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Now a days in modern industries and open channel very precise and accurate notches are
used to measure the rate of flow for large and small flow. Notches are classified according
to shape, in this experimental investigation different types of notches are used to measure
the coefficient of discharge at different rate of flow. Experimenta investigation shows that
geometry of notches widely affect the discharge co-efficient. A notches of triangular (45° &
60% and rectangular are used in this investigation and compare the results of both to find
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INTRODUCTION

To measuring the flow of liquids in different channels and
tanks, various types of notches are used. Today in modern era
of engineering, different types of notches are used for
measuring the flow rate in different channels and tanks.
Conventional trapezoidal, rectangular and inverted triangular
notches having different angle (45°,60°,90° most commonly)
among the oldest notches. The triangular notches are most
commonly devices used for measuring the flow of liquids in
open channel. Due to its simplicity in design and calculations.
Proper care should be taken while measuring the readings. 1%
of error in the measurement may produce 2.5%error in result.
In this paper experiment are conducted on three types of
notches .i.e. “V”notches (60°&45°) and rectangular notches.
Due to high accuracy at low flow triangular notches are
preferred over the rectangular notches.

LITERATURE REVIEW

Keshava Murthy and Giridhar [1] have proposed the use of
Inverted V-Notch (IVN) for flow measurement for nearly 72
% of the depth of 1VN within a prefixed permissible error of
+1.5%. They developed two optimization procedures to obtain
the linear head-discharge relationship through the notches.
Using the same optimization procedures, they improved the
linearity range by introducing rectangular notches at an
optimum height over the IVN.
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proportionality range for any sharp crested notches to develop
any type of head-discharge relationship. Subsequently, the
same authors presented a general algebraic optimization
procedure to obtain the linear characteristics of inverted semi-
circular notches[4].

James Thomson, Professor of Civil Engineering at Queens
College, Belfast, Ireland, was among the earliest experimental
investigators of the triangular-notch notches (Thomson, 1858,
1861). The experiment is conducted at a pond in open field.
The purpose of investigation was to achieve the experimental
evidence to support his proposal that, for the measurement of
discharge included a very small flow the triangular notches
are used instead of rectangular notches. Professor Thomson's
experimental equipment was crude by modern standards, and
the range of conditions covered by his experiments was small.
Experiment is James Thomson, Professor of Civil
Engineering at Queens College, Belfast, Ireland, was among
the earliest experimental investigators of the triangular-notch
notches (Thomson, 1858, 1861).the experiment is conducted
at a pond in open field. The purpose of investigation was to
achieve the experimental evidence to support his proposa
that, for the measurement of discharge included a very small
flow the triangular notches are used instead of rectangular
notches. Professor Thomson's experimental equipment was
crude by modern standards, and the range of conditions
covered by his experiments was small. Experiment is
conducted on two types of “V” notches i.e. 90° & 127° where
the discharge co-efficient is taken as the 0.593 & 0.617
respectively. The result is calculated as for a smaller flow two
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or more 90%angle notches are used instead of a single large
notch angle.

Experimental Setup

This apparatus consist of a sump tank, pump to circulate
water and a flow channel. A set of three sharp edged notch
plates made of brass is provided e.g. rectangular and “V”
notch having angle 45® and 60®. The notches are
interchangeable. The pointer is provided to measure the height
of water level over the crust of notch. The discharge through
notches can be measured by measuring tank and stop watch.
The experiment was performed for different flow rate to
measure the co -efficient of discharge.

Fig 1 Experimental setup

The equipment consists of a supply tank. Three rows of
perforated sheets are fixed to the upstream side to serve as
baffles. When the water flows through the baffles, the
oscillation are damped out and a steady and smooth flow is
obtained. The front side of the supply tank is provided with
provisions for fixing interchangeable notch plates. The
complete supply tank is supported on a strong iron stand. A
fine hook gauge is fixed on a beam across the channel. The
pointer serves the purposes of measuring water surface level.
A collecting tank is provided to measure the actual discharge.
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Fig 2 Line diagram of notch setup

Water is supplied to the main channel from water mains
through a gate valve that is used to regulate the flow rate. A
drain cock is provided at the bottom side of the channel.

ANALYTICAL METHODOLOGY

The total theoretical discharge over the “V” notch may be
found out by the relation given as

Qr= (&) tan (2] x/2g x () [1]
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Table 1 Data Table for Test Rig

Apparatusdata
Area of measuring tank 0.077m?
Channel dimensions (0.6X0.25X0.175) m*
Triangle notch angle 45°, 60°

(0.102x0.07) m?
220V AC ,50HZ ,5-15amp

Area of rectangular notch
Electricity supply

The measurement equivalent discharge passing over v-notch
opens as follows:

Qa = Areaof Tank x {D_r j [2]
Equivalent discharge passing over a rectangular open as
follows:

Qr = (5] xLx 29 x (H)* [3]

Francis formula for the rectangular notch is given as
following:

Qr = (5] xLxy2g x[(H+h,)*-n,*] [4
Velocity approach of any rectangular notch can be calculated
as following:

Qr.= = x,f2g(L-01nH) H*? [5]

Where;

QA = Actuad flow rate (m3/s).

QT = Theoretical flow rate (m3/s).
Va= Actual velocity (m/s).

g = acceleration due to gravity (m/s2).
8 = angle of V-Notch (varies).

L= width of Rectangular Weir (m).

RESULT AND DISCUSSION

Table 2 Variation of coefficient of discharge of
rectangular notch with the flow rate

14 | ke

QA QT QT.francis
SNO H x10% (x10% o ooy G
1 3.2 7.53 11.83 .63 10.75 .70
2 2.8 6.13 9.68 .63 8.91 .68
3 2.4 4.79 7.68 .62 7.15 .66
4 2 391 5.84 .66 551 71
5 1.6 2.96 4.18 .70 3.94 .75
6 1.1 1.84 2.38 77 2.30 .79
7 8 1.27 1.47 .86 1.44 .88
8 5 .624 0.73 .85 7.20 .89
Head vs Cd
0.95 - y =-0.082x + 0.909
0.9 A R2=0.827
0.85 -
0.8
- 075
O o7
0.65 -
06 | y=-0.095x+0892
055 - R2=0.874
05 :
0 1 2 3 4
Head

Fig 3 Variation of coefficient of discharge of rectangular notch with
head.
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Fig.3 shows that, at the starting the coefficient of discharge
(normal) is linearly raising with the increment of head, with
continuously increasing in the head (h). The coefficient of
discharge (normal) is sharply decreased. But nearly to the
dightly more than the half of total head the coefficient of
discharge is linearly increase. The Francis formula provides a
better effective result of coefficient of discharge as compare
to the normal result because fluid follows the contour rather
than state flow due to cohesive force of molecules. This
calculation is investigated that the both value of coefficient of
dischargeis moved parallel.

Table 3 Variation of coefficient of discharge of
rectangular notch with the flow rate (with velocity

approach)
S.No H QA-4 Hfrancis QT(X 1074) Cd
(x10%)
1 32 7.5342 11 11.853 0.64
2 28 6.1306 106  9.6984 0.63
3 24 4.7945 102 7.6942 0.62
4 2 3.9166 9.8 5.8521 0.66
5 16 2.9684 94 4.1866 0.7089
6 11 1.8465 89 2.3859 0.7739
7 0.8 1.2744 8.6 1.4796 0.8633
8 05 0.6247 83 073093  0.8547
Head vsCd
1 -
0.9 -
08 - y =-0.095x + 1.636
o 0.7 - \OQ Re=0875
O 06 -
05 -
04 -
0.3 -
0.2 . : .
7 9 1 13
Head

Fig 4 Variation of coefficient of discharge of rectangular notch with
head.
Fig.4 shows the variation of coefficient of discharge with the
incrimination of head. In the starting the ¢y starting rising but
with the continuously incrimination of head it’s going to
decreasing uniformly. Similarly as discussion of above nearly
to the half of head the cd is again start increasing linearly.

Head vs Cd
1 y = -0.095x + 0.892
08 R2=0.875
06
o
(@]
04
0.2

0 0.5 1 15 2 25 3 35

Head

Fig 5 Variation of coefficient of discharge of rectangular notch with
velocity approach

Fig. 5 shows that the variation of coefficient of discharge with
the extra head due to velocity approach, there is a dight
change in the Cd of rectangular notches. So it indicate that

velocity approach factor effect the actual rate of flow in the
end of contraction. Given graph shows that at larger flow rate
Cd change isalmost negligiblei.e. equal to 0.63

Readings of “V”” Notches

Table 4 Variation of coefficient of discharge of V- notch
(60°%) with the flow rate

QActuaI QTheo.
SNoH  i10%  (n10%  Ce
1 5.6 7.0902 10.122 0.7004
2 51 6.3847 8.0115 0.7669
3 4.3 4.0740 5.2295 0.7790
4 3.6 2.6570 3.3538 0.7922
5 2.8 1.4419 1.7893 0.8058
Head vs Cd
0.84
0.82 y =-0.032x + 0.905
0.8 R2=0.775
0.78
3 o076
0.74
0.72
0.7
0.68 :
2 3 4 5 6
Head

Fig 6 Variation of coefficient of discharge of V- notch with head

Fig. 6 presents the variation of coefficient of discharge with
respect to head. This experiment is conducted on V notch
(60°). It represent that the coefficient of discharge is going to
fal down at the starting point of head. But as the head is
simultaneously increasing by which the co efficient of
discharge is decreasing uniformly. There is a point comes at
which the discharge coefficient is sharply decreasing.

Table 5Variation of Cd of V-notch (45°) with the flow

rate
Qa Qr
SNoo H %%  @n10y  Cd
1 59 524 8.27 63
2 5.4 424 6.63 64
3 45 272 4.20 64
4 38 1.80 275 65
5 36 1.66 2.40 68
Head vs Cd
0.7 y =-0.018x + 0.736
R2=0.891
0.65
3 o6
0.55
05
25 35 45 55 6.5
Head

Fig 7 Variation of coefficient of discharge of of V- notch (45°) with
head

Fig.7 represent the higher value of coefficient of discharge at
the starting point of head but its fall down suddenly and then
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after its going to uniformly with the continuousy
incrementation of head discharge coefficient fall down
suddenly with the minor addition of head value.

Velocity Distribution in a Channel Section

The velocity of flow at any channel section is not uniformly
distributed. The non uniform distribution of velocity in an
open channel is due to the presence of a free surface and the
frictional resistance along the channel boundary. The velocity
distribution in a channel is measured with the help of a pitot
tube. The general pattern for velocity distribution as presented
by lines of equal velocity. In a straight reach of a channel
maximum velocity usually occurs below the free surface at a
distance of 0.05 of the depth of flow. The velocity distribution
in achannel section depends on the various factors such as the
shape of the section, the roughness of the channel and
presence of bendsin the channel alignment.

The mean velocity in a channel flow section can be computed
from the velocity distribution curve obtained by actual
measurements. It is observed that the velocity t 0.6 depths
from the free surface are very close to the mean velocity of
flow in the vertical section. A still batter approximation for
the mean velocity of flow is obtained by taking the average of
the velocities measured at 0.2 depth and 0.8 depths from the
free surface. [5]

CONCLUSION

By This experimental investigation we determine the
coefficient of discharge of triangular and rectangular notches
at different water levels (head). As the water level increases,
the effect of viscosity and surface tension is also changes that
make change in coefficient of discharge of triangle and
rectangular notch. Both notches show decreases in coefficient
of discharge with the increase of flow rate or depth of water.
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