MODULE 3:
Orifice and Flow through Pipes
ORIFICES AND MOUTHPIECE

ORIFICES

* An orifice is a small aperture through which the fluid passes. The thickness of an orifice in
the direction of flow is very small in comparison to its other dimensions.

» If a tank containing a liquid has a hole made on the side or base through which liquid flows,
then such a hole may be termed as an orifice.

*  The rate of flow of the liquid through such an orifice at a given time will depend partly on the
shape, size and form of the orifice

* An orifice usually has a sharp edge so that there is minimum contact with the fluid and
consequently minimum frictional resistance at the sides of the orifice. If a sharp edge is not
provided, the flow depends on the thickness of the orifice and the roughness of its boundary
surface too.

Classification of Orifices
The orifices are classified as follow:

e According to shape of orifice
1. Small orifice
2. Large orifice
An orifice is termed as small orifice when the head of the liquid from the center
of orifice is more than five times the depth of the orifice, the orifice is called small
orifice.

And an orifice is termed as large orifice if the head of the liquid is less than five times the

depth of orifice , it is known as large orifice.
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Fig: Large rectangular orifice
e According to size of orifice
1. Circular orifice

2. Triangular orifice



3. Rectangular orifice
4. Square orifice

e According to Shape of edge
1. Sharp edged orifice

2. Bell mounted orifice
S

SHARP-EDGED ORIFICE BELL-MOUTH ORIFICE

e According to Nature of discharge
1. Free discharge orifice
2. Full submerged orifice
3. Partial submerged orifice

On orifice or mouth piece is said to be discharging free, when it discharges into atmosphere.

It is said to be submerged when it discharges into another liquid

Fig: Partially drowned/ submerged orifice Fig: Fully drowned/ submerged orifice

Flow through an orifice

Fig shows a small circular orifice with sharp edge in the side wall of a tank, discharging into the
atmosphere.

e Let the orifice be at a depth h, below the free surface.
e Asthe fluid flow through the orifice, it contacts and attain a parallel form (i.e stream line

become parallel) at a distance d/2 from the plane of orifice.



e The point at which the streamlines first become parallel is termed as “Vena Contracta” (the
cross section of jet at jet at vena contracta is less than that of orifice)

e Beyond this section, the jet discharges and is attracted in the downward direction by gravity.
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Fig: Tank with an Orifice Fig: Formation of Vena Contracta

Consider points (1) and (2) as shown in figure,

Applying Bernoulli’s equation at point (a) and (2), we have
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If the area of the tank is large enough as compared to that of the orifice, the velocity at point 1

becomes negligibly small

2
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VZ = 4/ Zgh

This is the theoretical velocity but the actual velocity will be less than this value

Viact) = Cy. 2gh

Hydraulic Co- efficient of an Orifice
The hydraulic co-efficient are:

1. Co-efficient of Velocity, C,

2. Co-efficient of Discharge, Cq4

3. Co-efficient of Discharge, Cq

Co-efficient of Velocity, Cy
It is defined as the ratio of actual velocity of jet of liquid at vena contracta (V) to the theoretical

velocity of jet (Vin).



Value varies from 0.95 to 0.99 for orifices

Co-efficient of Discharge, Cq
It is defined as the ratio of actual discharge (Qac) to the theoretical discharge (Qw)

_ Qact _ Qact

C =
©7 Q. a x2gh

Value varies from 0.61 to 0.65 for orifices, generally taken as 0.62

Co-efficient of Contraction, C.
It is defined as the ratio of the area of cross section of the jet at VVena of cross section of the jet at

Vena Contracta (ac) to the area of the orifice (a).

aC
C.= =
a

Value varies from 0.61 to 0.69 for orifices, generally taken as 0.64

NUMERICALS

1. An orifice 50mm dia is discharging water, under a head of 10m, if C4 = 0.6 and Cy= 0.97, find
a) Actual discharge
b) Actual velocity at vena contracta

Solution:

Given Dia of orifice, d = 50mm= 0.05m

Avrea of orifice A= % x 0.052 = 0.001963m?
Head, h = 10m Cs=0.6 C.,=0.97

a) Actual discharge

We have, C; = Qact
Qth

Theoretical Discharge , Q;;, = area of orifice x theoretical velocity
=axXx./2gh
=0.001963 x V2 x 9.81 x 10 = 0.02749 m®/sec
Actual Discharge, Qg = Cy4. Qtn
= 0.6 x 0.0274 =0.01649 m*/sec

b) Actual velocity at vena contracta

Actual Velocity = C, x theoretical Velocity
=C, X+/2gh



=0.97 xv2x9.81 x 10 =13.58 m/sec

2. The head of water over the centre of an orifice of dia 30mm is 1.5m. The actual discharge through
the orifice is 2.55 It/sec. Find the efficiency of discharge.
Solution:

Given Dia of orifice, d = 30mm= 0.03m

Area of orifice, a= 7 x 0.032 = 0.0007068m’

Head, h=1.5m
actual discharge through the orifice, Qa«= 2.55 It/sec = 0.00255 m*/sec
Theoretical Discharge , Q.5 = area of orifice x theoretical velocity

=aX./2gh
= 0.007068 x v2 x 9.81 x 1.5
=0.004166 m*/sec
Actual Discharge, Qqct = C4. Q¢n
Cy = QQ—H:
= P2 - 0.612

Experimental determination of Hydraulic Co-efficient
Fig shows a tank containing water at constant level. Let the water flows out through an orifice fitted at
one side of tank.
Let section c-c represents the point of vena contracta. Consider a particle of water in jet
Let, x= horizontal distance travelled by the particle
y = vertical distance b/w c-c and P
V = actual velocity of the jet at vena contracta

h = constant water head
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(i) Determination of Co-efficient of Velocity




Then horizontal distance, x = v xt, ¢t = %

And vertical distance, y = %gt2

v=139() =5

2
X
v? =9
2y
x2
v= [&
2y

But theoretical velocity, v,, = /2gh
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(i) Determination of Co-efficient of Discharge

» The water flowing through orifice at constant head, H is collected in
measuring tank for a known time ‘t’.

» The rise of water in measuring tank is noted down

. area of measuring tank Xrise of water in measuring tank
Discharge, Qgq¢= ! g — ([) g

Theoretical Discharge ,
Q.p, = area of orifice x theoretical velocity

_ Qact — Qact
Cq = -2t = _“act
ch axXx Zgh

(iii) Determination of Co-efficient of Discharge

The co-efficient of contraction, C. determined as

Cd: Cc X CV

_ G
CC_C_\,

NUMARICALS

1. A vertical sharp-edged orifice 120mm in dia is discharging water at the rate of 98.2 It/sec. Under a
constant head of 10m. A point on the jet, measured from the vena contracta of the jet has co-ordinates
4.5m horizontal and 0.54m vertical. Find the following for the orifice, Cy, C, and Ca.

Solutions:

Dia of orifice, d = 120mm= 0.12m
Avrea of orifice A= % x 0.122 = 0.01131m?

Discharge, Q = 98.2 It/sec = 0.0982 m?®/sec
Head, H = 10m

horizontal distance of point on the jet, measured from the vena contracta , x=4.5m



Vertical distance, y= 0.54m

(i) Theoretical velocity, v, = /2gh
=12 X% 9.81 X 10 = 14m/sec

x
J4yh

_ a5
T VAX054x10 0.968

(if)Theoretical Discharge ,Q,,, = area of orifice x theoretical velocity
=0.01131 x 14 = 0.1583 m*/sec

Co-efficient of velocity, C, =

Co-efficient of Discharge, C; = %
th

_0.0982
0.1583

(iii) Co-efficient of Contraction, C. = %

=0.62

_062 _
= =064

2. The head of water over an orifice of diameter 100mm in dia is 12m. The water carrying out from
the orifice is collected in a rectangular tank 23x0.9m. The rise of water level in this tank is 1.2m in
30sec. Find the co-efficient of discharge.
Solution:

Dia of orifice, d = 100mm= 0.1m

Avrea of orifice A= % x 0.12 = 0.00785m?

Avrea of measuring tank, a = 23x0.9 = 1.8m?
Head, H = 12m
Rise of water level in collecting tank, h=1.2m in t=30sec
(i) Co-efficient of discharge, Cq
Theoretical velocity, v, = /2gh

=42 x%x9.81 X 12 = 1534 m/sec

Theoretical Discharge ,Q;;, = area of orifice x theoretical velocity
=aX,/2gh
=0.00785 x 15.34 = 0.1204 m%/sec

area of measuring tank Xrise of water in measuring tank
time (t)

Actual discharge, Q.=

_1.8x1.2
30

=0.072 m¥sec
Co-efficient of discharge, C, = %
th

0.072
= =0.6
0.1204




Discharge through Large Rectangular Orifice
When available head of the liquid is less than five times the depth of orifice, it is known as large

orifice.
In case of large orifice, the velocity of a liquid flowing through the orifice varies with the available

head of the liquid and hence cannot be calculated as

Qact= Cd vV ZQH

Consider a large rectangular orifice in one side of the tank, discharging water freely into atmosphere

as shown in fig:
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Let Hi= height of liquid above top of the orifice
H>= height of liquid above bottom of the orifice
b = breadth of the orifice (width)
d = depth of the orifice
C, = co-efficient of discharge
Consider an elementary strip of depth ‘dh’ at the depth of ‘h’ below the water level as shown in fig:
Area of strip =b x dh
Theoretical velocity of water through strip, v, = J&Th
Discharge of water through strip , dQ = C; X area of strip x velocity
dQ =Cy xbx dhx.2gh
Total discharge through the whole orifice may be found out by integrating the above equation b/w

limits Hy and H;
Hp

Quct = dexbxdhx 2gh

Hy
=Cq X b x \[2g [, Vh. dh
3 3.
=Cq X b x 29 x>x [D];?
3
Qact =5 % Ca X b x \[2g [H*/?- H,*/%]

NUMERICALS



1. Find the discharge through a rectangular orifice 3.0m wide and 2.0m deep fitted to a water tank.
The water level in the tank is 4m above top edge of the orifice . Take Cq = 0.62
Solution:
Given: Width of orifice, b= 3.0m
Depth of orifice, d= 2.0m
Height of water above top of the orifice, Hi= 4.0m
Height of water above bottom of the orifice, H,= Hy + d = 4+2 = 6m
Co-efficient of discharge, Cq = 0.62
Discharge through large rectangular orifice, Qg = ; X Cy X b x \[2g [H*/?- H?/%]

3

=2%062 x 3x V2 x9.81 [(6)%/2%- (4)3/?]
= 36.78 m%/sec

2. A rectangular orifice 0.6m wide and 0.8m deep is discharging water from a vessel. The top edge of
the orifice is 0.4m below the water surface in the vessel. Find
(i)  The discharge through the orifice, C4 = 0.62
(i)  The present error, if the orifice is treated as small orifice.
Solution:
Width of orifice, b= 0.6m
Depth of orifice, d= 0.8m
Height of water above top of the orifice, Hi= 0.4m
Height of water above bottom of the orifice, H,= H; + d = 0.4+0.8 = 1.2m
Co-efficient of discharge, Cq = 0.62
(i) The discharge through the orifice

Discharge through large rectangular orifice, Qg = % X Cy X b x [2g [H*?- H,3/?]

=2x062 X 0.6x VZx9.8T [(12)%2
(0.4)%2]
= 1.165m%sec
(ii) The present error, if the orifice is treated as small orifice.
area of orifice = (0.6 x 0.8)
Head, h=H: +d/2=0.4 + (0.8/2) =0.8m
Discharge through small orifice, Q' = C4 X a X \/Z(Th

=0.62 x (0.6 x 0.8) x V2 x9.81 x 0.8
= 11.79 m*/sec

Q' -Q _ 11.79-1.165
Q 1.165

Percent error = =0.0120r1.2%



MOUTHPIECE

A mouthpiece is a short length of a pipe, which is two or three times its diameter in length, fitted
in a tank or vessel containing the fluid.
Orifices as well as mouthpiece are used for measuring the rate of flow of fluid.

Classification of Mouthpiece
Mouthpiece are classified as
a) Depending upon their position with respect to the tank or vessel to which they are fitted
i. External Mouthpiece
ii. Internal Mouthpiece
b) Depending upon their shapes
i. Cylindrical Mouthpiece
ii. Convergent Mouthpiece
iii. Convergent-divergent Mouthpiece
c) Depending upon their nature of discharge at the outlet
i. Mouthpiece Running-full
ii. Mouthpiece Running-free
This classification is only for internal mouthpiece which are known as Borda’s or Re-entrant

mouthpieces

NOTCHES & WEIRS

Flow Over Notches & Weirs

Notches, often termed sharp crested or thin plate weirs, are little more than steel plates inserted
vertically into a channel section and with a crest plate of some non-rusting metal (usually brass)
with a precisely machined bevel.

The openings in such notches can be made triangular, for accurate measurement of small flow
rates, or rectangular when larger flow rates have to be passed. The accuracy achievable with

thin plate weirs is by far the highest of any type of weir (about 1 or 2 percent) but their use is



rather restricted because they are unable, structurally, to withstand the forces met in real life
situations and their crest units are easily damaged by floating debris and vandalism.

A notch is an opening made in the side wall of a tank such that the liquid surface in the tank is
below the upper edge of the opening. Generally notches are made of metallic plates and their

use is limited to laboratory channels.

A weir i1s a masonry/concrete structures built across an open channel so as to rise the water
level on the upstream side and to allow the excess water to flow over the entire length onto the

downstream side.

Classification of Notches and Weirs
a) Depending on shape:
1) Rectangular
i1) Triangular
111) Trapezoidal
b) Depending on the shape of the crest
1) Sharp crested
i1) Broad crested.
c¢) Depending on flow
1) Free
i1) Submerged
d) Depending on Ventilation
1) Fully aerated
i1) Depressed
ii1) Clinging or Drowned.

The equations for notches are:

5
For the triangular notch Q=C, %tang\/Z—gH 2

3
For the rectangular notch Q=C, %b\/z_gH2



Flow over a Triangular Notch
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Let,
L=length of the notch or weir
H=head over the notch or weir

For finding the discharge of water flowing 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

The area of strip = Lxdh



And theoretical velocity of water flowing through strip= V2gh

Discharge through the strip dq = C;XArea X Velocity

dq = CyxLxdhx./2gh

1
Total discharge fOQ dq = CyxL\/2g fOH hz dh
3
Q = CaxLy2g 3102 [}

3
Q= Cq>Ly2gH>

N | w

2
Qact = Ecd \/ELH ___(1)

Cd=Coefficient of discharge, its average value is about 0.62.

NUMERICALS

1. Find the discharge of water flowing over a rectangular notch of 2m length when the constant
head over the notch is 300mm. Take C;= 0.60

Solution: Given

L=length of the notch=2.0m
H=head over the notch = 300mm= 0.3m

2 s
Qact = g Cd\/ 2gLH2

2 3
Quct = §X0.60X‘/2gX2.0X0.302

Quet = 0.582m’/s

2. The head of Water over a rectangular notch is 900mm. The discharge is 300litres/s.Find the
length of the notch, when C;= 0.62

Solution:

Given: Head over the notch, H= 90cm=0.9m
Discharge, Q= 300litres/s= 0.3 m3/s
Coefficient of discharge C;= 0.62

Length of notch=L



We have,
2 3
Qact = g Cd\/ ZgLHZ
2 3
03 = §x0.62xLx,/ngO.92

L=0.192m=192mm

Discharge over a Triangular Notch or Weir

o]
(b)

The expression for the discharge over a triangular notch or weir is the same. It is derived as
H=head of water above the V- notch
6= 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

From the figure, we have

6 _AC AC
tan——=
2 0C (H-h)

AC=(H-h) tan
Width of the strip= AB=2AC=2(H-h) tan?
Area of the strip= 2(H-h) tan gxdh

theoretical velocity of water flowing through strip= vV2gh



Discharge through the strip dq = C4; X Area X Velocity
0
dq = Cq X 2(H—h)tan—xdh X V2gh
0
dq =2C4 (H—h)tanxdh x V2gh

Total discharge Q is fOQ dq = fOH 2C; (H— h)tangx dh x V2gh

1
=2C, tan2V2g f,' (H—h)xdh x h>
1
=2C, tanZv2g [ (H —h)xhzx dh

1 3
=2C4 tanV2g [, (Hhz — hz)x dh

=2C,t foz -ZHH% ZHS]
— cla tdnoNag |3 5
= 2, tan V2|2 13 ZH%]
— chatansyVeg|s 5
=2C,t 6?\/2 -4H%]

— chatansyNeg (s

—SCt 67\/2 [Hg]
~ 15 atanyvey

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

0=90°, tan =1
Discharge, Q = 2c tanQ\/Z [Hg]
£c, ~ 15 d 2 9g

8 5
Q= EXO.6X1X\/2 g [HZ]

Q = 1.417 [H%]

NUMERICAL

1. Find the discharge of water flowing over a triangular notch of angle 60° when the head over
the notch is 0.3m. Take C;= 0.60

Solution:



Given :

0=Angle of the V-notch= 60°
H=head over the notch = 0.3m
Cs=0.60

5
Discharge Q = 1% Cq tan%x/Zg [HE]

_ 8 0.6xt 6Oxfz 981[03%]
Q—15x.xan2 x9. .
Q = 0.040 m’/s

2. Water flows over a rectangular weir 1m wide at a depth of 150mm and afterwards passes
through a triangular right-angled weir. Taking C, for the rectangular and triangular weir as 0.62

and 0.59 respectively. Find the depth over the triangular weir.
Solution:

Given : for rectangular weir

L=length of the notch= Im

H=Depth of water , H=150mm= 0.15m
C4=0.62

For triangular weir, 6= 90° * C;=0.59
Let depth over triangular weir= H;

The discharge over triangular weir is given by equation as
2 3
Qact = gcd\/ELHE
2 3
Qact = §XO.62X\/EX1.0X0.15§

Quer = 0.10635 m’/s

The same discharge passes through the triangular right angled weir, but the discharge Q is given

by the equation for triangular weir.

5
Discharge Q = % Cq tanS\/Zg [Hli]

8 90 5
0.10635 = Ex0.59xtan7\/2x9.81 [le]

Hi=0.3572m



Discharge over a trapezoidal notch or weir

As shown in figure , a trapezoidal notch is a combination of rectangular and triangular notch
or weir. Thus the total discharge will be equal to the sum of discharge through a rectangular

weir or notch and discharge through a triangular weir or notch.

Let L=length of the crest of the notch or weir

H=head of water over the notch or weir

C41= Coefficient of discharge for rectangular portion ABCD of figure
C4,= Coefficient of discharge for triangular portion [FAD and BCE]

The discharge through rectangular portion ABCD is given by

2 3
Q=3 XCaqr XLXV2gXH2

The discharge through two triangular notches FAD and BCE is equal to the discharge through

the single triangular notch of angle 6 and it is given by equation
. 8 8 2
Discharge Q, = EXCdZX tan EX\/ZgX [HZ]
Discharge through trapezoidal notch or weir FDCEF = Q1+Q:

3 5
Q= Q+Q= 2X Cyy XLXN2gXHz + 2 XCyp X tan® Xv2gX | 2]

NUMERICAL
1. Find the discharge through a trapezoidal notch which is Im wide at the top and 0.40m at the
bottom and is 0.3cm in height. The head of water on the notch is 20cm. Taking C; for the

rectangular portion and triangular portion as 0.62 and 0.60 respectively.



Solution:

Given: Top width = AE=1m

Base width, CD= L= 0.4m

Head of water, H= 0.20m

For rectangular portion C,;; = 0.62

For triangular portion C,, = 0.60

(AE-CD)/2_ (1.0-04)/2_ 0.6/2_
0.3 0.3

1

For Triangular ABC, we have tan gz AB/BC=
Discharge through trapezoidal notch is given by equation

2 3 8 ] 5

Q= QrHQu=2X Cyy XLXV2gXHz + = XCpoX tan® xv2gX [Hz|

2 3 g 5
Q = Q+Q>= 2 X0.62X0.4XV29.81X0.22 + - X0.60X 1X2x9.81X [0.22]

Q= 0.06549+0.02535=0.09084m*/s= 90.84litres/s

Discharge over Cipolletti notch or weir

Cipolletti weir is a trapezoidal weir, which has side slope of 1 horizontal to 4 vertical as shown

in figure.

6 AB_H/4_

Thus in AABC tan 1
2 BC H 4



By giving this slope to the sides, an increase in discharge through the triangular portions ABC
and DEF of'the weir is obtained. If the slope is not provided the weir would be rectangular one,
and due to the end contraction, the discharge would decrease, thus in case of Cipolletti weir,

the factor of end contraction is not required which is shown below.

The discharge through a rectangular weir with two end contraction is

2
Q= §Cd,/2g(L — 0.2H)H3/?

2 3 2 5
Q= §Cd,/2gLH5 — 1—st,/2ng

5
Thus, due to end contraction, the discharge decreases by 12—5Cd,/2 gHz. This decrease in

discharge can be compensated by giving such a slope to the sides that the discharge through

. . . 2 > . 0
two triangular portions is equal to = Cq+/2gHz. Let the slope is given by >
The discharge through a V-notch of angle is given by

. 8 6 s
Discharge Q = P Cq tanz\/Zg [HZ]
8 0 51 2 3
2 ¢y tani2g|Hz|= Loy f2gH
tan-=—x—== or £=tan13=14°2’
2 4

Thus the discharge through cipolleti weir is

2
=—C,/2gLH3/?
Q 3 Cav/2g

If velocity of approach, Va is to be taken into consideration,

2 3 3
Q= §Cd\/@L {(H +hy)z — hai}

NUMERICAL

1. Find the discharge over a Cipolletti weir of length 2.0m when the head over the weir is 1m.

Take C; = 0.62

Solution:



Given, L=length of the weir=2m
H=Head over the weir, H =1.0m
C4=0.62

The discharge is given as
2
== Cy2gLH3/?
Q 3 d g

Q= §XO.62X\/2x9.81 X13/2=3.661m’/s

2. A Cipolletti weir of crest length 60cm discharges water. The head of water over the weir is

360mm. Find the discharge over the weir if the channel is 80cm wide and 50cm deep. Take

C; =0.60
Solution:

Given, L=length of the weir= 60cm = 0.60m
H=Head of water, H =360mm= 0.36m

Channel width= 80cm=0.80m

Channel depth= 50cm=0.50m

C4=0.60

A= Cross sectional area of channel= 0.8x0.5=0.4m>

To find the velocity of approach, first determine the discharge over the weir as
Q= gcd\/@LHWZ
The velocity of approach Va= Q/A
Q= 2XO.6OXO.60\/m X0.36%/2=0.2296m’/s
Va= Q/A= 0.2296/0.40= 0.574m/s
Head due to velocity of approach,
Ha=Va%/2g= (0.574)¥/(2x9.81)= 0.0168m

The discharge is given as

Q= ng\/@L {(H + ha)% - ha%}



3 3
Q= ng.60xV2x9.81x0.60 {(0.36 + 0.0168)z — 0.01685}= 0.2435m’/s

Discharge over a broad crested weir

A weir having a wide crest is known as broad crested weir.

H= Height of water, above the crest

L= length of the crest.

If 2L> H the weir is called broad crested weir

[f 2L< H the weir is called as narrow crested weir

Shows a broad crested weir.

Let h= head of water at the middle of the weir which is constant
V= velocity of flow over the weir

Applying Bernoulli’s equation to the still water surface on the upstream side and running water

at the end of weir,
0+0+H= 0+v*/2g+h
v?/2g=H-h
v=V2g{H — h)
The discharge over weir Q= CyX Area of flowX velocity

Q= C4XLXhXN2g{H — h)



Q= C,XLXV2g{Hh?* — h?)

The discharge will be maximum if (Hh? — h3)is maximum

A1) or 2hxH-3h=0 or 2H=3h
h=2H
3
Qmax will be obtained by substituting this value of h in equation as
_ 2m2 — (2H)
Qumax=CyXLX \[Zg{H(3 H)2 - (3H)}
4 8 .\
Qumax =C4 XLX \[Zg{H(; H)2 — (SH) )
4 8
Qmax:CdXLX,IZg ;H3 — ;H3
- A s
Qmax=C4XLX,\/2g —H
3
Qmax=C4XLX,/29X0.3849XH>
3
Qmax=C3XLXV2x9.81X0.3849XHz=
3
Qmax= 1.705XCy; XLXH>
NUMERICAL

1. A broad crested weir of 50m length, has 50cm height of water above its crest Find the
maximum discharge take Cd= 0.60

Solution:

Given

L=length of the weir= 50m

H=Head of water, H =50cm= 0.5m

Cd=0.60

The maximum discharge is given by

3 3
Qmax= 1.705XC,XLXHz = 1.705X0.60X50X0.5z = 18.084m’/s



Discharge over a Submerged or Drowned weir

When the water level on the downstream side of the weir is above the crest of the weir, then
the weir is called as submerged or drowned weir. The total discharge over the weir is obtained
by dividing the weir into two parts. The portion between the upstream and downstream water
surface may be treated as free weir and portion between downstream water surface and crest

of weir as drowned welir.

Let H= height of water on upstream of the weir
h= height of water on upstream of the weir

Then Q= Discharge over upper portion
2 3
Q1= EXCleLX\/Zg{H —h})
Q2= Discharge over drowned portion
Q2=CyX Area of flowX velocity
Qo= C4uXLXhX\2g{H — h)

Total discharge Q= Q1+ Q2

3
Q= ZXCyuXLX /2 g{H —h Yz +CpuXLXhXN2g{H — h)

NUMERICAL

1. The heights of water on the upstream and downstream side of submerged weir of 3m length
are 20cm and 10cm respectively. If the Cd for free and drowned portions ar3e 0.6 and 0.8

respectively, find the discharge over the weir.



Solution:

Let height of water on upstream side= H=20cm=0.20m
height of water on upstream side= h=10cm=0.10m
Length of weir, L=3m

Cq1 =0.60, C4,=0.80

Total discharge Q is sum of discharge through free portion and discharge through the drowned

portion. This is given by equation as

3
Q = 2XCaXLX /2 g{H —h Y}z +CpXLXhXN2g{H — h)

3
Q= 2/3X0.6X30X\[2x9.81{0.20 —-010}) + 0.8X3X0.10X\/2x9.81{.2 —-0.1)

Q= 0.168+0.336= 0.504m"/s.

Ventilation of Rectangular Weirs

It has been observed that whenever water is flowing over a rectangular weir, having no end
contractions, the nappe (i.e., the sheet of water flowing over the weir) touches the side walls of
the channel. After flowing over the weir, the nappe falls away from the weir, thus creating a

space beneath the water as shown in fig. In such a case, some air is trapped beneath the weir.

This air is carried away by the flowing water, which results in creating a negative pressure
beneath the nappe. The negative pressure drags the lower side of the nappe towards the surface
of the weir wall. This results in more discharge than the normal discharge. In order the keep

the atmospheric pressure in the space below the nappe holes are made through the channel



walls which are connected through the pipes to the atmosphere as shown in figure. Such holes
are called 'Ventilation' of a weir. Though there are many types of the nappes, yet the following

are important from the subject point of view :

» Free nappe
= Depressed nappe
= Clinging nappe

SEEEE
soooS

Fig-2{a) : Free Nappe Fig-2(b) : Depressed Nappe Fig-2(c) : Clinging Nappe

Free Nappe
If the atmospheric pressure exists beneath the nappe, it is known as a free nappe as shown in

fig-2(a). A free nappe is obtained by ventilating a weir.

Depressed Nappe
Sometimes a weir is not fully ventilated, but is partially ventilated as shown in fig-2(b). If

the pressure below the nappe is negative, it is called a depressed nappe.

The discharge of the nappe, in this case, depends upon the amount of ventilation and the
negative pressure. Generally, the discharge of a depressed nappe is 6% to 7% more than that

of a free nappe.

Clinging Nappe
Sometimes, no air is left below the water, and the nappe adheres or clings to the downstream
side of the weir as shown in fig-2(c). Such a nappe is called clinging nappe or an adhering

nappe. The discharge of a clinging nappe is 25% to 30% more than that of a free nappe.
FLOW THROUGH PIPES

If a fluid flowing in a closed boundary due to pressure then the flow is known as pipe flow



Losses of Pipe Flow
There are two types of losses in flow through the pipes

» Major Loss
» Minor Loss

Major Loss

The loss occurs in the flow through pipes is due to friction, then the losses is known as

Major Loss
Minor Loss

The loss occurs in the flow through pipe due to following
Bend, Obstruction, fitting, contraction and exit

DARCY’S WEISBACH EQUATION

©

Consider a pipe having a diameter D. Consider the two section of the pipe as shown in

above figure.

Let V1 — be the velocity of the pipe in the section 1 -1
P1 — be the pressure of the pipe in the section 1-1
L — be the length of the pipe between two section
V2, P; are the corresponding value of the pipe in section 2-2

F1 — frictional force per unit wetted area.

Applying Bernoulli’s equation between section 1-1 and 2-2



Py , vi? _ P2 v
—4+—4+Z, ==+
P 28 1 pg 2

2
+Z, + by

where h¢ be the loss of head due to friction

V1=V, =V and Z| =Z,=Z7 Because Datum lines remains same in both the sections and

Velocity of flow is constant for entire length of the pipe

P P
-1 =_2+hf
Pg P8

The various forces are acting on the pipe flow are

a. Pressure force at the section 1-1

b. Pressure force at the section 2-2

c. Frictional force F1

Frictional force =F; = fv? (ndL)
V = Velocity
ndL = wetted area

nd = wetted Perimeter =p

F; =flv? pL

Fi = f'v? pL

[ Because V1 =V2 =V]

Resolving all the forces in x direction

P1A-P>A-F; =0
(P1-P2)A=Fi

(P1-P2)A= f'V2pL

From equation (1)



Pi-P2 = pghf

flv2 pL
he =
pgns m
h = flv2pL
Apg
f1\ LV2nd
he = (E) nD?
g 4
e — (ﬁ) 4LV?md
£~ \p/) gnaz
g_f
p T2

where = coefficient of friction

_ faLv?
£~ 2 gd
he = 4fLV?
I~ 2gd

where hy — Loss of head due to friction
f is the coefficient of friction depends on Reynolds number

Re is Reynolds number

Re———0-2000 then f= ;

e

0.079

Rc——2000-10° then f= PR

d is the diameter of the pipe



V is the velocity of fluid flowing in pipe

L length of the pipe

NUMERICAL

1.Find the head loss due to friction in a pipe of diameter 300mm and length 50m through which
water 1s flowing at a velocity of 3m/sec. Using Darcy’s formula. Take Kinematic viscosity =

0.01stoke
Solution:
D = Diameter of the pipe = 300mm =0.3m

L= Length of the pipe = 50m
V= Velocity of the water = 3m/sec
v = Kinematic viscosity = 0.01 stoke =0.01*10* m?/sec

According to Darcy’s Weisbach equation

| 4fLV?
= 2gd

f is the coefficient of friction

Re=—=—22 = 9%
y  0.01+10
For
Re —>2000-10° then f= %
f= 0'073/ =2.56*%107
9%105 /4
therefore

4%2.56%103%50+32
hf = = 0781]’1

2%9.81%0.3




2. Water is flowing through a pipe of diameter of 300mm with a velocity of Sm/sec. If the

coefficient of friction is given by f= 0.015+-22 \here R. is the Reynolds number. find the

REO.S
head loss due to friction for a length of 10m. Take Kinematic viscosity = 0.01stoke.

Solution:

D- Diameter of the pipe — 0.3m
V- Velocity of water — Sm/sec
0.08
= 00154‘@
L- Length of the pipe = 10m
v = Kinematic viscosity = 0.01 stoke =0.01*10* m*/sec

According to Darcy’s Weisbach equation

_ 4fLV?
= 2gd

f is the coefficient of friction

RC_V_d_LL"_‘L_ 15*105
Yy  0.01x10

. 0.08 _

f=0.015+ =55 =0.016
* * * 2

hf — 4%0.016*10%5 —2.718m

2%9.81%0.3

3.A crude oil of Kinematic viscosity is 0.4 stoke is flowing through the pipe of diameter 300mm

at the rate of 300 It/sec. Find the head loss due to friction for a length of 50m of the pipe.
Solution:

v = Kinematic viscosity of crude oil = 0.4 stoke =4*10~ m?*/sec
D = Diameter of the pipe = 300mm =0.3m
Q = Discharge of oil = 300lt/sec = 0.3 m*/sec
L = Length of the pipe = 50m
2
A="2=0.0707 m?

w.k.t



_Vd _423+03 _
Re=~" =" = 31800
For
Re —2000-10° then f= %
£=—2970 _ 5 19%103
31830 /4

According to Darcy’s Weisbach equation

_ 4fLV?
= 2gd
therefore

4%5.91%1073%50%4.2432
hf = =3.62m
2%¥9.81%0.3

4. An oil of specific gravity 0.7 is flowing through a pipe of diameter 300mm at the rate of
500 It/sec. Find the head loss due to friction and power required to maintain the flow for a

length of 1000m. Take Kinematic viscosity is 0.29 stoke.
Solution:

Seil = Specific gravity of oil = 0.7
D = Diameter of the pipe = 300mm =0.3m
Q= Discharge of oil = 500 lt/sec = 500*10= m’/sec
L = Length of flow of the pipe = 1000m
v = Kinematic viscosity = 0.29 stoke =0.29*10* m*/sec
he="?

P=?



_vda_ 70703 _ %103
Re Y " 29105 73.13*10
f 0-07;’/ =2.56*107

9%105 /4

According to Darcy’s Weisbach equation

B 4fLV?
= 2gd
therefore

4%4.8¥10~3%1000%7.072
hf = =163.05m

2%9.81%0.3

Now,

S: Woil

Wwater
Wit = S * Wyarer = 0.7%9810 = 6867 N/m?

WK.T

P= w,; *Q*hs = 6867%0.5%163.2 = 560 kW

5. Water is flowing through a pipe of diameter 200mm with a velocity of 3m/sec. Find the head

loss due to friction for a length of 5m if the coefficient of friction is given by = 0.02+

where R. is the Reynolds number. find the head loss due to friction. Take Kinematic viscosity

= 0.01stoke.

Solution:

D- Diameter of the pipe — 0.2m
V- Velocity of water — 3m/sec

0.09
ReO.S

= 0.02+

L- Length of the pipe = 5Sm

v = Kinematic viscosity = 0.01 stoke =0.01*10* m*/sec

According to Darcy’s Weisbach equation

B 4fLV?
= 2gd




f is the coefficient of friction

=002 _ 6x105
R. Yy  0.01x10~% 6*10
- 0.09
=0.02 (610703 0.022
hf = 410.022:5+37 _ Imor 0.97m

2%9.81+0.2

6.Water is to be supplied to the inhabitants of a college campus through a main supply. The
following data gives distance of the reservoir from the campus = 3000m, number of inhabitants
=4000, consumption of water per day of each inhabitant is 1801t/sec, loss of head due to friction
for the pipe, £=0.007. If half of the daily supply is from the 8 hours. Determine the size of the

main supply.

Solution:

Length of the pipe =3000m

Number of inhabitants =4000

Loss of head due to friction = hf= 18m

Discharge per one inhabitant = 180 It/sec

Half of the discharge requires 8hrs/day

Therefore

L [ﬂ

The total discharge to the college campus = =
8x60+60

] =0.0125 m®/sec
2

W.K.T

Loss of the head due to friction,

4fLV2- - - - — - - - >
h = 1
£ = Zgd )
Q 0.0125 0.0125 0.015
V: = = = e e e e e — - > 2
A %DZ 0.785D2 D2 @)

Put (2) in (1)



_ 4%0.007 3000 * 0.0152
- 2%9.81 %D x D4

_ 0018
~19.62D5

D =140mm =0.14m

MINOR LOSSES OF FLOW THROUGH PIPE

(a) Due to sudden Expansion

Consider a pipe having a diameter D;, water is flowing with a velocity Vi due to
pressure P; at a section (1)-(1) as shown in above figure. The diameter of the pipe increases D
to D> due to sudden expansion of the pipe at the section (2)-(2) as shown in above figure. Let

P2, V2 and D> are the corresponding values of the pipe at the section (2)-(2).

Due to sudden change in diameter loss of head occurs at the section (2)-(2) and pressure

changes due to sudden changes in area P!

Applying the Bernoulli’s equations between the section (1)-(1) and (2)-(2)

P, V2

Py V,2
— Z1=—+—+Z2+he
pg 28 pg 29



where, he loss of head due to sudden expansion

71 = Z» = Horizontal Pipe

P 2 P V2

e R I AL

pg 28 pg 29

P P V2 v,
(_1__2)+(;_L)=he ______ > (1)
Pg  pg 28 2g

The following are the forces acting in sudden expansion pipe,
1.Pressure force, P1A; at section (1)-(1)
2. Pressure force, P2A» at section (2)-(2)
3.Loss of pressure force due to change in area, P!(Ax-A)
Net forces acting in pipe along x direction

Fx = P1A1+ P!(A2-A1)-P2Ar = P1A1-P2Ax+ P'As- PIA,
But P'= P, experimental found that
Fx = P1A1-P2Ao+ P1A2- P1A1 = P1As- P2A;
Fx=(P1-P2)Ay ----- > (2)
Initial momentum of a water per sec at (1)-(1) = pA, V2
Final momentum of a water per sec at (2)-(2) = pA,V,>
Change in momentum = Final momentum - Initial momentum = pA,V,* - pA,V,%- - -»(3)
W.K.T
From the continuity equation
Q1 =Q2

A1V1i=AV;,

Put (4) in (3)

Change in momentum = pA,V,” - pA, %Vlz
1



Comparing equation (5) and (2)

(P1-P2)Az = pA, [V,* — V1

Pll—)PZ — [V22 _ V1V2]
Divide g on both side
Pu_ PV Vilmeeeoes -6

Pg P8 28 28
Put (6) in (1)

2g 2g 2g 2g

2V, 2 =2V Vo4V 2=V,2
2g

= h,

Vo2 =2V Vo +V; 2

= h
29 e

(VI_VZ)Z — he
2g

TYPES OF MINOR LOSSES

_ (V1=Vp)?

1.Sudden Expansions, h, e
. KV?2 J1 2 . )
2.Sudden Contraction, h, = e where K —[C— — 1] & C. — co efficient of contraction

5V?2
3.Entry Loss, heptry = 0?

2

4.Exit (Outlet) Loss, h, = ‘Z’—g
KV?2 .
5.Bend Loss, hy, = 2 where K - co efficient of bend

2
B where K - co efficient of fitting

6. Fitting Loss, hy = 2

7.Losses due to Obstruction



A

2
) 1] where A- area of cross section of the pipe, C, — Coefficient of
S (A—

hobz[

Obstruction, a — area of Obstruction

NUMERICAL

1.Find the loss of head when a pipe of diameter 200 mm is suddenly enlarged to a diameter of

400mm. The rate of flow of water is 250 It/sec.
Solution:
D — Diameter of the smaller section = 0.2m

A1 = Area of the smaller section = %DZ =0.03m?

D, — Diameter of the larger section = 0.4m

Az = Area of the larger section = %DZ =0.125m’

Q =250 It/sec = 0.25 m’/sec

V= 2 =22 _8 06 m/sec
4, 003
V,= 2=22 _ | 98 m/sec
4, 0126
. _ (V1=Vp)?
Loss of head due to sudden Expansions, h, = T
_ 2
h, = (806-198)% | ¢g
2%9.81

2.The rate of flow of water through horizontal pipe is 0.25m?*/sec. The diameter of the pipe is
200mm is suddenly enlarged to 400 mm. The pressure intensity in the smaller pipe is 11.772
N/cm?. Determine

a. Loss of head due to sudden enlargement

b. Pressure intensity in the larger pipe

c. Power loss due to sudden enlargement

Solution:



D; =200mm

Q =0.25 m*/sec

D1 =0.2m

A =0.03m?

D2 =0.4m

A =0.126m?

Pressure at the section 1-1 =Py = 11.772 N/em? = 11.772 *10* N/m?
V,= f =222 = 8.06 m/sec

V,= A—‘i =222 =] 98 m/sec

a) Loss of head due to sudden expansions

— 2
Loss of head due to sudden Expansions, hy = (V1-V2)” 2:2)
— 2
h, = (806-198) _\ gg
2+9.81

b) Pressure at the section 2-2

Applying Bernoulli’s equations between the section 1-1 and section 2-2

P V2 P V2

1,1 Z1::_£_+_£_+_Zé +'he
pg 28 pg 29

Since Z1 =Z>

Pr_W?

P V2
:;_£4__L_+.he
Pg 2g pPg 29



P=pg|—+5-—

PV V2 l
pg 28 28 °

11.772 * 10* 4 8.062 1.982
1000%9.81 2x%9.81 2%x9.81

P, = 1000 % 9.81 I —1.88

P> = 12.98 N/cm?

a) Power Loss
P= wyqter *Q*h; = 9810%0.25*1.88 = 4.61 kW
HYDRAULIC GRADIENT LINE

It is defined as the line gives the sum of pressure head and datum head measured from the

reference line

HGL=L+Z
pg

Total Energy Line or Energy Gradient Line

It is defined as the line sum of pressure head, kinetic head and datum head, measured from the

reference line

Hpo = — + o+
Tol pg

NUMERICAL

1.In the below figure, the sudden change in the pipe diameter from 40-20cm , causes the
pressure water drop from 200kPa to 150 kPa. Compute the discharge , if the coefficient of
contraction is 0.6

Solution:



Q =0.25m’/sec
D;=0.2m, A;=0.03 m’
D> =0.4m, A>=0.126 m?
Pi=11.772*10* N/m?
C.=0.6

Applying Bernoulli’s equations between the section 1-1 and section 2-2

Py, V2 i >
Bz =24 74 1
pg 28 1 pg 29 277 (1)
v=2-_2

A, 0126

A, 0.031

From equation (1)

200103 Q2
1000%9.81 = 2%981%0.1262

_ 150%103 Q2
1000+9.81 = 2%981%0.0312

1

Loss of head due to contraction

2

KV 2 : :
h, = e where K :[Cl - 1] & C. — co efficient of contraction
c

-1 v

h, = 28



h. = M =0.023V?
€7 24981 )

he = 0023 (-—£—) = 23.57Q’

9.61%10%

Therefore equation (2) becomes
20.39+3.21*Q* =15.29+53.04*Q*+23.57*Q?

Q=0.267 m?/sec

2. The water flows at the rate of 170 It/sec through a bend as shown below figure. The diameter
of the bend 1s 150mm and the pressure drop across is 300 mm of mercury. Determine the

resistance coefficient of the bend.

Solution:

Diameter = 150mm = 0.15m

A =area of the pipe = 0.0176 m?

Pressure drop = 0.3m of Hg

Therefore in turns of water = (0.3*Sug*png*g)m of water = (0.3*13.6*1000*9.81)m of water

= 40.024kN/m?

_ Pj-P, 40024

he
pg 1000%9.81

= 0.408 m of water

Minor loss of bend

. KV?
L — Zg
K _ hy*2g _ 2%¥9.81%0.408 _ 0.85

V2 9.652

3. At a sudden enlargement of water weir from 240mm to 480mm diameter. The hydraulic

gradient rises by 10mm. Estimate the rate of flow.



Solution:

Di =240mm =0.24m

A1 =0.045 m?
D> =480mm = 0.48m
A>=0.181 m?

Hydraulic gradient line = 10mm rise

Q=?

Applying Bernoulli’s equations between section (1)-(1) and (2)-(2)

P, | P, W, . . ~mm----- >
-+ —+Z,=—+—=—+27Z,+h 1
g T 2g TA1T oty T2t e (1
()
4 N—’
:
|
|
|
|
:
|
- 1
D, = 240mm D, 480mm:
|
I
|
|
|
|
|
I
|
|
:
7\ =1
Qi =Q2
A1V =A Vs
®p,?v. 2
\2 _A)V, _ 41r2 22 _ 0.482 V2 =4V,
Ay 5D 0.24
. _ (V1=Vp)?
Loss of head due to sudden Expansions, h, = T
_ 2
he =822 — 459 1,2
2%9.81

From equation (1)



16V,2 Vo2 92 (P P,
20 20 20 gt A1) T (Ggt 4
g g g pg Py

1652 2 91,2 10 P P ..
1oV %B- V2”10 Because (—1 + Z1) - (—2 + Zz) = Hydraulic rise
29 29 29 1000 Pg pg

V2 =0.181 m/sec
Q =A,V>=0.181*%0.181 = 0.0327 m*/sec = 32.7 lt/sec

Compound Pipes

For a larger length of a pipe we cannot provide the same diameter, along the entire length. In
order to overcome this pipe having different diameter, different length are provided by

connecting in series or parallel.

There are two types of connections
1.Pipe in series connection

2.Pipe in parallel connection

Pipe in Series Connections

It is defined as, if a pipe having different length, different diameter connected in end
to end connection is known as pipe in series connections. When the pipe are in series the

discharge in each pipe are remains same.




Consider a pipe MN is used to convey the fluid from one tank to another tank ia shown in above
figure. The pipe MN consist of three different length. Let L be the length of the first pipe, Vi
be the diameter of the first pipe, D1 be the diameter of the first pipe and fi be the coefficient of
friction of the first pipe. L2, V2, D2, &f3 and L3, V3, D3 and f3 are the corresponding values of
the pipe 2 and 3 respectively.

Let H be the difference between of water level in the two tank
Qi =Q2=Qs

A1V =AV2=A3V3

If minor loss is considered

H =hgpe + hey + he1,2 + hg, + he2,3 + hgz + heyit

_0.5V21+4f1L1V12 +(V1—V2)2 +4f2L2V22 + (VZ—V3)2+4f3L3V32 v;?

H
2g 2gDy 2g 2gD; 2g 2gD3 2g

If minor loss is neglected

H :hfl + hfz + hf3



_4—f1L1V1Z 4-f2L2VZZ 4f3L3V32
2gDq 2gD 2gD3
NUMERICAL

1. A horizontal pipe line 40m long is connected to a water tank at one end and discharge freely
into the atmosphere at the other end. For the first 25m of its length from the bottom of the tank
the pipe of diameter is 150mm and its suddenly enlarged to 300mm. The height of the water
level from the centre line of the pipe is 8m. Consider all the head loss is to be considered,

determine the rate of flow. Take f=0.1 for both the pipe.

Solution:
A
< 40m >
H=8m
D2 =0.3m
D; =0.15m
" -----------------------------------------
L1=25m
LZ =15m
Q=?
f1 =f2:?
W.K.T

H =hentrance + her + he + hey + heye



— 0.5V21 4f1L1V12 + (Vl—VZ)Z + 4f2L2V22

H
2g 2gD4 2g 2gD, 2g

From
Continuity equation

Q1 =Q2

A1V =AV2

A Zp,?
Vl = A_jVZZ(éD—lz)VZ = 4V2

Put (2) in (1)

_0.5%16%V2, | 4x0.1%25¢16xV,%  (4V,-V;)2 | 4%0.115%V,> V,?
2%9.81 2%9.81%0.15 2%9.81 2%¥9.81%0.3 2%9.81

V2 =0.15 m/sec

Q=AV, = (%0.32)*0.15 =0.98 m¥/sec = 10 It/sec

PIPE IN PARALLEL CONNECTIONS

The pipes are said to be parallel, when the main line divides into two or more parallel
pipes which again join together downstream and continues as a main line. When the pipes are

parallel the loss of head in each branch pipe remains same.

DiL1V1
Main Pipe
Q:
l <+— Pipel
Q Q
—_ _ ey — —_— - — e _ e —_— — =

22 Y2
Qz <«—— Pipe 2




The conditions for the parallel connections are
1.Loss of head in each branch pipe is remains same (Hi =H>)

2.Total discharge is equal to sum of the discharge in branched pipe (Q =Q1 +Q2)

Consider a main pipe having a diameter D, which divides the main pipe into two branch pipe
having a diameter D1, Length L, velocity of water flowing is Vi are the components of the
pipe 1. L, D> and V3 are the corresponding components of the Pipe 2 respectively.
Loss of head in branch pipe 1 = Loss of head in branch pipe 2

h = hp

4f L1V, 4f,1,V,7
Zng ZgDz

When f; =

L1Vs® — LpVy”
D D2

NUMERICAL

1.The main pipe divides into two parallel pipe which again forms one pipe. The data is as
follows:

First parallel pipe: Length =1000m, diameter = 0.8m

Second parallel pipe: Length =1000m, diameter = 0.6m

Coefficient of friction of each parallel pipe =0.005

I the total discharge in the main pipe is 2m®/sec , find the discharge in each parallel pipe

Solution:

Length of first parallel pipe = L; = 1000m
Diameter of pipe 1 =D; = 0.8m

Length of second parallel pipe = L> = 1000m
Diameter of pipe 2 =D, = 0.6m

Total discharge of flow= Q =2m?/sec
Co-efficient of friction = f;=f,=0.005



Rate of flow in each pipe

Q1 — Rate of flow in pipe 1, Q.— Rate of flow in pipe 2, Q — Rate of flow in main pipe

han=hrp --------- > (2
fi=f & L1 =L
Vit _ v’
08 06
Vi=115Vymmmmmmm - > (3)
Qi1 =A1V; = (%0.82)*1.15V2 Because From (3)
Q1=0578Vy --------- »>4)

Q2 =AsV; = (20.62)*V2
Q1=0.283Vj <—ommmmm e > ()

Put (4) & (5) in (3)

Q =0.578V2 +0.283V, =2

V2 =2.32m/sec

From equation (4) and (5) put the values of V>

Q1 = 1.324 m¥/sec & Q.= 0.658 m?/sec

2.A pipeline of 600mm diameter is 1.5km long. To increase the discharge another line of same
diameter is introduced parallel to the first in the second half of the length. If the f =0.01 and
head at inlet is 300mm calculate the increase in discharge. Neglect minor loss

Solution:



P 750m ale 750m ]
””””””””””” 2N '";E._,_Q_p_._,_._‘_._,_._B_._,_._‘_._,_Q_l‘—> -C
””””””””””””””””””” Q, D

Diameter of pipe line =D =0.6m

Length of the pipe line =1.5km =1.5*1000 = 1500m

Co efficient of friction =f =0.01

Head at inlet = h =0.3m

Head at outlet = 0

Loss of head = hf = 0.3

Length of another parallel pipe, L, =L; = 1500/2 = 750m
Diameter of another pipe line =D, =D1 = 0.6m

The arrangement of the pipe as shown in above figure

Case I: Discharge (Q) for a single pipe length 1500m and diameter 0.6m
The loss of head due to friction for a single pipe line
_ AfLV?
£ 2gd
_ 4%0.01% 1500 * V?
~ 2%9.81x0.6
V =0.243 m/sec

Therefore discharge, Q

Q =AV = (= 0.6% )*0.243 = 0.0687 m®/sec
4

Case II: When additional pipe of length 750m and dimeter 0.6m is connected in parallel
with the last half length of the pipe:
Let, Q. = Discharge in first parallel pipe, Q2 = Discharge in second parallel pipe & Qp =

Discharge in the main pipe



As the pipe in parallel have the same diameter and length,
-0, =%
Q1 =Qz Qe
Consider the flow through ABC or ABD;
Head lost due to friction ABC = Head lost in AB +Head lost inBC - - - - - - - - - » (2)

Head lost in ABC =0.3m (given)

4fLV g% _ 4%0.01%750%V 4% _
2gd 2%9.81%2

Head lost in AB due to friction = hfag =

Vag = 2= _=354Qp

Area (F0.62)

4fLVpc? _ 4+0.01x750%(1.77Qp)?
2gd 2%9.81%0.61

Head lost in BC due to friction = hgc = =7.98Qp°___, (4)

_ Qp/2_ Qp/2 _
VBC -_ Area (20.62) 1.77QP

Put (3) & (4) in (2)

0.3 = 31.9Qp%+7.98Q52
Qr = 0.087 m¥/sec

The increase in discharge = Qp — Q = 0.087-0.687 = 0.0183 m®/sec

EQUIVALENT PIPE



An equivalent pipe is defined as the pipe of uniform diameter having loss of head and discharge
equal to the loss of head and discharge of a compound pipe consisting of several pipes of
different lengths and diameters. The uniform diameter of the equivalent pipe is known as the
equivalent diameter of the series or compound pipe.
Let Ly, Lo, Ls, etc, = Lengths of pipe 1,2,3, etc.

D1, D2, Ds, etc, = Diameter of pipe 1,2,3, etc.

H = Total head loss

D = Diameter of the equivalent pipe

L = Length of the equivalent pipe

L L L L
D5 15 + 25 + 35
D> D,;° D,> Dj

NUMERICAL
1.A piping system consists of three pipes arranged in series; the length of pipes are

1200m,750m and 600m and diameter of the pipes are 750mm,600mm and 450mm respectively.
(i) Transform the system to an equivalent 450mm diameter pipe
(ii) Determine an equivalent diameter for the pipe, 2550m long

Solution:

Pipe 1: L1 =1200m; D1 =750 mm = 0.75m
Pipe 2: L, =750m; D1 =600 mm = 0.6m
Pipe 3: Lz =600m; D1 =450 mm = 0.45m

i) Equivalent length, L:
Diameter of the equivalent pipe, D= 450mm =0.45m
L L L, L,
—=—+——+
D5 D15 D25 D35
L 1200 N 750 N 600
0.455  0.755 * 0.65 = 0.455

L =871.3m

ii) Equivalent Diameter:



Length of the equivalent pipe, L= 2550m
L L, L, La
—=—t—+
2550 1200 N 750 N 600

DS~ 0.75°  0.65 = 0.455

D =0.5578m =557.8mm

PIPE NETWORK ANALYSIS

Analysis of water distribution system includes determining quantities of flow and head losses in
the various pipe lines, and resulting residual pressures. In any pipe network, the following two

conditions must be satisfied:

The algebraic sum of pressure drops around a closed loop must be zero, i.e. there can be no
discontinuity in pressure. The flow entering a junction must be equal to the flow leaving that
junction; i.e. the law of continuity must be satisfied. Based on these two basic principles, the
pipe networks are generally solved by the methods of successive approximation. The widely

used method of pipe network analysis is the Hardy-Cross method.

Hardy-Cross method

The Hardy Cross method is an iterative method for determining the flow in pipe network systems
where the inputs and outputs are known, but the flow inside the network is unknown. The method
was first published in November 1936 by its namesake, Hardy Cross, a structural engineering
professor at the University of Illinois at Urbana—Champaign. The Hardy Cross method is an
adaptation of the Moment distribution method, which was also developed by Hardy Cross as a
way to determine the moments in indeterminate structures. The introduction of the Hardy Cross
method for analysing pipe flow networks revolutionized municipal water supply design. Before
the method was introduced, solving complex pipe systems for distribution was extremely
difficult due to the nonlinear relationship between head loss and flow. The method was later
made obsolete by computer solving algorithms employing the Newton-Raphson method or other
solving methods that prevent the need to solve nonlinear systems of equations by hand. The

Hardy Cross method provides a system for calculating the value of the correction to be made,



each loop or junction being considered in turn and corrected assuming that conditions in the
reminder of the network remain unaltered.

Two main assumptions used in Hardy Cross method:

1. The losses of head between any two junctions must be the same for all routes between these

junctions.

A

A

Head loss in pipe BA + Head loss in pipe DC = Head loss in pipe AC + Head loss in pipe BD

2. The inflow to each junction must equal the outflow from that junction.
A

QB +Qc=Qa +Qp



The method of balancing heads uses an initial guess that satisfies continuity of flow at each
junction and then balances the flows until continuity of potential is also achieved over each

loop in the system.

From previous lesson, major loss can be determined as:

LVZ_fL 16
D2g  DS2gn?

he=f Q* = KQ?

Head loss in pipe in which flow is clockwise;

th=ZKch2

Head loss in pipe in which flow is counter---clockwise;

Z hee = Z Kec Qccz

In first assumption, we assumed that the losses value is not balanced.

Y Kc.(Qc —AQ)* =X Kcc - (Qec +AQ)2
AQ? is neglected

_ 2Kc.Qc® — X Kee. Qec?

AO =
Q 2(X K¢ Qc —Kee-Qec)
he = KQ?
he
KQ=—
=2
Finally,
h{c — ). h
AQ = x ;c Zh fcc2
2fc 4 fcC
2(2gE+ o)

Calculation will be done many times until the value of AQ is approaching zero.



WATER HAMMER IN PIPES

Pressure wave

/ -

A B

L

If water is flowing along a long pipe and is suddenly brought to rest by the closing of a

valve, or by any similar cause,

there will be a sudden rise in pressure due to the momentum of

the water being destroyed. This will cause a wave of high pressure to be transmitted along the

pipe with a velocity equal to the sound wave, which may setup noises known as Knocking.

The magnitude of this pressure will depend on (i) The mean pipe flow velocity (ii) The length

of the pipe (iii) The time taken to close the valve and (iv) The elastic properties of the pipe

material and that of water.

This sudden rise in pressure in the pipe due to the stoppage of the flow generating a

high pressure wave, which will have a hammering effect on the walls of the pipe, is known as

Water Hammer.

The cases that can be studied under this are:

e Gradual closure of valve



e Sudden closure of valve and
e Pipe is rigid

e Pipe is elastic

Critical Time:

It is defined as the time required for the pressure wave generated due to closure of valve to
travel once from the point of origin to reservoir over the length of pipe and back to the point of

origination.

If T is the time required by the pressure wave to travel once up and down the pipe and C is the
velocity of the pressure wave equal to the velocity of sound wave in water also called as

Celerity, then from Newton’s law, we have
Distance traveled = Average velocity x time

Le. 2L=CxT
Hence T =2—L
C
If t is the actual time of closure, T is the critical time, then

ift>T =2C_L , then it is referred to as Gradual closure and

ift< T =2C—L , then it is referred to as Sudden closure

Instantaneous rise in pressure in a pipe running full due to Gradual closure of valve

Consider a pipe AB of length L connected to a tank at A and a valve at B with water flowing
in it as shown in Fig. Let V be the mean flow velocity and a is the flow cross-sectional area, p
the instantaneous rise in pressure due to gradual closure of valve and t be the actual time of

closure of valve.

From Newton’s second law of motion, the retarding force generated against the flow direction

is given by the rate of change momentum of the liquid along the direction of the force.

Retardation of water = Change in velocity / Time = (V - O) \%

-



Retarding force = Mass of water x Retardation = pa L% (01)

The force generated due to pressure wave = Pressure intensity x area
—pxa  (02)

From Egs. 1 and 2, we get

pia:PaL¥
Hence p, :#

p, _pLV LV

Instantaneous rise in Pressure head = H = =
p9 pgt gt

(03)

The above equation is valid only for rigid pipes with incompressible fluids flowing through

it.

Instantaneous rise in pressure in a pipe running full due to Sudden closure of valve

when the pipe is rigid

When the valve provided at the downstream end is closed suddenly and the pipe is rigid, then
the converted pressure energy from the kinetic energy due to closure is to be absorbed by the

fluid due to its compressibility only.

Pressure Energy Pressure energy
converted from - < absorbed by water due
Kinetic energy to its compressibility

ie. Ek=Ew (01)

Consider the pipe AB of length L and cross-sectional area a in which water of mass
density p, weight density y and bulk density K is flowing with a mean velocity V

be suddenly stopped due to closure of valve provided at B.

The kinetic energy of flowing water before closure of valve will be converted to

strain energy, when the effect of friction and elasticity of pipe material are ignored.

Loss of kinetic energy Ex = % x mass of water x V2



As mass = p X volume = p x aL

Loss of kinetic energy Ex = %2 x pa L x V2 (02)
2 2
Gain in strain eneray = —| P_ |xvoume =2 PL lxaL  (03)
2\ K 2\ K

From Eqgs. 1, 2 and 3, we get
2
palv?=2| Pl a
2\ K

or p?=pKV?

or p=V,pK

But Celerity C =\/K.
yo)

Substituting for the value of C in the above equation for pressure rise, we get
pi=pVC

Instantaneous rise in pressure in a pipe running full due to Sudden closure of

valve when the pipe is elastic

When the valve provided at the downstream end is closed suddenly and the pipe is
elastic, then the converted pressure energy from the kinetic energy due to the valve
closure is to be absorbed by both the fluid due to its compressibility and the
elasticity of the pipe.

Pressure Energy Pressure energy Pressure energy absorbed
converted from _<absorbed by water due + < by the Elastic pipe due to
Kinetic energy to its compressibility its expansion

i.e. Ex= EvtE, (01)

Ex and Ey can be computed as in the previous derivation.



Computation of E, can be done by

simulating the situation to the thick

. . . . Hoop
cylinder subjected to internal fluid Stress=f, ’
pressure. Let t be the thickness of the .  Longitudinal
elastic pipe wall and assume that it is ( A Stress=f;

small compared to its diameter D.

Let f; be the hoop or circumferential

and stress f be the longitudinal Diameter = D

stress as shown in figure.
Let the Young’s modulous of the pipe material be E and poisons ration 1/m

Let the instantaneous fluid pressure be pi.

From the knowledge oaf Strength of materials, we can write that

flzp‘— and f2=pi—D

4t

Hence fi =21

Further, the strain energy stored in pipe per unit volume is given by

E%Zi f12+f22_ﬁ
1 2E m

Substituting f; = 2 f2, we get

B 2
E, L 4f22+f22—4f2}
m

Vi 2E

E%=f_22_5_i}
1 2E[ m

Substituting for f2, and V1 = nDtl we get

212
g - PD i{S—i}ﬁDtl (04)

P 16t2 2E m

From Egs. 02 and 03, we have




Ex=%xpaLxV? (02)

E, :%xpaLxV2

Substituting in Eq. 01, we have

2 212
l><paL><V2=1 P xaL+£i[S—i}rDtL
2 2 K 16t° 2E m

Simplifying, we get

2 2 )
EX,0<':1|-><V2=1 P aLys piDi&_i}”D L
2 2\ K 4t 2E m 4

2
T
But a=

and hence alL/2 gets canceled on both sides

2 2
JVE z(p_i}rpi_%[f;_i} _ pi{(i}g(g,_iﬂ
K 4t E m K) 4tE m
P P

B Y ) I [ RTEREN [

The above expression gives the instantaneous rise in pressure in an elastic pipe due to sudden

closure of Valve.

If the Poisons ration is not given, it can be assumed as 4. Then Eq. 04 reduces to

(06)

NUMERICAL



1. A hydraulic pipeline 3 km long, 500 mm diameter is used is used to convey water with a
velocity of 1.5 m/s. Determine the pressure growth of the valve provided at the outflow end is
closed in (i) 20 s (ii) 3.5 s. Consider pipe to be rigid and take bulk modulous of elasticity of

water as Kyater = 20 x 102 N/m?

Solution:
(10)
L=3000m; d=0.5m; V=15m/s; t1=20s; t2=3.5s;

K=20x 10 N/m?; p=1000 kg/m* (Assumed)

9
Critical time T = 2= where Celerity C = K = 219 _ 1414 205
C o\ 1000

2x 3000
1414.2

Hence T = =4.24s

Case (1)
t1 > T, Hence the valve closure is gradual.
Instantaneous rise in pressure is given by

_ pLV 1000x3000x1.5

_ =225kPa (An
Pi== 20 (Ans)

Case (i1)
t2 < T, Hence the valve closure is Sudden with pipe rigid.
Instantaneous rise in pressure is given by

p, = pVC =1000x1.5x1414.2 = 2.1213 MPa (Ans)

2. Water flowing with a velocity of 1.5 m/s in a rigid pipe of diameter 500 mm is suddenly
brought to rest. Find the instantaneous rise in pressure if bulk modulous of water is 1.962
GPa

Solution:

V=15m/s; K=1.962 GPa; p = 1000 kg/m’ (Assumed)



9
Celerity C = (K = [1962X107 1400 795
P 1000

Instantaneous rise in pressure is given by

p, = pVC =1000x1.5x1400.7 = 2.1 MPa (Ans)

3. A steel penstock of 1000 mm diameter has a thickness of 20 mm. Water is flowing initially
with a velocity of 2.0 m/s. Flow velocity is brought to rest by closing a valve at the end of the
pipeline. Bulk modulous of water is 2 x 10° N/m? and elastic modulous of pipe material is 2 x
10" N/m?. If the length of the pipe is 2000 m, find the pressure rise in terms of head of water

when:
Water is compressible and pipe is elastic
Water is compressible and pipe is rigid

Solution:

V=20m/s; d=1m; t=20x 10> m ; K=2.0 GPa;
1 1 3

E =200 GPa; — = 2 and p = 1000 kg/m’ (Assumed)
m

Case (1)

The valve closure is Sudden with pipe Elastic.

P 1000

—r =20 =2.309 MPa (Ans)
1) D 1 1 1
HK) tE} Kz) 20x10_3x200}109

Instantaneous rise in Pressure head =

p =V

6
P _ 2.309x10 =230.9 m of water (Ans)
rQg 1000x10
Case (i1)

The valve closure is Sudden with pipe rigid.



9
Celerity C = [ = |20 _1414 50w
o\ 1000

Instantaneous rise in pressure is given by

p, = pVC =1000x2.0x1414.2 = 2.828 MPa
Instantaneous rise in Pressure head =

p, _ 2.828x10°

- =282.8 m of water (Ans)
prg 1000x10

4. What is the maximum pressure rise due to sudden closure of a valve in a pipe of 300 mm
diameter conveying water with a velocity of 1.8 m/s? The pipe wall is 18 mm thick. The Epipe

=210 GPa and Kyateer= 2.1 GPa. Also find the hoop stress developed.

Solution:

V=18m/s; d=0.3m; t=18x 10" m; K=2.1 GPa;
E =210 GPa;

% = % and p = 1000 kg/m* (Assumed)

The valve closure is Sudden with pipe Elastic.

o =V P 18 1000
(1) D ( 1 j 1 1
K) tE 2.1) 18x10°x210 |10°

Hoop stress developed is given by

=2.091MPa (Ans)

6
foPd_ 2090000317 o5 Mpa (Ans)
2t 2x18x10
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