Engincering, BUET, Dhaka, Nov'

2. ISLAM, MD' TAZUL (1986)' "Finite
Difference Solution of Wakes for
Turbulcnt Flow Behind a Flat Plate"'

M.Sc. Thesis, DePartment of
Mechanical Engineering, BUET'
Dhaka, Bangladesh, IulY'

ISLAM, S. M. NAZRUL O9791,
"Prediction and Mcqsurement of
Turbulcnce in the Development Region

of Axisymmetric Isothermal fets",
Ph.D. Thcsis, DcPt. of Mcch' Engg',

University of Windsor, Windsor,
OWT, Canada.

ISLAM, S. M. NAZRUL ('Tg75),

"Dcsign and Construction of Closcd

Circuit Wind Tunncl", M.Sc. Engg'

Thesis, DcPt. of Mechanical
Engineering, BUET, Dhaka.

KEFEER, J. F. (1965), "The Uniform
Distribution of a Turbulent Wake",

I.F.M., Yol.22, PP. 135.

KHALIL, G. M. (1982),"The Initial
Rcgion of Plane turbulent Mixing
Lalcr", Ph.D. Thesis, Oeql' 

-9fMechanical Engineering, BUET,
Dhaka.

PRANDTL, L. Q92il, "Bericht Uber
Untersuchungen Zur Auqgebildeten
Turbulent", ZAMN, Vot.5, PP. 136''

Reichardt, H. (1951), "Gesetzma-nin-g

Keitcn Dcr Fkcicn Turbulent", VDI-
Forchungsh , PP- 4'14.

4.

5.

7.

8.

M Mech. Engg.Res. 8u11., Vol- 14, (1991)



otr|
n

oo
c.,

o
lrt

lrl
F

J
o-
F

J
TL

LL'o,

oo

S trl

o\Io
trl
-F
lrl
J
trog,
(L

6o
J
Lrl

t
tn
trl
Jzo
6z
lrj

=o
c'

g
tL

oo
o
Itl
f.t

oo
c{

o
lrt

oo

n
o

(D

lr4o
x
@

I

.../*

(ln-on)/(n-onl

E
t
\t
Or
@o

aOO

^5ooIlxe

*t€r
lrl

t\
ll
q,
6o
&,

ololfl
I
t
I
I

I

1t

;P

@oo(9oo
a\ rt l.O

a


