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ABSLHACT

in experimental and theoretical soudy has been
conducted on the completely turtulent separated, rceattached
and redeveloped flows over rectangular tunnel wall cavities
with relatively thick approaching boundary layers in the
incompressible domain. Detailed measurements of the temporal
mean velocities and the mean static 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
c© and frec stream speeds were varied from 60 ft/scc to
116 ft/sec. Three distinctive flow regimes have been
ldentifioed and the mean flow characteristics have been
evaluated.

A plane frec jet analysis proposed by Haugen and
Dhanak has been compared with present experimental data
on the veloeity profiles. Thelr analysis agrees reasonably
well in the outer free shear layer region but shows a
considerable mismatch in the inner recirculating cavity
flow region.

The wake like mixing regiém has been anelysed
using the modified Crocoo~Lees integral m@thaa to correlate
the base pressure coefficientss It wnas been found that
the ratio of the length of the mixing reglon to the
length of the cavity (A xsh/L) ig a function of the
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L/D-ratio. Also the mixing parameter 'C' on which the

base prescure depends 1s a function of ( A xgh/L) and

vite Jlow pariumctors, i.e., the Reynolds number of the

flow at the separation point (Haﬁf ) and the boundary layer
thickness at scparation 5% . ’

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 methiod for the prediction of turbulent
boundary layers agrees rcasonably well with the experimentsal
data. However, the Bradshaw, Ferriss and Atwell kinetic
energy method does not fit the data for the reattaching

and redeveloping turbulent boundary layer region well.
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LISl OF SYMEOLS

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

Haugen and Dhanesk constante for the inner
recirculating cavity flow velocity profile.

Modified Crocco~Lees mixing coefficient.

Head'vs Intrainment function = ﬁl* ~%§-~
o0

Pressure drag coefficient,

Local skin friction coefficient.

Surface pressure coefficient = P = Po
Pug,
| | _ Pp " Po
Ease pressure coefficient = i
, pjp - p‘b
Coefficilent of plateau pressure = ;“?73?"”’

Non~dimensional Truckenbrodt dissipation.
integral.

Bradshaw et.al, Shear stress function.

Shear stress dissipation functilon.

Depth of cavity.

Non-dimensional momentum correlation parametec,

Improved Head and Patel correction parameter
for non-equilibrium conditions.

Bradshaw et.al. diffuslon function.

Clauser mean wveloclty profile defect parameter,
¥

Poundary layer shape parameter = »—— -

)
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Eoundary layer shape parameter m'jg“ '

S-&*

Head's entrainment chape parameter = -2§"ﬂ‘
Momentum flux per unit area in the

shear layer.

Crocco~Lees mixing parameter.

ilaugen and Dhanak constants in the outer
free shear layer velocity profile.

Non-dimensional veloclity correlation
paramcter,

Von Karmén constant = 0.40.

Length of the cavity.

Bradshaw et.al., dissipation function.
Redevelopment length of boundary layer.

Mach number.
Mass entrained in the boundary layer.

Exponent for the power law velocity profile.
Pp = Py
Po“pb

Roeompression coefficlient =

surface static pressure.
Frec stream static pressure.

Base pressure.
Total head pressure.

Reatt achment pressure.
Total turbulence kgﬁgtic energy per unit
mass = 1/3¢C w® + v* + w¥),

Volume flux entrained in the boundary layer.
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Improved Head and Patel non-equilibrium
boundary layer paramcter.

Reattachment point.

Redevelopment point.

U 4

Reynolds number at the separation point —2—=—
LS
bhear work integral,

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

Mean velocity at a point in the axial direction.

Ratio of the dividing streamline velocity
to the free stream velocity = ng*
Us

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 dircection.,

Co~ordinates of the shear layer.
Ratio of specific heats.

Intermittency factor. '
Boundaxry layer thicknésa(yw S when { = 0,995 Uag‘
Boundary layer thickness at separation.

co
Boundary layer displacement thickn@ss:gkﬁ”ﬁ;?d%.
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Free shear layer length.

Eddy viscosity.

Dim@nsionlega co-ordinate of the shear
layer = W&L ;

Haugen and Dhanak transformed parameter.
Kinematiec viscosity.

Density.

Jet spreading parameter.

Shear stress.

Shear stress at the boundary.

Stream function =f u dy. _

Modified stream function mfw%*wdy.

(1x)



IT

I11

IV

1ABLE OF CONIENTS
Page
ChhL1PLCALE . . (i1)
sBSLEaCT .. . (1ii)
ACKNOWLEDGMENTS .. (v)
LIST OF SYMBOLS . .. (vi)
INTIHODUCL L ON .o - 1
1.1 General Discussion of the Field
of study - . 1
1.2 Statement of the Problem N ]
hEVIEw OF LITBLRALURE .o e s 7
LHLOREL ICAL CONSIDERAT LONS ces 22
ITI.1 General Kemarks A 22
I1I.2 ©&henr Layer Reglon sas 22
I11.3 Hedeveloping Boundary Layer
kegion cee Ve 34
bXPobtIMENT AL PROGHAMME ., .o Ly
Iv.1 1Its importance and mainpoints .. Ll
IV.2 The Flow System ... ves Lk
IV.3 Instrumentation ... cos 46
IV.4% Water Table . . L8

(x)



Chapter

VI

Page
DISCUSSION OF LXPERIMENTAL sND
T H Okl ICAL RESULTS ol 50
Vel Genéral Feavures of the Study .. %O
V.2 .Bhear Layer Region ... ‘e 67
V.3 Redeveloping Regioh aft of

the Cavity ces Ve 71
CONCLUSIONS beo Vi 83
R ERENCLS . fee 86
APPENDIX « I 98
#PPENDIX -~ TII 101
#PPENDIX - TIIT 103
APPENDIX - IV 104
FIGURES 105 - 140

(xi)



	TH-95.pdf
	TITLE
	CHAPTER 1
	CHAPTER 2
	CHAPTER 3
	CHAPTER 4
	CHAPTER 5
	CHAPTER 6


