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ABSTRA&CT .

It is proved that the energy exchange processes during
the laminar boundary:layer transition into turbulence in
the presence of free stream turbulence , take place in
accordance with the relationships that govern the same
energy exchange processes:of the phenonenon in the case
of a quiescent free stream .

Bradshaw's method ( Bradshaw et al, 1974 ) for calculati-
ng the turbulent boundary layer, succeeded in predicting
with a reasonable accuracy, the development of the two-
dimensional boundary layer during the final stages of
transition and before the turbulent boundary layer is
fully developed, without introducing any changes in the
original program to account either for the turbulence in
free stream or for the fact that the boundary layer is
not fully developed:.. These changes will be delt with in
future work .

This implies that, the development of the turbulent quan-
tities within the transitional-turbulent boundary layer
follows the universal turbulent boundary layer mechaniems
regardless of the level of the free siream turbulence .
It is aleo an indication of the validity of Abdel-Kareem
(1978) conclusion that the mechanism of the laminar
boundary layer transition is universal regardless of the
free stream turbulence level .
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INTRODUCTION .

.Ones of the major factors that affect transition over a
flat plate is the free stream turbulence , We already
know that such a turbulence introduce disturbances into

the boundary layer growing over the surface . If such a
dieturbance is small, it will grow inside the boundary
layer according to the stability theory and will tend to
excite the boundary layer natural modes ( i.e. Tollmien-
Schlichting waves ) . If it is large enough, Reshotko
(1969) claims that it can grow by forcing mechanisms to
nonlinéﬁr levels and lead directly to turbulence inside
the boundary layer. Schubauer (1957),Morkovin(195€) and
Tani(1969) found that the laminar boundary layer may be
highly randomly agitated and yet retains the laminar
behaviour .

Chen et a2l (1971) found that the free stream disturbance
speotrum affected not only the location of transition, |
but also the frequency of the turbulent spot formation
within the transitional boundary layer and hence, the
extent of the transition sone . Added to all this, is
the possible effect of the inactive motion (Townsend,
1961 and Bradshaw,1967a&b) induced by the free stream
turbulence and/or the turbulence in the outer region of
the boundary layer on the nature of tho‘onorgy processes
in the transitional-turbulent boundary layer .

The important question here is, whether the resulting
turbulent boundary layer beneath & turbulent free stream
has the same nature as that growing in a quiescent free
stream? That is, are the energy quantities within the
former related to each other by the same relationships
as the latter ? It is also important to find out whether
the energy processes such as production and dissipation
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in the fully developed turbulent boundary layer is the same
in the two cases or not . '
If this turns out to be the case , we may conclude that ull
" what the free stream turbulence is interfering to do is to
trigger and speed up 2 universal process of laminar bounda-
ry layer transition without really either changing the
universal relationships between the turbulent quantities in
the resulting turbulent boundary layer even before it is
fully developed .
The idea behind the present work is to predict the develop-
ment of the mean velocity profile at the end of the transi-
tion zone and the begining of the turbulent zone just
before it is fully developed , beneath free stream turbule-
nce level of varying irtensities , by means of applying
Bradshaw's (1974) method on the data of Abdel-Kareem(1978)
for a two dimensional flow over a flat plate in a turbulent
free stream .
In doing so, the experimental boundary conditions are to be
fed to the computer program as if they were boundary oondi-
tions for a non~-turbulent free stream . Then the output of
the computation is then to be compared with the experiment-
al profiles .
The :nderlying assumption in the present work is that , the
characteristic assumption of Bradshaw's method that there
is a functional relationship between uv & q , is holding
even in the initial stages of the development of the turb-
ulent boundary layer in the turbulent free stream , and
‘also that the shear stress ( uv ) and the turbulent diffu-
sion of the turbulent kinetic energy are related with the
same relationships in the two flows . This is a crude
assumption that will be investigated in future work ( to

be published ) .
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THE CALCULATION METHOD

Bradshaw's method considers the equations of motion for the
two-dimensional turbulent boundary layer in the following
form 1

* The continuity equation 3

2U DV
. X f 3w =0
¥ The momentum equation 3
" 2U °U 1 3P 1> 2
- Usx v+ V'sy =3 x*saY(‘o'r‘f“"")
Ué_[l“_*,l.b_'z:—
T e d) 52y

* The turbulent energy eguation 3 ( outside viscous ¢ flayer)

> > 2 W 1 » = 2
(Ugg +Vgy)ta = — 57 - § ;w(PVv- 3a°v ) -€

where——z- — —.-2- —é'

s B
q=u2+v + W ’ Ts =8 u'vt &En))(g-;i)z
J

The last equation can be regarded as an equation for the
advection or_ the rate of change of the turbulent kinetic
energy ( %»qz ) ( the L.H.S. of the equation ) through
a point .

The mefhod then defines 1

. -
1 342 3
T/3
b- L = ¢
- o - (B4 qv>/(('“a’)%'§>

e

Which trancform the energy equation into ¢

> T >, T T 2y 'Z; > ftZ?)
- Uz ( 5;;§') +V g;'(g;;§0 o4 i?x) at0 8
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Where gy —E—-& G are dimensionless functions of y/S'and

)
they relate the turbulent kinetic energy , the dissipation
of turbulent energy and the turbulent energy diffusion to
the local value of the shcar stress and can all be estimated

from experiments-.

Equations 1 4 2 & 3 form a set of equatione for the three
unknowns U, V& T , This set of equations is hyperbolic,

es it contains the diffusion term that takes into account

the upstream effects . This means that there exist as miny
characteristic lines as there are equations along which the
partial differential equations reduce to ordinary differentizl
equations containing the gradients along thr characteristice
only . A full lic ‘ng of the FORTRAN computer program ( also
available on a floppy disc ) together with the report expla-
ining the method is availeble from the auther . Mr. Ilbeheery
in his M.Sc. report has explained the different routines in

the program in greater details .

The method is proved to be a great success , largely in my
opinion due to its sound physical bases compared with other
available methods .

The calculation method is used in the present work as a
measure of the deviation of the boundary leyer in question
from the fully developed turbulent boundary layer case ,
based on the assumption that the relations between the
turbulent quantities are always governed by the proposed
relations ( a , b & ¢ ) and any deviation from this
assumption has a simple effect on the rest of the calculation

that diminishes as this deviation decreases .

“% s @4 28 & sfjecs
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RESULTS

The computations were performed by means of an IBM XT
computer .

Mgures 1 to 5 show the results of the computations for
twe cases, the first case using the Coles' family of
profiles to generate the starting profiie for the calcula-
tions , and in the second case, the first experimental
profile is used as a starting profile .

Comments

1 = The ocollapse of the calculated profiles on the experi-
mental ones is not bad , and it is improving as the
caloculations proceeds .

2 - The calculations recovered rather quickly to the
experimental values in the case of using tlLe first
experimental profile compared with the case of using
the synthatic starting profiles .

3 = There is aipronounoed waviness in the calculated profi-
les which we think needs further investigations ( to be
studied in future work, to be published ) .

4 - The rather fast recovery of the calculated profiles to
the free stream value is perhaps due to the fact that
the diffusion in this case in the outer layer of the
boundary layer is larger due to the assumed quiescent
free stream .

5 — There is the expected discrepancy between the calculat-
ed and the experimental profiles in all the cases in
the inner layer in the early stages of development of
the turbulent boundary layer where the mean velocity
profile is still not an accurate representation of the
high turbulent activities of the flow there, due to the
artificially speeded up boundary layer instability .

& - When the diffusion is given enough chance, the mean
velocity profiles are brought back to the normal shape
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and the calculations predict the flow with an increes-

ing acocuracy .

Conolusion .

The presented results clearly show that the process of
transition in the presence of turbulence in the free stream
produces turbulent boundary layers that are predictabdble to
an a;ceptable acouracy by the ordinary methods of predicti-
ng the turbulent boundary layer in a non-turbulent free
stream .

Thie implies that the turbulent quantities within the tran-
sitional=turbulent boundary layer follow the universal tur-
bulent boundary layer mechanisms regardless of the level of
the free stream turbulence .

This conclusion supports Abdel-Kareem's (1978) conclusion
that the mechanism of the laminar boundary layer transition |
is universal regardless of the level of the free stream

turtulence ,
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