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ABSTRACT:

This paper preseats the results of a laser Doppler Velochnetry (LDV) investigation in the
upstream, within and downstream of a sill in a horizontai rectangular channel of constant width,
For precise and accurate measurements of the mean and fluctuating flow quantities such as
streainwise and vertical turbulence intensity components u’/ U, and v’/ U, streamwise and vertical
mean velocity components & / and v/ U,, and trubulent shear stress u'v'/ U, ! The measurements
are carried out along the depth at different cross sections upstream, above and downstream of a
sill. The main objective of the present research is to conduct a comparative study of the depthwise
variation of the streamwise and vertical turbulence intensity components, streamwise and vertical
velocity components at different cross sections The results show that, the streamwise turbulence
intensity is always greater compared fo the vertical turbulence intensity, the trend of variation
being similar. The maximum streamwise and vertical turbulence intensities u'/ U, and v'/ U, occur
at the same location of the profiles. The turbulence intensities u'/U8 and v'/ U, increase, as the flow
approaches the sill. Above the sill, the turbulence intensities levels are further enhanced, with the
v’/ U, reaching a value of nearly four times the free stream value. Downstream the sill, as the flow
approaches, the turbulence intensities u'/ U, and v'/ U, are much higher as compared to turbulence
intensities upstream or above the sill.

1. INTRODUCTION: chaunel during fimes of normal flow. In times of

If often occurs that in the control of high ﬂoﬂd, hO\VEVer, much of the flow can pass
rivers submerged sills are used to alter the over the sills. In some Regulators and Barrages
flow. Sills cau back the water up and thus Which are constructed in Egypt, the undergate
divert the flow of the river into another Sills arc provided mainly for economical reasons
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as they decrease the height of gates and
consequently their weights. However, the use
of these sills represent some obstruction and
constriction to the water flow which will
induce a certain rise in the upstream water
level increasing the heading up and thus
contributing to excessive cnergy losses. The
complex phenomena of flow over a bottom sill
in an open channe! has been studied. Such
flows arc important in the design of stilling
basins, wherc they are used as a mean of
stabilizing the hydraulic jump and for solving
practical problems. The fluid motion resulting
from the interaction of flow with a sill is
theoretically and practically important. The
hydraulic jump type stilling basins as they
provide a useful mean for dissipating the
excess kinetic energy downstream hydraulic
structures have received a considerable
attention of many scicntists and engincers.
The use of sills results in a drag force exerted
on the sill and which depends on many
‘independent variables such as the sill height
“and gcometry, the location of the sill within
the jump region, the spacing between the sills
and the inflow conditions. These independent
variables along with the high turbulent and
non- uniform nature of the flow in the vicinity
of the sill. The present research of the flow
characterizes the influence of the sill on the
turbulent flows in open channel. Much less
information is available regarding the
turbulence characteristics upstream, above
and behind the sill in open channel flow.
.Numerous experimental studies have been
conducted to understand the flow phenomena
associated with flows past two dimensional
ribs. Castro|4], Bergles and Athanassiadis (3],
Antoniou and Bergeles (1), Durst and
Rastorgi [5]), Tropea and Gackstatter [13],
Liou and Kao [8), and Phataraphruk and
Logan [10] arc representative of such studies.
A number of numerical studies have also been
performed in order to predict the flow
behavior in flows past two-dimensional ribs.
Typical numerical studies with the linear K-
C model are, Durst and Rastogi [5],
Benodekar et al. [2] and Leschziner and Rodi
{7]. Using flow past a backward facing step,
Thangam as Speziale [12] found that the
nonlinear K-C model, that includes higher
order terms representing nonisotropic effect.
Improved predictions of separated flows past
backscps using the lincar K-C model have

also been obtained by Speziale ad Ngo [11] and
Thagam and Hur [12] Simulation of furbulcnt
flow scparation through closed rectangular

conduit has been pointed by Nashat et al.[15] The

flow characteristics after a downward facing step
in channel bed have been reported by Nashat ct

al {16] Nashat [17] presented the model of vorter

shedding for steady separated flow over a normal
wall .

The preseat rescarch deals with the
experimental investigation by wusing Laser
Doppler Velocimetry (LDV) to measurce the
streamwise and vertical turbulenceé intensity
components, streamvise and vertical velocity
components, and turbulent shear stresses in a
horizontal rectangular channel flume of a
constant width. The measurements weré carried
out using LDV a non-intrusive Fibre Optic state
of the art technique, in the upstream, within and
behind of sill at different cross sections ‘across
and along the channel axis for specific maximum
discharge of 401/S. The main objectives of the
present research are: (1) To use the LDV, which
includes the data acquisition system, data
processing to measure mean and fluctuating flow
quantities at different locations upstream, above
and behind the sill in open channel flow, (2) To
conduet a comparative study of the depthwise
variation of streamwisc and vertical turbulence
intensity components at differcnt cross scctions
upstream, above, and behind the sill at different
cross section, (3) To make a comparative study of
the depthwise variation of streamwise and
vertical velocity components upstream, within
and downstream the sill at different locations,
and (4) To make a comparative study of the
turbulent shear stress upstrcam, above and
behind the sill at different cross sections.

2. EXPERIMENTAL SET UP AND TEST
PROCEDURE

The measurements were carried out in a

horizontal rectangular open channel that is 9500
mm long, 300 :nm width and 500 mm height with
glass wall 6 mm thick and a steel plate bed.
Figure 1 depicts layout of the test facility. The
water is supplied from a constant head overhcead
tank to the flume at a desired discharge that is
continuously monitored with an on-line orifice
meter. The flume side walls are made up of 6 mm
thick glass sheets. A tail vertical gate is provided
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at the downstream end of the flume to
maintain a required water depth of channel
flow, The water is finally collected in a sump
placed in the basement from where it is
pumped back to the overhead tank by a 16
HP pump. The sili was fabricated from
transparent prespex sheets.

With reference to the origin fixed at
the bed along the centerline, transverse of
measuring volume was run (o obtain the
profiles of both the mean velocity components
and’ RMS of turbulence intensitics. The
measuring points were closely spaced in the
region of high velocity gradient. All the
measurements were made for a constant
discharge rate of 40 1/s at a free stream water
depth of 320 mm. This gave Reynolds number
based on the free stream velocity 4 x10* which
ensured the turbulent flow for all the test
conditions, Froude number of the frec stream
flow Fr = (0,230, ensured the free stream flow
To obtain the wvertical
and fluctuating

to ‘be subcritical.
profiles of the
quantities, the measurements were conducted

mean

in the vertical plane along the centerline at
different and
behind the sill. In the vertical direction along
the depth, 30 measurements at 5 mm intervals

locations upstrcam, abovce

up to 65 mm from the bed boundary and 15
mm for the rest were taken. The height (H) of
the sill was kept at 90 mm.

3. INSTRUMENTATION:

The experimental data were collected
using a DANTEC LDV system, consisted of 2
5 watt-ion Laser with two lascr beams once
blue (488 nm) and ome green (514.5 nm) a
fiber-optic measuring probe in back-scater
mode, two Burst Spectrum Analyzer (BSA)
evaluate the

werc used to Doppler

frequencies, and subsequent
analysis consisted to velocity bias averaging

and outlier rejection. Figure 2 shows a block

computer

C 14
diagram of the two component LDV set up used
for the measurcinents. On a traverse bench, the
measuring probe (laser beams or measuring
volume) was focused at a measuring poirt from
onc side of the channel glass wall through an
optical lens. The number of sample taken af every
point was 5000 bursts. This correspond to a
sample averaging time of about 100 seconds. The
data rate was about 10-20 HZ. Before acquiring
the data, the LDV signal was checked for its
regular Doppler burst that correspond to a
particle passing through the measuring Yolume.
The measurements taken at different
positions upstream, above and behind of the sill,
for Q =40 I/s. Figure 3 shows the location grid of
the measuring section (x/H) upstream, above and
behind the sill. .
4. RESULTS AND DISCUSSION:

Root mean square (RMS) values of
streamwise and vertical compaonent of tufbulence

were

intensities v’ and v’ are made non-dimensional
with respect to the streamwise mean free stream

velocity U,. The water depth & non-
dimensionalized by the free stream water -depth
¥o. Turbulence at the wall construed to be

turbulence at a very loeation from the wall of the
LDV
experimentation, and not at the wall itself persc.

order of 5 mm as observed in
It may be mentioned here that the minimum
distance away from the boundary at which the
turbulence and velocity measurements
commeitced was 5 mm. At the boundary velocity
and turbulence are zcro. The two-dimensionality
of the stream flew was examined by measuring
the spanwise distribution of the streamwise
vclocity componcnts. As demonstrated by the
mcan velocity and turbulence intensity profiles in
figure 4 (a) and (b).

a) Streamwise Mean Velocity Distribution

(u/U,) along the Depth:

profiles of
w/i,
upstream, above and behind the sill along the

Figure 5 dcpicts the

streamwise mean  veloeity  distribution
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depth for Q =40 I/s at dilferent locations. The
streamwise mean velocity profile along the
longitudinal direction at the centerline
indicates gradual increase from upstream
alone up to the entrance of the downstream
zone of the sill. Subsequently, the magnitude
decreases graduaily downstream. It is seen
that the measurements at x/H =-2 indicate
flow separation upstream of the sill. Directly
above the sill, the measured velocity profiles
at x/fH = -1 an x/H = 0.0 indicate a small
separation region blanketing the sill surface
and a shear layer profile above it.
Downstream the sill, the profiles exhibit the
" expected ftrends of flow separation, shear
layer growth, and reattachment
(reattachment occurs at x/H = 5 + 0.4). At the
locations of the sill,
reversed flow and flow scparation could-be
observed downstream of the sill as shown in
Figure 5 at x/H = 1.0 as can be secen by the
shape of the velocity profile and was observed
by dye injection. Reversed flow was also
observed at the beginning of the sill. These
observations are consistent with the backstep
of Chandrsuda and

downstream corner

flow measurements
Bradshaw (1981).

b) Vertical Mean Velocity Distribution
(v/Uo) along the Depth:

Cross-stream velocities are exhibited in

Figure 6 depicts the profile of vertical mean
velocity v/U, of the sill at the same flow
conditions which the
streamwise mean velocitics were measurcd,
and above it, the

and locations at
Upstream of the sill
measurements reveal a strong positive vertical
velocity ‘component v/U, and a curved flow
deflected upward by the sill. Downstream of
the sill, at x/H =1 and 2, the positive velocitics
below y/y, = 0.25 rcpresent the separated
eddy behind the sill, while the positive
velocities above y/y, = 0.25 represent the
effect of the upward deflection of the flow by

the sill. Difference in the @/ U, and v/ U, profiles
is the marked changes in the magnitude along the
depth. In

smooth,

/U, profile, changes were relatively

with smaller number of points of
contraflexure, while v/ U, assumes both positive
and negative values at the same section and hence
the zcro wvalue also at some intermediate
locations. The nature of variation, viz., change
from positive to negative magnitude and vice-
versa occurred at different scctions. However, in
the profile of uw/U, such a variation occurred near
the separation zone due to reversal of flow. The
zero magnitude of vertical velocity component v/
U, occurs at more than onc point at different
locations. This obscrvations is somewhal more
intriguing as one may not expect more than one
location at which v/U, could be zero.
¢)  Streamwise ‘Lurbulence

u /Uo alonp the Depth:

Intensities

The streamwise turbulence intensity v’/ U,
with reclative water depth v/ v, results.are shown
in Figure 7. Generally, maximumn streamwisc and
vertical components of turbulence intensitics u'/U,
and v'/U,, and turbulent shear stress _u'v‘»‘Uo2
occur at the same location approximately at y/y,
= 0.2 as shown in Figures 7,8 and 9. As a
comprchensive observation, it is noted that the
streamwise furbulence intensity u'/ U, is always

stronger compared to the vertical turbulence

intensity v/ U, Clearly, in the vicinity of the
scparated upstream of the sill, the mecasured
turbulence levels are substantially higher than in
the free stream, with the near-wall, about 2.5
times the free stream values. The upward
deflection of the flow by the sill leads to higher
velocity gradients and thus to a higher production
of turbulence. Directly above the sill, the
measured turbulence levels are further enhanced,
with the streamwise intensity reaching a value of
nearly four times the {ree stream value. This
increase in the peak intensity is significant and
noteworthy. It can be explained by noting that
along y/ y, = 0.2, as the flow approaches the sill,
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the no-slip constraint along the sill face leads
to high values of du /dx and du/ dy. Since the
production of turbulence is proportienal to
" dw/dx and du/dy, the turbulence levels are
significantly enhanced in the. region directly
above the sill. Downstream of the sill, as the
flow separates, the peak values decay, and the
locus of the peak droops downward with the
shear Just
downstream of .separation (xH < 3), the
profiles show a sharp peak in the shear laycr
and a flat profile in the recirculation region.
With increasing x/H, the
diffused; the profiles become morc uniform;
and the peak turbulence level decays. The
aforedescribed

layer toward reattachment.

turbulence is

general features of the
observations arc consistent with those for
backstep flows (Chandrsuda and Bradshaw,
1981) and a flow through a pair of sills (Liou
and Kao, 1988). However, in these studies, the
intensities increase in the initial part of the
separated shear layer, but in the present
measurements, the maximum streamwise
turbulence intensity occurs directly above the
sill.
d) _Vertical Turbulence
v'/Uo along the Depth:
The cross-stream turbulence intensity
v'/ U, with relative water depth y/ y, profilcs
are shown in figure 8. First, it is observed that

Intensities

the measured cross-stream intensitics v’/ U,
are significantly smaller than the measured
streamwise turbulence intensities, particularly
in the near-sill region (-2 <¥/H <3), indicating
the no isotropic nature of the separated shear
layer., Downstream of reattachment (x/H >5),
the cross-stream and streamwisc intensitics
become more comparable, with the respective
peaks at x/H =6.
e) Turbulent Shear Stress u‘v‘!ng
along the Depth:

Turbulent shear stress resulfs v'u'/U,’

with relative water depth y/ y, arc presented

C. lo

in Figure 9. The measure values of turbulent
shear stress are consistent with the trends for
cross stream furbulence intensity v/ U, i.c., the
shear stress peaks downstream of the separation,
as observed forr backstep flows. In (he
recirculation region, x/ = 1.0 and 2.0, the
u'v'/U,” values are small, but with increasing x/H,
both convection and diffusion lead to more
uniform profiles. '

5. CONCLUSIONS:

The experimental study on the influence of

sill on the mecan and turbulence velocities in open
channel flows indicates that:

As a comprchensive obscrvation , it s
noticed that, the strecamwise turbulence ihtensity
u'/ U, is always greater compared to the vertical
turbulence intensity v’/ U,, the trend of variation
being similar. The maximum streamwisc and
vertical turbulence intensities u'/ U, and v/ U,
occur at the same location of the profiles. The

turbulence intensities u'/ U, and v'/U, increase, as

~the flow approaches the sill. In the vicinity of the

separation upstream of the sill, the measured v’/
U, levels are substantially higher than in the free
steam about 3.0 times. Above the sili, the
turbulence intensities u'/U, and v'/U, levels are
further enhanced, with the u'/ U, reaching a
value of ncarly four times the free-stream value.
Downstream of the sill, as the flow approaches,
the turbulence intensities u'/U, and v/ U, arc
much higher as compare to turbulence upstream
or above the sill, the peak values decay, and the
locus of the peak droops downward with the
shear layer toward  reattachment.  Just
downstream of separation x/H< 3.0, the profiles
show a sharp peak in the shear layer. With
increasing x/H, the turbulence is diffused; the
profiles become more uniform; and the peak
furbulence levels decays. It is scen that, from the

streamwise mean velocity profiles /U, indicate
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flow scparvation upstream of the sill. Above

the sill, velecity profiles u/U, indicate a small
separation region blanketing the sill surface
and a shear layer above it. Downstream of the
sill, the profiles of /U, exhibit the cxpected
trends of flow separation, shear layer growth
and rcattachment occurs at x/H =(5 +0.4).
Clearly, from the cross-stream velocities v/U,
profiles, upstream the sill and above it the
viU,

and a curved flow deflected

results reveal a sfrong positive

component
upward by the sill. Downstream of the sill, the
positive velocities v/U, below y/ y, = 0.2
represent the separated eddy behind the sill,
while the positive velocitics above y/y, = 0.2
represent the effcct of the upward deflection
of the flow by the sill. The general features of
the foredescribed observations are consistent
with those for backstep flows (Chandrsuda
and Bradshaw, 1981) and a flow through a
pair of ribs (Liou ad Kao, 1988). '

6.NOMENCLATURE

b Channecl width

Fr Froude number

Q Flow discharge

Re Reynlds number

i1 Streamwise mean velocity component
in x/direction '

u' Streamwise  fluctuating  velocity
component in x/direction (RMS)

U, Streamwise mean free stream velocity
(averaged over the cross section)

z Spanwise distance along the channel
width

v Vertical mean velocity component in
y-direction

v" Verical fluctuating velocify component.
in y/direction (RMS)

x Longitudinal axis
length

y Transverse axis along channel height

yo Free stream water depth

H Sill height

(RMS) Root mean square

(LDV) Laser Doppler fluctuating velocity

along channel

6. Durst, F,
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Fig. (8) Variation of vertical turbulence intensity (v/ U,) with y/y,
upstream, above and downstream the sill.
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Fig. (9) Variation of turbulent shear stress uv/U,2 with y/y,
upstream, above and downstream the sill.




