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FLOW THROUGH ORIFICE

« What is a Orifice?

Orifice is a small opening of any cross-section(circular,
triangular, rectangular etc.) on the side or bottom of the
tank through which fluid is flowing.




FLOW THROUGH ORIFICE

What is a mouthpiece?

A mouthpiece is a short pipe
of length two or three times its
diameter fitted in a tank/vessel
containing fluid.

Both of them are used for
measuring the rate of flow of
fluid.




VENA-CONTRACTA

e The liquid coming out from an
orifice forms a jet of liquid whose
cross-sectional area is less than _
that of orifice.

* The area of jet of fluid goes on
decreasing and at a section ,it 0
becomes minimum. S L

 This section is approximately ata — - E
distance of half of diameter of ¥
orifice.

» Beyond this section the jet
diverges and is attracted to
downward direction by gravity.

This section Is called Vena-contracta.

Vena contracta
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VELOCITY AT VENA-
Consider two points 1%9(!\5[ %ACTA

shown in figure.

Point 1 is inside the tank and point 2
Is at vena-contracta.

Let the flow is steady and at
constant head H.
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Fig. 7.1 Tank with an orifice.
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DERIVATION OF THEORETICAL VELOCITY AT

\/CNIA POANITDANTA
b )

Pilab S pe
pg 28 P8 2
Now L4} =H
Pg

L2 (atmosphernic pressure)
Pg

v, is very small in comparison to v, as area of tank is very large as compared to the area of the jet of
liquid,

2

H+0=0+£l
28

\'2 = ,fng ...(7.1)

This is theoretical velocity. Actual velocity will be less than this value.



HYDRAULIC COEFFICIENTS

THE HYDRAULIC CO-EFFICIENTS
ARE 1.COEFFICIENT OF
VELOCITY, CV 2.COEFFICIENT
OF CONTRACTION, CC
3.COEFFICIENT OF DISCHARGE,

CD
-Coefficient of Velocity(Cv)

It is defined as the ratio between the actual velocity of a jet of liquid at
vena-contracta and the theoretical velocity of the jet.

The value of Cv varies from 0.95 to 0.99 for different orifices depending
on their shape ,size and on the head under which flow takes place.
Generally 0.98 is taken as its value for sharp edged orifice.

Actual velocity of jet at vena-contracta

Theoretical velocity

V il
= actual velocity, y2gH = Theoretical \clouw
\.-gH




HYDRAULIC COEFFICIENTS

« Coefficient of Contraction(Cc)

It is defined as the ratio of the area of the jet at vena-
contracta to the area of the total opening. Its value varies
from 0.61 to 0.69.Generally 0.64 can be taken as value of
Cc.

C = e of jet at vena-contracta

¢

area of onfice



HYDRAULIC COEFFICIENTS

« Coefficient of discharge(Cd)

It is defined as the ratio of actual discharge to the
theoretical discharge from any opening. Its value lies

between 0.61 to 0.65.Generally 0.62 is taken as its value.

Q Actual \clocny X Auual area

Ca=
O, * Theoretical velocity X Theoretical area

Actual velocity Actual area

— e — ——— . . —— - -

~ Theoretical velocity Theoretical area

Cd = Cv X (.‘(.
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EXPERIMENTAL DETERMINATION OF
HYDRAULIC COEFFICIENTS

Determination of Coefficient of discharge(Cd)
The water is allowed to flow through an orifice fitted to a tank under

constant head H.

The water is collected in a measuring tank for known time t.The height
of water in the measuring tank is noted down.
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EXPERIMENTAL DETERMINATION OF
HYDRAULIC COEFFICIENTS

* A ctual discharge through the orifice,

Area of measuring tank x Height of water in measuring tank

Time (1)
theoretical discharge = area of orifice X J2gH
Q

C;= :
a axJZgH
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EXPERIMENTAL DETERMINATION OF
Dete rminauyll%%lg’ﬁlc% rg QIEE E)LQU(?(N;I-S

Let C-C represent vena contracta of jet of water coming out from an
orifice under constant head H. Consider a liquid particle which is at vena
contracta at any time and takes position P along the jet in time t.
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WATER
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Fig. 7.2 Value of C,. 13



EXPERIMENTAL DETERMINATION OF
HYDRAULIC COEFFICIENTS

Let x=horizontal distance travelled by the particle in time ‘1’
y = vertical distance between P and C-C
V = actual velocity of jet at vena-contracta.

Then horizontal distance, x=Vxt (1)
and vertical distance, y= % o (1)
o X
From equation (i), = =

Substituting this value of ‘" in (ii), we get

r2

V= —0 X—
SREL T
viz 8
2y
v= |8 14



EXPERIMENTAL DETERMINATION OF
HYDRAULIC COEFFICIENTS

But theoretical velocity,

Vo= f28H

2 2
. Co-efficient of velocity, C, = L)y 2 X e e
" Vi Y2y J2gH \4HH

X

ST
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EXPERIMENTAL DETERMINATION OF

Determiﬁ%BB@f[&DlgfﬁgQrﬁ E)FL%’\%%E%MCC)

We can determine the coefficient of contraction from the
following equations:

16



CLASSIFICATION OF ORIFICE

Depending on size and head of liquid from center of orifice

= Small orifice: If the head of liquid from center of orifice >5 times
depth of orifice

= Large orifice: If the head of liquid from center of orifice <5 times
depth of orifice

Depending on their cross-sectional area
» Circular, Triangular, Rectangular and Square
Depending on shape of u/s edge of orifice
» Sharp edged orifice
« Bell mouthed orifice
Depending on nature of discharge
* Free discharging orifice
« Fully Drowned/submerged orifice
« Partially Drowned/submerged orifice
17



DEPENDING ON SHAPE OF
U/S EDGE OF ORIFICE

-

SHARP-EDGED ORIFICE BELL-MOUTH ORIFICE
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DEPENDING ON NATURE
OF DISCHARGE

Fig: Wholl drowned orfice Fig: Partially drowned orfice
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FLOW THROUGH SMALL
ORIFICE

* In case of small orifice, the velocity in the entire cross-
section of the jet is considered to be constant and
discharge is calculated by

Q=C,xax . 2gh.

20



FLOW THROUGH LARGE RECTANGULAR
ORIFICE

« Consider a large rectangular orifice in one side of the
tank discharging freely into atmoshphere under constant
head H as shown in figure.

Fig. 7.7 Large rectangular orifice. 21



FLOW THROUGH LARGE RECTANGULAR
ORIFICE

Let,H, =height of liquid above top edge of the orifice
H, =height of liquid above bottom edge of the orifice
b =breadth of orifice

d= depth of orifice=H, —H,

C4 = Coefficient of discharge

Consider an elementary horizontal strip of depth dh at a depth h below the free
surface of the liquid in the tank as shown in figure.

Area of strip=b*dh
and theoretical velocity of water through strip = 2gh.

Discharge through elementary strip is given
dQ = C,4 X Area of strip X Velocity
= Cyxbxdhx J2gh = C;bx 2gh dh
By integrating the above equation between the limits H, and H,, the total discharge through the
whole orifice is obtained 6



FLOW THROUGH LARGE RECTANGULAR
ORIFICE

H,
0= Jﬂ. C, x bx 2gh dh

R w2 s
:CdeX\/EEJH’J’;dhzcdxbxﬁg-[-;—'—,;]
) H,

=_§'Cd xb\/'2_g[H23’2—H|3’2}
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FLOW THROUGH TOTALLY SUBMERGED
ORIFICE

Fully sub-merged orifice is one which has its whole of the outlet side
sub-merged under liquid so that it discharges a jet of liquid into the
liquid of the same kind. Itis also called totally drowned orifice. Fig.7.8
shows the fully sub-merged orifice. Consider two points (1) and (2);:" :
point 1 being in the reservoir on the upstream side of the orifice and
point 2 being at the vena-contracta as shown in Fig. 1.8.

Let H, =Heightof water above the top of the orifice on the Fig. 7.8 Fully sub-merged orifice.

upstream side. f
H, = Height of water above the bottom of the onifice
H = Difference in water level
b = Width of orifice
C, = Co-efficient of discharge.

LY

ALARARARET ARARARANAN
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FLOW THROUGH TOTALLY SUBMERGED

) ORIFICE

Height of water above the centre of orifice on upstream side

:H'+H2—I,l =H+H7
2 2

- .

Height of water above the centre of orifice on downstream side

=H,+Hz _H
2

Applying Bernoulli's equation at (1) and (2), we get

b ’ 2
Py 2 i Vy

pg 28 pg 28

G ﬂzHﬁH{m=HﬁH2
pg 2 pg

- H and V, is negligible

(1)

(2)

.o. zl = Zz]
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FLOW THROUGH TOTALLY SUBMERGED

ORIFICE
2
H, + H, B H, + I, _H.;.Y}.
2 2 2g
2
Vil
28 .
.o V2= \/28}{
Area of orifice =bx(H,-H,)

Discharge through orifice = C,; X Arca X Velocity

= Cyxb(H,-H)x J2gH .

26



FLOW THROUGH PARTIALLY
SUBMERGED ORIFICE

Partially sub-merged orifice is one which has its outlet side

partially sub-merged under liquid as shown in Fig. 7.9. Itis also ¢ H B
known as partally drowned orifice. Thus the partially sub-merged &= ,_.ﬂ.aj ey
orifice has two portions, The upper portion behaves an orifice 7 TH By ’
_discharging free while the lower portion behaves asasub-merged 72 Mot G 1 7
_orifice. Only a large orifice can behave as a partially sub-merged 7 L &=
onifice. The total discharge Q through partially sub-merged orifice - ;

is equal to the discharges through free and the sub-merged e T R
Ws‘ Fig, 7.9 P.!.“.'.'.d”_\' rlmeroed

orifice. |
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SUBMERGED ORIFICE
Discharge through the sub-merged portion is given by equation

Q,=C,xbx(H,-H)x |2gH
Discharge through the free portion is given by
= %C‘ xbx |28 (H” - H}")

. Total discharge 0=0,+0
= C,xbx (Hy~ H) x{2gH

+-23-c,,xbe2}'lH”’-Hi”l

28
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FLOW MEASUREMENT DEVICE :
VENTURIMETER

A venturimeter is a device used for measuring the rate of flow of fluid flowing
throught the pipe.lt consists of three parts.

1.A short converging part
2.Throat

3.Diverging part
It is based on the principle of Bernoullis equation.

Converging  Throat
cone

Diverging

m__ _Downstream

Venturi Flowmeter

Manometer
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EXPRESSION FOR RATE OF FLOW
THROUGH VENTURIMETER

Consider a venturimeter fitted in a horizontal pipe through which a fluid is flowing (say water), as
shown in Fig. 6.9.

Let d, = diameter at inlet or at section (1), | 1
p, = pressure at section (1) h
V= VClOCily of fluid at section (1), H4E VI A :é N2 ——=
’ S ROy e e jo=) o i
: a = area at section(l)=§d,2 _{ &‘:F ek
INLET HROAT

ad  d,, p,, vy, a, are cormesponding values at section (2).
Applying Bernoulli's equation at sections (1) and (2), we get

2 2
Pi Vi ol o WLy
Sty ==t +

pe 28 pg 28
As pipe 1s horizontal, hence 2, =2,

Fig. 6.9 Venturimeter.

2 2 2
P ; V@« _ D ¥ Y h=P _ V2 V¥

pg 26 pe 2 pg 28 2

31



THROUGH VENTURIMETER

But 2L=22 i the difference of pressure heads at sections 1 and 2 and it is equal to / of ———= =/
P8 P8

Substituting this value of 2= P2 i1 the above equation, we get

%4

20 12

R Tl ) 4 ..{6.6)
2 2g
Now applying continuity equation at sections | and 2

a,v,

alvl =02\'2 or Vl -

a,

Substituting this value of v, in equation (6.6)

a,v
b
pe a, va I a; v; | a; —a;
p— — — —_— -—’— . e S
2g 2¢ 28 a 2g a,
2
2 a
or vy = 2gh ———
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EXPRESSION FOR RATE OF FLOW
THROUGH VENTURIMETER

2
vy = fZgh 4 - 2gh

! 2 2 T A
Y 4-aq Ja,‘ - a;

. Discharge, Q = a,v,

. ads
> = X J2gh = =t 2gh 0 )
I s

Equation (6.7) gives the discharge under ideal conditions and is called, theoretical discharge. Actual
discharge will be less than theoretical discharge.

; .
Qo= Cy X et % J2gh ...(6.8)
\/a,z -a}

where  C,= Co-efficient of venturimeter and its value is less than 1.
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MANOMETER CONNECTED TO
VENTURI-METER

Converging  Throat Diverging
cone

Manometer
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EXPRESSION FOR RATE OF FLOW
- THROUGH VENTURIMETER

Value of ‘h” given by differential U-tube manometer

Case I. L.el the differential manometer contains a liquid which is heavier than the liquid flowing
through the pipe, Let

§), = Sp. gravity of the heavier liquid
3, = Sp. gravity of the liquid flowing through pipe

x = Difference of the heavier hquid column in U-tube

Then h=x l“_sb, - l] ..(6.9)

L%

Case I1. If the differential manometer contains a liquid which is lighter than the liquid flowing
through the pipe, the value of 4 is given by :

h”[ __SL] (6.10)

where S, = Sp. gr. of lighter liquid in U-tube
Sy = Sp. gr. of fluid flowing through pipe
v = Difference of the lighter liquid columns in U-tube.

35



FLOW MEASUREMENT DEVICE: ORIFICE
METER/ORIFICE PLATE

It is a device used for measuring rate of flow of fluid through a pipe.
It is cheaper in comparison to venturimeter but it works on same principle as
venturimeter.

It consists of a flat circular plate which has a circular sharp edged hole
called orifice which is concentric with the pipe.

The orifice diameter is generally kept 0.5 times the diameter of
pipe.(normally 0.4-0.8 times pipe diameter can be used)

A differential manometer is connected at a distance(1.5-2 times pipe dia)in
u/s and (0.5 times orifice dia)distance in d/s from orifice plate.

36




FLOW MEASUREMENT DEVICE: ORIFICE
METER/ORIFICE PLATE

Orifice plate

Orifice diameter (d,)

iy
Ven
Pipe diameter (D) ——— gontracta
diameter

Pressure drop
across the orifice (h)
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EXPRESSION FOR RATE OF FLOW
THROUGH ORIFICE PLATE/METER

Let p, = pressure at section (1),
v, = velocity at section (1),
a, = area of pipe at section (1), and

DIRECTION OF FLOW/ |

il %5 e _
@ ,fl)'p\_. PURag, )
1 |[«— DIFFERENTIAL MANOMETER
X :
x

Fig. 6.12. Orifice meter.

Py, ¥y, 0y are corresponding values at section (2). Applying Bernoulli's equation at sections (1) and
(2), we get



EXPRESSION FOR RATE OF FLOW

THROUGH ORIFICE PLATE/METER

But

2

.’1‘.+V—| - :E—:--i'—‘-l‘!' )
pg 28 pg 28
( \ \ ;
.p_l.*.:‘ —(&--{-zz :-‘;3- %—
g ) \P8 ) ‘8 =
( R
L4 4 |- Py z; = h = Differential head
P8 T RS ‘
02 2 b)
h:.‘l_v_| or 28}1:\)22—\11.
28 28

vy = 2gh + ¥}



EXPRESSION FOR RATE OF FLOW
THROUGH ORIFICE PLATE/METER

* For Orifice meter,

C,aya,+2gh
= s

Where,
Cd= Coefficient of discharge for orifice meter

The Cd value of orifice meter is much smaller than that for
venturimeter.




FLOW MEASUREMENT DEVICE; PITOT
TUBE

» Itis a device used for measuring the velocity of flow at any pointin a
pipe/channel.

» Itis based on the principle that

“When velocity of flow at a point becomes zero, the pressure there is
increased due to conversion of kinetic energy into pressure energy”

« The common type of pitot tube consists of a glass tube bent at right
angles.

Stagnation pressure

Static pressure h

__| \

=

stagnation point




FLOW MEASUREMENT DEVICE; PITOT
TUBE

* Infig, the lower end is bent through
90" upwards

 The liquid rises up in it due to
conversion of kinetic energy into
pressure energy.

* The velocity is measured by
measuring the rise of liquid in the
tube.

Fig. 6.13 Pitot-tube.



FLOW MEASUREMENT DEVICE: PITOT
TUBE

Consider two points (1) and (2) at the same level in such a way that point (2) is just as the inlet of the
pitot-tube and point (1) is far away from the tube.

Let p, = intensity of pressure at point (1)

v, = velocity of flow at (1)

p, = pressure at point (2)

v, = velocity at point (2), which is zero
H = depth of tube in the liquid

h = rise of liquid in the tube above the free surface.
Applying Bernoulli’s equations at points (1) and (2). we get

-

2 W2
ﬂ + 'vi -+ )= 'p—z + —+ <
pg 28 P 2g
But z, = z, as points (1) and (2) are on the same line and v, = 0.
Lvess pressure head at (1) = H
Pg
% ="pressure head at (2) = (h + H) SR e e e s e
g e NN b e Sl A e e
Substituting these values, we get Fig. 6.13  Pitot-tube
H+ 2l =(h+H) - h=2L or v, = 2gh
23 2¢

This is theoretical velocity. Actual velocity is given by

43



TUBE
(V) = C, J2gh

where C, = Co-efficient of pitot-tube

Velocity at any point v=C, \/2—8"- | ..(6.14)
Velocity of flow in a pipe by pitot-tube. For finding the velocity at any point in a pipe by pitot-
tube, the following arrangements are adopted : '
I. Pitot-tube along with a vertical piezometer tube as shown in Fig. 6.14.
2. Pitot-tube connected with piczometer tube as shown in Fig. 6.15.
3. Pitot-tube and vertical piezometer tube connected with a differential U-tube manometer as shown

in Fig. 6.16.
PIEZO METER -L PITOT-TUBE i
TUBE h Ho” x

_,(-:fffff: ff_— g :i: ST —}




FLOW MEASUREMENT DEVICE; NOZZLE
METER

It is used to measure discharge through the pipes.

Nozzle meter is similar to venturimeter with its divergent part omitted
so the basic equations are same.

Its coefficient of discharge is same as that of venturimeter.

F——f—
"
|

l‘
,,,,,,,, £%E
«
8

Nozzle Flowmeter



NOTCHES AND WEIRS

Notch

A notch is a device used for measuring the rate of flow of liquid
through a small channel or a tank.

It may be defined as a opening in the side of the tank or small

channel in such a way that the liquid surface in the tank/channel is
below top edge of the opening.

Notch is generally made of metallic plate.

V Notch Weir {



NOTCHES AND WEIRS

Weir

A Weir is a concrete/ masonry structure placed in an open channel
over which flow occurs.

It is generally in the form of vertical wall, with the sharp edge at the
top, running all the way across the open channel.

Weir is of big size in comparison to notch.

Weirs

End View

B

End View _
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Classification of notches and weirs

The notches are classified as :
1. According to the shape of the opening :
(a) Rectangular notch,
(b) Triangular notch,
(¢) Trapezoidal notch, and
(d) Stepped notch.
2. According to the effect of the sides on the nappe :
(a) Notch with end contraction.

(b) Notch wuhout end contracuon or suppressed notch.

NOTQHES AND WEIRS

48



Classification of notches and weirs

Weirs are classified according to the shape of the opening the shape of the crest, the effect of the sides
on the nappe and nature of discharge. The following are important classifications.
(@) According to the shape of the opening : .
(1) Rectangular weir, (if) Triangular weir, and
(i1r) Trapezoidal weir (Cippoletti weir)
(6) According to the shape of the crest ;
(1) Sharp-crested weir, _ (i1) Broad-crested weir,
(itf) Narrow-crested weir, and (iv) Ogee-shaped weir.

(¢) According to the effect of sides on the emerging nappe :
| (1) Weir with end contraction, and (i1) Weir without end contraction.

49



NOTCHES AND WEIRS

DISCHARGE OVER RECTANGULAR
NOTCHES AND WEIRS

The expression for discharge over a rectangular notch or weir is the same.

NAPPE
? NAPPE
L ’
CREST S e
OR SILL (c) SECTION AT
e CREST
(a) RECTANGULAR NOTCH (b) RECTANGULAR WEIR

Fig. 8.1 Rectangular notch and wweir.

Consider a rectangular notch or weir provided in a channel carrying water as shown in Fig. 8.1.
Let H = Head of water over the crest
L = Length of the notch or weir
Some terms:
Nappe/Vein: The sheet of water flowing through the notch or weir
Crest/Sill: The bottom edge of notch or top of weir over which water flows



Discharge over rectangular notches and weirs

For finding the discharge of water ﬂowmg over the weir or notch consider an elementary horizontal
strip of water of thickness dh and length L at a depth & form the free surface of water as shown in
Fig. 8.1(¢).

The area of strip =Lxdh
and theoretical velocity of water flowing through strip = \/’2?

The discharge dQ, through strip is

dQ = C,x Area of strip X Theoretical velocity

=CyX Lxdhx2gh (1)
where C, = Co- cfﬁc:cnt of discharge.

The total discharge, Q , for the whole notch or weir is determined by integrating equation (i) between
the limits 0 and H.

0= jo" Cy.L.\2gh .dh=CyxLx J2_g—J: h'? dh

H
ALY PRl
h -CdexJ'— -C,,xLx,/_[ ]
‘ L 3/2
0
% LxJ_lH]. A (8.1

b



VELOCITY OF APPROACH

It is the velocity with which the water approaches or reaches the
weir/notch before it flows over it.

*If \Va =velocity of approach
Then,

ha=additional head equal to Va2/2g due to velocity of approach acting
on water flowing over the notch.
H+ha=initial height over the notch

ha= final height over the notch



VELOCITY OF APPROACH

Process of determining Va:

*Find discharge ‘Q’ over notch/weir neglecting the Va.

Divide Q by cross-sectional area of channel on the u/s side of
weir/notch to find Va.

Q

‘/ e e —— —— e

“ Area of channel

Find additional head ha.

Calculate discharge again including Va.

Discharge over a rectangular weir, with velocity of approach
2

7 Xing M
= ‘3‘ CyXLX\2g [((H +h)"”-h;



Discharge over triangular notches and weirs

The expression for the discharge over a triangular notch or weir is the same. It is derived as :
Let = H =head of water above the V- notch

 =angle of notch
Consider a horizontal strip of water of thickness ‘dh’ at a depth of h from the free surface of water as

shown in Fig. 8.3.

From Fig. 8.3 (b), we have m?\ ____E, ":‘\«”’””
i 0 AC_ AC e Ee==cm=h T
- - = I EEELEE U |
= S
olq Hh Kog |
AC = (H - h) lang Ay Yy L
2 0 |
(b) (a)
Width of strip =AB=2AC=2(H-h)tan > Fig. 8.3 The triangular notch.
. 0
. Area of strip =2 (H - h) tan E X dh
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Discharge over triangular notches and weirs

The theoretical velocity of water through strip = /2gk
Discharge, dQ, through the strip is
dQ = C, % Area of strip X Velocity (theoretical)

= C,x 2 (H - h) tan -g- x dh % \[2gh
=2C,4(H - h) tan g- X ,/Zgh X dh
' : " 0
-. Total discharge, Qis Q= j'o 2C, (H — h) tan = x \[2gh x dh
= 2C, X tan 2 x 2 j" (H - hyh'"2 dh
— d P g %

-

) H 2 2
= o 7 - —— - -
2% Cyx tan —x |/2g J'o (Hh'? - i) dh

0 a2l
=2xC xtan—x,/Z -
dERE VD g[ 3/2 5/21

b3



Discharge over triangular notches and weirs

f 32 en
=2xCdxtangx@ %u.u”--gu-"-]

.

=2xCdxtangx\f2_g %HSF -—i—il”’]

=2xCdxtan9-x 2 -4—H5’2]
2 |15

= -18—5 C, X tan gx 2g x H"? .(8.2)

For a right-angled V-notch, if C,;=0.6

N Q 0=90°, .. tan

Discharge Q= % x0.6x1x2x981 x H" .(8.3)

=]

ol

= 1417 H>,
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NOTCHES AND WEIRS
Discharge over triangular notches and weirs

If Va is taken into account,
Then ha=additional head of water flowing over the weir/notch

Or ha = Va?/2g

The discharge Q over triangular notch/weir may be modified as,

:___(d\/’,} tan — kH+h hg-z]



NOTCHES AND WEIRS

Advantages of triangular notches/weirs over
rectangular notch/weir
Triangular notch/weir is preferred because:

1.The expression for discharge for a right angled V-notch/weir is very
simple.

2.Triangular notch gives accurate results while measuring low
discharge in comparison to rectangular notch/weir.

3.0nly one reading of H is required for computation of discharge in
case of triangular notch.

4 Ventilation of triangular notch is not necessary.



NOTCHES AND WEIRS

Discharge over trapezoidal notches and weirs

A trapezoidal notch/weir is a combination of rectangular and triangular
notch/weir.

Thus the total discharge =discharge through a rectangular weir/notch +
discharge through a triangular notch/weir.

------------

ey o o 7
Let byt 7
’ ABI=a= Ly = %:
H=height of water over the notch. ’%"\’:“ 20
L=length of the crest of the notch. E"-"'-'"";""""C
G | ]

C41=Coefficient of discharge through rectangular portion ABCD
Cg=coefficient of discharge for triangular portion(FAD and BCE)



NOTCHES AND WEIRS

DISCHARGE OVER TRAPEZOIDAL NOTCHES
AND WEIRS
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Thc-di.s:chargc through rectangular portion ABCD is given by (8.1)
2. oo 12

The discharge through two triangular notches FDA and BCE is equal to the discharge through a
single triangular notch of angle 0 and it is given by equation (8.2) as

15
Discharge through trapezoidal notch or weir FDCEF = Q) + Q,

=3 Gy L\2g xH"+ = Cyxtan 02 JOg x B2 _ (8.4

Q2=ixCdzxtan-g->< 2¢ x H?
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NOTCHES AND WEIRS

Discharge over Cippoletti notches and weirs

Cipolletti weir | ;¢ 9 — 14° \PI weir having side slopes of 1 horizontal to 4
vertical )

o

By providing slopes on sides , an increase in discharge through the
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NOTCHES AND WEIRS

DISCHARGE OVER STEPPED NOTCHES
AND WEIRS
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Fig. 8.6 The stepped notch.

. Total discharge Q0 = Q, + @, + 0,

or 0 =-§- xCx Lyx \2g (" - Hy")

+’§‘ C‘!XIQXJZ;[H:“Q-H;C]'* % CJXL3X 2g xH}.\l;"
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EMPTYING AND FILLING OF RESERVOIR
WITHOUT INFLOW ;
RECTANGULAR/CYLINDRICAL TANK
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11} Conical tank
Cylindrical/Rectangular tank 62



EMPTYING AND FILLING OF RESERVOIR
WITHOUT INFLOW;RECTANGULAR

TANK

Consider,

H,=height of liquid above the center of
the orifice provided on side/bottom of the
tank

t= time required for liquid to fall from H1
to H2 above the center of opening

Let at any instant

h= height of liquid above orifice at an
iInstant

Let the liquid surface fall by small amount
dh in time dt.

A=horizontal cross-sectional of the tank
Q= discharge through the orifice

Volume of liquid discharged during time
dt is Qdt.

o
H1:::::::::::f::::::
v

Fig : Tank with an orifice at its bottomn
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EMPTYING AND FILLING OF RESERVOIR
WITHOUT INFLOW;:RECTANGULAR
TANK

As the volume of liquid leaving the tank is equal to the volume of liquid
flowing through the orifice/mouthpiece during the same interval of time.
we have,

A(-dh)=Qdt (negative sign because as time increases head decreases)

If a=cross-sectional area of orifice/mouthpiece and
Cd=coefficient of discharge then,

O = Cqan\2gh
and by substitution

- Adh = Cya (\2gh )d
Adh
Cqan2gh

or dt =



EMPTYING AND FILLING OF RESERVOIR

= = = = m ™

By integrating both the sides of the above expression, we get

I’ P J’”: Adh
) H, (,‘da\/.-’gh

- J‘H. Adh
or 4 Coa\Pgh ..(9.39)

Equation 9.39 may be evaluated if the shape of the tank is known. The tanks of the following shapes
are commonly found in practice.

(i) Cylindrical (or rectangular or prismatic, with constant horizontal cross-sectional area),
(i) Conical.

(iif) Hemispherical.
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EMPTYING AND FILLING OF RESERVOIR
WITHOUT INFLOW;:RECTANGULAR
TANK

(i) Cylindrical (or rectangular or prismatic, with constant horizontal cross-sectional area),

A ",
= — J 2 dh
(",u‘/Zg H,

24
([ = H\\V2_H,\2
Cgqa \/2;:( : 2)

If the tank is completely emptied then H, =0 becomes

2A (Hlm)

' CaNs




CVIFTTING ANV TFILLING VP REoCRYVUVIR

WITHOUT INFLOW: CONICAL
TANK

(if) Conical uqk. Generally a‘conical tank has a shape of a frustrum of a cone. In this case the
b grizontal cross-sectional area A varies. Thus as shown in Fig. 9.16 (&)

A = mz
here x is the radius of the cone at a height » above the bottom. From the similar triangles, we have
R, _ x
(H|+H0) (h+H0)
R (h+H,)
x —
or (H‘ +H0)
o B "R} . I"’ (Ho t0)
Cdaﬁg—(HMHo)' # vh
Ky
{ = >
or CdaJ2_g(H|+Ho)°
2 4 &
5% [.5.. W52 4 2;102;,1.'2 + 3- HOI,J.Q] & ...(9.43)
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EMPTYING AND FILLING OF RESERVOIR

In the above expression the value of H, may be obtained if the radius R; at the bottom of the vessel is
known, Thus again by similar triangles

R _ R

H+H, H,
o Hy - R,H,
(R, - Ry)

. (91:':) H;)mispherical tank. In this case too the horizontal cross-sectional area is varying. As shown in
ig. 9.16 (

A;,uz

and x =\[2Rh I

where R is the radius of tank. Then from equation 9.39

l:

n J‘”: (2Rh-h*)

f Cdaﬁ; H, J}_]

e



EMPTYING AND FILLING OF RESERVOIR
WITHOUT INFLOW:CONICAL TANK

25, [Br-1) - L 1) |
Cda\/{g_
Now if the tank (or vessel) was full at the
H, =R
and H, =0
Equation 9.44 then becomes
14zR*"*

Es lSCda,ﬁE

or [:

beginning and it is completely emptied, ther,
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EMPTYING AND FILLING OF RESERVOIR
WITH INFLOW: RECTANGULAR TANK

Consider,

A=cross-sectional area of tank

a= cross-sectional area of orifice/mouthpiece t
Q=constant inflow of liquid which is also
discharging through orifice

t= time in which liquid level changes from H;

to H, above the center of the orifice g
dt = time required to increase the water level
by dh.

g= discharge through the orifice

Volume of liquid added to the tank=Adh
In time dt the volume of inflow in tank=Qdt
Volume of outflow through the orifice=qdt

Fig. 9.17. Flow from a vessel with inflow



EMPTYING AND FILLING OF RESERVOIR

---------------

where  K=Caa\2¢
gdt =K~ dt
Thus net volume of liquid added to the tank during time dI is
(Qdt - qdi) = (Q - K~[h) dt
Thus equating the two, we have
Adh = (0~ K~\[h)dt
Adh
O-Kvh

By integrating this equation the time required to raise the liquid surface from the height H; to H, may
be obtained. Thus |

or dt =
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EMPTYING AND FILLING OF RESERVOIR
WITH INFLOW: RECTANGULAR TANK

H,

{ 2

J‘ vy I Adh
0

H, O-K+\[h

e J‘ * _Adh
of H, &Kk
Lt 0-K\h =z
_ i @8y
or K?
Differentiating with respect to z
2 -
"(Q "'.) t

2

K.,

dh =~




EMPTYING AND FILLING OF RESERVOIR

Substituting this value of dh and h in equation (7), we have

-2 ][

\ -

24
o t=-1a [Q log, z-2]
of { =——if: [Qlog,.(Q-KJ}J)—(Q—K\/I:)E:
u| - [(o-k{H;) -
Rt (1 — |+ K(JH, -JH
« I [Q o J+ (VH, - .)J C.(946)

Equation 9.46 can also be used to compute the time required to lower the liquid surface from the
initial height H, to another height H,, in which case equation 9.46 gives negative result.
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