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ABSLHACT

in experirental and theorcticeal study has been
conducted on the completely turbulent separated, reattached
and redeveloped flows over rectangular tunnel wall cavities
with relatively thick approaching boundary layers in the
incompressible domain., Detalled measurements of the temporal
mean velocities and the mean stabtlic pressures with in
and aft of the cavities have been made. In these measurements
the length to depth ratio (L/D) were varied from 0.5 to
o and frec stream speeds were varied from 60 ft/sec to
116 ft/sec, Three distlnctive flow reglmes have been
ldentified and the mean flow characteristics have been
evaluated.

A plane frec Jjet analysis proposed by Haugen and
Dhanak has hceen compared with present experimental data
on the velocity profiles. Thelr analysis agrees reasonhably
well in the outer free shear layer regilon but shows a
considerable mismatch in the inner reeirculating cavity
flow region.

‘The wake like mixing region has been analysed
uslng the modified Crocoo~lees integral m@£hma to correlate
the base pressure coeffilcientss, It was been found that
the ratio of the length of the mixing region to the
length of the cavity (Jﬁ xsh/L) ig a function of the
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L/D-ratio. Also the mixing parameter 'C' on which the

basec prescure depends is a function of ( A xsh/L) and

vitg slow paramcetors, i.e., the Reynolds number of the

flow at the separation point (Bﬁﬁf ) and the boundary layer
thickness at scparation é% ’

The redevelopment region downstream of the cavities
has been analysed using the Truckenbrodt energy integral
method and the redevelopment lengths for different cavity
configurations have been found, The improved Head and
Patel entrainment method for the prediction of turbulent
boundary layers agrees reasongbly well with the experinentsal
data. However, the Pradshaw, Ferriss and Atwell kinetic
energy method does not fit the data for the reattaching

and redeveloping turbulent boundary layer reglon well.
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LISl OF SYMEOLS

A constant = 0.12 appearing in Haugen and
Dhanak deep cavity [low analysis.

Haugen and Dhansk constantc for the inner
recirculating cavity flow velocity profile,

Modified Crocco-Lees mixing coefficient.

Head's Entrainment functilon = ﬁl_ ~%§-v
00

Pressure drag coefficient,

Local skin friction coofficient.

Surface pressure coefficient = P~ Po

§PU§
- P
Ease pressure coefficient = Eﬁmwmw%mw-
+ P Uy
P | _Pr T Py
Coefficlent of plateau pressure = T
¥ P UG

Non-dimensional Truckenbrodt dissipation.
integral.

Bradshaw et.al, Shear stress function.

Shear stress dissipation function.

Depth of cavity.

Non~dimensional momentum correlation parvameter.

Improved Head and Patel correction param@ter
for nopn-equilibrium conditions.

Bradshaw et.al. diffusion runetimn.

Clauser mean weloclty profile defect parameter,
#*

Loundary layer shape parameter = ~7;*'
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Boundary layer shape parameter m’jg“‘
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Head's entrainment shape parameter =
Momentum flux per unit area in the
shear layer.

Crocce~Lees mixing parametar.

Haugen and Dhanak constants in the outer
free shear layer veloclty profile.

Non~-dimenslonal velocity correlation
paramcter,

Von Karman constant = 0,40,

Length of the cavity.

Bradshaw et.al. digsipation function.
Redevelopment length of boundary layer.

- Mach number.

Mass entrained in the boundary layer.

Exponent for the power law velocity profile.
- P
T b

pcmp'b

Rucomprossion coefficient =

Surface static pressure.
Frece stream static pressure.

Base pressure.
Total head pressure.

Reatt achment pressure.
Total turbulmnco kin@tic energy per unit
mass = 1/3( w® + v* + w?),

Volume flux entrained in the boundary layer.
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X,y, Z

Oy O O 1 X

Improved Head and Patel non~equilibrium
boundary layer parameter.

Reattachment point.

Redevelopment point.

U, &

Reynolds number at the separation point - 2
LS
ohear work integral.

r.m.s. value of turbulence intensity in the
longitudinal direction.

Mean velocity at a point in the axial directdion.

Ratio of the dividing streamline velocilty
to the free stream velocity = UD »
U

Dividing streamline velocity.
Free stream velocity.
Average velocity in the frec-shear layer.

Mean velocity at a point in the transverse
direction,.

r.m.s. value of turbulence intensity in the
trensvarse dircetion.

- Co~ordinates of the shear layer.

Ratio of specific heats,

Intermittency factor. ,
Boundary layer thickhésa(ym S when { = 0,995 Uﬁ&@
Boundary layer thickness at separation.

o,
Boundary layer displacement thicknesa:xf{'*iig<iy.
wro
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Boundary layer energy thickness =.[£L<1~
5 Voo
w
e
Boundary layer momentum thickness fJX%.(
g o

o

Free shear layer length,
Eddy viscosity.

Dimensionless co-ordinate of the shear
layer = g~
e Q""?i‘w -

Haugen and Dhanak transformed parameter,
Kinematic viscosity.

Density.

Jet spreading parameter.

Shear stress.

Shear stress at the boundary.

Stresm function = |  dy.

Moddfied stream function n}r~ﬁ~ dy.
oo
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