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SUMMARY The effect of placing a rotating cylinder at the top upstresm corner of a broad-crested weir

having verticel faces is investigated experimentsally.
improve significamtly by the installation of such a device.

The discharge capacity of the weir is shown to
Malysis of experimental data hes resulted

in a method of calculation of the increase in discharge for different diameters =znd speeds of rotation of

the cylindrical roller,
1 INTRODUCT ION

It is lmown (Rouse, 1950) that the discharge coeff-
icient of a rbroad-crested weir with a rounded up-
stream corner is less than the theoretical value
primarily on account of the deceleration of the flow
at the crest due to the formation of the boundary
layer.’ One would therefore expect that the dis-
charge coefficient should increase - and probably
even exceed the theoretical value - if the momentum
of the liquid in the vieinity of the crest is incre-
ased. Such an increase in discharge coefficient
would be of great practical significance; one could
then design weirs and barrages across rivers with
smaller afflux, thereby reducing the extent of sub-
mergence upstream. Further the total height of the
diversion structure is reduced as a consequence and
guide banks end afflux bunds cen be designed to be
of smaller height.

If a cylindrical rollsr is placed in the upstrean
corner of the weir for the entire width of the weir
as shown in Figurs 1 and is rotated mechanically it
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Figure 1 Disgrammatic Sketch of Weir with Roller

accelerates the liquid nesr the crest. Hence one
may expect that such a device will increase the dis-
charge coefficient of the weir, An experimental
study was carried out by the authors to investigate
the order of increase in discharge due to such
increased momentum and the results of this study are
reported in this paper.

2 NOTATION

The following symbols are adopited in this paper:

B ¥idth of the weir, flume;

¢ Coefficient of Discharge used in the equation
€= K4Kp CB{g h "~ ;

g Gravitational|Accelsration,

h Head over the weir;

Ky Correction factor fox effects of viscosity end
surface tensionj .

Ko Correction factor for effect of curvature of

flow;

Length of weir crest in flow direction;

Speed of rotation of roller;

Discharge over weir wnder a head h when the

roller is rotating;

Radius of cylindricel roller;

Reynolds Number gl/ 2n3/2 A

Velocity at a height y from the crest;

Height of the weir;

Weber Number € gh®4-3

Distance from the downstream end of the weir;

Distance of any point from top of crest;

Distance of water surface from top of crest;

Kinematic viscosity of the liquid;

Mass density of the liquid;

Surface tension of the liquids;

& ="

woq wgﬁ‘dxpﬂ:&'ﬂ vl

EXPER IMENTAL SET-UP AND PROCEDURE

3.1 Experimentsl Set~Up

The experiments were carried out in the Hydraulics
Laboratory of the Civil Zngineering Department at the
University of Roorkee. In all the tests the width
of ‘the weir was made equal to the width of the
channely, i.2., only suppressed weirs were tested.
‘Two different heights and three different crest—
lengths of weilrs were used. Both the weir faces wers
kept verticale

The experiments were conducted in afixed bed masonry
flume 1.0 m wide, 10,75 m long and 0.80 m deep. The
width of the flume was reduced to 0.42 m in order to
get a higher discharge intensity and to emeble fix-
ing of the cylinder easily. Water was supplied to
the flume from & constant head tank amd the dis-
charge measured with the help of a calibrated orifice
meter fitted in the supply line.

4 portion of the test weir around the cylindrical
roller was bullt of steel to ensure the correct geo-
metry in the vieinity of the roller; see Figure 1.
The rest of the welr was built of brick masonry and
finished smooth with cement mortar. Ventilation
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holes werec provided in all the weirs to aesrate the
nappe. The cylinder of the required diameter was
provided to the full width of the flume at the top
upstream corner of the Weir, such that the roller
was flush with the horizontal and vertical faces of
the weir. The cylinder was taken out through the
side walls and housed in two well lubricated bearings
A pulley was mounted at one end of the roller amd
driven by a variable gpeed electric motor. Two
different diameters of rollers, viz 30 mm and 60 mm
were used during this study.

3.2. Experimental Procedure

A weir of the required dimension was built at a
distance of 1.95 m from the downstream end of the
flume. A certain discharge was allowed into the
flumg and this was measured with the help of the
orifice meter. For a particular discharge measure-
ments were taken for no roller rotation as well as
with four different roller speeds of 1000,2000,3000
and 4000 RPM« The measurements included the water
surface profile on the crest and upstream, as well
as velocity distribution at the cemtre of cross sec-
tion of the crest with a Prandtl tubs. The measure-
ments were repeated for other discharges and sub-
sequently with different weirs.

4 ANATLYSIS OF DATA

4.1 Typical Water Surface Profiles

The water surfece profiles at different speeds for a
particular discharge are shown for one of the welrs
tested in Figure 2. These profiles are typical of
the water surface profilss obtained at other dis-
charges and for other weirs. It mgy be seen from
Figure 2 that, with increase in speed of rotation,
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Figure & Typical Water Surface Profiless

there is a general lowering of the water level up-
stream of the weir; on the weir crest itself the
trend is roughly reversed indicating that the criti
cal depth section is closer to the downstream end
of the crest at higher speeds.

4.2  Typical Velocity Profiles

The velocity distribution at the centre of the crest
at different roller speeds is shown in Figure 3 for
one weir at a particular discharge. The effect of
the roller rotation on the wvelocity distribution is
c'early seen in this figure. There is a comsider-
able increase in velocity at small distances from
the crest and the increase'is larger at larger
speeds; this increase in velocity diminishes at
large distences from the creste To maintain the
seme discherge (note that discharge was held
congtbent during these rms) the increasse in velocity
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‘Flgure 3 Typical Veloeity Profiles on "eir Crest

at small velues of y has to be offset by a dec-
rease in velocity at very large velues of ye Such
a decrease is also clearly discernible in Figure 3.
But it is the increase in velocity at small values
of y which is really significant and is responsible
for the smaller heads-see in Figure 2 - at larger
speeds, thus proving the premise that increase of
momentim close to the crest ought to improve the
discharging capacity of the weir.

4.3 Discharge Relation for no Rotation of Roller
As per Ranga Raju and Asawa (1977) the discharge
over a broad-crested weir with a sharp upstream cor-
ner can be obtgined from the equation

Q, = KlecB\fg—hs/a (1)

The parameter C accounts for the velocity of approach
and Wag evaluated theoreticelly as a function of
h/Gr+h) and the relatienship is shown in Figure 4.
Based on the analysis of a vast amowmt of data

from different sources and using diffarent liquids
the parameter K, was related to R*PW:° ag shown in
Figure 5; the value of X; is wnity &t R® wiﬁ
greater than 105- They also proposed a relation
between Ko and h/L for sharp-cornered weirs; obvious—
1y the variation of |K,with h/L would be different
for a weir with a cylifhdrical roller placed at its
upstream end.

Tt was assumed in the present eanalysis that Figure 4
and 5 ere appliceble o the present case also.
Accordingly Kp was evaluated for all the data (for
no rotation of the roller) from (1) end the variat—
ion of Ko with h/L is shown in Figure 6. There
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viscosity and surface tension

exists a unique relation between these parameters
independent of the size of the roller etc. Because
of the sbsence of separation at the upstream corner
in the present case, the value of Xo is larger than
for sharp-cornered weirs ss shown in Figure 6. The
scetter of daba on Figure 6 suggests a possible
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error of less then F 5 per cent in the discharge
computed by this method.

4.4 Increase in Discharge due to Rotation:

The functional relation for discharge Q under robat~
ion may be written as

(2)
By dimensional analysis the asbove equation mgy be

reduced to
h 5 o
fl(—,N[___ )i (3)
r g

if 1t is Tecognised thet the parsmeter O Air® hes
no physical significence and mgy thus be dropped.

¢ = £fQ, ¥ g h),

Q
QO

The values of § at the meassured head h were cal-
culated using (1) and Figures 4, 5 and 6. 411 the
data were then plotted in sccordance with (3).
Contours of W, r/g could be drawvm on this figure
despite some scatter as shown in Figure 7; the
scatter may partly be abtributed to the errors in
the estimation of Q‘o' Figure 7 indicates that the
increase in discharge is substantial et low h/r

and high Ny r?g values. It is noteworthy that at
high speeds and low h/r values an increase in dis-
charge of the order of 50 per cent may be achieved
by roller rotation.

From a practical viewpoimh it must be pointed out
that rotation of the roller would be required only
for a few days in the year during peak floods;

at lower discharges the water level in the upstream
pool would be low even without roller rotation.

As such, the requirements of power would only be
nominal end significently the power is reauired
during floods when there i normelly no shortage
of hydropowere Practical difficulties like depos-
ition of i1t in the gap between the roller and
the weir would, however, need consideration before
the device is sdopted in the field.

5 CONCLUSIONS

It has been shown that sdditional momentum supplied
by having a rotating cylinder at the upstream
corner of a broad-crested weir camses a favoursble
modification in the velocity profile over the weir
crest resulting in en improved discharging capacity
of the weir. The increase in discharge is showm
to be considersble at high speeds of rotation emd
at low values of the ratio of head over the weir
to the cylinder radius.
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