CHAPTER

FLOW THROUGH PIPES

121 Introduction. 12:2. Loss of energy for head) in pipes. {2-3. Major energy losses—
Darcy-Weisbach formula—Chezy § formula for loss of head due to Jriction. 12-4. Minor
energ) losses— loss of head due to sudden enlargemeni—Iloss of head due to sudden
comtraction—loss of head due to obstruction in pipe—Ioss of head due to entrance to
pipe—loss of head ar the exit of a pipe—loss of head due to bend in the pPipe—ioss of head
e various pipe fittings. 12°5. Hydraulic and total energy line. 126 Fipes in series or
compound pipes. 12-7, Equivalent pipe. 12-8. Pipes in parailel. 129, Syphon. [2-10. Power
transmission through pipes, 12-11. Flow through nozzle at the end of a pipe—power trans-
mitted through the nozzle—condition for transmission of maximum power. [2:12. Waier
fiammer in pipes—gradual closure of valve—instantaneous closure of valve in rigid pipes—
mstantaneous closure of valve in elastic pipes—rime required by pressure wave to travel
Jrom the valve to tank and from tank to valve—Objective Type Cuestions—Theoretical
Questions—Unsolved Examples.

12.1. Introduction

A pipe is a closed conduit (generally of circular section) which is used Jor carrying fluids under
pressure. The tlow in a pipe is termed pipe flow only when the fluid completely fills the cross-section
and there is no free surface of fluid. The pipe running partially full (in such a case armospheric
pressure exisis mside the pipe) behaves like an open channel
12.2. Loss of Energy (or Head) in Pipes

When water flows in a pipe, it experiences some resistance to its motion, due to which its
velocity and ultimately the head of water available is reduced. This loss of energy (or head) is
classified as follows :

A, Major Energy Losses

This loss is due to friction.

B. Minor Energy Losses

These losses are due to :

Sudden enlargement of pipe,
Sudden contraction of pipe,
Bend of pipe,
An obstruction in pipe,
. Pipe fittings, etc.
12.3. Major Energy Losses
These losses which are due fo friction are calculated by :

nanllL N S R

L )

. Darcy-Weisbach formula
2. Chezy’s formuia.
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12-31. Darcy-*Yeisbach Formula
The loss of head (or energy) in pipes due to friction is calculated from Darcy-Weisbach formula

{derived in chapter 1! Art. 11-2) which 1s given by,
4fLV" |
hy = 12D

! Dx2g
h.= Loss of head due to friction,
f=Co-efficient of friction. (a function of Reynolds number, Re)

W hE‘rE:-

= 22722 for Re varying from 4000 10 10°

" (Re)?
16

= —— for Re < 2000 (laminar/viscous flow}
e

L = Length of the pipe,
= Mean velocity of flow, and
D = Diameter of the pipe.

12-3:2. Chezy's Formula for Loss of Head due to Fricnnn

Refer to Fig. 11-2. An equilibrium between the propelling force due to pressure difference and the

frictional resistance gives :
(2, ~p) A=f'PLV
=)y L ppy

W H

Referto Art, 11.2]

ar

or hf_f_ﬁg‘v

: hf
. Mean velocity, Xy — ::-f: —

W 4
where, the factor \la— , s calied the Chezy’'s constant, C;

theratio — | = 1
P wetted perimeter

and denoted by e (or R);

the ratio h_’f prescribes the loss of head per unit length of pipe and 1s denoted by { or 5 (slope).
L
(12:2)

o Mean velocity, V = C Jm |
Eqn. (12-2) is known as Chezy’s formula. This formula helps to find the head loss due to friction

if the mean flow velocity through the pipe and also the value of Chezy’s constant £ is known
Darcy-Weisbach formula (for loss of head) is generaliy used for the flow through pipes.
Chezv's formula (for loss of head) is generally used for the tlow through open channels,

A ( area of How ] is called the “hydraulic mean depth’” or “hydraulic radius”

Note 1 (i}
{if}
{ifiy  The values of hyvdraulic mean depth for a circular pipe,
- . .

—x D
L Area 4 D

FHl = = | )7 FIl = -
4 Pertmeter ) 4

Example 121, In a pipe of diameter 350 mm and length 75 m water is flowing at a velocitv of §

2-8 mfs. Find the head lost due to friction using . |
() Darcy-Weisbach formula; (il Chezy's formula for which C=35.

Assume kinemaric viscosity of water as 0012 stoke.

Flow through Pipes
Solution. Diz '-
Length of the pifi
Velocity of flo
Chezy’s constad:

Kinematic viscx
Head lost due b !
- (/) Darcy- W‘
Darcy-Wes 3

where, f=q .

(i7) Chezy’s fc

where,

or,

But,

or,
Example 12-2,

efficient of fiiction is ¢

lost due to Jfriction for aiji
Solution. Diameterd
Velocity of water yd
Length of the pipe, &
Viscosity of water, w{.
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Solution. Diameter of the pipe, D=350mm=035m
Length of the pipe, L =75 m
Velocity of flow, ¥=2-8 m/s
Chezy's constant C = 55
Kimematic viscocity of water, = 0-012 stoke = 0-012 x 107 m¥/s,
Head lost due to friction, h,:
(1) Darcy-Weisbach fomula :
Darcy-Weisbach formula is given by,
4LV
Dx2g
where, f=coefficient of friction (a function of Reynolds number, Re)
_ Vx D _ 2-8:-::'[]-35{1 — 8167 x 10°
v 0012 x 107
_ 60791 0-0791
C(Re)* T (8167 < 10°)7
Head lost due to friction,
_ 4% 0:00263 x 75 x (28)2

xl'f -

Ne

= 000263

h = 09 m (Ans.
/ 035 %2 x 981 (Ans.)
(¢4} Chezy's formula ;
V=CJmi
i 2
- x [
where, C =53, mzjz 4 = D: 033 = 00875 m
P D 4 4
28 =55 JO-0875 x i
- 2
oL 00875 %7 = f 2—8—] = (-00259
55
or, i={0206
‘&f
But, i=—=00296
_ L
7y
— = (0296
73
oI, hf= 75 % 0-0206=222 m {Ans.)
Example 122, Water flows through a pipe of diameter 300 mm with o velocity of 5 mss. If the co-

08

efficient of friction is given by f =005+ T where Re is the Revnolds number find the head

lost due to friction for a length of 0 m. Take kinematic viscosity of water as 010/ stoke.
Solution. Diameter of the pipe, D =300 mm=03m
Velocity of water V=35 m/s
Length of the pipe, L=10m
Viscosity of water, v = 0-01 stoke = 0-01 * 10~ m?s.
(" 1stoke=1cmPis=1 % 103 m?/s)

T i ik B
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T"ﬁ 1ot . %

_g Head lost due to friction b : ] Loss &
= . - 0-08 . L Co-¢ff
= Co-efficient of friction, f = (-015 + . .{given)

== ( RE}U"J If the
= / - - Sol
Bui, Reynolds number, Re = pVD _¥D _ 5x03 15, 108 2 °

M v 001 x 1077 S Numh

£ f =0015 + v I}Sﬁ — = 00161 ; i 3

(15 % 10%)°* - . Totd:
e . Head lost due fo friction, ' Since}
| . 41 2 _ 4 x 0016110 x 5+ 10 be desig
/T Dx2g 03x2x981

_ Example 12-3. [x a pipe of 300 mm diameter and 800 m length an oil of specific gravity 38 is 038 _*_
- flowing at the rate of 043 m’/s. Find : Cf}'e T
s (i) Head lost due to friction, and DT"?I 1
(if) Power required 1o maintain the flow. Using
Take kinematic viscosiry of oil as (+3 stoke, {
Solution. Diameter of the pipe, 2 =300 mm =03 m

o Length of the pipe. L =800 m

e . . . where

3 Specific gravity of o11 =08

i Kinematic viscosity of oil, v = 03 stoke = 0-3 x 107 ms

m_n. Discharge, O = 0:45 m’/s.

i (/) Head lost due to friction, h:

2 | Vo= 0 = 045 = 0366 m's

Velocity, Area T 442 or
4
_ VxD o 6'356}“:0'3:5-366;{1{}4 Exano

.. Reynolds number, Re
length of 10#;

determine tha-
Sﬂluti . r
Consideg}

y  03x10™

. Co-efficient of friction, 1 = ot o 9L _ 500498
(Re)? (6366 x10%)"

2 . ] 2
4LV 4 x 000498 « 800 = (6:366) ~ 10972 m (Ans.)
Dx2g {03 x 2 x 9381

hf::

(it} Power required, P:
Power required to maintain the flow, P = wQh,
where, w =08 x 9-81 = 7-848 kN/m’
hy=10972m, Q=045 m*/s
+ P=7-848 x 0-45 x 109-72 = 38748 KW (Ans.)
Example 12+4. Water is to be supplied to the inhabitants of a college campus through a supply
main. The following data is given . ]
Distance of the reservoir from the campus = 3000 m
Number of inhabitants = 4000
Consumption of water per day of each inhabitant = 180 litres
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Loss of head due 10 friction = |18 m

Co-efficient of friction for the pipe, f= 0-G07

if the half of the daily supply is pumped in 8 hours, determine the size of the supply main.
Solution, Distance of the reservoir from the college campus = 3000 m

Number of inhabitants = 4000

Consumption per day per inhabitant = 180 litres = (18 m]

" ‘Total supply per day = 4000 x 0-18 = 720 m?

Smee halfof this supply is to be pumped in § hours, therefore maximum flow for which the pipe is
0 be desigued,

&
i
:
=
.
-
F:ii
2
o
i
is:
%
]
-5
15
2

72 .
() = ) =00125m’ /s
2 % 8 x3600

Loss of head due to friction, a.=18m
Co-efficient of friction, /= (-007
Diameter of the supply line, D :

Using the reiation :

A7LV*
hf —
{x2g
0-01 01
hera y_ 0 25 _ 00 259
4 T pe D
[g = 4% 0007 x 3000 x (0159 1 D°)°
D=2 =981
_ r . . 2
or Dj=4xDUU?x3DDDEDD1:}9 6013 x 1075
18 x 2 x 981

£D=0143m or 143 mm (Ans.)

Example 12-5, Water flows through a pipeline whose diameter varies from 23 cmto 13 ecmina
lengtit of 10 m. If the Darcy-Weisbach friction fucror is assumed constant at 0018 Jor the whole pipe,
determine the head loss in friction when the pipe is flowing full with a discharge of 0-06 m”/s,

Solution. Given - D, =25 cm=0-25n;, D, = 15cm=0:15m, L= 10 m: /= 0-018; O =006 ms
Consider a stretch of length dx at a distance x from the 25 ¢m diameter end (Fig. 12.1 }.

X
|

. _ Taper
fl ¥ IF{; d.y pichnﬁ
T . Z |
| .2 A
35 , Q=0.00m 7z ;
=2 Lm > -D -— » 15 om
- A
I
34 ! [ m ™
O X ©,

= % Bk =TT N ASTEEL. SWTT A ET. | -
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i = a or, ¥
: 13 x2g ! ]
o fidx ‘_Q“" (2 b T Here, |
= A : ere, f
= L 4 / J __JOdx :
Dx2g (E 2
2212 p°
ga4] - ;
2 2 ]
- 0:08263 x 22 & 2
D ..
where, L3 = Diameter at the section AX
. _ere Ny
D:{D-ES—;{Dzi UAEMN =—1-(25-x)rn
L .10 717 100
Hence, dhg = 008263 x 0018 (0-06)° x (100)° x —
e s x)
— 53544 x — 2 5
(25 = x)

h
foral head loss, hf = Idkﬁ
{

11 ) - i -|ED
= 53544 [(25 - %) dx = 53544{
E

i 425 - 2%, Total he
ES Residual
o5 _ 23544 { 1 - 1 4] =023 m (Aps.) Example
4008y (25) (warer surface
e Example. 12+6. 4 pipeline 50 cm diameter takes off from a reservoir whose water surface eleva- The deliy ey pi
E lion is 143 m above datum. The pipe is 4500 m long and is laid completely at the datum level. In the & Jor the pump is
E last 1000 m of the pipe, water is withdrawn by a series of pipes at a uniform rate of 0075 m’/s per 3 G T
e 230 m. Find the pressure at the end of the pipeline. ' ) lhed
Assume = 0-018 and the pipe 10 have a dead end, 3 #) ?:hE
Solution. Given : Diameter of pipeline, D= 50 cmt = 0-5 m; 1 = 4500 m: L,=1000 m;f=0018. 4 S?immn
_ First an e-xpressinn'fﬂr loss of head in a - I Y £ _ 25?:2%{;%
I pipe having a uniform withdrawal of g* m’/s ‘ I I II ] Iff’ 0-022: H =60_a
per metre length is derived. ¥ ‘ J ‘ | ] Sﬁ A |
Refer to Fig. 12.2. Consider a sectionata < ™1 Y VT b Henon pr
distance x from the start of the uniform with- 30 cm Py— ‘¢ dx petine
drawal at ¢ * per metre length. dia. L, = 1000 m flead loss
tharge? 4= Do 47 | Fig. 12.2 _ 0024 x 4
n a small distance dx 033
52
dhf — ﬂVE _ f ” Qﬂ — qr'*x y i « dv = Sf (QD _ q*ledr ﬂt‘f.wef:ppgpe
Dx2g 2¢g LY nlgD’
L4 ) Head loss, 4
§ ~8f 1 11k |
hf:ti[dhf:?mlgﬂﬁ xq*x[(gﬁ_‘?*'ﬂ ]0 - 20229
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8f ] i 3 3
hy = x x -0, —g*
or, ! oD’ g* Q5 - (O — g*Ly) J
Here, O = ]U_DD x 0075 = 03 m /s
230
g* = ou7s = 0-0003 m’/s
250
L,=1000m

H, = Toral head lost = [Head lost in first (4500 — 1000) m with a discharge Q= 0:3 m®/s]
+ {Head lost in 1000 m with a uniform withdrawa] of g*]

= hgy Ty
L2
1500 03 2 (L )
0018 x 3500 x: 03 = LE % {3 J
-I'Effl — L 4 = 243 m
(-5 %2 =981
Sf | s 3
ips = — X —x| 07 — (0, ~ ¢*L.)
- 3xO08 1 Tisp (03— 00003 1600)° ]
3 x 981 x (0:5)° 00003
=1:43m

Totalhead loss =24-3 - 1-43= 2573 m
Residual head at the dead end = 145 - 2573 =11927 m {Ans.)
Example 12+7, 4 pump delivers water from a tank A (water surface elevation = 70 m) to tank B

(water surface elevation = [ 70 m). The suction pipe is 43 mlong (f = 0-024) and 35 cm in diamerer
The delivery pipe is 950 m long (f = G-022) and 25 cm in diameter. The head discharge relationship
Jor the pump is given by Hp = (90 - 8000 O°), where Hp is in metres and O in m*s. Calculate .

(1) The discharge in the pipeline.

(i) The power delivered by the pump. _EL3 170m

Solution, Refer to Fig. 12-3.

Given: D) =35ecm=035m; L, =45 m; D,
=23cm=025m; L,=950 m; f, = D'DZ4;J‘;=
0-022; H =90 8000 ¢

Suction pipe .

--------
rrrrrr
77777

)2
Head loss, = A, = ﬂq—‘

D x2p
2 il Suction —p
: V,
S 002885 I o6 X pipe
(+35 2g o S | EL: 110m
Delivery pipe . .
3 A
Head loss. 4, , = e ld
Dy, = 2¢
) ; Fig. 12.3
173 ;
_ 0-022 = 950 y Vs =836 L2

0-25 2y 2g

P
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Total head loss, H; = 3086 — + 836
' | 2g 2g

By continuity equation,
AV, =4,V

— x {35 l'/—— 025 V5
4:-::( }:x: 4::-::( ]x

Qr, V1=D~51 v,
2 2
ol 0-26 f.%.,
2g 2g
3 V.r:. L!E
HL—3086:{U26—+836 = 84-4 —&.
2g 2g 2g

Static head =170 - 110 =60 m
H,=Head delivered by the pump = 'Stg'tir.: head + friction head

-ﬁﬂ+844V -
2g

= 00 + 844 x x :

e

=60+ 17853 ¢
Alse, H,=90- 80300 Q? A Given)
908000 O* =60+ 17853 ¥
of, O=005537m’/s
Hp=60+17853 % (0-05537)° =654 m

Hence, power delivered by the pump,
P =wQH,=9-81 x 0:05537 x 65-47 = 3556 KW (Ans.)

12:4, Minor Energy Losses
Whereas the major loss of energy or head is due to friction, the minor loss of energy (Dr head)

includes the following cases :
1. Loss of head due to sudden enlargement,
Loss of head due to sudden contraction,
Loss of head due to an obstruction in the pipe,
Loss of head at the entrance to a pipe,
Loss of head at the exit of a pipe,
Loss of head due to bend in the pipe, and
Loss of head in various pipe fittings.

12-4-1., Loss of Head due to Sudden Enlargeinent

Fig. 12:4. shows a liquid flowing through a pipe which has sudden enlargement. Due to sudden
enlargement, the flow is decelerated abruptly and eddies are developed resulting in loss of energy (or

head).
Consider two sections 1 — 1(before enlargement) and 2 — 2 (after enlargement).

- e N —

ing

eddies]

+
1 N

directig _

a1

' B

:
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X
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h

But}]

or,




I

I

iy

P
e ——

i

II I:
HH B

|

;H

fmamLE .

1
i

e ———

e ——

- m———

e
iR

i

i
:

i
!

i

-1-1

| i

——————

1 ——

G e U

v mr—r

.......

e oy

.....

hvdraulic gradient rises by 10 mm. Calewlate the rare of flow:

- Fluid Mechanics and Hydraulic Machines
Now, net force = change of momentum
(P — py) 4y = pA; U*'zz - K¥)
o, AP -viony,

P
Dividing both sides by g, we get
p—py _Vi-Wh

PE g
. ViV,
o b (" pg=w)
W W g
[ )
Substifuting the value of | b _ P | in egn. ({}, we get
LW W
5 ] 2
SN A1 SR N
i, = —= ~ + — —=
g g g
L A R i R R S I 2 VAN A
| 2g 2g 2g
I; - V".- :
h, = Glle) (12:2)
g

Example 128, At a sudden enlargement of a water main from 240 mm 1o 480 mm diameter, the
[AMIE. Panjab University}

Solution. Diameter of the smaller pipe, 5, =240 =mm =0-24 m
Diameter of larger pipe, D, =480 mm = (-48 m
Rise of hvdraulic gradient, i.e.

{ {
Pz +:J—|ﬂ+z[w=10mrﬂ={}'01m
LW SN W J
B I p ™,
The term | &= + zJ prescnibes the hvdraulic gradient !
_ W J

Rate of flow, :
Applying Bernoulli’s equation to small and large pipe sections (1~1 and 2-2), we ger

Lfl Vﬁz
A 7 = £ 72 4 z+ + A, (i.e., head lost due to sudden gniargement) (D)
W 2g w o 2g i
Vo= VY
But, o= L2 (0D

2g
From continuity eguation, we have

AV, = A7,

ris T
— X {7 ~ 2
I/] _ ..-4:1-;2 _ 4 - x i'(“'._’ _ ‘."'f D:-_" v I-"r_‘
A ; < D7 LD i
4802
Dr= E.-"i = (D_-ﬁl__ = I.-'? —_ 4}.-'::'
024 ) ) )

Substituting this value of ¥ 11 eqn. (i), we get

Flow throd :

Now,

ar,

o,

or,
Exang i

min diameid *
iy P
(i) C
Solutiedl!
L OATes

Dia

of
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GO A 1

A
) 2g 2¢
Now, substituting the values of he and ¥ in egn. (¢}, we have
2 .2 2
L N A
W 2z w  2g 2g
1 S+ ., e D
ar, z - E—W" z(p'+z;'~— &+z!
2g 2g 2g W Joouw J
&V
or, | = = (0]
2g
[0:01% 2% 981"
or, V, = x 2% 98] | =0181 ms
. 6 A
. Rate of flow, Q= AV, = % % 0-48 x 0181 = 003275 m*/s (Ans.)

Example 129, 4 horizontal pipe 150 mm in diameter, is joined by sudden enlargement 1o a 225
mm diameter pipe. Water is flowing through it at the rate of §-05 m>/s. Find :

(1) Loss of head due to abrupt expansion,

(i) Pressure difference in the two pipes, and

(11iy Change in pressure if the change of section is gradual withou! any loss.
Solution. Diameter of the smaller pipe, D, =130 mm=0-15m

o Area, 4 = % x 015% = 0-01767 m’

Diameter of the larger pipe, D, =225 mm = (-225m
o Area, A, = % x 0:225% = 003976 m’

Discharge, O = 0-05 m’/s
(/) Loss of head due to abrupt expansion, /,

LA,
2g
where, V and V, are the velocities of flow in the smaller and larger diameter pipes respectively.
0-05 .
M, = ¢ = = 283 nmv's
A 001767
by, = L = 005 = 1-26 m's
A4, 003976
283 - 126)° .
Hence, h, = ( ) = 0-1256 m (Ans.)
| 2 x 981

(if} Pressure difference in the two pipes : |
Applying Bemoulli's equation at the smaller and the larger pipe sections, we get

Ve 2
pt*]+31_p2"2+22+ﬁﬂ
wo 2g W g
pr-p | _ W=V o
o ( . 1 J = - = - h, [ z, = z,, the pipe being horizontal]
. W 2g
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~p b 2837 — 126
o, [M | = 01256 = 0202 m of water (Ans.)

W 2 % G-81
The positive sign indicates that there is gain in pressure. Thus, although there is an energy
loss, the pressure increases across a sudden flow of expansion.

(7t Change in pressure with gradual change of section : |
If the change of section is gradual without loss, then, gain in pressure,

pr—p Vo -VE 2830 —126°
W g 2 x 98]

Example 12-10. The diameter of a horizontal pipe which is 300 mm is suddenly enlarged to 600

mm. The rate of flow of water through this pipe is 0-4 wm'/s. If the intensiny of pressure in the smaller

pine is {23 kN/m?, determine.

|
_i

(711)  Power losk:

= 0-327 m of water (Ans.)

where,

(7) Loss of head, due 1o sudden enlargement,

(71} [Intensitv of pressure in the larger pipe, and
(7iif}y  Power lost due to enlargement.

Solution. Diameter of the smaller pipe, D, =300 mm =003 m Example 12-18;
of 60125 mi’s. A 8
i pressure rise ofs.

- oy L ik - P T T

Area, 4 = -4"5 x 03 = 00707 m?

Diameter of the longer pipe, D, = 600 mm = -06 m (£) Loss of eneg:
i ? ) (if)  Differential
Jlj'LI-E'aj -’42 - I X 006-. - 02828 m Ho PI;DES- .

Rate of flow of water, O = 0-4 m’/s Solution. Drz "_;

Intensity of pressure in the smalier pipe, p, = 125 kN/m? specific gravi

Discharge, O =1

. 04 .
Now velocity, o= Q. — = 566 m/'s {{} Loss of end:
A 00707 3
Velocity, Vy = o _ 04 1414 mis Velocity of f
- T 4, 02828 '
) L th t,h_:
(1) Loss of head due to sudden enlargement, h_ The pres
Loss of head due to sudden enlargement,
UL
, =
2g For derival
566 — 1-414) |
- 4 ) 0918 m (Ans.) or,
2« 981
(i} Intensity of pressure in the large pipe, p, :
Applying Bemoulli's equation before and after sudden enlargement, we get
2 L
“1 I/;'j -
F’1+V1 +EI:P;+ bz, h Loss of er
W 2g W g
But. T, =z, ...pecause pipe is horizontal
l;z Lf: -R .
Po Wb 5 + h ({i{} Reading of |

The energy 4.

Or, =—+ - — =~/ Al g
woow 2g  2g ] w
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_ 122 3667 1414° 0918
281 2x981 2x98l] il
=12-74+1-63-0-1-0-918=1335m
p,=wx13-35 =8-81 x 1335

=1309 kN/m* (Ans.)

(iif) Power lost due to sudden enlargement, P

fase ~ WQhE KW
1000
where, w=08-81 »x 1000 N/m?,
O =04 m’ts, and
h,=0918 m
(9-81 x 1000} x (-4 x 0918
B =
1000

=36 kKW (Ans.)

Example 12-11. /n a 80 mm diameter pipeline an oil of specific gravity 08 is flowing at the rate
of 6:0125 m’/s. A sudden expansion takes place into a second pipeline of such diameter that maxi-
mum pressure vise is obtained, Find .

(1} Loss of energy in sudden expansion,
(i1} Differential gauge length indicated by an oil-mercurv manometer connected between the
rwo pipes. [UPSC Exams.]
Solution. Diameter of the smaller pipe, D, =80 mm = 0-08 m |
Specific gravity of oil, § = 08
Discharge, 0 = 0-}125 mss.
(1} Loss of energy in sudden expansion :

Vﬂlﬂfit}’ Dfﬂﬂ‘w, Vl = Q = GO125 = 249 m's

Area 7 0082

The pressure rise will be maximum when

b, ] -
= where, [, = diameter of the larger pipe
D,~ ] ( ; ger pipe)
[For derivation of the formuia, refer to Example 12:12]
or. Dy =52 D =2 x008=01131m
vy = —20125 _o4d s

% < (01131)°
Loss of energy (or head) in sudden expansion,
(V- ) (249 — 1244)
¢ 2g 2 x 98l
(777} Reading of the manometer ;

h

= 0:079 m of il {Ans.)

The energy equation is given as

2 -2
oy d +z = P2 4 £ 7y + h {z, = 2., the pipe being horizontal)
W 2g w 2g i “
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L2 [pz—p.LH'_ >
=2 W J 2g 2 °

2:49° 12447
T 2x981 2x98]
Let, # = Reading of the U-tube oil-mercury manometer where limbs are connected across
the expanded transition,

- 0.079 = 0.158 of oil

Then, Fo R 4 A im_ _ ﬂ.
W S )
[where, S = specific gravity of mercury (= 13+6)]
(136 ]
0158 =h| — -1 |=16 4
o 08
aT, A= -D_IE = (-009875 m or 9-875 mm (Ans.)
16

Example 12-12. For sudden expansion in a pipe flow, work out the optimum ratio between the
diameter of the pipe before expansion and the diameter of pipe after expansion so that pressure rise
is maximum ? Also find the maximum pressure rise. (UPSC Exams.)

Solution. Applying Bernoulli’s equation at sections 1 — 1 and 2 — 2, we have

VE 2
pl-|- 1 +z]=p2+ 2 +Eq-|-;i!

w  2g W 2g

(V- V5 )°

where, A, (energy loss due to sudden expansion) =

Zg
y Vi = 1)?
P + 21 =F 23 4wt ; E ("' z,=z,, the pipe being horizontal)
w g W g g
. vioovk o - ﬂ
Pressure rise, ﬂp:(pz—p]}zw( Lo G- h) |
L2 2g 2g ]
From continuity considerations,
AV = AV
oA (DY %
4 Lﬂz
2 I 4 [ \ljg-
ﬂpzhj}{i 1_(9.|'_J _11_[:{1J j
28 ] Lﬂz D, i
[ 2 4
2
Or ﬂp:'wx_i 2(&} _Z(EHJ
2g | \ D, L)
. D e . . ‘
There is only one value or ratig . which will provide the maximum pressure rise.
W2
' For maximum pressure rise, d (ﬂfﬂ) =
d (D)/D,)

Qar,

d {Ap) =‘4jf__D_1J_g(£\|3-|=g
4 (D/D,) SR |RDEJJ

Flow thwegt

trom

[2:4-
Due |a
contracta sl

éa

Loss of } %
=Loss up to f
sudden enlargy
3

5

Of,

From cos

O,

0,

Substitutid]

i.ée.,
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2
D
Fromwhich (-DL L1 or — = 1_
LD :z Dy, W2

" Diameter ratio for the maximum pressure rise is

D (Ans.)

D, 2

Maximum pressurerise is,

2 Fo1 e v
(Ap}maxzhjxitzx|_lﬁ"‘ “2(;| |
2§ x‘w‘z,f x*s'fz,fi _
’I’fi 5 2z
2 o0y = I ae)
g 2g

12-4-2. Loss of Head due to Sudden Contraction

Due to sudden contraction, the streamlines converge to a minimum cross-section called the veng

contracta and then expand to fill the downstream pipe (Fig. 12+5.)

Let, A4, = Area of flow at section
- C-C, @ @ @

V., = Velocity of flow at sec-
tion C-C,

A: = Area of flow at section J
2-2, )

_ pd L I!P:~f‘f:+“ :
¥, = Velocity of flow at sec- N W
tion 2-2, and |

hr = Loss of head due to sud- ~

den contraction, é} @ @

Loss of head due to sudden contraction Viena contracta
= Loss up to vena contracta + loss due to

sudden enlargement beyond vena contracta Fig. 12.5
- V-V
OT, A, = negligibly small = $& 5 2) (8
£
From continuity equation, we have
A‘r Vf - ’41 FE
/ \
e A1 ] (e e
VE A, {Ar / AE ) Cf‘ I‘ : 4-." A
V.
o, V.= =
L
Substituting the value of ¥_in eqn. (7), we get
,!I(Vg ; WIEE
I T2 L7 2
h = k{:{ "J = sz" r, 1 "‘lx‘
) 2g 2g . C.
Ve %
ie., poo il ]! P23

(i 2 g glk E .|-

A
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In general, h.o=k
g
1 H"._E
where, k= (,___ -1
Lo ,-fl
o e fﬁ A, Hﬁ!j
From experiments : C, = (462 + 038 —=
| \ A J
and thus the loss co-efficient £ is a function of ratio
A; D,
or —
A D
and, k=10-375 for C =062
For gradual contraction (conical reducers) & is a function of cone angle and = 0-1.
V!
Note : If the value of C, is not given then loss of head due to contraction may be taken as 0°5 2—1
g
Le. Ch, =05 & (12:4)

Example 12-13. 4 horizontal pipe carries water at the rate of 0-04 mi’/s. lts diameter which is
300 mm reduces abruptly to 150 mm. Calculate the pressure Joss across the contraction. Take the co-
efficient of contraction = (62,

Solution. Diameter of the large pipe, D, = 200 mm = 0-3 m

.. Area, 4 = —E— « 037 = 00707 m°

Diameter of the small pipe, D, = 150 mm = 0-15m

;. Area, 4y = ; x 015° = 01767 m°

Discharge, Q = 0-04 m’/s.
Co-efficient of contraction, C_ =062
Pressure loss across the contraction, (pI -p,)
From continuity equation, we have
Ay =4V, =0

(4
by = L£_20 = 0-566 m's
4, 00707
and, Y, = g = 003 = 2-26 s
A4, 001767 |
Applying Bernoulli’s equation before and after contraction, we get,
VE n V-;E
‘Dl+‘+zi:p*+'+zj+hr (1)
w2 w2z "
But. z, =z, ..because the pipe is horizontal and head loss due to contraction (f1.) 15 glven as :
h, = —1*—1' —E=L—~l~n—- 1} X 226 = {0978
¢, | 2¢ Loe2 2 % 981

Substituting these values in eqn. {f), we get,
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P 0:566° p,  226°

= + + Q978
wo 2x98l  w  2x O8]
nAg2 ey
PL_l2_ 220 a90g 0366
woow 2 x 381 2 x 581
=026 + -0878 — 0-016 =0-341%
Hence, py—p,=wx 03418 =981 = 03418

=335 kN/m* (Ans.)

Example 12:14. 4 pipe of diameter 225 mm is artached to @ 150 mm diameter pipe by means of ¢
fange in such a manner that the axes of the two pipes are in a siraight line. Water flows through the
arrangement at the raie of 0-05 m’/s, The pressure loss at the transition as indicated by differential
gauge length on a water-mercury manometer connected between two pipes equals 33 mm. Calculate .

(i) The loss of head due 10 contraction, and
(ify The co-efficieni of contraction.
Solution, Diameter of the large pipe, D =225mm=0225m

L Area, 4, = % x 0:225° = 0-03976 m°
Dhameter of the small pipe, D, =150 mm =015 m
" Atea, 4, = E x 0152 = 001767 m?

Discharge, O = 0:05 m'/s
Reading of the differential gauge, #=33 mm=0-035m
(r} Loss of head due to contraction I, :

When the water-mercury manometer is connected across the conrracted transition, then

Pr— P2 _ 8w )
W A

W A
where, S5 =S8p. gr. of mercury (= 13-6), and
S, = Sp. gr. of water (= 1).
Substituting the values in the above eqn., we get

4 M'l'|
2702 3035 (136 li=0441m
10 )

'L.-L_.l
Let ¥ and V', be the velocities of flow in the large diameter and small diameter pipes respec-
tively, then
M = ¢ _ 00 = 126 m's, and
4 003976
=2 00 ami

A4, 001767

invoking Bemoulli's equation, we have

VE VE
PI‘?‘ 1 +El:p2:— 1+E;+hf
wo 2g w  2g
{where, /. = head loss due to contraction, and
| 7] = Zy .........the pipe being horizontal
|I/ - b Iff: - V‘IE
DI_._. hf —_ | p] JD.-: -+ | -
LW 2g
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(126)% - (2:83)°
2 = 9-R1

=441 +

= (114 m of water (Ans.)

(i7) The co-efficient of contraction, C L

Example 12-15. When a sudden contraction is introduced in a horizontal pipeline from 500 mm
diameter o 230 mm diameter; the pressure changes from 105 kNim” 10 69 kN/m2. If the co-efficient of

The loss of head due to contraction is given by,

2 k.
h{ = ,!/_5[" - ]w w E.;..
RC} A 2g
/ : 2
or 0114 = _ 1| x 282
G 2x 981
from which C. =065 (Ans.)

contraction is assumed to be 0063, calculute the warer flow rate.

Following this {f there is sudden enlargement from 250 mm to IO mm and if the pressure at the

250 mm section is 69 kN/m=, what is the pressure at the 300 mm enlarged portion ?

[Roorkee University]

Solution. Dhameter of the large pipe, D, =500 m = -3 m

. Area, 4 = % x 057 = 01953 m’

Diameter fo the small pipe, D, =250 mm = 0-025 m
o OArea, A, = % % (-25% = 0-04908 m?

Pressure inside the large pipe, p, = 105 kN/m?

-

Pressure inside the small pipe, p, = 69 kKN/m®
Co-efticient of contraction, C. =065

r 1 I I
| | [
2, = 105 kNim ! r | — If
—_— ] Fa = 9 k?"';-'fTT'I | | P,I = 09 KN/m | 3= 7
— 75 | [} == _
D, = 0.5 mi 0.25m | £2,=025m | D=035m
| ! i !
" | | :
l | | |
Fig. 12.6
Flow rate, Q : |
Head lost due to contraction is given by,
VE 2 V: .
h, = : ( : - = I'DJ =2 ’r : - I'DJ [Egn. {12:3}]
2g \ 0465 2g L 065
2
E

From continuity considerations, we have

Flow ihe

(1}

12+4 -:
Refe
reduction
an abruply’

Head}.
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AV, =4V,
; 2
Hzﬁx%:ﬂ:dﬁtﬂi V.
A] mid x Df i
PTAT s
or p;:[ﬁj KVEJ_E
0-50 4
Applying Bernoulli’s equation at 1-1 and 2-2, we get
I~ Vs
1 IS WP & RN IR
wo 2g w o 2g
But 7= ...the pipe being horizontal.
Vi o op, VY
T WP o RS Y

w2z 9w 2g
Substituting the values, we get

¢ AN 2 2
981  2x981 981 2x08l 2 x 981
2
or, 210 + i;—zﬁ =138 + V7 + 02899 V7
72
or, 72 = 12899 V) - 1_25 = 12274 V5
V, =766 m's

Hence, rate of flow, O = A4,V, = 0:04908 x 7-66 = 0-376 m°/s {Ans.)
- (i) Pressure at the enlarged section. p, :
Applying Bernoulli’s equation at the sections 3-3 and 4-4, we get

“ Ve
Py f3 zy = Pe  Ta zy + A, {loss of head due to sudden enlargement)
w  2g wo 2g
But, P 69 kN/m?
Vy=V,=T766m's
V .
V, =V, =-L= 705 1915 mys
4 4
8T 2
v, - V)P (7466 - 1915)°
And. ; _ 3) :(766 1-:615) 1= 168 m

: 2g 2 x 9-81
Substituting the values in the above equation, we get
AL _ 2
69 N 766" py +(1915} i1
981 2x981 981 2x98l

7.033 + 2:09 = '”—‘1 + 0187 + 168

08

or | p, =80 kN/m* (Ans.)
12+4-3. Loss of Head due to Obstruction in Fipe

Refer to Fig. 12-7. The loss of energy due to an obstruction in pipe takes place on account of the
reduction in the cross-sectional area of the pipe by the presence of obstruction which is followed by
an abrupt enlargement of the stream beyond the obstruction.

Head loss due to obstruction {4, } is given by the relation :
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[ a4 T

[ I
Fots. =, ; .* |
ahs, LC{, (4 _ ﬂ!} ‘ 2g (123} i p} |r
. -
where, 4 = Area of the pipe, V A L)
i ] - Areap —
a = Maximum area of obstruction, and I'

|
|
V= Velocity of liquid in pipe, .' |:
12-4-4. Loss of Head at the Entrance to Pipe '

|
Loss of head at the entrance to pipe (A.} is given by the o
relation ; Fig. 12.7

VE

e =05 — LA12.6
P (12.6)

where, = Velocity of liquid in pipe.
12:4-5, Loss of Dead at the Exit of a Pipe

Loss of head at the exit of a pipe 1s denoted by 4, and is given by the relation.

Ared, {4-q) . »‘h.lrea A

172
i = —— 2.7
0 Ig L{12.7)
where, V' = Velocity at outlet of pipe.
12+4+6. Loss of Head due to Bend in the Pipe
In general the loss of head in bends (%) provided in pipes may be expressed as -
2
Zg
where, 1= Mean velocity of flow of fluid, and

k = Co-effictent of bend; it depends upon angle of bend, radius of curvature of bend and
diameter of pipe.

hy =k (12.8)

12-4+7, Loss of Head in Various Pipe Fittings

The loss of head in the various pipe fittings (such as valves, couplings, etc.) may also be repre-
sented as : |

i
=5 —

2g

where, V= Mean velocity flow in the pipe, and £ = value of the co-efficient; it depends on the type
of the pipe fitting.

Tiidings

12-5, Hyvdraulic Gradient and Total Energy Lines

The concept of hydraulic gradient line and total energy line 1s quite useful in the study of flow of
fluid in pipes. These lines may be obtained as indicated below

Total Energy Line (TEL. or E.G.L)

It s known that the 1oia! head (which is also total energy per umit weight) with respect to any
arbitrary datum, is the sum of the elevation (potential) head, pressure head and velocity head, i.e.,

P &
Totalhead = — 2 +
W 23

When the fluid flows along the pipe, there is loss of head (energy) and the total energy decreases
1 the direction of flow. If the total energy at various pomnts along the axis of the pipe is plotted and
joined by a line, the line so obtained is called the ‘Energy gradient line’ (E.G.L.).

In literature, energy gradient line (E.G.L.) is also known as ‘Tosa! energy fine (TE L)
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Hydraulic Gradient Line (HG.L.)

i ™,

The sum of potential {or elevation) head and the pressure head 2o at any point 1s called

I"\ 1354 A
the piezometric head. If ¢ line is drawn joining the piezometric levels ar various potnts, the line so

obtained is called the ‘Hydraulic gradient line.’

The following points are werth noting :

1. Energy gradient line (E.G.L.} always drops in the direction of flow because of loss of head.
2. Hydraulic gradient line (H.G.L.} may rise or fall depending on the pressure changes.

3. Hydraulic gradient line (H.G.L.) is always below the energy gradient line (£. (7. L } and the

Coped
vertical intercept between the two is equal to the velocity head ‘ i—g J :
A8
4. For a pipe of uniform cross-section the slope of the hydraulic gradient line is equal 1o the
slope of energy gradient line.
3. There is no relation whatsoever between the slope of energy gradient line and the slope of
the axis of the pipe.
Example 12:16. A horizontal pipe line 40 m long is connecied to a water tank at one end and
discharges freely into the atmosphere af the other end. For the first 25 m of its length from ihe tank,
the pipe is 150 mm diameter and its diameter is suddenly enlarged to 300 mm. The height of water

level in the tank is 8 m above the centre of the pipe. Considering all losses of head which accur,

(1Y Determine the rate of flow
(ify  Draw the hydraulic gradient and energy gradient lines. Take f = 0-01 for both sections of

the pipe. [ML.U.]
Solution. Total length of the horizontal pipehne, L = 40 m.
Length of first pipe L =25m
Diameter of first pipe D =150mm=015m
Length of second pipe, L,=40-25=15m
Diameter of second pipe, £, =300 mm=0-3m
Height of water, H=8m
Co-efficient of friction, =001

{i) Rate of flow, Q:
Applying Bernoulli’s equation to the free water surface (F.W.S.) in the tank and outlet of the pipe
as shown in Fig. 12-8., we get

Cutlet of pipe
H=8m

Watcr Y » —» V-

£=40m
Fig. 12.8
P I“’Ilz 2 :
+ =+ = ==+ =+ z, ~ all losses

w o 2g wo 2g
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-

¥y
ﬂ+U+3'{}20+—‘=—+0+h{~+hﬁ + A, +hy

2g {7
where, V, = Velocity of water at the outlet of pipe,
2
hf = Loss of head at entrance = 0-5 El—- .
£
R, = Head lost due to friction in pipe I 2Ly
= Hea onin pipe [ = :
g ost due to friction in pip D, x 22
h, = Loss of head due to sudden enlargement = 3 —— , and
&
N
hz, =Head lost due to friction in pipe 2 = ;ﬁiz 22 .
x
‘From continuity equation, we have 27 ok
AV, = A,
y AN i) D 7,
4 (r/d) < Df
e "‘-.IE ' 2
=‘£E-. }{VE:(G.;_JHIF-:.:&-VE
\ Di W Dl:‘ -
Substituting the value of ¥ n different head losses, we have
B OS5V 05(dxi)? e
S 2 2g 2g
2 - 2 2
- : 4 xV.
*‘TU"I _ 4L :4x061>«f23x{ x V) ‘——106'6}1
Dy x2g 15 x 2¢g 2g
U A N C R S A
) 2g 2g 2g
oo ALVY  4x001x15x 12 _ 2
/ Dy x2g 03 x 2g 2g

Substituting the values of these losses in eqn. (7), we get

Py 2 2 2 2
gt WE 106617 9n? o

2¢g  2g 2g 2g 2g

VE
== (|+8+1066+9 +2)=1266 -4
2g 2g
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|_ a
y, = $x2g: ||8x2x98121_“m;5
VY 1266 N 1266

T .
Hence, rate of flow, U = 4,V = .14“ x 3% x 111 = 0-078 m*/s (Ans.)

({iy E.G.L.and HG.L. ;
The various head losses are : (Referto Fig, 12-9)
8V 8 x (111

hy = 5 m
2g 2 x 93]
2 . ERRY: .
he = 1066 2 0t X ML o
’ 2g 2 % 981
- o7 _9x(111)° 056 .
©2g  2x98l
hy = 20 XD e
27 2 T 2% 98]

To draw E.G.L. and H.G.L. the following procedure 1s followed.

E.G.L. (Energy gradient line) :

The point £ lies on F.W.S. (fTee water surface).

— Take LM =#h =035m

— From M draw a horizontal line. Taking 34 equal to the length of the pipe {i.e, L) draw a
vertical line downward from the point 4, Cut AN = 7, =67 m

—  Jom MN

— From N, draw a line &5 vertically downward equal to 4, (= 0:56 m)

—  From S, draw SB horizontal and from point {7 (which 1s lying on the centre of the pipe} draw
a vertical line in the upward direction, meeting at 8. From B take 87 = #, =0-126 m,

— Join ST /

—  The line LMNST represents the energy gradient iine (E.G.L )
H.G.L. (Hydraulic gradient line) :

1P (4x111)°

—  From M, take MP = =10 m
2g 2 x 981
—  Draw the line P{) parallel fo the line M¥ L
— From the point U, draw a line U'V parallel to the ¥ =
— Join OV | | i
— The line PQVU represents the hv _ %"?E - ‘%
. = e 3 T
Example 12:17. Two reservoirs a oo % =) %
cm diameter and length 6 m and the oth. ’E = E % %ﬁ o2,
water levels in the two reservoirs is 6 m, ¢ ﬁf.';, % % R
_ 2z e ¥
Take f=0-04. E-*. TRRE
Solution. Refer to Fig. 12-10. Given : I 2 % 2% i_
L, =16 m; total losses = 6 m; = 0-04. o wtE:
From the continuing equation, we have A} E; < 2,
n e i ’
= x 0158 x ¥ = = x 0225% x ¥, %
! 4 (0 V= V=3073 ms)
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RELLE. g8 ;'[8““9'81 = 111 mis

1266

-

2TV 1266
Hence, rate of flow, @ = 4,/ = %‘x 03* x 111 = 0-078 m°/s (AnS.)

(iiy E.G.L. and H.G.L. :
The various head losses are : (Refer to Fig. 129}

87 & x (k1)

hi = =05m
2g 2 x 981
b = 1066 2 = ) 67
g 2 x 98l
2 1132
po= 2 2D gs6m
2g 2 x 951
2 11y2
2V 2x M 0126 m

b= S T Ix981

To draw E.G.L. and H.G.L. the following procedure is followed.

E.G.L. (Energy gradient line) :

The point L lies on FW.S, {free water surface).

— Take LM=hA=00>m

__ TFrom M draw a horizontal line. Taking A4 equal to the length of the pipe (f.e., L,) draw a
vertical line downward from the point 4, Cut AN = hy=67m

—  Join MN

__ From N, draw a line NS vertically downward equal to fi, (=056 m)

__ From S, draw SB horizontal and from point &/ {which is lying on the centre of the pipe) draw
1 vertical line in the upward direction, meeting a1 B, From 5 take B/ = fir, =0126 m.

— Join 8T

— The line LMNST represents the energy gradient line (E.G.L.)

H.G.L. (Hydraulic gradient line) :

vEo (4 x 11y
L @MU (v V= 47,)
2g  2x09.5] :
—  Draw the ine PQ parallel to the line MV
_ From the point U, draw a line UV parallei to the line 75
— Jom @V
—  The line POVU represents the hydraulic gradient Jine (H.G.L.},
Example 12-17. Fivo reservoirs are connecied by a pipeline consisting of hwo pipes. one of 13
cm diameter and length 6 m and the other of diameter 225 cm and 16 m length, [f the difference of

weater levels in the two reservoirs is 6 m, calculate the discharge and draw the energy gradient line.

Tuke f = 0-04. (AMIE]
Solution. Refer to Fig. 1210, Given - D, =15em=0153m; L, = 6m; D,=22-5em=0222r
L, =16 m; total losses = 6 m; f= 0-04.

From the continuing equation, we have 4,V = A, ¥,

—  From M, take MP =

Ex 0152 < ¥, =E;{ 0225%x V, V=225,
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B

i R EE R e Y
mt1i Dy=2235cm — ———————==2<
L, =0m L.=16m
Fig. 12,10
05 Vlzw.

Loss of head at entrance to a pipe, o=

2
Loss of head due to friction in pipe AB, £

ALV 4x004x6x 1] cea i

by = = 64 —
A D x2g 015 = 22 2g
Loss of head due to sudden enlargement
AT
a2 ! FI - _F_]'_/JI VE
po=8 20 L 225) (a0 W
28 2g 2g

Loss of head due to friction in the pipe, BC,

4 %004 <16 ( d Y
LY Sl v R
£ Dy 2g 0225 x 2y 2g
Loss of head due to friction in the pipe BC,
VE Y =
hy = —= =L——'—J x—l—zf}-lﬁ?-—;-
2g 223 lg 2g
Applying Bernoulli’s equation to free water surface (E.W.8.} in the two tanks , we have
p 2 P %
St lpz =tE 08 Ly losses
w o 2g w o 2g
ié., P, =py=0, VA=VB=U, Z,—~Zy=6m
Hence total losses = 6 m |
5K y2 y? y2 i
0. +64 L +0308 L 22570 L1970 ¢
2g 2g 2g 2z 2g
V=349 m

Discharge, Q = AV, = g- x 015° x 349 = 00617 m*/s (Ans.)

Energy gradient line is shown in the Fig, 12-10

Example 12-18. 4 pipe ABC CONRECLNG tWo reservorrs is 80 mm in diameter From 4 to B the
pipe is horizontal as shown in Fig. 12-1]. and from B to C it falls by 3-5 metres. The lengths AR and
BC are 25 m and 13 m respectively If the water surface in the reservoir at A is 4 m above the cenire-
fine of the pipe and at C 1 m above the line of the pipe, calculate -

‘11 The rate of flow, and
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Negiect the loss at the bend but consider all other losses. Also draw the energy and hvdraulic
gradient lines. Take Darcy Friction factor = 0-024 and K = {5, [IIT Delhi]

cRfranoe

Solution. Diameter of the pipe, D=80mm=008 m

Area, 4= E x -08° = 0-005026 m’
Friction factor (=4 =0024
=05

ERfrance

Fig. [2.11

{7} Therateofflow, Q:

Applying Bernoullt’s equation between the water surfaces 1 and 2 in the two reservoirs
(considering horizontal plane through C as datum), we get

2 2 2
, g o 4
ay d + 2z, = R £ + 2, + loss at entrance + Ay (loss due to friction) + —-
w - 2g wo 2g  C 2p
05V  4mv?  p?
0+0+(44+35-1)=0+0+0+ + /L +
2g Dx2g 2g
(where, J' = velocity of flow in the pipe)
-y -: , - I___."E .-"2
or 6~5:03V +0024x(23+15)x +P
2g 0-08 x 2¢g 2g
r2 2
or = (O3 +12+1)+1353
2g
or L,3:6-3x2x9*81=9_446
| 135
or }=3-073 m/s (Ans.)

. Flowrate =4 x V"= 0005026 x 3-073 = 0-01544 m%/s (Ans.)

(77} Pressure head in the pipe at B, Py :

W
Applying Bermoulli's equation at 4 and B, we get
¥, 2 g
¥ SV
p1+ﬁ+z]=pﬂ+5+33+055.—'h{
w  2g w2z 2e '
pe SV- 47,12
{}+0+4=p5+ +G+D5 + ﬂ.-‘fﬁ
wo Qe 2y Dx2g
V05V 0024 % 25 < V2
4=l + (v Vy=V=3073m3

wo 2g 2g 08 x 2g
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ik
VM

}re &2 I
Pr +DSV LS

4= 8
W 2g 2g 2z
_"pi . 9}}!2
W g
P 9y 9 x (3:073)
or Te=d - —— =4
W 2g 2x 98]

=~ 0-33 mof water (below atmosphere) (Ans,)
Energy gradient and hydraulic gradient lines (E.G.L, and H.G.L,):
— Forploting E.G.L, and HG.L., we require the velocity head, {same throughout)

VA (3073)°

= (048] m
28 2x 981
— Total energy at B w.r.t. horizontal datum through C
2 X 2
=35+ 28 + / =33 — (33 + (3975)
w  2g 2 x 931
=365m

Energy gradient and hydraulic gradient lines are shown firm and dotted respectively in the
g, 12211 H.G.L. below the pipeline near B indicates that pressure is negative,

Example 12-19. Bao reservoirs 4 and € having a difference of level of {5-3 m are connected by
a pipeline ABC the elevation of point B being 4-0 m below the level of water in reservoir 4. The
length AB of the pipeline is 250 m. the pipe being made of mild sieel raving a friction co-efficient £
wihile the length BCis 450 m, the pipe having made of cast-iron having a friction co-efficient 1, Both
the lengths 48 and BC have a diameter of 200 mm. 4 partially closed valve is located in the length
BC at a distance of 150 m from reservoir €

If the flow through the pipeline is 3 m*/min. the pressure head at B is 0°5 m and the head loss at
the valve is 50 m.

———————————
—————————
--------
——————

Reservolr

Reservoir

Fig. 12.12

{7} Find the friction coefficients f, and f,.
(1) Draw the hydraulic grade line of the pipeline and indicate on the diagram head loss values
arsignificant poinis. Take into account head loss ar entrance gnd exit points of the pipeline.
Solution. Difference of water level between two reservoirs = 155 m {UPSC Exams.|
Diameter of the pipe ABC, D =200 mm = 0-2 m
Length AR, L,=250m
Length BC, L, =450m
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Discharge through the pipe, 0 =3 m*min = 0-05 m’/s
Pressure head at B, k., = (= -E‘i] =05m
w
Head loss at the valve =50m
(/) Friction co-efficients fiandf,:

Velocity in the pipe ABC, V = ©_ __00 =139 m's
Area T 2
E x« (2
Applying Bemoulli’s equation at *1° and at 'B°, we get
p Vs 0507
p1+1_|_z]=p3+3+22+ £t () s
w 2g W 2g 2g
VE .- 2 iy
0+0+4=05+-8 ¢y 25 » iLasti
2g 2g Dx2g
2 PIre. 2
4:0.5+V +'DJV L4 x 250 x (V=1
2g 2z 02 x2g
-4 502 5 5042 Fge
@ 4054 {1:59) +D:ax(1:39) +4ﬁx25{}>{(159)
2 % 981 2 x 98] 02 x2x98]
=D-54U~129+'{}-D644+644~3)?
of, J,=0:0051 (Ans.)

Applying Bernoulli's equation between 1’ and “2° and considering all losses in the pipeline
ABC mcluding the exit loss, we have

2 2 ] ; 2 ,2 2
P b 4.~~:I-~pr3+V2 +31+GSV +4f]L*‘fBV .—'ﬁ%LHL +5-G+-V—
wo 2g wo 2g 7 2g Dx2g Dx2g 2g
2 _ PG
D+D+15+5=ﬂ+0+0+o15x(159) +4x09051x250x(159)
2 x 981 32 =% 2 x 981
L 1 N 2
N 47, x 450 x (1:39) S04 {1-:59)
02 x 2 x 9§81 2 % O8]
o, 155=00644 + 3-28 + 11590/, =50+ 0-1288
or, 5, = 000606 (Ans.)

(7} H.G.L. (hydraulic gradient line) :
- | 2
Fig. 12.9 shows the E.G.L. (energy gradient line), H.G.L. wiil be ;— below the E.G.L.

Example 12.20, Hater is being pumped ar the rate of 02 m’/s 1o an avirhead tank through a
150 mm diameter 300 m long delivery pipe. In the tank the pipe discharges freely at height of 15 m
ibove the pump. If the Darcy-Weishach Sriction factor = 03 for the pipe, determine .
()} The pressure developed by the pump on jts delivery side, and
(if)  The power delivered to water by the pump.
Draw also the hydraulic gradient from the pump to the tank. Assume that the first 285 mt of the
delivery pipe is horizontal and the rest is vertical [UPSC Civil Services Exams. ]
Solution. Rate of flow, O = 0-02 m¥/s
Diameter of the pipe, D= 150 mm =018 m
Length of the pipe, L = 300 m
- Darcy-Weisbach friction factor {47) = 0-03
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The pressure developed by the pump on its delivery side :

002
Velocity of flow, ¥ = AQ == = 1132 m/s

Let, p=rpressure {gauge) just on the delivery side of the pump.

Applying Bernoulli’s equation to the section Just on the delivery side of the pump and to the
discharge end of the pipeline where the gauge pressure 18 zero f.e., sections 1 and 2, we have

— 3918 m —
Tank

Y ¥y L

—————————
--------
------
_____

b
[

Fig. 12.13
p W py V4
Sz =222 Ly iy {h.= head loss due to friction)
W 2g W 2z 7
, 2 . pl . ] e
pi , (1132) s oooy (132) 15, 003 x 300 x (1132)
w2 x 8] Z2x 981 015 = 2 x 981
/ :
!zf = SLY where, [ = 285 + 15 = 300 m]
Dx2g J
£l 4 00653 = 00653 + 15 « 3918
H
o, 2218918 m

W
Hence the pressure developed by the pump on the delivery side

= 18918 m of water (Ans.)
The power delivered to water by the pump, P :
P=‘|+'th= 9-81 x 002 x 3918 kW
= 0-768 kW (Ans.)
Wi,
n

[Note : The power required to drive the pump =

H.G.L. (hydraulic gradient line) :
Head loss in 15 m vertical length of pipeline

. where 1| is the efficiency of the pump. ]

A :
- L 3{15:3918}{15:0'196111
300 300

Now piezomeiric head {-’F— + :«:W at;
W
Section 1 =19-114m (ie, 18918~ 0196 =19-114 m)

Section 2=15196m {ie, 19114 — 3-198 = 15-196 )




Flow through Fipes

Section3=15m (7e, 15196 0-196 = 15m)

The HGL from the Pump i the overhead tank is plotted by markin
pieZometric heads at I. 2 and 3 (as above) and joining these by

Example 12,21, 4 pipeline ABC 200 m long, is laid on an upward sio

_ peof { in 40, The lengih of
the portion AR is 100 m and its diameter is 100 mm. At B the pipe secrion suddenly enlarges to 200

mi diameter and remains 50 for the remainder of its length BC 100 m. A flow of 6-02 m3s. i

pumped into the pipe at jrs lower end 4 and fs discharged at the upper end C into a closed ranj The
pressure ar the supply end 4 is 200 kN2,

{1} Whatis the pressure ar C?

(i1} Draw the energy gradient and hydraulic gradient lines.
Assume co-efficient of friction f= 0-008.

Solution. Length of pipe, 48C = 200 m

Slope of the pipe, = | m 40

Length of pipe AB L ,=100m

Diameter of the plpe 45, Da=100mm=01]m
Length of pipe BC, L,.=100m

Diameter of the pipe BC, Dp-=200mm=02m
Ce-efficient of friction, f= (-008

Discharge, 0 = 0:02 md/s

The pressure at the supply end, P, =200 kN/m?

Fig. 12.14
Pressure at C, P,
: L 0-02
Velocity of flow in bPipe 48, V, , = 3 = 254 mys
(m/4) x O]
N L 002
velocity of flow mpipe BC, V, - = —5 =063 m/s
(m/d) % 02
voking Bernoulli’s ¢quation at points 4 and C, we have
2 2
Ps ¥ Pc Ve .
tIyE—= 4L 4, h +h +(h
w 22 A5 > c T ( ) 4z e T{Ar)pe w(7)
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4115V 45 _ 4 x 0-008 x 100 x 2:54°

h = = = 1032 m
where, Uig)as = D,z 28 01 x 2 x 981
Iass of head due to sudden enlargement,
V.o - 2 €A _ OETYE
, = Vas = Vec) _ (2-54 - 0-63) 0186 m
Zg 2 x 981
4 : 63°
(h Vsc = fLocVs :4HGU{}8:{10{}:¢063 03 m
Dgex Zg | 02 x 2 x 98]
Substituting the values in eqn. (i), we get
PPy £22
+ (254) +0=FC 4 06> + 50 +10:52 + 0186 +(+323
981 2 x 981 w 2 x 981
2038 + 0320 = £ 4+ 002 + 1603
W
Or £c = 4659 m
W
oT po=981 %4659 =437 kKN/m* (Ans.)

(i) Energy gradient and hydraulic gradient lines :
Pipe AB : Assuming the datum line passing th_rnugh A, then total energy at 4
P4 VAE (2 54}
w 2g 9 81 2 x 9-81
Total energy at B =Total energy at 4 — {hj) .8
=2072 - 1052 =10-2 m
Vi (063
2¢ 2 x 981
- Energy gradient line (E.G.L.)
—  Draw a horizontal line AM as shown in Fig. 12-14.
—  Draw the centreline of the pipe in such a way that slope of the pipe 1s 1 in 40. Thus, point C

+0=207"2m

=002 m

Also,

will be at a height of E x 200 = 5 m from the line AM.

—  Draw a vertical line .45 equal to total energy at 4 ie, AS=2072m

- From point 5, draw a horizontal line and from point 5, a vertical line, meeting at D).
—  From D, take vertical distance DE = {hj) = 1052 m. Jom SE.

— From E take £EF =h, =0-186m

— From Fdrawa hrmzuntal line and from C, a vertical line meeting at R. From R take RG'=
(A }EC 0-323 m. Joint F to G. Then SEFG represents the energy gradient or total energy
Ime

Hydraulic gradient line (H.G.L.)

4 :
—  Draw the line IJ parallel to the line SE at a distance of “’H = (254)° = (-32% min dee
2g 2x 981

downward direction.
vE  (063)°

= =002 m.JoinJ=
2g 2 x93l

— Draw the line KT parallel to the line GF at a distance of

I
The line IJTK represents the hydraulic gradient line.




Flow through Pipes 659

12-6. Pipes in Series or Compound Pipes
Fig. 12-15 shows a system of pipes in serjes.
Let, D,, D, L. =Diameters of pipes- 1,2and?3 respectively,
L, L, L, =Length c_:fpipes 1_, 2 and 3 respectively,
v, Vz; ¥, = Velocities of flow through pipes 1, 2 and 3 respectively
Jiofos £y = Co-efficients of friction for pip&s I, 2 and 3 respectively, and
H = Difference of water level in the two tanks.
As the rate of flow (Q) of water through each pipe is same, therefore,
Q=AY =4,V =4V, | | |
Also, the difference in liguid surface levels = sum of the various head losses in the pipes
3

ie., H=h + Ay o+ R, + Ay + A, +hy, +E~’i}. 0
where, .= Head loss at entrance = 0;:]2
#;: = Head loss due to friction in pipe | = 4 f1,1,
c D x2g
f, = Head loss at -:untracfic-n = O'j;f |
i, = Head lﬁss due to friction in IJl;Pﬂ 2 = 41, LV

Dyx2¢g

. Vo _ g 2
A, = Head loss due to enlargement = L 5 )
&

 4ALE
#i7, = Head loss due to friction 1N pipe 3 = D.?fl;

Fig. 12.15. Pipes in series.

Substituting the values in (i}, we have

H=h5+fzﬁ + A, +.&ﬁ + A, +f:ﬁ + =

2g
2 2 2 2 R,
=20 SALW OV 4RLYY (0 - ) LABLE K
2g Dix 2g 2g LDyx2g 2g Dyx2g  2g

't minor losses are neglected, then above equation becomes,

= SALW ALLYE  afLy
Dix2g  Dyx2g Dyx2g

f1=5,=f,=F then

(12:10)
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A AAYE | AL
Dl}{ Zg Dg }f. Zg Da}‘: Zg

H

" 2 2 2
_ 4 Vﬂyldr LY + bl 1 ' L{12-11)
2g | 4 D, Dy

Example 12+22. Three pipes of diameters 300 mm, 200 mm and 400 mm and lengths 430m, 255
m and 315 m respectively are connected in series. The difference in water surface levels in two tanks
is 18 m. Determine the rate of flow of water If co-efficients of friction are 0-0075, 0078 and 00072
respectively considering :

(iY Minor losses also, and

-l

(if) Neglecting minor losses, .
Solution. Pipe 1: L, =450m, =D =300 mm= 0-3 m, f, = (0075
Pipe 2: L, =255m, [}, =200 mm = 02 m. f,=0-0078
Pipe 314, =315m, D, =400 mm = 0-4 m, f, = 00072
Difference of water level, /= 15 m,
(i) Considering minor losses :
Let V', ¥, and V, be the velocities in Ist, 2nd, and 3rd pipe respectively.
From continuity considerations, we have |
4.7, =AYV, =4},

; 2 | 2 A
p, = AN (MDD 2By o G"J V, = 225V,
A (nid)xD; D? 02
o ‘ﬂ:l 2 2 . "‘le
aﬂd, ijr‘ﬁh:{J-4]}{D11}{V1=;D]_ij]ZIE_J Vl={]*5625V1
4, (nidyx D; D; L 04
0sv?  ApLVE OS2 ApLYS  (h - WY
We know that 7 = 21 L ZATEL — f221+ :
' £ Dyx2g 2g Dyx g 2g
2 VE
+ Aty |2 JEqgn. (12:9)]
Dyx2g 1g
- 05K | 4 x 00075 x 450 x Ve 05 x (225 )8, 4% 00078 x 255 (225V,Y
2g 03x2¢g 2g 02x2g
(225 ¥, - 05625 1)F 4% 00072 x 315 x (05625 VY (05625 1))
+ + +
2g 04« 2g 2g
18 = ;]H (05 + 45 +2:33 + 2014 + 2847 + 7176 +0:316)
g
-
= 25977 -
g
.
or, V) = \j 18> 2 x‘:‘J.BI_ = 1-166 m/s
25977

-, Raie of flow, =4, x V| = (ni4} 032 % 1-166=0-0824 n’/s (Ans.)
(i) Neglecting minor losses :

SRV | 4HLVE | ARLYS .[Eqn. (1210
Dy=x2g Dyx2lg Dy % 2g |

We know that, A =

E -
bipesin}.
long of &

for the 1 4

losses.

Eﬂ-gﬁfc ;
4}

LDSS -
Flow rd
Varions:

(1) -,-._
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180 = V2 4% 00075 x 450 A 00078x255 x 225% 4% 0:0072 x 315 x (0-5625)2 ]
2e L 0-3 ' 0-2 04 J
2 VE
= == (45 + 2014 + 7176) = 25357 « L
2g 2g
or, L’]le.SEZEQPEl:I-ISm
- 25357 -
- Discharge, Q=4 =(n/4) x 032 x 118 = 00834 m¥s (Ans.)

Example 12:23. Tivo reservairs with a difference in elevation of 15 m are connected by the three
pipes in series. The pipes are 300 m long of diameter 30 cm, 150 m long of 20 em diameter and 200 m
long of 25 em diamerer respectively. The friction fuctors (/) in the relation

ay:
Dx2g
for the three pipes are, respectively, 0:018. 0-020 and 0-019. and which account for friction and gl
losses. Further the contractions and expansions are sudden. Determine the flow rate in Is. The loss
co-efficient for sudden contraction fromdia. 30 10 20 cm = 024 (AMIE Summer, 2001)

Solution. Referto Fig. 12.16. Given - D/ =30cm=03m; L =300m; D,=20cm=02m; L,=150
m D, =25em=025m; L,=200 m; f, = 0-018;f, = 0-020, £, =0019.

A r'

T N e owm R oy o
_‘----J—_

;Ifz

-— o
TR OEE A o mm m owm omm omy

| | Fig. 12.16
Loss co-efficient for sudden contraction = 024

Flow rate in I/s, Q
Va

rious types of losses which occur in the pipelines 1, 2 and 3 are :

V-E : 0’5 4 1-
i1} Head loss at entrairce, # =05 x 2; = 3 < 081 ) LT H'Ciﬂz:l =310
] o ALVE _ fixly [ 40 T
) Head loss due to friction in nj 1, A; = =

) He 5s due to friction in pipe ; Dix2z  Dxig TIDIE

-2
_ 0018 %300 40 | =183 Qg
Tx 03

T 03x2x98]
2 , 2
Head loss at contraction, A, = 024 & = s, 4% _{
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2
024 [ 30 }:12-39493

B 2% 981 | mx02?

-'_
1

e L.V5 L
(i) Head loss due to friction in pipe 2, hy = j;z _j = é:z - ; L
2 X 28 y ¥ LE

40 T

_"I '
nlj

002 x 150 { 40 T 174267 O

" 02x2x 981 | nx 02
a 2
(v} Head loss due to sudden enlargement, h, = 0 ¥ = : |_ 49,, — 4Q.‘
2g 2g | =Dy =Dy |
2 r E
_ 160 L 1 11'} _ 660 O
I x9R1x w° [ 02%  025° ]

(vi) Head loss due to friction inpipe 3, #, = flaby ik Q_}—!
| o Dyx2g  Dyxlg|aby

~2
J =1321518 Q°

_ 0019 x 200 40
025 x 2 x 98117t x 0-25°

= = 21152 ¢

(vii) Head loss at the exit, fip = = ; ,
8 o nD; 2 x 98l L:TEG'ZSEJ

Vs 1{4@13 1 [ 40 T

26 22|
Applying the Bernoulli’s equation between the water surfaces of the two reservoirs, we gk ':_
2 2 '
2R + 7 =P8 8 + zp + all losses.
wo 2g wo 2g
0+0~15=0+0+0+(51+183-6+ 12394 + 774267 ~ 6:69 = 321518 + 21152y F 3
ot, 0 =0-1064 m*/s or 106-4 I/s (Ans.)

12'7. Equivalent Pipe | _.
An equivalent pipe is defined as the pipe of un iform diameter having loss of head and dm- §
charge equal to the loss of head and discharge of a compound pipe consisting of severul pipes of 3
different lengths and diameters. The uniform diameter of the equivalent pipe is known as the equme-
lent diameter of the series or compound pipe. 3
Let, L,L,L;etc.= Lengths of pipes 1, 2, 3, etc.
D, D, Dy eic.= Diameters of pipes 1, 2, 3, etc,,
~ H = Total head loss,
L = Length of the equivalent pipe, and
D = Diameter of the equivalent pipe.
Then. neglecting minor losses, total head loss,

.Iiif =;1fl +hf3 +h_f-3 + ..

- S 2 ;2
o, PP L M e R e B 1222
Dyx2g Dyx2g Dyxig
(where, £, /, and £, ete. are co-efficients of friction)
Also. from continuity considerations,
Q=AV, =4V, =4V,




o =
—

-
-
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T 2 T A T "
:—KEVZ—HD:V=—KD-V
1 R 27275 a¥3
I’?:j%=Vz= 4Q1 ) V3 = 4Q«;
o, 13 s
Substituting these values in eqn. (12:12), assurung f, =f, = 1., etc. = f, we get
(40 Y 40 Y ( 40 Y
Ly | Qz 411, x Q:_IJ ALy x| =
S ik \ s
H _— = +
Dy x2¢g D, x2g Dox 2g
4x16 0" ( L, L )
= — /2 Llj + 4 >+ .{(12:13)
ntx g \ DY Dy Dy
Head loss in the equivalent pipe,
4LV~ : . .
H = (assuming the same value of fas in compound pipe)
Dx2g
4
where, Vo= 2__¢ = %
4 I « D? "D
4
740 Y
Af
_ - LTLDEJ _ 4 x 16fQEfJ- L (12-14)
D x 2g 2 x2g LD

Fromeqns. (12-13) and (12-14), we have

4x16/0° (L, L, L 4x16fQE(L‘3
pallie o - cen | — m —
n*x2¢ \D' D D tx2g \D%)
L L. L
o, == 11 + =t {12.15)
DDy Dy D
Eqn. 12-15 1s known as Dupit’s equation. If the length of the equivalent pipe is equal to the length
of the compound pipe fe, L ={L, ~ L, + L, + ..), the diameter D of the equivalent pipe may be
determined by using this equation. Sometimes a pipe of a given diameter D which is available may be
required to be used as equivalent pipe to replace a compound pipe; in this case the length of the equiva-
lent prpe may be required to be determined and the same may also be determined by using eqn. (12-15),

Example 12.24. 4 piping system consists of three pipes arranged in series; the lengths of the
pipes are {200 m, 750 m and 600 m and diameters 730 mim, 600 mm and 450 mm respectively.

(i) Transform the system to an equivalent 450 mm diameter pipe, and
(il Determine an equivalent dfamerérﬁar tne pipe, 2350 m long.
Solution. Pipe 11 L, =1200m; D, =750 mm=0-73 m
Pipe 2. L, =750m; D, =600 mm=06 m
Pipe 3: Ly =000 m; D, =450 mm= 45 m
(7} Equivalentlength, L :
Diameter of the equivalent pipe, D = 450 mm = 0-45 m (Given)
Using the relation :
L _L ., L L
D’ D D D




Fluid Mechanics and Hydraulic Machines

_ 1200 0 70 600
(075)° (06)° (0,45);1*“-'& have

L _ = 50568 + 9645 4+ 325154 = 472172
(0-45)
of, [=472172 x (45 =871-3m (Ans.)
(;i} Equivalentdiameter,D:
Length of the equivalent pipe, L = 2530m (Given)
L L L . L,

MNow, = — T =
| D> D> D Di

2550 1200 750 600
or, — = -+ - + ——

D (0-73) (0-6y  (d5)

= 303568 + 9645 + 325154 =47217-2
1:5

0T, = fﬂ‘n — (5579 m or 557-8 mm (Ans.)

RN VTR
Example. 12:25. A compound piping systen consisis of 1800 m of 50 em diameter, 1200 m of

40 om diameter and 600 m of 30 cm diameter pipes of the same material connected in series. What
is the equivalent length of a 40 cm diameter pipe of the same material ? State clearly the assumption
(s) made. (N.U.}
Solution. Given . = L. = 1800 m; D, = 50em=05m; L, = 1200 m; D, = 40 cm = 04 m;
L, =600 m; D, = W) em= 03 m.
Equivalent length of a (-4 m diameter pipe of the same material, L :

Refer to Fig. 12-17.

A Vo s e Dy T 0.3m

3 a Y
D.=03m le = (14 m 3 — V., m's
¥ i 1&

|
P800 m < IE}UT'n _}!4 ﬁDme ﬂ
(L} gy tL_r_}

Fig. 12.17
Assumptions : 1. fis constant, and is the same for all the pipes.

2. The head loss due to contraction is ignored.

, L '
L. L. b5 [Eqn.(12/15)
D Dy Dy Dy
L 1800 1200 600
o, N 5 T 7 G
(0-4) {05} (0-4} (0-3)

Using the relation :

Flow through F

Example 1 '-
fank, 13 metres '
Find the time of]

.
Assume f = §
Solution, Did:
Lengih of thd
Area of the el
Friction factog. |
Writing the B4

face at height *4"* 4.

the entrance and ¢

e oy = e T B v

— Gj +
;
(where, /=y
_25H
_:.,;.
=
128

Ul‘, f”f =
y

Let us assume
d# I time dr, then |

12 x 1%

L e, A O, FaeEL b e

o, 180 ¢

of,

Let

12:8, Pipes in P

~ Thepipesare
pipes which again jod
[t may be seen
Thus,
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SIPRL 403
£=1800 <[ 2% a0 600 ,@i |
-5 (3 I
=589-82+1200+252839 = 43182 m(Ans.)
Example 12-26, 4 pipe 150 mm in diameter and 15 m long is connected 1o the botiom of g
tank, 15 metres long by 12 metres wide. T, ne original head over the open end of the Dipe is 3 metres.
Find the nime of emptying the rank ASSURING the entrance to the pipe is sharp-edged

2
Assume f= -0/ in Ay = E‘]fl S {UPSC Exams,]
~ g

Solution. Diameter of the pipe, D= 150 mm =015 m

Length of the pipe, 7 = 15 m

Areaofthetank, = 12 x [5= 180 m?

Friction factor, /=001 o 4 Tank

ﬁ—l-l.-.—-———._—.l-'.—-l--

Writing the Bemoulli’s cquation between the liquid sur- i CEREEERTT

face at height *4’ and the lower end of the pipe, considering _f = |

the entrance and the friction 10sses, we get
2 2

h+15=03% +V + +

2g  2¢

2

V: ooy 001 %15 % p?
2g  2p D15 x 2g

(where, V= velocity of flow in pipe) 150 mm —
2.5p2 diameter

£
E
2g
or, = ."Zg (h + 13)

Y oo2s i

Let us assume that the liquid surface falls a distance

=5

y
dft in ume dr, then Fig. 12.18
12 15 x (- dh) = O-dr '8 14
of, 180 x (~ dh} = (/4 % 0157 « .","Izg {j + 13 dt
| '::I
= 0495 /(A + 15) oy
. / ” 180 ? ak
r, = = —
: (-0495 SR+ 1S
Let, A+ 15=H then

H

12 15
T =— 3636 j—‘ﬁ‘- =-3636 x 2 [VA ], = - 3636 2 15 ~ J20)
oVH
=4357sor 121 hours (Ans.)

2-8. Pipes in Parallel

The pipes are said to be in parailel (Fig, 12-1 9) when a main line divides into two or more paralle]
"es which again join together downstream and continues as a main line. |

it may be seen from Fig. 12-19 that the rate of discharge in the main line is e€qual to the pipes,
Thus, =0 +0, -(12:16)
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When the pipes are arranged 1n parallel, the Pipe |
loss of head in each pipe (branch) is same. DLV W
. Loss of head in pipe 1 = Loss of head 1n (—P 2, —
pipe 2.
v gy AL ARLY A
| Dy = Eg D-j = ng B
! NIV 3 ) 57, —>
When,  f) =/, then D3 by ¥ \
Pipe 2

LV LV
Dy x1g - D, x1lg _

Example 12:27. The main pipe divides into two parallel pipes which again forms one pipe a¥
shown in Fig. 12-19. The data is as follows - |

First parallel pipe . Length = 1000 m, diameter = (-8 m

Second parallel pipe . Length = 1000 m, diameter = (-0 m

Co-efficient of friction for each parallel pipe = G-0035

[f the total rate of flow in the main is 2m3/s find the rate of flow in each parallel pipe.

Solution. Length of pipe 1, L= 1000 m

{1218) Fig. 12.19

Diameterofpipe 1, D =08m
Length of pipe 2, L,=1000m
Diameter of pipe 2, D,=06m
Total rate of flow, 0 =2m’s
Co-efficients of friction, [i=h= 0-003
Rate of flow in each pipe :

Let, 0, = Rate of flow inpipe 1,
O, = Rate of flow in pipe 2, and
O = Total rate of flow (in main line).
Then, 0=, +J, (Eqn. 12'16)
_AALK _4hLYS
Dy x2g D,x2g
f,=f(=000%) and L, = L,{=1000m)
The above equation reduces 10 .

Also, hf

I;IE qu V]E I"rf
== 0Or = =
D, D 08 06
- ] _
or V= 0% vy =115 ¥, v
-6 -
Now, G = 'Z' x Df x ¥,
=L 082 x 115V, = 0578V,
2 2
n ;. m - .
and, Qz'—'EKEET‘Vz:;xD‘ﬁ'*‘Vz:ﬂ'ZM V5

Substituting the values of Q, and O, 1n eqn. {i), we gef
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2=0-578 V,+0-283 Y,

o1 Vy = =232 m's
} (0-578 + 0-283)
Substituting the values of V, meqgn. (if), we get,
or, V=115 % 2:32 =267 s
Hence, O = AV, = E x 08% x 267 =1342 m*s (Ans.)

O =0-0,=2-1342
= 0658 m%s (Ans.)
Example 12:28. A pipeline of 600 mm diameter is |5 kmlong. 16 increase the discharge another
line of the same diameier is in troduced parallel to the first in the second-half of the length. Iff = -0}
and head at inlet is 300 mm calculate the increase in discharge.

Neglect minor losses, [MLU]
Solution. Diameter of the pipeline, D=06m

Length of the pipeline, L=15km=15§x1000=1500m.

Co-efficient of friction, =001

Head at iniet, h=03m

Head at outlet (= ammospheric head) = 0

. Head lost, hf= 03

1500
Length of another parallel pipe, L, (= 1) = " 750 m

Diameter of ancther paralle] pipe, D,(=D}=06m

:.,:_:_:_:u:..:_:_:::::..;5:%:-:‘:::;-'1 L=1500m
T L s
:E:EE:E::Z::EZE:E:EZ::EIEZE::?:'"_'_ 750 m | 750 m

L I I I St

T e S B-—» 0, —C

-——------—----*---—-—-

EE_E,::_::;?*E:E:::::_::,::_:E:E::_::,::_:;:ZJ %’f 50m,D, =06m
\ O, D

L,=750m, D,= 0.6 m

Fig. 12.20
The arrangement of the pipe system is shown in Fig. 12:20.

Increase in discharge :

Case. L. Discharge (Q) for a single pipe of length 1500 m and diameter 0-6 m:
1 he head lost due to friction in single pipe is giver as :

4fLV°

Dx2g

(where, V' = velocity of flow for a single pipe)

_ 4% 001 x 1500 x
6 x 2 x 981

v 03 % 06 x 2 x 9.81
4.x 0-01 x 1500

hf:

-3

i
T = 0243 ms

(UM
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-, Discharge, O=AxV = % < 0-6% x 0-243 = 00687 /s ()
Case. 11. When an additional pipe of length 730 m and diameter -6 m is connected in paraliel
with the last half length of the pipe.
Let, @, =Discharge in first parallel pipe,
O, = Discharge in second parallel pipe,
Q,= Discharge in the main pipe (when pipes are connected in parallel)

Then, Q,=0, " [(Fig. 12:20}
As the pipes in parallel have the same diameter and length,
¢
G =0h= _EE-

Consider the flow through ABC or ABD;
Head lost (due to friction) in ABC |
— Head lost in A8 + head lost in BC ()
Head lost in ABC =03 m(given)
4 x 001 % 750 x V5
06 x 2 x 981
Zp O,

BUT, — = = 354
87 Area (n/4)x 06 <

. Head Lost {due to friction) in AD
4 x 001 x 750 x (354 0,

Now, head lostin A8 =

2
06 % 2% 981 =319Y
Head lost due to friction through BC
4 1LV sc
Dy x2g
4 % 001 x 750 % (177 0,)°
) 061 x 2 x 981
=798 0
[ Vac = @2 G 15 }
area  (m/4) x 0-6° i

Substituting these values in eqn. (i), we get
03 =319 Q% + 798 O;

12
or, Qp =[ 03 } =0:087 m’/s

319 + 798
¢, Increase in discharge =0 — 0
= 0-087 — 0-0687 = 0-0183 m*/s (Ans.)

Example 12.29. Two sharp ended pipes of diameters 30 mm and 100 mm respectively, each of
length 100 m respectively, are connected in parallel between two reservous which have a difference
i tevel of 10 m. [f the friction factor for each pipe is 0 32, calculaie :

(i) Rate of flow for each pipe, and

A The diameter of a single pipe 100 m long which would give the same discharge, if it were
eharrutued for the original two pIpes. [Allahabad University]
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Solution. Diameter of pipe 1, 2, = 50 mm=0-05m
Diameter of pipe 2, D,=100mm=0-1m
Lengthofpipe I, L, =100m
Length of pipe 2, L,=100m
Differenceinlevel, A=10m
Friction factor, (4H=032
(i) Rateofflow for each pipe :

Let, ¥, =Velocity of flow in pipe 1, and

V, = Velocity of flow in pipe 2.

Since the pipes are connected in parallel, therefore the Joss of head will be same in both the

pipes,

For the pipe 7, the loss of head,
ALY 032 %100 x B

10=h, = = = 3262 ¥ v 4f= 032
77D x2g  005x2x98l | (7 47=032)
or, 10 = 3262 ¥
r/ 10) JE.-"E
V= — =055 m's
b ' l3262
" Rate of flow in pipe 1,
Q = AV, = % < (005) x 0-55
= (0-00108 m’/s '(Ans‘}
For the pipe 2 the loss of head is given by,
2 _ V2 J
1= 2le _0320100x 7y on)
Dy % 2g O1lx 2 x 881 -
142
0T, Vg=[ 1Y J | = (+78 ITL'IE.
16:31

. Rate of flow in pipe 2,
0, = AV, = -;3 x 017 x 078 = 0-00613 m°/s (Ans.)

(¢5) Diameter of the single pipe, D ; |
Let, £3 = Diameter of the single pipe,
L = Length of the single pipe = 100 m,
V= Velocity of liquid in the single pipe, and
¢ = Discharge through the single pipe.
NGW: Q= Q[ + Q;r_
=(-00108 + 600613 =0-00721 nv/s

R |
po Q. 000721 000918
A (r/4)x D? D*

Loss of head through the single pipe,

(000918}

032 x 100 x

0=pn - ALV =
! Dx 2g 0= 2 < 981

P e e s o 8 %

e o . ey e s el B
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Fig. 12.21
or 10 = 0:32 % 100 x (0-00918)° _ 00001375
2% 9.81xD° D’
or D= F-'UGOIETST 5 = 01066 m = 1066 mm
10
ie. D=1066 mmn (Ans.)

Example 12.30, A4 250 mm diameter, 3 km long straight pipe runs between two resenvoirs of
surface elevations 135 m and 60 m. A 1-3 km long, 300 mm diameler pipe 1s laid parallel to the 250
mm diameter pipe from its mid-point to the lower reservoir. Neglecting all minor losses and assum-
ing a friction factor of 0-02 for both pipes, find the increase in discharge caused by addition of 300
dlameter pipe. (AMIE Winter, 2000)

Solution. Neglecting minor losses, the application of Bernoulli’s equation between the water

2 . 2
surfaces of the two reservoirs yields {1335 - 60} = Ly - 0-02 x 3000 x ¥
Dx2g 025 %2 %081

Voo (135 = 60) x (-25 x 2 x 9.81
0002 » 3000

.
or, } = 2470 ms
The discharge through the pipeline,

0= E « (0:25)F x 2476 = 01215 m’ /s

In case of altered pipeline (see fig. 12-22) the discharge through pipe section A8 is the sum of the
discharges through sections 8C and 8D, or - -

Q;=QQ+Q3
T 2 T m2yr T 2
of, — DV ==V, + — DiV
i AR Rt A IR |
Dszn = DﬁEVz + Di?Vs '
= DIV, + D{V, - (D

Also, as the end points of sections BC and CD are same (They are in paraliel.),
hfz = hfa

FULRYVE L)y
* D, x 2g D,x2g

il e Rl il e il e T Bt H
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A |
\ C.D
A ! B 2 20mmé  C
V] VE |
250 mm ¢
3 300 mm ¢
v, D
b 12‘ 3 >‘
Fig. 12.22
| sz Vf
or, =
D, D
B D 172 IE
V. = VE X —2
or, 3 ] 2 D, }
172
= VEI e @J i
_ 250
1300 v |
N =535 /2 iy
- Substituting for ¥y 1n (i), we get - |
of, (250)° V. = (250)° V, + (300)° x 2% v,
250
0T, (250)° (M, = ¥,) = (300)* x ﬂ}- v,
250 . |
or, Vi~ ¥,=13774 ),
or, V\=25774V, or ¥,=0388 v,
Again, applying Bernoulli’s equation between the water surfaces of the two reservoirs through

41BC, we get
2 2

Dyx2g

Dyx2g

75 — f(L.-'IE} {I/i2+ VEE}

Dyx2g

(v D, =Dy

e e e & e e e 5, e e = e ] -
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572
_ _002x1300 g2 nagg i)t} = 6116 x 11505 H
025 x 2 x 9.81
x.ll-"l
or, ¥, = £ = 326 m's
6116 x 11505

-. Discharge = E D, = 2— < 0257 % 226 = 016 m®is

. Increase in discharge. =0-16 - 01215 =0-0383 miis or 31-7 % (Ans.)

Example 12:31. A farmer wishes 10
/s of water from a pump. One pipe is 100 mlong and 5 cm

conmon header supplied with 8 x 107 m
in diameter. The other pipe is 800 m long. Determine the diameter of the second pipe such that both

pipes have the same flow rate. Assume the pipes to be laid on lev
for both pipes as (02, Also dotermine the head loss in metres of water in the pipes. (GATE)

Solution. Refer Fig, to 12:23. Given . 0 =8 ¥ 107 misy D, =5cm= 0-05m; L, = 100 mg
, = 800 m; Friction co-efficient, f=0-02.

L= 100m=»

Q, —» D, =5 cm
Q —»
2
@ v
Q; —» D, ="
i l< L. =800 m )-‘ ET—
Fig. 12.23
Diameter, D, ;
& x 10_3 -3 4, .
0=0, +{, [where, O = (h = 5 =4 x 107 m'is {Givenl§
1l
For pipe 1, he = fﬂqu
oDy x2g
where. R .
(n/4yx D} nD;
2
4
4.)(1‘1 }:\: ng-] 3
oo 22 32 fLOF
£ Dy«2g T % Dlj % g
32 f1,05 A

Similarly, for pipe 2, B, = xDir g

Equating () and (i) [since f1;, = hy, ], we get
32 L,00 320

ﬂzxﬂfxg EEKDS‘;{g

connect two pipes of different lengths and diamelers 1o &

el ground and friction co-efficient '}

of water &
increase &8
diameter I8
pipeline of¥
tion, assullk
&
[ i
i
|

S0lus




- et i
i
Flow through Pipes 673
O _ Lo}
or, ==
O LD
. But, ¢ =0, ..{Given)
| Lzﬂlﬁ = QD;
- g 5173 1/5
D ] 05y’ |
or, D, =[| E‘L]—J =| 800 < (0 05) } = 007578 m = 7578 em (Ans,)
L L N 100
Head loss :
3 P 32x0 4 x 1077y?
hy(=h) = 12)‘L1Q_ _ 322002 x 100 x {4 x 1077) 3384 m (Ans)

Tx D x g 1’ % (005)° x 981

Example 12.32. 4 pipeline with diameter (-8 mand lengih 3000 m connects two GPEN Yeservolrs
of water which have their warer surfaces of elevations of 100 m and 70 m above q datunt. In order to
increase the rare of flow between the reservoirs by 20 % it is decided to lay an additional (+8 m
diameter pipeline from the upper reservolr. The second pipeline is 10 be parallel to the originagl
pipeline and is 10 be connected to the latier at Some suitable point. Determine the point of connec-
Hon, assuining thar the friction factor is 0-64 for each pipeline. Neglect minor losses.

(U.PS.C., 1998)

Solution. Refer to Fig. 12:24. Given - L= 3000 n; D=0-8m; /=004

e i T

D= 0.8 m dia.

- L >

D={.8 m

~.Jr Second pipe )j D=08m

! Ly
Fig. 12.24
Point of connection of second pipe,L’:
Head atinlet of pipe = 100 - 70=30m
Cuase I Discharge ¢ ) for a single pipe length 3000 m and diameter -8 m:
The head lost due to friction in single pipe is given as

D=08m

I ;
Y
hf -
1} o= 2g
¢ & 40, (where, / = friction factor
] L.-" —_ — — | h | -
et | 4, » ahe (= 4 x co-efficient of frictian _

EJ{D
4
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PE A ﬂ

.ITI = kﬂDE ’) = S‘fIiQr = _—%i

1= T Dxag  wDxg 120

Qubstituting the values, we get
~0-04 % 3000 x O}

T 12 ¢ (0%
gl

o T
1 4303: 12508 1 _ 190 miis
004 x 3000 |

o1,

T

Case 11, When another pipeline of length L'1s added :
Total discharge, Q,=12¢,= 1-2 x 009 =1-188 m*/s
s

e —

Discharge through each pipeline = >
s = sum of head losses in two pipes

In this case, total head los

e hr = |
e YD x2g Dx2g
/ 2
' Q‘JW
fL e || — 4 _ ' 7 1
or, 30 = b, % / + f{L L_)Ql .
12 D 12 D° |
o 10 = 15 A LI
4%x12 D’ 12 D°

Substituting the values, W& g€l
PO
20 % 12 % {0-8) =L 1’4+ 3000

o7,
004 x (1188 4
20896 = % — L'+ 3000
, L |
1 2= 3000 - 20896 = 9104 .

or, f
L'=1213-87m (Ans.)

oirs have a constant difference of levels of 70 m and are connected by
rs and

e is tapped mid-way petween the reservol

Example 12.33, Two resery
-04 determine the rale at which

2 250 mm diameter pipe which is 4 km long. The pip
ater is drawn at the rate of °04 m3is. Assuming friction factor =

warer enters the lower reservolr.
Solution. Diameier of the pipe, D= 250 mm=025m

Difference of level, h=70m

Friction factor, 4f=0-04
Rate at which water enters ithe lower reservoir :
Let, Q=Discharge entering the lower reservoir. ¥ |
3 pipes
(HCu

Then. discharge at the inlet ={J+ 0-04) m'/s.
\ow, from the application of Bernoulli’s equation, we
h=hs + hy

have | pipes

Ll
P Lrer— -
Gl s T LT - v "
P — T — - N 1
ST LAt Sl L P a— b
A - T T TR TR
Miia ra bl [Epapy— -
. - TS, T LR v
; I LS ST I = pmmmpe, gLy e g .. 4
- . B . B o e el A R H -
L. s FEIRETEL WAF N H
I ) ; J STRRNT ] - -
TR .. . e P A .
N T I o [LCRTT FT R NETEIT FTEE W Y [ " - o "
e R . =t W m L e ream Lkl
P N T TR e v EL ULl . N . "
& LI, . smvEpp— s
Lt A I . . . . . Foo=
I I ) . . e, mwAar=a g . . ]
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Pipe |

Pipe 2

 » Q=010ms

Dy=02m, L. =300m

D o=04m, L =300m

Fig. 12.26
Selution. Diameter of the pipe 1, 2, = 400 mm = ¢4 m
Length of the pipe 1, L, =300m
Diameter of the pipe 2, D,=200mm=02m
Length of the pipe 2, L,=300m
Friction factor for each pipe (4f) = G-Q075
Discharge, O=0.1ms
(i} Pipes connected in series - Loss of head :
. . 01 - g
Velocity of flow inpipe 1, ¥ =— - =0796 m's
(i 4y x 0rd-
4o . 0l ) ,.
Velocity of tlow inpipe 2, J, = - = 3183 mis
(i x 02
. AfLV7 00075 x 300 x 0796
Head lost due to friction in pipe 1 = U= L= bt =01816 m
D »2g 04 x 2« 981
Assuming head lost due to contrachion,
h =k :
2g
l’fﬁl l_ D‘} - - ) —‘
O, ho=033 =!for—= =03k =023 . (from tables) |
2g D )
_ 0-33 = 3185° — 017 m
2 x G-81 :
l , -~ = . R . o]
Head lost due to friction in pipe 2 = ELLE = 00075 = 300 x H185 ] .
=5809m

. Head lostin the pipeline = (1816 = 0-17 + 5-809 = 6-16 m (Ans.)
{(i/) Pipesin Parallel-Loss of head :
From continuity constderation. we have

i
i
L
Fe
E

tr
3
[

|
4
L
!-.
k.
i
L.
[
[
e
:._.
;
1

¢=0, -t

0t =0 +0, .. (Givem)
Pipe 1 o

O,=04m, L =300m

o—> =)
D.=02m, L.=300m
-

Pipe 2 /.

Fig. 12,17
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QOf, (0] =::- % (F4- % V] - E w (27 x FE
={1257 V] 00314 VE

Also, head lost will be same, since the pipes are connected in parallel.

b o SALR _AfLYE
! Dix2g  Dyx2g

But, fi=fandL =L,
2 r2 2
Vl =z Of I/;ﬁ = D1 = 9..4_ =2
'D] DE :-; Dﬂ DE
Or, Vlz = 21«3’?

Substituting the value of ¥, from (1) in (2), we get
v2 - [0-1 - 01257 1, 1

L 00314 |

or, 3197 - 5096V, + 2029 = 0
5096 + \/5096> — 4 x 31 x 20:29
or, y, = N Akl - 097 m's, 0,677 ms
2x 31
Using ¥, =097 m‘s, we have
O, ={mid) x 0-4° x 097 = 01219 m¥’s

Since ¢, = 0, ¥, = 0:97 mv's is not realistic,
Using V, =0-677 ms, we have

O, =(m4) x 0-47 x 0-677 = 0-085 m®/s
Q,=0-1-0-085=0-015 m?ss
_ARLYYE 00075 x 300 x 06777
_D]:w:2g~ 04 x 2 x 9-K1

Head lost

= 0131 m (Ans)

677

A1)

(2)

=2 (3185 — 4¥) =20-20 + 32V — 5096¥,

Example 12'35. The pipes of diameter D and d of equal lengih L are considered. If the pipes are
arranged in parallel, the loss of head for either pipe for a flow of Q is h. If the pipes are arranged in
sertes and the same quantity O flows through them, the loss of head is H. I[fd = 05 D find the
percentage of total flow through each pipe when placed in parallel and the ratio of H to h negleci-
ing minor losses and assuming friction co-efficient to be constant. JUPSC Exanx. ]

Selution. Diameter of pipe 1, D.=D
Length of pipe 1, L =L
Diameter of pipe 2, D, =d

Length of pipe 2, Ly=L

Total discharge =)

D G /—Fipel
S
\\Ed —= ‘\_‘/y

Fig. 12.28. Pipes connected in parallel.

() ——

¢/
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Head lost when pipes are arranged in parallel = /

Head lost when pipe are arranged in series =H

d =0-5 D and f1s constant.

Case L. Pipes connected in “parallel™:

When pipes are connected in parailel,
=0+,

Loss of head n each pipe = #

411V}
For pipe 1 : h = Jhh
Dx2g
4
1‘;"h¢f3, i’; = Q] = Ql 5 - Ql_’
4 (midyx D b
£ 40 N
47L x| Qi] 2
. nD” 32 fLO)
Dx2e 2 D° x g
2 2
For pipe 2 - = "}J"}QE
nwd =g

From eqans. {if) and (i), we have

0RG 320

2 3 3 45
a7 xg wd xg

2 2
or, o _ £
| D@
e N - \Iﬁ 5
or, | QY (DY [ Do
RQ: I'x_ d A '\HD SD.-'"
O, g’ =5567 or Q,=5367(,

Substituting the value of Q, in eqn. (i), we get
Q=3535670,+ 0, =66570,

-AD

iy (v L=D)

(i)

(' d=05D...Given)

{1V}
”.[Frgm(i)]_ L)

0 i
L = = 150
< 6-657 <
and, Q1=Q—D-lﬁ O=0850
Pipe 1
LD 4 Pipe 2
Ld Y
{Q — —» V) —» )

Fig. 12.29. Fipes connected in series.

Case 11, Pipes connected in “series” !
[n this case, total 1oss = sum of head losses in the two pipes

/2 V7
AR ALV
Dx2g dx12g

Flow thrafll

Cr,
Fromg¥

and, r

Bui I|r

Examoil
head being
appropriatey ;".
for the entirk '_
if with the effl

Solutiosf§
I:
Friction
Dia ‘-!-:._
Case L.

But,
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e Q40

(n/dyx D*  abD?
v Q0 4

wiiere,

iy xd? ad
£ a0 RS
x| ] anx( 2]
= nD \7d (Vi)
Dx2g dx2g i
32/L0° | 3207
LI, 1 = 2 5 o I L5
' Tl x £ T“d = g
32 h
From eqn. (i) > Eﬂ’ = —
T x g O
2 h
and, from eqn. (i) 23 5}1 = —
nd” xg O,
Substituting these values in eqn. (1), we get
- 2 2
H:QJ H'ia'i'gz X ;?-_. =’hi{Q1 N QjJ
o 5 & O
.22
R OF O

But from eqn. {iv) and (v)
¢ =085Qand O, =015

H 0? . o°

ho{0850Q)°  (0150)

Example 12-36, 4 pumping plan: forces water through a 600 mm diameter main, the friction

head being 27 m. In order to reduce the power consumption, it is proposed fo lay another main of

appropriate diameter along the side of the existing one, sa that the two pipes may work in parallel

for the entire length and reduce the friction head to 96 m only. Find the diameter of the new main
If with the exception of diameter, it is similar to the exisiing onc in every respect. |

[Panjab University]

= 45828 (Ans.)

Solution, Diameter of single main pipe, D =600 mm=0-6 m
Friction head, hf= 27m

Friction head for two parallel pipes=9-6 m

Diameter of the new main :

Case L. Single main .

- 4/LV*
/ Dx2g
7 - 4A.V°
06 x 2 x 981
vt - 27 x 0-5: 2x 981 _ Lo

But, Vo= —Q-
A
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D=06m

— 3

{a} Single main (A= 27 m)

Pipe |

/ [, =0.6m

//le > ﬂﬂé
C =

Pipe 2 ¢

N ——— §

) Towo pipes in paraliel (= 9.6 m) 4

{—> O

Fig. 12.30
£ - 79461 A1)
A~ .
Case 11, Two pipes in parallel :
Loss of head, hf= 0-6m
For pipe I : ;
4LV
hy = W _ 96
.' Dl =, zg
& _ G
t, L =L K="= A=A
But. ; : 4 P ( 1 )
D =0=06m
4,}(1 w Ql: —= 0.6
06 x 2x98l A
2 96x06x2x98 ,
o, PR ML LES AL T A
A 4
For pipe 2 - ,
4 fL.V
hy = LY g
P Dyxlg
where, L,=LV; = L)
4,
LG g4
Dyx 2g % A
> 96x2x9 o 3
or, O :gﬁﬁ'xgglzél?ﬂ? L(iE)y
DEA.;:" 4 :
Dividing (i) by (i}, we get
Q; _ ?9-46.1 _ 98]
O; 2825
Qr, £ = 167

&
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?
ar, _—— 059
¢ 1-67 ¢
But, Q] + Qz =0
. =0-0, =0-03590=0410
Dividing (i) by (iif}, we get

OF D, x A5 _ 2825

7 b = U6
07 % A” 17-09
: 22
or. QIKDEK(E.fﬁlxﬂig - 06
05 [ﬂ:s"4 x ((:6)° |
Sy ‘-.IE DS
200 D g
L\D-41Q,| (0-36)
2
. . 7 0417 _
Qr, D3 =06 % {036 x ( C = 003755
ﬂ 2 (U-36) '}ng o
O, ﬂ2=ﬂ-518m=518mm (Ans,)

Example 12:37. Fwo pipes A and B are connected in parailel between two points. Pipe A is 180
m fong and has a diameter of 12 em. Pipe B is 120 m long and has a digmeter of {0 em. Both the pipes
have the same friction factor of 0-017. A partially closed valve in pipe A causes the discharge in the
twe pipes o be the same (Fig, [2-31.). Neglecting all other minor losses. caleulate the value of the
valve co-cfficient.

Solution. Giver L,=180mD =12cm=012m; Lp=120m; L= 10 ecm= 01 m; Friction factor;
J=0-017,

Yalue of the valve co-efficient, K :

since the discharges are same in both the

Ipes, —_
PIF ;o S=0.017
AN, =A 0,
Pipe A (180 m, 12 cm dia.)
or, E-x (012 x ¥, = E x (01)? x ¥,
VB='1'44 VA —- Py . .
2 Pipe B (120 m, 10 em dia
Let the losses in the valve be K, - pe> '
lg Fig. 12.31

Head losses in both the pipes are same.

AV KK Ll
D, x2g 2g Dgx2g

0017 x 180 pe ke Fa _ 0017 x 120 x (144)° y y:
012 2g " 2g 010 2¢
25:5+K =42-30

S K =168 (Ans.)

Example 12:38. Rvo pipes [ and 2. each of 1 2 cm diameter branch off from a point A in a pipeline
and refoin at B. Pipe [ is 480 m long and pipe 2 is 720 m long. So total head at 4 is 36 m. A short pipe
10 cm diameter is fitted ar B and the flow is discharged into armosphere through it as shown in
Fig. 12:32. Assuming = 0018 for both the pipes, Calculate

(i) Total discharge, and
Vi) Distribution of discharge in pipes 1 and 2.

Hence,

ta
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Selution. Giver: D =12em=012m; L, =480 m; D, =12cm=0-12m, L, =720m; D), = 10cm=01
m; f=0-018.
{1 Totaldischarge,Q:
As 10 cm diameter pipe is short, the friction loss in it can be neglected.

vy
Hy(=HeadatB) = —
g
2
H,— Hy =36-—-
224
To atmosphere
H,=3om Pipe-1 {12 cm dia. 480 m long)

~2

> Pipe-3
(1) om dia.)

Pipe-2 (12 cm dia. 720 m long)

Fig. 12.32
Consider an equivalent pipe D, = (-1 mand fm_ = (0-018 to replace the parallel pipes 1 and 2.
Then,
I 1
3 ER S T
- )
kgﬂq Lﬁg .ﬂ £1 JG i?)
Since Joo. =N =fand D, =D,=012m
(0110)5-"1 six | 1 1
= (012) + :
(L,,_,q_) V480 720 )
=0-004988 (0-04564 + (-03727)=0-0004136
qasia
L, =|: (919 } = 5846 m
¥ 100004136
As D,, =0-1m, velocityin this pipe=V,=V_,
Vi fey Ly, V?
. Head loss =H,-Hz=36-= f*
2g s X 28
. : 12 p‘
_ 0-018 x 5846 A qpsn
- 0 2g 2¢
2
£ = {1052 +1) = 36
2g

V3=[ xeQEl} = 7-83 mv's

Total discharge, @ = E x (0:10)% x 7-83 = 0-06149 m’/s (Ans.)

(i} Division of dischargein pipes1and 2; Q. 0,
(7-83)"

2 x 981

H,-Hg=36-

= 32875 m = hﬁ = hﬁ

50 em 4R
each 3k
s5ystem B

efficieniy

L,=6

He

Su-;t

of,

OrF,

Ch:;
(D-ﬂr-‘ L,

Thﬂ “E
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2 2 |
SLP Q0IBx480 ) gos
. ‘ _ xll.-"z i
Vi=‘(328?5}¢2>{981x012 | 2003 mys
\ 0018 x 480 ) '

0, = -} x (012)% x 2993 = 0-0338% m>/s (Ans.)

fily Vi _ 0018720 ) vy

Again, = 32873
D, 2g 012 2g
) _ _ ‘ W12
o, v, = 32875 x 2% 981 (312 — 9444 mis
018 x 720

0, = E x (012)° x 2444 = 0-02764 m*/s (Ans.)

(Check : O, + O, =0-03385 + (0-02764 = 0:06149 m'/s]

Example 12-39. Two reservoirs A and B are connected through a piping system consisting of
30 cm diameter, pipe, 450 m long branching two pipes of 35 cm diameter and 25 cm diameter,
each 630 m long. A pump situated at reservoir A pumps (-35 m/s of water through this pipe
svstem to reservoir B whose water surface elevation is 50 m above that of A. Assuming pump
efficiency as 60 percent and f= 0-018, determine the input power for the pump.

Solution. Refer to Fig. 12-33. Given : D, =50 cm=05m, L =450m; D, =35 cm =035 m,
L,=630m; D,=25em=025m,L,=650m, 0 =035m’s; Moy — 00 %05 = 0-018,

Consider equivalent pipe of diameter 0-3 m to replace the two parallel pipes. The equivalent pipe
(‘Dm-* qul,_f;gl] to replace a set of parallel pipes (D,, L,, £,) and (D,, L,, f,) is given by,

Pipe -2 (33 cm dia.) TN
7 — ot /
2 Q—ﬂ&::m:s oo ’
Resevorr / Pump 450 m A i Resevoir
A :j Pipe -1 / B
(30 em dia.) - /
Yy 7 650 m
Fipe - 3{25 cm dia) Xfffffff
Fig. 12.33
1/2 T
[ Dy _[Di } L
feq. "Le:?. fj‘-! Ly kfl LEJ
Here, f;q_ =f =1,

Substituting the various values in the above eqn., we get

[:{05)5 }1;‘2 ) I:({]BS)S -'!1.-'2 *—{025}; —:11 2

L., 650 | TL 650

01768
OT. {LE‘F )1 i d
or, L, =1888 m=Equivalentlengthof 0-5 m diameter pipe to replace the paraile! pipe.
The total equivalent length of 0-5 m pipe is now

= 002843 + G-001226
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=450+ 1888=2338m

[ ¢ = 035 =178 m's
A %x (0:5)2

L e L V70018 % 2338 x (178)]
4 Dx2g 05 x 2 x 981
f,= Total pumping head =30~ 13:39 =63-59m

Power input for the pump,
p o Oy _ 981x 035 x 6359

M pump 36

Note : This question could also be solved without considering the equivalent pipe. First the discharge
through the each pipe is determined and then the total frictional loss is calculated. However, the calculations are
definitely less with the equivalent pipe method.

Example 12-40. (Flow through branched pipes). The water levels in the two reserveirs A and B
are 104:5 m and 100 m respectively above the daum. A pipe joins each to a common point D, where
pressure is 98- 1 kN/m* gauge and height is 83-5 m above datum. Another pipe connects D to another
tank C. What will be the height of warer level in C assuming the same value of 'f for all pipes. Take
friction co-efficient = 0-0075. The diameters of the pipes AD, BD and CD are 300 mm, 430 mm, 600

= 1359 m

~ 3639 KW (Ans.)

min respectively and their lengths are 240 m, 270 m, 300 m respectively, [HT Delhi]
Solution. Forpipe AD: D, =300mm=0-3m
L,,=240m
Forpipe BD: Do =430 mm=043m
L,n=270m
For pipe CD : D p=600mm=06m
Lop=300m
Friction co-efficient for each pipe, /= 00073
Pressure at D, P, =981 KN/m’
Height of water levelintank C ;
The pressure head at p=*2_ 38811 = 10 m of water
W .

100 m

v Datum v y ¥
Fig. 12.34

Fla

or,

or, 35

pipes.

pifpé’. f=

So

plezomety

of,

1~;
Co-of
Dise
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.. The piezometric headat D=83-5-10=93-5m “‘“
Head loss between 4 and D=1045-93-5=110m

Head loss between Band D=100-535=6-5m

Using Darcy-Weisbach equation, we get

- 007 2
For pipe AD - 11:4./'1.4BVAU :4KDDUI5:‘{24D:{ Vin
Dypx2g 03 x 2 x 981
or, 2o 1= 0 HEKQSI:S-QQ_
' 4 x 75 x 240
or, V.n=3ms

4 x 00075 x 270 x V5
For pipe BD : 6~5=4ﬂ‘ﬂﬂVﬂﬂ=4“{}OD 5 x 270 x Vap

Dyn»2g 045 x 2 % 981
. 5 45 :
or, P’Eﬂ=6”xﬂ4 HxeEiSl:?_Ogﬂ
4 = 30075 = 270
Or, Vip = 2-06 m's

From continuity considerations, we have
| Qunt Cap=Cep |
o, Op = ({4 x Dipy x Vg + (i 4)x Dipy % P
= () % (0-3)% % 3 + (m/d) x (0-45)7 x 2:66 = 0-635 m’/s
. Velocity of flow in pipe CD,
Orr, 0635
(i) x Dy (mid) x 06

Ve = = 224 mis

. dfLepVip 4 x 00075 x 300 x 2-24°
Head loss in pipe CD = Sepbep - 2xY ¢ 00 x 2 = 3§ m
Dy x2g 6 x 2 % 981
©. Water level in tank €' =93-5—2-84 = 8§9-66 m1 (Ans.)
Example 12-41. (Flow through branched pipes). Fig. /233 shows three reservoirs connected by

pipes. Bach pipe s 300 mm in diameter and 1500 m long. Assuming co-efficient of friction for each
pipe. f=0-01 find the discharge in each pipe.

Solution, Diameter of each pipe, D, = D,= 0, =300mm=0-3m
Lengthofeachpipe, L, =4,=L,=1500m

Co-efficient of friction for each pipe, /=01

Discharge in each pipe: |

To 1ind out the direction of flow in pipe 2, let us assume that no flow occurs in pipe 2. That is, the
piezometric level is 30 m,

.. Head loss inpipe 1, /iy =70 -30=40m

4LV
Also,  h, = Vi
| D]K zg
4o - 4 001 x 15001
03 =2 x 98]

40 x 03 x 2 x 98]
4 x 001 x 1500

or 2 = 3924

P T B R Al R L |
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T0m

Fig. 12.35
T V,=1-981ms
.. Discharge through the pipe 1,
T
Oy =AWV = 7 0P 1981 =014 m's

Again, head loss inpipe 3, /iy =30-15=15m

BUI, .I'!if :ﬂ_jf/}_
P Dyx2g
|5 o X 001x1500 x V7
03 x2x08]
or Vf _ 15% 03 %2 %x09R1 _ 1471
4 % 001 = 1500
ot Fi=1213ms

.'.JDischa:rge through the pipe 3,

0,=4,V,= E % (:32% 1:213 = 0-0857 m¥/s

Since O, > O, the direction of flow is from J to B,
Constdering the flow from reservoir 4 and B, we have
(70— 30) = Head loss in pipe | + head loss in pipe 2

V2 2
Or, W=he +h, = L + -—-—__4fLEV3
” * Dix2g Dyx2g

_4x001x1500 x 1 4 % 001 x 1500 x I/

40 . _
03 % 2981 03x2x981
or, 40 =102 (7 +v1)
or, W o+ Vi = i 392
T 102
or, vy = /392 - 12 ()

Similarly, considering the flow from reserveir 4 to ¢, we have
W-15= fg + hy.
_ ALY A _ 4x001x1500 x 1}’ . 4x001x1500 x Iy
i< 2g Dyx2g 0-3x2x98] 0-3 % 2 x 381
or. 55 =102 (1 + 1)
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55
or, AR =00 >
or, ¢ V, = /539 — 12 (i)
From continuity considerations, we have
=Y
AV, =4V, + A7,
But, A, =A,= A, (v D =D,=D,)
' | V=V, +F, | (i)
From egns. (i), (¢{) and (iff), we have
V=392 — ¥+ 539 - 172 ()
By trial and error, we get, ¥, =19 m/s
Fromeagn. (7) ; Vy, = \/3-92 ~16° =056 m/s
From (i) : V= \/5-39 — 9% =134 ms
Thus, O, ={n4)x 03 x19=0134m’/s (Ans.)

0, = (n/4) 0-32 x 0-56 = 0-0396 m’/s (Ans.)
0, = (7/4) * 0°3% x 1:34 = 0-0947 m*/s (Ans.)

Example 1242, Fig. 12-36 shows a pump supplying water from a sump af elevation 20 m fo g
reservoir at elevation 30 m through a pipeline of 0-5 m diameter and length 1000 m, f= 0-005. At
mid-length a branch pipe 3 diameter, 500 m long, f= 0003, discharges free at elevation 25 m at the
rate of 025 m*/s. Determine .

(iY The discharge into the reservolr,

(ify The pressure to be maintained by the pump, and

(ifiy  The power of the pump assuming an overall efficiency of 70 per cent.

Solution. Refer to Fig. 12-36.

Given D,=05m, L,=300m
D,=0-3m, L,=500m
D,=03m, L,=300m

. ‘*uf‘rﬁi.

Fig. 12.36
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Co-efficient of friction, S =AL=5=/=0-005
Dischatge through pipe 3, Q,=0-25m’’s
Overall efficiency, Mg = 70%.
() The discharge into the reserveir, Q,:
Energy at the joint J,
E,=E (energyat8)+ {hf}m
{ 2
Pg 3 .
=| = 4 =tz |+ (B))
L W ig 5 8

pe (Vi AALY

i

T *Zg s Dyx2g

25

(025 Y ! [ 4 % 0005 x 500
= X i+ S+
403" )  2x98l 03 J

=0-637 (1 +33:33)+25=46-87m

Head loss, /7, =4687-30=1687Tm

45 LVE  4x 0005 x 500 x V5

ie 1687 =
Dyx2g 05 =2 x 961

(1687 x 05 x 2 % g_glx}]:’?

_'!k 4 % 005 x 500 /l
0, =(x/4) x 0-52x 4-07=0-8 m*/s (Ans.)
= t0, =08~ 0-35 = 1-05 nitis

2 aas =132
Head loss, A, = /Ll Sl 2905 x W x 03] o 2817 m
' Dixlg 0-5x 2 x 91

05 y
[ Fy = 2 1o = 535 ms |

= 407 m's

Qr, . V2

sk

A (n/d)x 05 )
Applving energy equation between the sump (5) and the junction {J), we have
Eg+H,=£; +
0+0+20+ Hp=46-8?-‘-29-1?ﬂ?6~ﬂ4m
H,=56:04 m
() The pressure to be maintained by the pump, p:
p= H-‘Hp = 0-8]1 x 56:04 = 5497 KN/m* (Ans.)
{{f) The power of pump, P :
wQOH, 981 x 105 x 5604
N 07
Example 12:43. (Pipe networks). Fig. /2:37 shows a network in which O and h,rvefer to dis-
charges and pressure drops respectively. Subscripts 1, 2, 3, 4 and 3 designate respeciive values i

pipe lengths AC, BC, CD, DA and AC. Subscripts A, B, C and D designate discharges entering o-
‘eaving the junction points A, B, C and D respectively.

P = = 824-6 KW (Ans.)
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By sticking to the values given in the figure find the following discharges Ug, &y, Qyand Qy

and pressure drops Ny, and hy and give these computed values at their respective places on a neat

skerch of the network along with flow directions. [GATE]
="
= N} QE '
2 \ ¢ =30, 4y =060 /
A B
Qf = 5
Q4=1? "'é{?%? sz?
;!.?'l = ' }{.IE. = '4'D
D — C
/ O, = 40, hy, = 120
0, =100 0. =30
Fig. 12.37

Solution. At junctions, ZQ =0

i.e.. Discharge entering the junction = Discharge leaving the junction

At junction D Op=0,+ 0,
or 100 =40+ O,
or Q,=100-40 =60
At junction A . P, =Q,+0,+0,

60=20~30+0,
N ¢.=60-20-30=10
At junction C » O+ + O, =0

...leaving the junction

..leaving the junction

40+10+Q,=30
A 0,=30-40-10==-20 ..ieaving the junction C
At junction B . t0.=0,
30-20=0,
ie, Q,=50 ...leaving the junction 8
For each elementary circuit, Zh, = 0
Circuit ABC :
(=20 25 =30
=30, 1, = 60
\A 0, iy, B/
>
> | S
£ N ¥/ y &
Eh F 3 ’ S -‘\:*
I ~ =
- S
-
D 0, =40, Ay, = 120 C\
Cp= 10 e=30

Fig. 12.38
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60 — 40 - 4 . =0
Circuit ACD :
hr +20-120=0
kﬁ = IDD |
The calculated vlaues and the flow directions are shown in Fig. 12:38,

12.9. Syphon

A syphon is a long bent pipe emploved for carrving water from a reservoir ai a higher elevation
10 another reservoir at a lower elevation when the two reservoirs are separated by a hill or high level
ground in benveen as shown in Fig. 12-39.

Summit

= = — 7 o Em omm R L mm mm
T e e —————
el e T T g —

————————————
i e pra—
o NP ke e e =
ol —————
S wpergr g —
el ————— i —

R R —
- — — — e - = o o momm
A ol e Ly e
T T Em T - e e Ee E .
Tl g —y————- i ———
o - - = o o o O e o

Reservoir

—————————————
—r - A e ey o - .
-----‘—-—----_.—-
—————————————
i i A B T S —
M e omr EE . R Ly o omm mm am e
—————————————
—————————————
il I T el —
_____________
—_—— o Em am o — — — o omm — ]
--------------
o — rwr wm Em ommoEm — —)
—————————————
N L — o wr mr EE EE o

Reservolr

Fig. 12.39, Syphon,

The highest point (5} of the syphon is called the surnmit. The pressure at the point S is less than
anmospheric pressure (since S lies above the free water surface in the tank 4 ). The pressure at S can
be reduced theoretically to ~ 10-3 m of water but in actual practice this pressure is only — 76 m of
water (or 10-3 — 7:6 = 2-7 m of water absolute), When the pressure at 5 becomes less than 2-7 m of
warer absolute, the dissolved air and other gases would come out from water and collect at the sum-
mit. Therefore syphon should be so laid that no section of the pipe will be more than 7.6 m above the
aydraulic gradient at that section. Moreover, in order to limit the reduction of the pressure at the
sumnut the length of the infer-leg (rising portion of the syphion) of the syphon is also required to be
limited (this is so because, if the infer Jeg is very long a considerabie loss of head due to friction is
caused, resulting in further reduction of the pressure at the summit),

Example 12.44. Two reservoirs, having a difference in elevation of 15 m, are connected by a
200 mm diameter syphon. The length of the syphon is 400 m and the summit is 3 m above the water
level in the upper reservoir. The length of the pipe from upper reservoir 1o the summit is 120 m Ifthe
co-¢efficient of friction is (-003, determine

{1} Discharge through the syphon, and
(i} Pressure at the summir
Neglect minor losses.
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Solution. Diameter of the syphon, D =200 mm =02 m
Length of the syphon, L =400 m
Difference in level of the tworeservoirs, F=15m
Height of the summit from upper reservoir, z=3 m
Co-efficient of friction, /=0-005
{{y Discharge through the syphon, Q :

Applying Bernoulli’s equation to points 4 and B, we get,

> 2
- V ] r
Ps +~&—+ zZy = Pp B zg + loss of head due to friction from A to &
w o 2g w  2g
OT, {]+U+:-:A=D+D+zﬂ+hf
[ p,=py=amospheric pressure, and V =V, = 0]
or, zﬁ+33=kf=15
2
But, he = LY {(where, V= velocity of water in the pipe)
Dxlg

Reservolr

Rezervolr

Fig. 12.40

_ 4 x 0-005 x 400 x V'*
T 02x2x98l
2 _ 15x02x2x 9.8

ob T4 % 0:005 x 400
or, J'=2-7m's

15

~. Discharge, O = Area * velocity

;%E&fxzq=uﬂmsm%sLMm}
(i) Pressure at summit :
Applying Bernoulli’s equation to points 4 and 5, we get

vy V2
Fa Y4 +f,4=p5+ 3
w  2g w  2g

+ loss of head due to friction between 4 and S
(... assuming datum line passing through 4)

+ES

- RS L P s ep—— — —— TR T s T ..
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7 : 7y
ve0woo s, 2T s Ax 0005 %120 % (27)
w2 x93l 02 x 2 x 81

0=25 . 027+3-446=5 272
W W

5~ _ 783 m of water {Ans,)

1?1!
Example 12.45. 4 200 mum diameter pipe, 4001 i long connects two reservoirs whose surface
levels differ by 40 m. At a distance of 400 m from the upper resenvoir, the pipe crosses a ridge the
summit of witick is 9 m above the level of water in the upper veservair. Determine .

(1Y The minimum depth of the pipe below the summit of the ridge, if the absolute pressure head
at the summit of ssphon is not to fall below 3-0 m of the water (absohite).

(iiy The discharge through the pipe. |
Take co-efficient of friction = (1006 and armaspheric head = 103 m of warer. Neglect minor
losses.
Solution. Diameter of the pipe, 2 =200 mm =02 m
Total length of the pipe, L = 4000 m
Lengih of syphon from upper reservoir to the summit, L, =400 m
Difference inlevels of two reservoirs =40 m

Ridge
o m Svphon
o (0.2 mdia.}
o

¥
Gm A
. RN
i
> a0 m
vy, B
Fig. 12.41

Friction co-efficient, f= 0-006
Atmospheric pressure head = 10-3 m of water

Pressure head at C, Ps _ 3.0 m of water {(absolute)
W
(3 Minimum depth of pipe below the summit. y ! -

Let, y = Depth of the pipe below the sumput of the ndge.
Then, height of syphon from the water surface in the upper reservoir = (9 — y)
Applying Bernoulli’s equation at 4 and B (taking datum line passing through B), we have

Vi - Vs _
P4 + A +;A = Ps + i +33 +(hf)_4~ﬂ
wo 2g wo 2g |
41LV?
0+0+40=0+0+0+L o Vy=he=0)

D x2g

4 0:006 x 4000 x V'
(-2 = 2 =x 9R]

Ql, 4{
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{40%x02x2x9.81
40 % 0:006 x 4000 |
Now applying Bernoulli’s equation at 4 and C (assuming datum line passing through A4),

I

Bi2
J = 1278 m/s

we have
Py V,Q;E Pc Vg
+- +2, = + ==+ 2. + (A
wo 2g Yy 2g e+ y)se
2 2
10-3+D+U=3-0+E—+(9—y)+4ﬂf'V
| 2g Dx2g
. 2 ‘ ATo L
or. 10_3:3+{12?8) +(9_y)+4xﬂ006_:-: 400 < (1-278)
2 x 98] 02 x 2 x 98]
=3+00832+{(9-y)+300
or, y=577Tm{Ans.)

(7)) The discharge through the pipe, Q:
Q=A}::V=E-x{}2: x 11278

= 004 m’/s (Ans,)

Example 12-46. Hater from a main canal is syphoned to a branch canal over an embankment by
means of wrought iron pipes of 90 mm diameter. The length of pipeline up to the summit is 25 m and
the total length is 65 m. Entry loss may be assumed asone-half of the velocity head in the pipe.
Assume friction factor, f=0-03. Water surface elevation in the branch canal is 10 m below that of the
main canal.

(1) If the total quantity of water required to be coneyed is 0-06m*/s, how many pipelines are
needed ?

(31} What is the maximum permissible height of the summit above the water level in the main
canal so that the water pressure at summit may not fall below 20 kN/m? absolute, the baro-
metric reading being 10 m of water ? (UPSC Exams,)

Solution. Diameter of the pipe, D =90 mm =09 m
Total length of the pipeline, £ =65 m
The length of the pipeline up to the summit, L =25m

2
Entry loss = 005 —

2g
Friction Factor, f=0-03

g Syphon
1 .
o,
fi 5}%
T Yo SN |
N t
p 0y 10 m

Main canal

Branch canal
Fig. 12.42
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Total discharge Q = 0-06 m°/s
Pressure at the summit, p. =20 kN/m’ absolute
Atmospheric pressure head = 10 m of water,
(} Number of pipelines needed :
Applying Bernoulli’s equation between water surfaces (1 and 2) of two canals, we have

2 2 2 2 2
AL h +z,:£+f3—+zg+0-5y A
w o 2g W 2g 2¢ D=x2g 2g

= , 003%65 < V7
2g 009 x 2¢g

0+0+10=0+0+0+15

‘ 2
or, 10=231?V (v ¥V, =V,=0)
ig -
. PORNTS
o V={I{}x2:s:931] _ 291 ms
2317

(where, I =velocity of flow through the pipe)
Discharge through a 90 mm diameter pipe,

T
= 2 x 0-092 x 2291 = 00185 m’/s

Number of 90 mm diameter pipes required to convey 0-06 m*’s
006
= —— =324, sav 4 (Ans,
0185 4 [ )
{{i) Height of the summit, b :

Invoking Bemoulli’s equation between water surfacel and the summit point S

2 7 3 3
* y
po Y +21=P5+V5 +ES+I}5V .
' Zg "W ‘Zg zg D}{zg
: 5]72 . 2
010s0=20 K, 0 003x25xV
981 2g 2g 009 x 2g
. 014 , 142
or, 10 = 2038 4 222, 00325 < @9
2 % 981 009 x 2 x 981
or, 10 = 2:038 + 0-647 + h + 3-596
Or, =372 {AHS:)

12-10. Power Transmission through Pipes

The transmission of power through pipes carrying water or other liquids 18 commonly used for
working of several hydraulic machines. The hydruaulic power transmitted by a pipe however de-
pends on (¢} the discharge passing through the pipe and (#) the total head of warer (or hiquid).

Consider a pipe AB connected to a high level storage tank as shown in Fig. 12-43.

Let, H= Head of water available at the inlet of pipe, m,
L = Length of the pipe, m, oS e Tank
D= Diameter of the'pipe. m, ~= H
V= Velocity of water in the pipe m/s, i A _l:liﬁ B
f= Co-efficient of friction, and
hf= Loss of head in the pipe AB, due to friction, m. «— L _)-‘
Weight of water flowing through the pipe per second Fig. 12.43

=w=wAdV (i}

other

or, §
o
It :

fhfpf -

7~ |

mum effl
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canals, we have

R 8
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(where, {) = discharge of water through the pipe, m*/s)
and, net head of water available at B (neglecting minor losses)

2
Dx2g
Also, the efficiency of transmission,

H_hjr

H
{Weight of water ﬂnwingf'sec}
p - % head of water LW
1400
= wQ (H~h) kW

(where, w=9-81 KN/m’ for water)

‘r‘|=

and power,

£ r2
=wdl | H - 4_}1? kKW
Dx2g
3
=wd | HV - LV kW (¥
Dx2g

It1s evident from eqn. (#i) that power transmitted depends upon the velocity of water {¥),as the
other things are constant.

. Power transmitted will be maximum, when

) _
dV
¢ 3y
of LA H=A‘HV—4fLV =0
’ Vi Dx2lg )]
{ 23
. 4 H_4x3_;lV -0
’ Dxlg
or, Ho3x Y o
Dx2g
4LV*
—_ = '1-'}1 -
or, H 3‘!’; 0 | [ 52 EKQ.EJ
Qr, | H=3hf
H
O, h. = —
F o3

It means that power transmitted through the pipe {s maximum, when head lost due to Jriction in

!
the pipe is equal 1o 7 af the total supply head.

The maximum efficiency would correspond to the maximum power transmitted and hence maxi-
mum efficiency,

H
g 2

3_3
H H

H

n = = or 667%

L | b
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Example 12:47. 4 2300 m long pipeline is usedﬁ:r transmission of power. 120 kW power is o be
rransmitted through the pipe in which water having a pressure of 4000 kN/m” ar inlet is ﬂ{}wmg If
the pressure drop over the length of pipe is 800 kN/m” and f = 00006, find .

(1Y Diameter of the pipe, and
(ily Efficiency of transmission.

WIRT Fig. 12-44 o3
Solution. Length of the pipeline, L = 2500 m
Power transmitted, P=120%kW
Pressure at inlet, p =4000 kN/m’
_ P _ 2000 . 4077 m
W 81
Pressure drop = 800 kN/m’ 3
200 Let, D=g
. Loss of head, ;;Jf:m_g]gm .4
. Co-efficient of friction, f=0-006. g
(/) Diameter of the pipe, D 4 :
Head available at the end of the pipe, // —/,= 4077 - 81-5=3262 m o
Now, power transmitted is given by : P=wQ ({{ - A f) kW J= i
© 120=9-81 x O % 3262 H=
where, O = Discharge through the pipe in m°/s, and Head lost deff
and,” w = Specific weight of water = 9-81 kN/m’ §
120 o i
= = 00375 m/ : I
¢ 981 x 3260 m /3 . Head ava 3
- T L
But, Q=7 DixV
Assuming thi
Dﬂs?s:%DExV .
00175 4 0047 Total head agf}
or, - ; 3?52}5 — '{}42.-"? ":;) i
=) D 3
The head lost due to friction, hf = 5 P From contir [
But, hf——- El-3m (calculated above) :
ap.s 4% 0006 x 2500 (0-0477/D%) (where 4 and
D x 2 x 981
) of,
4 % 0-006 x 2500 x (0:0477) S
oh 819 = D% % 2 x 98] Substituting §
. _ 2
or, DS 4 % 0006 x 2500 » (0-0477)
815 x 2 x 98l
or, D=01535m or 153-3mm {Ans.)

{i7) Efficiency of transmission, 1) :

H-h =80
n= £ _ 4077 3_15 ={-8 or 80% (Ans.)
H 4077
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5 12:11. Flow through Nozzle at the End of a Pipe |
0 be e . .
o If : Refer o Fig. 12-44. A nozzle is a tapering mouthpiece, which is fitted to the cutlet end of a pipe.
| The total energy at the end of the pipe consists of pressure energy and kinetic energy. By fitting the

nozzle at the end of a pipe, the total energy is converted into kinetic energy. A high velocity is
required 1n the fields of power development, fire fighting, mining, etc.

Fig. 12-44 shows a nozzle fitted at the end of a pipe connected to a reservoir.

wozzie

Jet
o '

§ 4 “‘
D ———— NV — - - - - - -1 Y
. SN

Fig. 12.44

Let, D= Diameter of the pipe,
L= Length of the pipe,
d = Diameter of the nozzle,
¥= Velocity of flow in pipe,
v= Velocity of flow at the outlet of the nozzle,
f= Co-efficient of frictron for the pipe, and
= Height of water level in the reservoir above the centreline of the nozzle.
Head lost due to friction in pipe,
4fLV*
Dxlg
.. Head available at the base of the nozzle

J'ETJIr=

47LV°
= - hf =H - ﬁ
Dxlg
Assuming the minor losses and losses in the nozzle 10 be negligible, we have :
2
k%
Total head at the nozzle outlet = P
&

viooaavlt

H = hr -+ = - {!)
© 2g Dx2g 2¢
From continuity consideration, we have
AV =av
(where 4 and & are the areas of the pipe and area of the nozzle at outlet respectively)
O, b= av
A
Substituting the value of V' in egn. (§), we get,
4 £7.002 2
i = JLatvy - Vo
Dx2g x4 12g
v+ 448
2g D x A4°
2
v= | 2eA (12.20)

3
V|1+4ﬂ_ y aj
i A4
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.. Discharge through the nozzle =g x v
12-11-1. Power Transmitted through the Nozzle

Mass of liquid flowing per second at the outlet ofthe nozzle, m = pav
The KLE. of the jet at outlet of the nozzle

—-l-mvz —l::: pay % v ~lpav3
2 2 2

: |
. Power avaiiable at the outlet of nozzle = > pav3 watts

Also, power available at the inlet of pipe = wOH
. Efficiency of power transmission through the nozzle,

1 3
0= Power available at the outlet of nozzle - pav
Power gvailable at the inlet of pipe - wQH
But, w=pg and @=av
13
N = E‘Dm T [ 1
pgxavxH 2gH L AL g L{12:21)
A
_ -
Vo= =g - ~egn. (12-20)
[+ 4 L y a?
i D4 )
12°11-2. Condition for Transmission of Maximum Power Through Nozzle
2 2 2
1 ;
We know that, Heh ¢ 23 0
2g Dxlg 2g
2 2 |
or, R H - ALY
2g Dxlg
But power transmitted through the nozzle,
1 ;1 2
P = — IV = == O3y o=y
2 P 2 g
I f agv?)]
=—pau{2g[h’- L ‘
2 RS Dx2g J
2
cwav| B - V] L(1222)
. Dx2g)
From continuity consideration, we have
AV=av or V = av
A
Substituting the value of Vin eqn. (12-22), we get
4 e
: 4 BAV R,
Power transmitted through nozzle, P = wav | H - JLxaty W [12:22{a)]

[ szngEj

M,

Flow through ¥l

Power irangh

or,

o,
of,

or,

The eqn. (1
due to friction iffh
12:11-3. DHl§

We know il |

But,

For continuif

or,

Eqn. (12-24)
power trans ~q

Substituting §

or,

Tty ¢ p— Ty, o —
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Pawer transmitted wili be maximum, when d_‘n =)
dv
M 2.2
ifuav H — 4/L Rl -‘=U
dv © Dx2g 4°
2.1
O, i we | Hv - 4L x i -’ =0
dv Dx2g A )|
| 2, 2
o, Ho3xHL L p2iog [ ¢ =V2]
Dx2g A
or, H=3h=0 . By =20
! L Dx2g
- H
oI, hy = EY (12:23})

The eqn. (12-23) indicates that the power transmitted by a nozzie is maximum when the head lost
due to friction in pipe is equal to one-third the total head supplied at the inlet of pipe.

12:11-3, Diameter of the Nozzle for Transmitting Maximum Power
2

We know that,  H = A, + —
28
But, H= 3hf [From eqn. (12-22}]
N g
Bhf = J'Elf +— Or th:—
2zg 2g
2x4fL pe N 37
Dx2g 2g
For continuity considerations, we have
AV =av or Vo= ﬂ
A

2 x 4fL x a*v? _vl
DxZg::-:AE 2g

4* 8 :
or, MR A B (12:24)
i D a D

Eqn. (12-:24) gives the ratic between the areas of the supply pipe and the nozzle for maximum
POWET Tansussion. |

Substituting the values of 4 and ¢ in eqn. (12°24) and squaring both sides, we have

- ot

Zx p?

4 _8/L

Exﬂ': D,

\ 4 J
Dt 8

or, = It or D°=8&fLd*

d I

E'S 1/4
d = [—J (12:25)

L Py LI
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Example 12-48. A nozzle is fitted 10 a pipe 1 20 mm in diameter and 250 m long, with ca-efficient
Or, ¥

0007854 18 x 0-01 x 300

{ = 15492
a \ 0]

of riction as U-01. If the available head at the nozzle is 100 m find the diameter of the nozzle and the
maximum power transmitted by a jet of water discharging freely out of a nozzle -
Solution. Diameter of the pipe, D = 120 mm=0-12 m Also, 38
Length of'the pipe, L=250m N
Co-efficient of friction, /= (-01
Head of water, F= 100 m. Disch
(/) Diameter of the nozzle for maximum power, d : ‘ y
Usmg the reiation :
[ s 18
d =|—— [Egn. (12.25 -
-SﬂJ | (Eqn.( . E xandgh
_ 5 ‘4 diameter, &
12 diameter &8
= = 00334 ,
8 x 001 x 250l 334 m or 334 mm that the mil
Le, d=334mm (Ans.) Solu II-
(/i) Maximum power transmitted by the jet, P : ;en
. Rl |
: - - H !.
We know that for the maximum transmission of power, the head lost due to friction . = 3 Frictuglg
Diamsj
- , . 0 |
oo Available head, & = 100 - 100 = 20 = 6667 m
<. Velocity of water through the nozzle, Head A
v=2gh = \[2x 981 % 6667 = 362 m's Appiit
Now using the relation, P = wH, we have (" O=av) 5
P=wavH
= 981 x % % 003347 x 362 x 6667 = 2074 kW or,
ie. P=20T4 KW (Ans.) whercl}
Example 12.49. Find the maximum power transmitted by a jet of water discharging freely out of !
nozzie fitted 1o a pipe 300 m long and 100 mm diameter with co-efficient of friction as 00-0f. The _
available head at the nozzzle is 90 m. [Panjab University] A 3
Solution, Length of the pipe, £ = 300 m o
Diameter of the pipe, D=100mm=01m
Area of the pipe, A= E x 0-12 = 0-007854 m?
Co-efficient of friction ., =001 (Negah
Head available at the nozzle, /=90 m
or
Maximum power transmitted, P ; ?
Let, @ = Area of the nozzle.
e or,
Also, 4. II'E___
a YD
or,
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0-00783:
or, a4 = FD 833 00005069 m?
| 15497

Also, = —

90 = -;— or v =90 2 x 981 = 4202 m's
&
Discharge through the nozzle, 0=av=0-0005069 x 42-02=0-0213 m*/s

- Maxumum power transmutted,
P=wh=981=00213=x90kW=1I88kW (Ans.)
{*" w=981 kN/m’)
Example 12:580. 4 fire engine supplies warer to ¢ hosepipe, 75 m long and 0-075 m in
diameter, at a pressure of 2194 kN/m® (gauge). The discharge end of the hosepipe has a nozzle of

diameter d fixed to it. Taking friction fuctor as (4032, determine the diameter d of the nozzle, so
that the momentum of the issuing jet may be a maximum. (UPSC Exams.)

Solution. Diameter of the hosepipe, D =07 m
Length of the hosepipe, L=T73m |
Pressure of water, p =294 kKN/m’ (gauge)
Friction factor (=4 =0-032
Diameter of the nozzle, d:

2

4LV 0032 xT5x V7 3217

Head lost in the hosepipe, A, =

Dx2g 0073 = 2¢g 2g
Applying the continuity equation to the pipe and the jet, we get
O=AV=av
T v ;
0T, *.::AV=:?"M£j - :;f{}'Dﬂ?ﬁjz 4
a L. v
where, d = Diameter of the nozzle, 3

a = Area of the jet, and
A = Area of the hosepipe.

Applying Bernoulli’s equation to the hosepipe at the fire engine and to the nozzle jet, considering
the hosepipe and the nozzle to be in the horizontal plane, we have

2 -
224 V aael Y, 0 = /i, (head lost in the hosepipe)

| 981 2g 2g
(Neglecting the energy loss in the nozzle, being very small)

v Coorsyt v aap?

30 + — =1 +
o 2¢ L d ) 2g 2
) ey 4 _
or, 3(}:5_{32%(0011 ~1
2g \d ;]
or. o ’3%”9-81

(0075
VT ]
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Momentum of 1ssuing jet,
075} 2
M =pQv = 1000x {n/4 x (0:075)° x V} [%] V = 00248 Z_"—
Substituting for ¥, we get
by 2 Q02481 30x2x981 1 14:6
d* |31+ (D{}?Sfd)‘*J d* [31+ {0075/ d)*]
For momentum to be maximuim, i%f_ =0
d
-
A1 {31 + (DGTSJ =9
dd d ]
- e
or, E-[31a’2+ﬂm5 =0
dd d*
. 4
or, 624 - 2299 _
d3
or, 62d* - 6328 x 107 =0
6328 %107 )
o, d =[ = ) = (003178 m or 31'78 mm (Ans.)

12.12. Water Hammer in Pipes

In a long pipe, when the flowing water is suddenly brought to rest by closing the valve or by any
similar cause, there will be a sudden rise in pressure due to the momentum of water being destroyed.
A pressure wave is transmitted along the pipe. A sudden rise in pressure has the effect of hammering
action on the walls of the pipe. This phenomenon of sudden rise in presssure is known as water
hammer or hammer blow, The magnitude of pressure rise depends on :

() The speed at which valve is closed,
(il} The velocity of flow,
(17i)  The length of pipe, and
(v} The elastic properties of the pipe material as well as that of the flowing fluid.

The rise in pressure in some cases may be 5o large that the pipe may even burst and therefore it
1s essential to take into account this pressure rise in the design of the pipes.

12-12-1. Gradual Closure of Valve

Consider a long pipe carrying liquid (Fig. (12-45)} and provided with a valve which is closed
gradually.

o« L

|
; L
_— R

Fig. 12.45. Water hammer.
Let, A4 = Area of cross-section of the pipe,
L = Length of the pipe,
V' = Velocity of flow of water in the pipe,
{ = Time required to close the valve (in seconds), and
p = Intensity of pressure wave produced.

b
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The mass of liquid contained in the pipe is = pA4L
Assuming that the rate of closure of the valve is so adjusted that the liquid column in the pipe is

brought to rest with a uniform retardation; from an intial velocity ¥ to zero in time ¢ seconds, we have,

! ! :
.. The axial force available for producing retardation

Retardation of water = il — v

= Mass x retardation

2 |
= ]_‘}AL X — . '"{i}
!
Also force due to pressure wave is = p 4 . (#F)

Equating the two forces given by eqns. (i) and (71}, we have

pAL}:K:pr
!

LV
or, p = %— L(12:26)
'
. Head of pressure, H=2£ pLY = pLY = L
W owxit  pgt gt
LV
le., H=-— w1227}
gt
(1) The closure of valve is said to be graduai when ; « % . K12:28)
(if} The closure of valve is said to be instantaneous when ; ~ E (1229}

where, C = velocity of the pressure wave,
12-12:2. Instantaneous Closure of Vaive in Rigid Pipes

Eqgn. (11-26) indicates that when the valve is closed instantaneously (i.e., # = 0}, the inertia head
should rise to infinity. However, in practive, it is not possible to close the valve instantaneously, as it
always takes some time. Thus, even for a very rapid closure of the valve, as observed during experi-
mentation, the pressure rise is quite finite and measurable. Moreover, eqn. (12-26) has been derived
on the assumption that the liquid is incompressible. This assumption is incorrect, because at very
high pressures even liquids get compressed to some extent and behave like cmpressible fluids.

Consider a pipe of length L and area of cross-section 4 (Fig, 12-45) carrying water which is
tlowing through it at a velocity ¥. When the valve is closed instantaneously the K.E. of the flowing
water 15 converted into strain energy of water (neglecting effect of friction and assuming the pipe wall

to be perfectly rigid).
1 1
LmssufK.E.=EmV2=—2-pALIV‘? {-_-;H=prxL)
Gain of strain energy = — | Lo | X VOlUmMe = — — x A4f
| K 2 K

where, & = Bulk modulus of elasticity of water, and
p = intensity of perssure wave produced.

Equating the loss of K.E. to the gain of strain energy, we get
e
Loarxyr =L P 41
2 2 K

2K
DALV? x == = pK¥*

1
b =5 AL

- Y —
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— .'K'pz
P=ApKVe =V jpK =} I|
Vop
ar, p=¥oC -{12:30)

™
|

K
Lwhere, C = J—,C being the velociny of pressure wave
P

y
12-12-3. Instantaneous Closure of Valve in Elastic Pipes

As shown in Fig. 12-45, consider a pipe of length £, diameter D, thickness (small compared 10
diameter).

Let, p = Increase of pressure due to water hammer,

£ = Modulus of elasticity of pipe material, and

I
P Poisson’s ratio for pipe material.

When the valve is closed intantaneously, rise of pressure takes place due to which circumferen-

tial and longitudina) stresses are produced in the pipe wall; these stresses are given as {from knowl-
edge of strength of materials)

where, ¢, = Circumferential stress, and
o, = Longitudinal stress.
Also, strain energy stored in the pipe material per unit volume is

= Ur‘l"ﬁ‘r -
2E m
] pD  pD
K - 2 2
L (D) 4@} TR
2£ |\ 2t ) At it 1

B pzﬂz . pzD: pEDE—!
— § 5 - .
2F | 44° 160 dmt® |

Assuming we have

Strain energy per unit velume =

" ¥, T 2 '1 1 -1 b =
]_P“.Ef' PO p J p_ L
2E | 477 162 16¢° 8EL-
Total strain energy stored in pipe material

PEEE
= 2 x total volume of pipe material
¥
207 Tw DL
BE1° 8EY

p E 2
D= Pl ADE : T
=27 ﬂgg; - = ngf [+ 4 {area of the pipe) = 2 x D?]

1 .,
Loss of K.E. of water = 5 mi e =

20 2
(7ain of strain energy in water = [p | x volume = 1r % AL

K 2 K

Flow throu
Also, @]

Divig

Or,

12:12448
Tank i

Time tallf

where,

Examp
water is flo
(i) The E
(i) The g
take §§

Length of
Velocity of§
Velocity ¢
(i) Riseff
Time

Solution.

Now, |
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The risl}
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Also, the loss of K.E. of water = gain of strain energy In water + strain energy stored in material.
1 1 p° :
S pALxVE = By 4y PPADL
2 2 K 2E¢
IL

Dividing both sides by -E- , We get

e =Ff'l . F"ﬂ=p1 "ri+£]

K £t K Et
z_ DVE

2TVT oo
K Et,
I 72 |

o, P = flrflp.l D] =V-‘f~'\/r/1 DD (1231)

WETEK kf*EJ

12:12-4, Time required by Pressure Wave to travel from the Valve to the Tank and from
Tank to Valve.

Time taken, ;o Distance travelled from valve to tank and back
Velocity of pressure wave
L+ £ L
- . 2 (12:32)
C C C
where, L = Length of the pipe. and

C = Velocity of pressure wave.
Example 12,51, In a pipe 600 mm diameter and 3000 m length, provided with a vaive at its end
water is flowing with a velocity of 2 m/s. Assuming velocity of pressure wave C = {500 m/s, find
(1) Therise in pressure if the valve is closed in 20 seconds, and

(1) Therise in pressure if the valve Is closed in 2-5 seconds. Assume the pipe to be rigid one and
take bulk modulus of water as 2 GN/m®.

Solution. Diameter of the pipe.D = 600 mm = 0:6 m

Length of the pipe, L =300 m
Velocity of water, F=2ms
Velocity of pressure wave, C = 1500 m/s.

(i} Risein pressure,p:
Tme taken to close the valve, 1= 20 s

2L22x3{]00=4

C 1500
The close of valve is said to be gradual if,

[ % ..[Eqn, {12-28}]

tlence, the valve is closed gradua.ff}-'.

Now, the ratig,

The rise in pressure (p), for gradual closure of valve, is given by

p = pLTL L JEgn. (12-26)]

1000 x 2000 x 2
20

=300 % 10° N/m® or 300 kN/m? (Ans.)
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(i) Risein pressure, p:
Time taken to close the valve, =238
Bulk modulus of water, K =2 GN/m?
Velocity of pressure wave is given by,

| Q
O = K _ 1220 14142 mis
VYp V1000
The ratio, 2L = 2 x 3000 =424 5
C 1414-2
2L
f o —

Thus, the valve is closed intanianeously [From eqn. (12:29)]

When pipe is rigid, the rise in pressure due to instantaneous closure of the valve is given by 3

{eqn. 12-30},
p=¥pC=2x1000 x 14142 N/m® or 28284 kKN/m’ (Ans.)

Example 12+52. Water is flowing in a pipe of 150 mm diameter with a velocity of 2-3 m/s whem
it is suddenly bmughr to rest by closing the valve. Find the pressure rise assuming pipe is elastie, -
£ = 206 GN/m*, Poisson 5 ratio = 0-25 and K for water = 2-06 GN/m?. Pipe wall is 5 mm thick

Solution. Diameter of the pipe, D =150 mm =013 m
Thickness of the pipe, t= 5 mm = 0-005 m

Velocity of water, V=25 m/'s

Modulus of elasticity, £ = 206 GN/m?

Bulk modulus of water, K = 2-06 GN/m?

Poisson’s ratio, =1/
M

Pressure rise, p :
Using the refation :

\ [ﬁ: Er)
s 1600 s 10"
) ) 0-485 + 01456

( 1 - O1S
9 + o
206 x 107 2:06 x 10° x 0-005

= 3148 kN/m* (Ans.)

Example 12-53, In a pressure penstock 4500 m long water is flowing at 4 m/s. If the vefacn‘yi
the pressure wave wravelling in the pipe due to sudden complete closure of a valve at the doswnstreom
end is given as {500 m/s, find :

(i The maximum pressure rise, and

(iiy The period of osciflation.

Show how the pressure changes with time at the middle point of the penstock length. All fricn=
lnsses may be neglected, (UPSC Exams

Solution. Length of the penstock, L = 4500 m

Velocity of water, V=4 m's

Velocity of the pressure wave, C = 1500 m's

at thn -
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(i} The maximum pressure rise ;
Maximum pressure is given by
p=VpC [Egn. {(12-39)]
=4 % 1000 x 1500 N/m* or 6 MN/m? (Ans.)
{#)" The period of oscillation :

The period of oscillation = 2L = 2 x_4390 = 6 seconds  {Ans.)
C 1300
Pressure changes with time at the middle point of the penstock length ;
. , L. [ 4500
The pressure wave reaches at the middle point of the penstock lengthin 15 s | 3 < 1500 =15s|;
N =

at this instant the pressure at the middle point rises by 6 MN/m? and remains unchanged until the
pressure wave returns as a wave of rarefaction of negative pressure. This happens at 4'5 s after the
closure of the valve when the pressure in the penstock at the middle point is reduced by an equal
amount. Fig. 12-46 shows the pressure changes at the middle point with respect to time.

Transient H.G. L

e

-« oz A
C = 1500 m's p=0MNm Piw
o | Nomal HGLL : i
il | r
Reservoir Penstock : | Valve
| ]
¥ | |
|
| ook 2230 m
- L= 43000 m
+ prw
+ 0 N ln:
D t } J : T 1 1 { 1 -
i 2 3 4 5 6 ; _S"." G- 10 s
— mi _ 0 MNm
£ ¥

Fig. 12.46. Pressure changes at the middlc point of the penstock length.

[ HHHHJGHTSJ

1. A pipe is a closed conduit (generally of circular section) which is used for carrying fluids
under pressure.

2. On the basis of experiments Reynelds discovered that :

{(r} Incase of laminar flow : The loss of pressure head = velocity (F)

(#f) Incase of urbulent flow : the loss of pressure head = I? (approximately)
3. Energy (or head) losses .

A. Major energy losses.......due to frictrion.

B.Minor energy loses.

These losses are due to
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)
)
(itf)
(iv)
V)
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Sudden enlargement of pipe
Sudden contraction of pipe,
Bend in pipe.

An obstruction in pipe, and
Pipe fitiings, etc.

4. Major energy losses (due to friction), Important formulae

(1) Darcy-Weisbach formula (for loss of head due to friction)
b = 4V ALy
L Dx2g Dxlg
where, = co-efficient of friction, f, = friction factor {= 47
(i) Chezy's formula (for loss of head due to friction)

|"__- Irr I‘T-l!.'ll- -"ll
V = C ~mi | where, [ = —|
! L A

[ hf= i % £ where i is obtained from Chezy’s fonmula. ]

5, Minor energy losses; lmportant formulae

(i) Loss of head due to sudden enlargement
L = v, = V)
L=
2g
(if) Loss of head due to sudden contracuon.
p2l1 T
h, = == ,( -1
z‘g L.C':? J
(/i) Loss of head due to obstruction in pipe,
N JE )
ass. C (4-a) | 28
where, a = Maximum area of obstruction, and
A = Area of the pipe.
(;v} Loss of head at the entrance to pipe,
2 . ST
A =05 5 where, ¥ = velocity of liquid m pipe.
g
(v} Loss of head at the exit of pipe,
E}_.-"E I ‘
h, = ? where, = velocity at outlet of pipe.
g
(vi) Loss of head due to bend in the pipe,
=
hy =k P where, & = co-efficient of bend.
<&
(vif) Loss of head in various pipe fittings,
2
h.l":.r'- =k
finnings Zg

where, k = value of co-efficient; it depends on the type of pipe fittings.

6. Energy gradient line (E.G.L.). If the total energy at various points along the axis of the prpe
is plotted and joined by a line, the line so obtained is called the ‘Eenergy gradient line’.
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7. Hydraulic gradient line (H.G.L.). If a line s drawn joining the plezometric levels at various
points, the line so obtained is called the *Hyvdrauiic gradient line’.

8. Egutvalent pipe. 1t is defined as the pipe of uniform diameter having loss of head and
discharge equal to the losg of head and discharge of a compound pipe conststing of

I
D* |p’ D Dy
9. Incase of parallel pipes
(¥} Rate of discharge in the main line = Sum of the discharges in each of the paxalie] pIpes.
ie. 2= RN

(if} The loss of head ip e¢ach pipe is same.

10. A syphon is a long bent pipe employed for Carrying water from 2 resetvoir at a higher
elevation to another reservoir at lower elevation when the TWO T€SErvolrs are separated by a
hiil or high level ground in between.

I1.  Power transmission through pipes -

clency, =
ICICHCY M )T |
Power, P=wO(H- AKW  (where, w=9-8] kKN/ms® Sor wiaser)
Power transmitted will be maximum wher, kf = izi .'
H-H/3
Then, Mmax = 7 = 0667% Y T
12. Flow through nozzles: Important formuiae - P
(1) Veloeity, e " 28 5 T
/ /L & m
\. b+ — e T
| i NERY
(i) Power, P = wav H - 4L |( ! 1 |-| kW (where, rﬁmw for water)
I ow 23— rk a"l_[I TR TR L
(¢#4)  Condition for maximum power fransmission ; he =—3'?- -k
(#v) Diameter of nozzle for maximum power transmission,
144
il D)
(31

13, Hater hammer in pipes. The phenomenon of sudden rise i pressire in 2 pipe when water
flowing in it is suddenly brought to rest by closing the valve is known as warer hammer or
hammer blow:

14, Valve closure s gradual when ¢ » 2=

Valve closure is suddes when ; « Ef‘-

C
where, € = f:- C being the velocity of of pressure wave produced dus to water hammer,
Vo
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15, The intengity of pressure rise due to water hammer is given by P = - when valve is

closed gradually (where, ¢ = time required to close the vaive),

p =V {pK ..when the valve is closed suddenly and pipe is assumed rigid, and

o)

ki D)
— + —_—
\ K Et)

(where, t = Thickness of pipewall)

p:Vﬁf

where, L =Length of pipe,
V'=Velocity of flow,

K = Bulk modulus of water, and

..when valve is ¢closed suddenly and the pipe is elastic.

£ = Modulus of elasticity for pipe material.

{)BJE{‘TIVF, TYPE QUESTIONS

Choose the Correct Answer:

1. The pipe running partialiy/completely ful] be-

2.

haves like an open channel.

In a laminar flow, Reynoid’s number is
{@) less than 2000

(6y more than 2000

(¢) more than 2000 but less than 4000
{d) none of the above.

In a turbulent flow, Rewvnold’s number is
(@) less than 4000

() more than 4000

(¢} between 2000 and 4000

(4} none of the above.

In case of a lammar flow, the loss of pressure
head is

(@) proportional to (velocity)?
(&) proportional to velocity

(¢) proportional to (velocity) ™
(d) mnone of the above.

In case of a turbulent flow, the loss of head is
approximately proportional to

(@) velocity (6) (veldcity)'?
(¢} (velocity)** (d) (velocity)?

Darcy-Weisbach equation is used to find loss of
head due to :

{g) sudden enlargement
{b) sudden contraction
{c} fniction

{Y none of the above,

7.

10,

Chezy’s formula is given as
(@ V=Cmi (&) v=CJmd
© V=CJdmi () ¥=Cm*
Loss of head due to sudden enlargement is
given as

(¥, ~ ¥,)’ AL
(a) 111 (&) [lﬁz}

-5 ~g

F12 = sz I/,1 - Vz
Loss of head due to sudden contraction is
given as

i | : Vi{ | :
(a) g \ C (&) 26 L C.

2 2

Vi [ 1 S

2| — - ) L
(€) gl[f:f ] @) Zg[c; ]
Loss of head due to an obstruction is given as

[ 4 IEW
(a)  A-a 2g

A : Jr
(&) G (4~a) 2g
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(c) | C.a j{ g
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(@ | A-a 2g
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