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CHAPTER 1

FLOW THROUGH PIPES

1.1 Introduction:
Any water conveying system may include the following elements:

> pipes (in series, pipes in parallel)
> elbows

» valves

» other devices

If all elements are connected in series, the arrangement is known as a
“pipeline”. Otherwise, it is known as a “pipe network™.

1.2 Difference between open-channel flow and the pipe flow:
Pipe flow 4&lall cusliy) 3 ol )
> The pipe is completely filled with the fluid being transported.

» The main driving force is likely to be a pressure gradient along the pipe.
DA ol duadla g U haiia Gaisale Gl pdl Sasy

P, *+ P,

(2)

Open-channel flow 4a gidal) &l g8l b ol puad):
» Fluid flows without completely filling the pipe.

» Gravity alone is the driving force, the fluid flows down a hill.
i Gl pad) 138 Giang 5 o5 gad) Jancall s jall mdadd) e ddads 5] vie ariall () Sy
Ao VALY L

(1)
P, = P

™" )
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1.3 Types of Flow g £/ 5
0 Steady and Unsteady flow siiaal) & 5 Siaal) Gl pud)
The flow parameters such as velocity (v), pressure (P) and density (r) of a

fluid flow are independent of time in a steady flow. In unsteady flow they
are independent.

For a steady flow (@V/ 8t) -0

XO’yO'ZO

For an unsteady flow (@v/@t)x . 0
Q Uniform and non-uniform flow akiiial p& g aliiiall gl el

A flow is uniform if the flow characteristics at any given instant remain
the same at different points in the direction of flow, otherwise it is termed
as non-uniform flow.

For a uniform flow (@V/@S)t =0

For a non-uniform flow (('9V/(’3S)to #0

Steady = time independent
Uniform = constant section

(o pe Badas Aol die Jazazall gl de pud) e Yl Gl oyl &
AT ) Ak (e lped) JS6 g de puall i Y alatiall (ol pud)

Examples of flow types:

Steady uniform flow: Steady non-uniform flow:
flowrate (Q) and section area (A) Q = constant, A = A(x).
are constant

2 ¢ {—

Steady uniform flow

Steady non-uniform flow
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Q Laminar and turbulent flow @ sadall Gl s (7 31) (Asall Gl pudd):
Laminar flow (z ) Audall g )

The fluid particles move along smooth well defined path or streamlines
that are parallel, thus particles move in laminas or layers, smoothly sliding
over each other

Turbulent flow gl G )

The fluid particles do not move in orderly manner and they occupy
different relative positions in successive cross-sections.

There is a small fluctuation in magnitude and direction of the velocity of
the fluid particles

Transitional flow (A& &b pd)

The flow occurs between laminar and turbulent flow

ol b s da ) ¢ 58 e iy gLl b 38U ] leall Cojlaill (e 2n5 N
LS a oL ey jall el sl bagi (l puall & 58 338 5 e ylaiaa
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[ Laminar Flow

T TN T TN

Increasing
flow
velocity
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Reynolds Experiment:

Reynold performed a very carefully prepared pipe flow experiment.
Reynold found that transition from laminar to turbulent flow in a pipe
depends not only on the velocity, but only on the pipe diameter and the
viscosity of the fluid.

Reynolds’ apparatus.

Reynolds number is used to check whether the flow is laminar or
turbulent. It is denoted by “R,”. This number got by comparing inertial
force with viscous force.

_pVD VD Inertial Forces
" v Viscous Forces

R

Where
V: mean velocity in the pipe aw siall A ) [L/T]
D: pipe diameter 3 puilall o [L]

p: density of flowing fluid Jldlais MUY
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w: dynamic viscosity Sl da g 31 [M/LT]
v: kinematic viscosity ~ ASslasSlida U [LY/T]
b 2y o) (B Ol g st st e S Gl dalsadl od IS Al )" e
Ol Al e ) et S Al gy 5 a8 )M may UL 5 Ml g ) o8 5" olas g
The Kind of flow depends on value of “R,”
If R,, <2000 the flow is Laminar
If R,, > 4000 the flow is turbulent

If 2000 < R,, <4000 it is called transition flow.

Laminar Vs. Turbulent flows

Laminar flows characterized by:  Turbulent flows characterized by
* low velocities « high velocities

small length scales large length scales
high kinematic viscosities low kinematic viscosities
Rn < Critical Rn Rn > Critical Rn

Inertial forces are dominant

Viscous forces are dominant

Paraboloid in
revolution (laminar)

Logarithmic curve in
revolution (turbulent)

7.
Velocity profiles of laminar and turbulent flows in circular pipes

Couaiiall die Ao yu (oaadl 55 Gaall Ol jall Ala 340l Gl pud) a3 55 Finde (e il
uSA...\Su)M\ u\ﬁ)&d\ubuﬁui M%}L&A‘SAJSJ}»LA}\ )\hm&cﬂdﬂj
"Algh ) a8 M ) WSy ) jlaa) Adlaia g A 3l Adkal) dslaia copihaie ) Ol pd) asds

(phie &) 59) Jalatsall JSEI (e Gile i) &y ) 68 o 58I LS
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Example 1-1

40 mm diameter circular pipe carries water (v = 1x10° m?/s). Calculate the
largest flow rate (Q) which laminar flow can be expected.

Solution
D =0.04m
R, = W 2000 = V.04 2000 =V =0.05m/sec
1% 1x107°°

Q=V.A= o.osx%(0.04)2 = 6.28x107°m° /sec

d Streamlines and Streamtubes:
Streamline " @™ ol ) b

A curve that is drawn in such a way that it is tangential to the velocity
vector at any point along the curve. A curve that is representing the
direction of flow at a given time. No flow across a stream line.

Alma ey ddaad S anle 30 ea gall Gl dall A4S a oladil e ey (620) dadd) Sl ga

/U/ streamline

/
Streamtube" @l ol pud) gl

A set of streamlines arranged to form an [ —
imaginary tube. Ex: The internal surface of a \/'/
pipeline.

el

| g S

il L Lad i Gl puall Ja sl (g0 de sane
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d Compressible And Incompressible Flows:

Incompressible Flow is a type of flow in which the density (p) is constant
in the flow field.

Compressible Flow is the type of flow in which the density of the fluid
changes in the flow field.

O Ideal and Real Fluids:
a- ldeal Fluids

> lItis a fluid that has no viscosity, and incompressible

» Shear resistance is considered zero

> Ideal fluid does not exist in nature e.g. Water and air are assumed ideal
b- Real Fluids

> lItis a fluid that has viscosity, and compressible

> It offers resistance to its flow e.g. All fluids in nature
A (5 8 Jagd g e g hlecaid JE e Jiladl o) atas Jilad Wil jo 2ie
DoY) a5 8 AV elld any Leanaiad 26y o ddasn O¥alee Lo Jsaall A

1.4 VVolume flow rate — Discharge :

The discharge is the volume of fluid passing a given cross-section per unit
time.

volume of fluid

discharge, () = -
ime

1.5 Mean Velocity:
It is the average velocity passing a given cection.

The velocity in the pipe is not constant across the cross section. Crossing
the centreline of the pipe, the velocity is zero at the walls increasing to a
maximum at the centre then decreasing symmetrically to the other wall.
This variation across the section is known as the velocity profile or
distribution.

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 9
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m

T | Q

=

Vo Vmax

A typical velocity profile across a pipe

1.6 _Continuity equation for Incompressible Steady flow i/ aiud/ ilze
Cross section and elevation of the pipe are varied along the axial direction
of the flow.

General description of flow in pipes

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 10
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Conservation law of mass

p.dvol,_,. = p.dVol,_,. =mass flux( fluid mass)

/ AN

Mass enters the Mass leaves the
control volume control volume
dt dt

ds ds
pAE=ph = E = p AN =p AN, = pQ

Continuity equation for ::> Ai'Vl — AZ'VZ — Q

Incompressible Steady flow

OB adaiall 5 pxie o) dakitia 5 ) gl 5l 3LE Jia Lo Sle (5 me JOIA 4ixi & L) el 13
138 5 s yaall DA cileUaill aan die 4 slusia () 55 (e 3 3o 5 DA 3 Lall Jilud) deS
el L el ) i) Alslaay Co oz e sa

Apply Newton’s Second Law:

ZEzMgzM dVv _ MV.,-MV;
dt At

ZFX = PlAi_PZAZ_Fx_'_Wx
Fy is the axial direction force exerted on the control volume by the wall of
the pipe.

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 11
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but M /At = p.Q = mass flow rate
> F.=pQWV,, -V,)

Z |:y — 1[)'Q(\/y2 _Vyl) Z F =,OQ(V Z_Vl)
Z F, = P-Q(sz _Vzl) Conservation of

moment equation

5.1 Enerqy Head in Pipe Flow

Water flow in pipes may contain energy in three basic forms:
1- Kinetic energy 4s_all 43Ua,
2- Potential energy asa s 4dlka,
3- Pressure energy bzl 48l

e Consider the control volume:
e In time interval dt:
> Water particles at sec.1-1 move to sec. 1°-1" with velocity V.

> Water particles at sec.2-2 move to sec. 2°-2" with velocity V,.

To satisfy continuity equation:
AV, dt=AV,.dt

The work done by the pressure force:

P.A.ds, = P.AV,.dt
—P,.A,ds, =—P,.AV,.dt

....... on section 1-1

....... on section 2-2

-ve sign because P, is in the opposite direction to distance traveled ds;

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 12
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The work done by the gravity force:

pg-Ai-Vldt-(Z1 _22)

The Kinetic energy:

% M -Vz2 _% M -V12 - %p'Ai'Vl'dt(\/Zz _V12)

The total work done by all forces is equal to the change in kinetic energy:

1
P.Q.dt—P,.Q.dt + pg.Q.dt.(z, — 2,) = > p.Q.At(V.2-V,*)

Dividing both sides by pgQdt

Bernoulli Equation

P2 Energy per unit weight of water
+—+Z,| OR:Energy Head

— e — — . —

Energy head and Head loss in pipe flow

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 13
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B
/o

Energy _ Kinetic Pressure Elevation
head ~ head head head
V° P
H, = ZL +—L+2
Notice that: Jd 7

> In reality, certain amount of energy loss (h,) occurs when the water
mass flow from one section to another.

» The energy relationship between two sections can be written as:

P
L +-L4+z = +—=2+27,+h

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved

14



HYDRAULICS (2) — CT 262 HIGHER TECHNOLOGICAL INSTITUTE

1.7 Elow Through A Single Pipe:
1.7.1 Calculation of Head (Energy) Losses 32 giiall 43l

When a fluid is flowing through a pipe, the fluid experiences some
resistance due to which some of energy (head) of fluid is lost.

Energy Losses
(Head losses)
\

| |
[ Major Losses } [ Minor losses J

loss of head due to pipe Loss due to the change of
friction and to viscous the velocity of the flowing
dissipation in flowing fluid in the magnitude or in
water direction as it moves
through fitting like Valves,
Tees, Bends and Reducers.

Slo KA e Al Ay 8158 a5 oY) rope i ) aeliall (& S8 ) anii (Say
JSE i Aai 5l omall (A Gile a5a o Aail 4l S Al (el sk
5 ol
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1.7.2 Losses of Head due to Friction disiayl hélal) b 84l

» Energy loss through friction in the length of pipeline is commonly
termed the major loss h¢

» This is the loss of head due to pipe friction and to the viscous
dissipation in flowing water.

» The resistance to flow in a pipe is a function of:

>
>
>
>
>

The pipe length, L

The pipe diameter, D

The mean velocity, V

The properties of the fluid ( )

The roughness of the pipe, (the flow is turbulent).

» Several formulas have been developed in the past. Some of these
formulas have faithfully been used in various hydraulic engineering
practices.

>

>
>
>

Darcy-Weisbach formula

The Hazen -Williams Formula
The Manning Formula

The Chezy Formula

O Darcy-Weisbach Equation

h =F

L V 2 8F L Q 2 W/%’f" e’
X = = F is the friction factor
D 29 gD’z L is pipe length

D is pipe diameter

QO 1s the flow rate

b 1s the loss due to friction
L

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 16
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Friction Factor: (F) &\<iay) Jalaa

» For Laminar flow: (R,, < 2000) [depends only on Reynolds’ number
and not on the surface roughness]

_5
R

n

F

> For turbulent flow in smooth pipes (e/D = 0) with 4000 < R, < 10 is

0.316
F= R V4
n
» The thickness of the laminar sublayer 5 decrease with an increase in
Rn.
laminarflow  Dr. Amir Mobasher findependent of relative
R, <2000 Smooth roughness e/D
5 .
Me S >1.7e 64 1 RAF
F=— I 210gm mr
pipe wall R, JF 251
f varies with Ngand e/D
transitionally Ti]
rough 15 \D) 251
51 ' ' ' ' ' '_I_e JF o0l 33 +R,,/f
pipe wall 0.08¢e<5 <1.7¢ - -
Colebrook formula

turbulent flow

f independent of N,

R, > 4000 rough
© S <0.08 L 2log (3.?91
o <uU.Uoe \/F 10 | o

pipe wall

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 17
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Moody diagram

» A convenient chart was prepared by Lewis F. Moody and commonly
called the Moody diagram of friction factors for pipe flow, There are
4 zones of pipe flow in the chart:

» A laminar flow zone where F is simple linear function of R,

» A critical zone (shaded) where values are uncertain because
the flow might be neither laminar nor truly turbulent

» A transition zone where F is a function of both R,, and relative
roughness

» A zone of fully developed turbulence where the value of F
depends solely on the relative roughness and independent of the
Reynolds Number

Moody Diagram (Plot of Colebrook’s Correlation)

0100 Dr| Ami abhashel
= I'\
F'H'I LILBLILILI T T LILLLLRLL T LI T T
Transition =TT Fully Rough Flow - Complete Turbulence
y ﬁi:iTE - Felative
- Roughness
= []
: el
i b —( 5
s sl 0.01
g i —(005
o 0.002
o K 0.001
v | (10005
b | | 0.0002
= R4/Re for ) 00
larninar flow " - e [ 005
- —mocth
0.010 .
1.E+03 1.E+04 1.E+I5 1.E+lB 1.E+07 1.EHI8

Reynolds Humber
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0.1

0.09
0.08
o Goi
0.06 0.03
0.05 0.02
64 / 0.015
F o gp— 0.04 o
Re 0.008
0.006
Laminar - §
0.004 D
0.025
0.002
0.0008
Laminar 0.0006
flow 0.0004
0015 |t
= 0.0002
Transition range 0.0001
0.00005
0.01
ooos-  Dr. Amir Mobasher
0.008- L N 0.00001
2010 4 6 8

[ 2010% 4 6 8‘ 2010 4 6 8

10°

Re= PVD

1
2(108) 6 8[ 2010 4 6 8

10’

Marks Reynolds Number
independence

Typical values of the absolute roughness (e) are given in the next table

Roughness Height, e, for Certain Common Pipe Materials

Pipe Material e(mm) e(ft)
Glass, drawn brass, copper (new) 0.0015 0.000005
Seamless commercial steel (new) 0.004 0.000013
Commercial steel (enamel coated) 0.0048 0.000016
Commercial steel (new) 0.045 0.00015
Wrought iron (new) 0.045 0.00015
Asphalted cast iron (new) 0.12 0.0004
Galvanized iron 0.15 0.0005
Cast iron (new) 0.26 0.00085
Wood Stave (new) 0.18~0.9 0.0006 ~ 0.003
Concrete (steel forms, smooth) 0.18 0.0006
Concrete (good joints, average) 0.36 0.0012
Concrete (rough, visible, form marks) 0.60 0.002
Riveted steel (new) 09~9.0 0.003-0.03
Corrugated metal 45 0.15

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 19
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Example 1-2

The water flow in Asphalted cast Iron pipe (e = 0.12mm) has a diameter
20cm at 20°C. Is 0.05 m*/s. determine the losses due to friction per 1 km
Solution

0.05m’/s
= = =1.59m/s

(n/4)(0.2* m?)
T=20°C=v=1.01x10"m%s
e=0.12mm
e _Bmm 0006 ———
D 200mm e

’a ~ =
R VD LSX02 4 ess 3150 F=0.018

v 1.01x10

LV? 1,000 159°

h,=F=——=0018 —— 2

D2g 020 m ) 2(9.81m/s*)

Q| =11.55m

D>5cm ————-V <3.0m/sec

V =1.318C,,, R)*S" British Units

V =085C,, R,CS* I Units

7D*

E R, — hydraulic Radius = wetted A _ 4 _D
B “ wetted P m 4
gl h
2 s=-2L

L

C, — Hazen Williams Coefficient
10.7 L
h, = e O SI Units
S CHIrl_ssb D Q

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 20
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Hazen-Williams Coefficient,
Crw. for Different Types of Pipe

Pipe Materials Chw
Asbestos Cement 140
Brass 130-140
Brick sewer 100
Cast-iron

New, unlined 130
10 yr. old 107-113
20 yr. old 89-100
30 yr. old 75-90
40 yr. old 64-83
Concrete or concrete lined
Steel forms 140
Wooden forms 120
Centrifugally spun 135
Copper 130-140
Galvanized iron 120
Glass 140
Lead 130-140
Plastic 140—-150
Steel
Coal-tar enamel lined 145-150
New unlined 140-150
Riveted 110
Tin 130
Vitrified clay (good condition) 110-140
Wood stave (average condition) 120

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com,
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d Manning Formula

This formula has extensively been used for open channel design, it is also
quite commonly used for pipe flows

l 2/3
1/2
y=—R>S
L R, — hydraulic Radius = wetted A _D
“ wetted P 4
3 5=
= L
a' n — Manning Coefficient
77
103 L (n :
h, = 5(33 Q) SI Units
D .

Manning’s Roughness Coefficient,
n, for Pipe Flows

Manning’s n

Type of Pipe Min. Max.
Glass, brass, or copper 0.009 0.013
Smooth cement surface 0.010 0.013
Wood-stave 0.010 0.013
Vitrified sewer pipe 0.010 0.017
Cast-iron 0.011 0.015
Concrete, precast 0.011 0.015
Cement mortar surfaces 0.011 0.015
Common-clay drainage tile 0.011 0.017
Wrought iron 0.012 0.017
Brick with cement mortar 0.012 0.017
Riveted-steel 0.017 0.020
Cement rubble surfaces 0.017 0.030
Corrugated metal storm drain 0.020 0.024

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 22
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O The Chezy Formula

V =CR;?s"

2
bt
D\C

Where C = Chezy coefficient

> It can be shown that this formula, for circular pipes, is equivalent to
Darcy’s formula with the value for

T
F

F is Darcy Weisbeich coefficient

» The following formula has been proposed for the value of C:

55, 0-00155 1

C= S n
1 (23+000155 n

'R

n is the Manning coefficient

Example 1-3

New Cast Iron (Cyw = 130, n = 0.011) has length = 6 km and diameter =
30cm. Q= 0.32 m*/s, T=30°. Calculate the head loss due to friction.
Solution

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 23
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» Hazen-William Method
10.7 L

10.7 x6000

f = 1301.852 0.34.87
> Manning Method

h _ Q1.852
¢ =

0.32'%°? =333m

10.3 L (nQ)
hf D5.33
2
h, = 10.3 x 6008 éggnx 032) _ 470m

1.7.3 Minor losses 4z gilil) 8) oal):

> It is due to the change of the velocity of the
flowing fluid in the magnitude or in direction
[turbulence within bulk flow as it moves
through and fitting]

» The minor losses occurs du to :

Valves

>
»  Tees, Bends Flow pattern through a valve
»  Reducers

» And other appurtenances
> It has the common form

2 2
h =k v —k 2
29 20A

m

> “minor” compared to friction losses in long pipelines but, can be the
dominant cause of head loss in shorter pipelines.

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 24
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O Losses due to Sudden contraction (st (gua dagii hélall b 8-

A sudden contraction in a pipe usually causes a marked drop in pressure
in the pipe due to both the increase in velocity and the loss of energy to
turbulence.

Al 8 28l Caand Jladil (shlie Caasd alice (G 3 ga g dagis

'
T2
v \
% \

HGL

— 005 5552525 5 5 o

0 0.2 0.4 0.6 0.8 1.0
AolA,

2

V
2g

h=0.5
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O Head Loss Due to Gradual Contraction (2a,%8 (éwa:

Head losses due to pipe contraction may be greatly reduced by introducing
a gradual pipe transition known as a confusor

0.05 1
0.04 |-
0.03 |-
2 0.02
h'=k V—2 [

c ~ ‘C
2 g 001 |-
| | | | ] ]

5 10° 15° 20° 25° 30° 35° 40° 45° 50° 55° 60°

a

0 Losses due to Sudden Enlargement (atall gludy) Ao kLl 8 2814l

Note that the drop in the energy line is much larger than in the case of a
contraction

2
E 0
v i
*2— |
In !
center RS Kzi
— I l_ _ 28
| At wall
PP
s DI i Mobasher s
- —L
C D E F
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d Head Loss Due to Gradual Enlargement 225 gludl;

Head losses due to pipe enlargement may be greatly reduced by
introducing a gradual pipe transition known as a diffusor

V.2 _V\.2 /(
hEI = kEI 1—2 V,——"" o -—-"‘VQ
29 \L
o 10° 20° 30° 40° 50° 60" 75°

K 078 I 49 .60 67 by 12

O Loss due to pipe entrance 3 swte Jisa dis hélal) B SBUa).

General formula for head loss at the entrance of a pipe is also expressed in
term of velocity head of the pipe

2

V
hen'[ — Kent 5

i
AV | AV | | 7

Reentrant
Bell-mouthed —V)» Square-edged .__V_ ______L

(flush) [—i —

(a) k, o0t (b) k,=05 (c) k,~0.8
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O Head Loss at the Exit of a Pipe 3wl 7 A dic hélall A BU4Y):

K.=10 K.=1.0
@)
e it
—_—— A~
-\’./_\/’h\ P A N
_’———>\/_\\ T —
\V/ 2
hL - @ ®)
Zg K. =1.0 K =1.0
L —— 2 e
—— e
i e
— A A

(¢) (d)

O Head Loss Due to Bends in Pipes stiaiN| dasii hélal) A 8L4l)-

Outer wall
(high pressure)

V2

Outer wall (high pressure)

Separation
.~

Inner wall (low pressure)

R Inner wall
(low pressure)

(a) (b)

Figure Head loss at a bend: (a) flow separation in a bend; (b) secondary flow
at a bend.
R/D | 2 4 6 10 16 20
K, 0.35 1 0.19 | 0.17 | 0.22 | 0.32 | 0.38 | 0.42
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Example 1-4
A tank where the water level is 25.0 m above an arbitrary datum feeds a
pipeline AB ending at B with a nozzle 4.0 cm diameter. Pipe AB is 15.0
cm diameter with point A being 20.0 m above datum and point B at datum.
Find:

1) The discharge through the pipeline, the pressures and water velocities

at A & B.
i) If friction losses in the nozzle are 0.5 m, and between A & B are 5.0
m, resolve (i) and plot the hydraulic gradient and total energy lines.

Solution

1
‘ (25.00) X

_(20.00)

H=25m

Datum (0.00) - -8B >2<
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i) Ideal flow

Apply B.E bet. 1 & 2

Zi+ vi'/2g+Py/ ;'=Z: vi'/2g+Py/y
25+0+0=0+0+vy"/ 2 g 2 vy=22.147 m/sec
Q= Ay vy =1/4(0.04)" *22.147 = 0.0278 m°/sec
Q=Axva=Apve=n/4(0.15)° * v4=0.0278 m’/sec
va = vg=1.575 m/sec

Apply BEbet. 1 & B

-

Zy+ vio/2g+Py/y=2Z3+ vp /2g+Paly
25+0+0= 0+vg /2 g+ Pg /v = Pg=24.873 m of water
Apply BEbet. 1 & A

Zy+ Vit 2g+Py/y=Za+ va'/2g+Py/y

25+0+0=20+vas"/2g+Pa/y > Pa=4873 m of water
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ii) Real flow
1
(2500) yo
(2000 - TEL
A .'-h.\.'_. | -~ — HPGL — e ;
- }fs‘_IEg'-_
1\
I-l-
H=25m
Pely szfzg
Datum (0.00) X ﬁ_&

hlpozzie = 0.5 m

hlag=5m

Apply B.EE bet. 1 & 2

2+ v1_1fZg+ Pi1/y=Zr+ v;lflg‘-']?z /v +hl
25+0+0=0+0+vy>/2g+55 2 v,=19.56 m/sec

Q = Ay va = /4 (0.04)" * 19.56 = 0.02458 m’/sec

Q=Ax va=Ag v = 7/4 (0.15)* * va = 0.02458 m’/sec

va= vg = 1.39]1 m/sec

Apply BE bet. 1 & B

Zy+ vi*/2g+Py/y=Zg+ vg’ /2 g+Pg/y+hl
2540+0= D+W‘31_ng+PB,fy+5 = Pg=19.9 m of water
Apply BEbet. 1 & A

Zy+ V' /2g+ P /y=Za+ va'/2g+Paly
25+0+0=20+va /2g+Pa/y > Pa=4.901 m of water
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1.8 Compound Pipe flow :

When two or more pipes with different diameters are connected together
head to tail (in_series) or connected to two common nodes (in_parallel).
The system is called “compound pipe flow”

1.8.1 Flow Through Pipes in Series (sl Ao il gal) Joa o
Pipes of different lengths and different diameters connected end to end (in
series) to form a pipeline

» Discharge: The discharge through each pipe is the same
=AV; =AV, =AV,

» Head loss: The difference in liquid surface levels is equal to the sum of
the total head loss in the pipes:

P, V/ VA&
A4+ A4z, =L+ 4+7.+h
y 29 y 29
Z,—2g=h =
Where 3 4
hL:ZhﬁjLthJ
i=1 j=1
2 2 2 2 2
h, —ZF LV—+|<emV—+|< V—+K V_+Kemv
- D, 2¢9 29 29 Zg 29
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1.8.2 Flow Through Parallel Pipe ¢ /sl A& ] padl foaa o5

If a main pipe divides into two or more branches and again join together
downstream to form a single pipe, then the branched pipes are said to be
connected in parallel (compound pipes). Points A and B are called nodes.

QI’ LI’ DI’ fl

[ 0, 1, D, }
—\\ Q3’ L3’ D3’f:3 / 8

» Discharqge:

Q:Q1+Q2+Q3 :ZQi

» Head loss: the head loss for each branch is the same

hL =hf1 =hf2 =hf3

2 2 2
FLW _p LV LV
D, 29 D, 29 D, 29

Example 1-5

Determine the flow in each pipe and the flow in the main pipe if Head loss
between A & B is 2m & F=0.01

25mg¢0.04m

A — ] B

m—-

30m¢0.05m
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Solution
hy=h,=2

LW,

O.leéx h =
0.04 2x981

V,=2506m/s

Q =V,4 = ‘g (0.04) x2.506=315x10"n7’/s

Example 1-6

L,V
F=2 2 9
D, 2g
0.01x20 «_ 2
005 2x981

V. =2557 m/s

-

0, = 2(0.05 J 2557 =5.02x107m’/s

Q=0,+0Q, =817 x107m’ /s

In the figure shown two new cast iron pipes in series, D; =0.6 m, D, =0.4

m length of the two pipes is 300m, level at A =80 m, Q = 0.5 m*/s (F; =

0.017, F, = 0.018). There are a sudden contraction between Pipe 1 and 2,
and Sharp entrance at pipe 1, and Sharp outlet at pipe 2.

1- Find the water level at B, and draw T.E.L & H.G.L

2- If the two pipes are connected in parallel to each other, and the

difference in elevation is 20 m. Find the total flow.

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved
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Solution
K, =05 K =027, K. =1
2 2 2 2 2
oLV g LV WV T
D 2g D,2g 2 o 2g
S [300} 1.77° 0018 [300} 3.98
1 =(0)
2

iV, =6.26m/s
+ U.
0.60 2¢ 2g 2g| O, =1.77Tm3/s

20=0.017

*opr V,=511m/s
+ V.
040 2¢ 2g 2g 0, =0.64m3/s

20=0.018

Q=177+0.64=2.41m3/s
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Example 1-7
1- Determine the flow rate in each pipe (F=0.015)
2- Also, if the two pipes are replaced with one pipe of the same length
determine the diameter which give the same flow.

xL %V 0.032x100 x P}’

H=hpn=
D/x2g  0.05x2x9.81

10=32619V;

| 10
Vl= =1.75m's
3.2619

SO =V, x4, =1.?5x§(d1}3

=175 x ;(EJ.GS}::D_DDBM m’s

1,,-': = =2 48 m/s

JIGXG.IGKEKQ.EI
0.032 =100

n O, =V, x A, = 2.43:{%(.::’2)3

=248 x %(D.m)::mwﬁ m?/s
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If the two pipes are replaced with one pipe of the same length

Q=0+ 0:=000344 +~ 0.0195 =0.02294

Q  0.02294 0.0292

V= =— 5 /s
Arec f_Dl
4
"0.0202 Y
, 0.032x100x -
f}c:.[. w 7 D?
d x2g Dx2x9.81
1o 0:032x100x(0.0292) _ 0.000139
D’ x2x%0.81 D’
D’ = —ﬂ'mi?]”g =0.0000139

1
. D =(0.0000139 )5 =0.1068 m = 106.8 mm.
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1.9 Pipe line with negative Pressure (syphon phenomena) , & «lw bis
by puulalt

It is a long bent pipe which is used to transfer liquid from a reservoir at a
higher elevation to another reservoir at a lower level when the two
reservoirs are separated by a hill or high ground

Occasionally, a section of the pipeline may be raised to an elevation that is
above the local HGL.

Negative P

\
e
P=0
//Pusilivc P B -
Dr. Amir Positive N
2
¢
L S
EGL { Y
HGL ik “\
S e T W
' o i el R e i /
7 vy P ORI R/ WY,

J h
/.
L Sy e g _ e ——_ — Datum line

V P |4 P
—t =+ 7 =+ =+ 7+
2g 7 2g 7
V.o
Z,~Zy=—"—+—r+h,
7 28 7
-Ve:?alue ’

Must be -ve value ( below the atmospheric pressure)
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Negative pressure exists in the pipelines wherever the pipe line is raised
above the hydraulic gradient line (between P & Q)

The negative pressure at the summit point can reach theoretically -10.33
m water head (gauge pressure) and zero (absolute pressure). But in the
practice water contains dissolved gasses that will vaporize before -10.33 m
water head which reduces the pipe flow cross section.

Example 1-8

Syphon pipe between two pipe has diameter of 20cm and length 500m as
shown. The difference between reservoir levels is 20m. The distance
between reservoir A and summit point S is 100m. Calculate the flow in the
system and the pressure head at summit. F=0.02
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Solution
D=02m ZsZg=20m, L=500m. Las=100m, f=0.02
i 7
Zy-Zg=hy= [ ——
D 2g

500 V°
D 4 X

02 2x9381

20=0.02

V=28m/s

Q = VA =0.08796 m’/s
=+ 2+ 7, =2+ 2+ 7 +h
g 7 g 7y
V. P
Z,-Z.=——+—=+h
g 7y
_ 238 +ﬂ_ﬂ21m}{2.3 +P5
2g 02 2g ¥

0—-3

5 _ -7.396 m of water

Ll

Best regards,
Dr. Amir Mobasher
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Example 1-9

A syphon filled with oil of specific gravity 0.8 discharges 220 lit/s to the
atmosphere at an elevation of 3.0 m below oil level. The siphon is 0.2 min
diameter and its invert is 5.0 m above oil level. Find the losses in the
siphon in terms of the velocity head. Find the pressure at the invert if two
thirds of the losses occur in the first leg.

Solution

Qi{0.80}

v=0Q/A=0.22/(x/4 (0.2)2) =T m/sec

Apply BEbet. 1 &2

Z1+ v12/2g+Pl/y=Z2+ v22/2g+P2/y+hl
5+40+0=0+0+(7)2/2g +hl

hl=0.50m

Apply BE bet. 1 & 3

Z1+ v12/2g+Pl/y=2Z3+ v32/2g+P3/y+hl
5+0+0=8+(7)2/2g +P3/vy+2/3%0.5
P3/y=-7.833m

P3 =-7.833 m of oil = -61474.6 N/m’
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1.10 Three-reservoirs problem <Ly cli s dLa;

» This system must satisfy:

» The quantity of water brought to junction “J” is equal to the
quantity of water taken away from the junction:

Q,=Q,+Q, Flow Direction????

» All pipes that meet at junction “J” must share the same pressure at
the junction.

1.10.1 Types of three-reservoirs problem:

O Typel:

« Given the lengths , diameters, and materials of all pipes involved,;
Dl,D2,D3,L1,L2,L3,andeor|:
Given the water elevation in any two reservoirs,
Z,and Z, (for example)
Given the flow rate from any one of the reservoirs,
Qi or Q; or Qs
Determine the elevation of the third reservoir Z; (for example) and
the rest of Q’s.

This types of problems can be solved by simply using:
* Bernoulli’s equation for each pipe
« Continuity equation at the junction.
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Example 1-10

In the following figure determine the flow in pipe BJ & pipe CJ. Also,

determine the water elevation in tank C

- EL =40m
B v EL = 38m
A L2=600m,d2=20
m cm =
L1=1200m,d1=30cm,
Q1=0.06m"/s
Solution 1.3=800m,d3=30cm
Applying Bernoulli Equation between A, ]J:
V, = % = HO'O6 —0.849 m/s
4 Z(03)
" (03)
z,-z7, -4l y 40-7, = 0024x 200, 084
D 2 g 03 2x981
Z, =36475 m
Applymng Bernoulli Equation between B, ] :
L,—-7Z,=F, L, V2 > 38-36.475= 0024><600 V2
: D, Zg 0.2 2x9.81
V, =0.645m/s——Q, = 0.0203 m’/s
Applying Bernoulli Equation between C,]J:
ZQ:Q1 +0,+0;=0
Q,=-0, -0, =-0.06-0.0203 =-0.0803 m’ /s
0.0803 _
V,_,}:QB = > 1136 m/s
A, Z (0_3)2
N 800 1.136°
Z, Z 1:f3 > 36.475- Z_=0.024x
— D 2g 0 3 2g
Z =32265m
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O Type?2:
 given the lengths , diameters, and materials of all pipes involved;

D;,D,,Ds3,L;,L,,L3,andeor F
 given the water elevation in each of the three reservoirs,
Z1,2Z5, 23
determine the discharges to or from each reservoir,

Ql ) Q2 1and Q3 .

1- First assume a piezometric surface elevation, P, at the junction.
2- This assumed elevation gives the head losses hfy, hf,, and hf;

3- From this set of head losses and the given pipe diameters, lengths,
and material, the trail computation gives a set of values for
discharges Q;, Q, ,and Qs .

4- If the assumed elevation P is correct, the computed Q’s should
satisfy:

5- Otherwise, a new elevation P is assumed for the second trail.

The computation of another set of O’s is performed until the above
condition is satisfied

This types of problems are most conveniently solved by trail and error

Example 1-11
In the following figure determine the flow in each pipe.
Pipe CJ BJ AJ
Length m 2000 4000 1000
Diameter cm 40 50 30
F 0.022 0.021 0.024
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Elevation
120 m

Elevation

Elevation

Elevation
40 m

Solution
Trial 1
Zp= 110m
Applying Bernouli Equation between A, ]:
z,-z,-r 5l . 120110 = 0,024 x 20 T
* D, 2g 03 2¢
V1i=157m/s , Q1=0.111m3/s
Applymng Bernoulh Equation between B, ] :
z,-z,-F 20 » 110 -100 =0.021x 2000 V2
"D, 2g 0.5 2g
V2=108m/s , Q2=-0212m3/s
Applying Bernoullh Equation between C,]J :
L,V 2000 V7
Z,-Z.=F,—= 2 > 110 -80=0.022 x X —
D, 2g 04 2¢

V3=2313m/s | Q2=-0.291 m3/s

>0=0+0,+0,=0.111-0212-0.291=-0.39220

45
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Trial 2

Zp= 100m
Q1 =0.157
Q2=0
Q3 =-0.237
ZQle +0, +0, =0.1574+0-0.237=-0.08m" /s #0
Trial 3
Zp= 90m
Q1=0.192
' Q2=03
Q3 =-0.168

S0=0+0,+0,=0192+0.3-0.168=0324m* /5% 0
Draw the relationship between 2.92and P

— 100

P< Elevation P = 99

|
|
|
90
I
1
80
I
I
I

|
I
|
I
I
l 1 I l 1 I ' ll 1 l 1 |
0.7 0.5 0.3 0.1 0 0.1 0.3 0.5 0.7

ZQ at junction

©. ) Q=0=atP=99m

Q1=0.160
'Q2=0.067
Q3 =-0.231

3> 0=0 +0,+ 0, =0.16+0.067 —0.0231=0.004m> /s~ 0

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 46




HYDRAULICS (2) — CT 262 HIGHER TECHNOLOGICAL INSTITUTE

CHAPTER 2

PIPE NETWORKS

2.1 Introduction

To deliver water to individual consumers with appropriate quality,
guantity, and pressure in a community setting requires an extensive system
of:

> Pipes.

» Storage reservoirs.

» Pumps.

» Other related accessories.

Distribution system: is used to describe collectively the facilities used to
supply water from its source to the point of usage.

2.2 Methods of Supplying Water

2.2.1 Gravity Supply

The source of supply is at a sufficient elevation above the distribution area
(consumers).

HGL or EGL

Source
(Consumers)

City

(Reservoir)
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d Advantages of Gravity supply

» NO energy costs.

» Simple operation (fewer mechanical parts, independence of power
supply, ....)

» Low maintenance costs.

» No sudden pressure changes

2.2.2 Pumped Supply

Used whenever:
» The source of water is lower than the area to which we need to
distribute water to (consumers)
» The source cannot maintain minimum pressure required.
=>» Pumps are used to develop the necessary head (pressure) to distribute
water to the consumer and storage reservoirs.

HGL or EGL

... (Consumers)
ty

Source G

Pump

(River/Reservoir)

d Disadvantages of pumped supply

» Complicated operation and maintenance.

» Dependent on reliable power supply.

» Precautions have to be taken in order to enable permanent supply:
- Stock with spare parts
- Alternative source of power supply ....
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2.2.3 Combined Supply (pumped-storage supply)

Both pumps and storage reservoirs are used. This system is usually used in
the following cases:
3-When two sources of water are used to supply water:

Pumping
) "t.— Gravity

I—- -

Source (1)

- ——

Pumping station

Source 2)

4-In the pumped system sometimes a storage (elevated) tank is
connected to the system.

» When the water consumption is low, the residual water is pumped to
the tank.
» When the consumption is high the water flows back to the consumer

area by gravity.

’ <
@:¢ | Low consumption
High '
L s levated
: ' tank
Pumping station ”A
ipeline

= /i‘

Source
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5-When the source is lower than the consumer area

» A tank is constructed above the highest point in the area,

» Then the water is pumped from the source to the storage tank
(reservoir).

» And the hence the water is distributed from the reservoir by gravity.

Pumping

L
o

Pumping|Station

Source

2.3 Distribution Systems (Network Configurations):

In laying the pipes through the distribution area, the following
configuration can be distinguished:

» Branching system (Tree)

» Grid system (Looped)

» Combined system
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2.3.1 Branching System (Tree System)

Reservoir

Dead End
Main pipe v

O Advantages: ‘

> Simple to design and build.
> Less expensive than other systems.

(d Disadvantages:

» The large number of dead ends which results in sedimentation and
bacterial growths.

» When repairs must be made to an individual line, service connections
beyond the point of repair will be without water until the repairs are
made.

» The pressure at the end of the line may become undesirably low as
additional extensions are made.

2.3.2 Grid System (Looped system)

A —~ B —> . C

o oS , W

F Qum 1

|
It

lQt}ul_'i l Q{}ulE
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O Advantages:

» The grid system overcomes all of the difficulties of the branching
system discussed before.

» No dead ends. (All of the pipes are interconnected).

» Water can reach a given point of withdrawal from several directions.

(d Disadvantages:

» Hydraulically far more complicated than branching system
(Determination of the pipe sizes is somewhat more complicated).
» Expensive (consists of a large number of loops).

But, it 1s the most reliable and used system.

2.3.3 Combined System

> It is a combination of both Grid and Branching systems.
> This type is widely used all over the world.

Reservoir
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2.4 Pipe Networks

Pipe

Node

Loop

The equations to solve Pipe network must satisfy the following condition:
» The net flow into any junction must be zero.

>Q=0

» The net head loss a round any closed loop must be zero. The HGL at
each junction must have one and only one elevation

» All head losses must satisfy the Moody and minor-loss friction
correlation

2.4.1 Hardy Cross Method

01
\a b e f
—_— — — 04
l Loop A i
l c d
T |
d ! WV
h g
Q,
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» This method is applicable to closed-loop pipe networks (a complex
set of pipes in parallel).

> It depends on the idea of head balance method

» Was originally devised by professor Hardy Cross.

a Assumptions / Steps of this method:

1-Assume that the water is withdrawn from nodes only; not directly
from pipes.

2-The discharge, Q , entering the system will have (+) value, and the
discharge, Q , leaving the system will have (-) value.

3-Usually neglect minor losses since these will be small with respect to
those in long pipes, i.e.; Or could be included as equivalent lengths in
each pipe.

4- Assume flows for each individual pipe in the network.

5-At any junction (node), as done for pipes in parallel,

ZQin:ZQout or ZQ = O

6. Around any loop in the grid, the sum of head losses must equal to
Zero:

> h.=0

loop

» The probability of initially guessing all flow rates correctly is
virtually null.

» Therefore, to balance the head around each loop, a flow rate
correction ( A') for each loop in the network should be computed,
and hence some iteration scheme is needed.
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How to find the correction value (A)

hy = kQ" ——(1)
n=2= Darcy, Manning =0, +A >(2)
n=1.85= Hazen William

from1&?2

he =kQ" =k(Q, +A)' = f{Q; +nQ. A+ ”(”2‘1)Q§‘2A2 +}

Neglect terms contains A hf — kQF? — k(Q;? + FIQ;T_IA)

For each loop

S h = kQ" =0

loop loop

2RO =S RO+ nkQUA=0

A = _ZkQ; :_ZhF
2 nkQ ;Y ny: 21;

* Note that if Hazen Williams (which is generally used in this method) is
used to find the head losses, then

hf =le'85 (n=1.83), then
—2h
Ae——T
Z hf
1852 ——
Q
« If Darcy-Wiesbach is used to find the head losses, then
hf =kQ2 (2 =2) ., then
> h
A S
s
2> —
O
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Example 2-1

Solve the following pipe network using Hazen William Method Cpy =100

63 L/s

>

pipe |L

1 305m

150mm

305m

150mm

610m

200mm

457m

150mm

G| |Ww | N

1593m

200mm

Solution

37.8 LIs

252 L/s
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Example 2-2

For the square loop shown, find the discharge in all the pipes. All pipes are
1 km long and 300 mm in diameter, with a friction factor of 0.0163.
Assume that minor losses can be neglected.

oo L) /20 ts
A - B
P D <
' 40 LJg
40 Lfs
Solution L2 SEL 2
H L = hf = F o = > 5
D29 gx°D
8x0.0163x1000 _,
H = 2 5
9.81x7°x0.30
H L= 554Q2
HL _ KIQZ
. K'=5b54
1. First trial
Pipe Q (L/s) H_(m) H/Q
AB 60 2.0 0.033
BC 40 0.886 0.0222
CD 0 0 0
AD -40 -0.886 0.0222
5 2.00 0.0774

Since ZHL > 0.01 m, then correction has to be applied.
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2 H, 2
AQ =— =— =-12.92L/s
2y H / 2x0.0774
Q
2. Second trial

Pipe Q (L/s) H, (m) H/Q
AB 47.08 1.23 0.0261
BC 27.08 0.407 0.015
CD -12.92 -0.092 0.007
AD -52.92 -1.555 0.0294
v -0.0107 0.07775

Since ZHL =~ 0.01 m, then it is OK.

Thus, the discharge in each pipe is as follows (to the nearest

integer).

Pipe Discharge
(L/s)
AB 47
BC 27
CD -13
AD -53
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Example 2-3

The following example contains nodes with different elevations and
pressure heads. Neglecting minor loses in the pipes, determine:

> The flows in the pipes. 60 j+°
220 A ~B - C
> The pressure heads at the nodes. == ¢ 1 "
i L |
O —0 >
1§0 150 130
Pipe AB BC CD DE EF AF BE
Length (m) 600 600 200 600 600 200 200
Diameter (mm) 250 150 100 150 150 200 100
Roughness size of all pipes = 0-06 mm
Pressure head elevation at A = 70 m o.d.
Elevation of pipe nodes
Node A B C D E F
Elevation
(m 0.d.) 30 25 20 20 22 25
Solution
Assume flows magnitude and direction . 60 140
220 A 120 , o8 C
100 ® N ¢) 0
1 1
% =~ & 2
40 50 130
A |
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. 160
220, A 120 8
FKirst Iteration
"100 @ 10
+ Loop (1) |
F 60 ~  |E
‘40 150
Pipe L b © f by h/Q
(m) (m) (m3/s) (m) (m/m>/s)
AB 600 0.25 0.12 0.0157 | 11.48 95.64
BE 200 0.10 0.01 0.0205 3.38 338.06
EF 600 0.15 0.06 | 0.0171 | -40.25 | 670.77
FA 200 0.20 0.10 | 0.0162 | -8.34 83.42
> -33.73 | 1187.89
A=——33T5 401419 m¥s =14.20 Lis
2(1187.89)
'50 440
. . — 20 o€
First Iteration
10 ® 10
 Loop (2) ) . %
o Je
, L D Q h, h/Q
Pipe rf
(m) (m) (m3/s) (m) (m/m?/s)
BC 600 0.15 0.05 0.0173 | 2829 | 565.81
CcD 200 0.10 0.01 0.0205 3.38 338.05
DE 600 0.15 0.02 | 0.0189 | -4.94 | 246.78
EB 200 0.10 0.01 | 0.0205 | -3.38 | 338.05
3 23.35 | 1488.7
A=— 2335 _ —0.00784 m°/s =—7.842 L/s
2(1488.7)
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1420 460
220, A 120 _ 8
Second Iteration
14 20‘[ 00 ® 14.201 0 17.84
1?
+ Loop (1) ]
F 0 o
10 1420 0
, L D Q hy h/Q
Pipe f
(m) (m) (m3/s) (m) (m/m3/s)
AB 600 0.25 0.1342 0.0156 14.27 106.08
BE 200 0.10 0.03204 | 0.0186 31.48 982.60
EF 600 0.15 -0.0458 0.0174 -23.89 521.61
FA 200 0.20 -0.0858 0.0163 -6.21 72.33
D3 15.65 | 1682.62
15.65
A=— =—0.00465 m°®/s = —4.65 L/s
2(1682.62)
yeo  7.84 140
- —E 20 . oC
Second Iteration
14 201 1017.84 ® o x 784
« Loop (2) | J
O 20 ‘30
50 7.84 130
, L D Q by h/Q
Pipe f
(m) (m) (m3/s) (m) (m/m3/s)
BC 600 0.15 0.04216 | 0.0176 20.37 483.24
cD 200 0.10 0.00216 | 0.0261 0.20 93.23
DE 600 0.15 -0.02784 | 0.0182 -9.22 331.23
EB 200 0.10 -0.03204 | 0.0186 -31.48 082.60
e -20.13 1890.60
—20.13
A=—-———"_=0.00532m%s=5.32 L/s
2(1890.3)
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. 160
220 A 20 . 8B
Third Iteration
100 ® 10
1 1
 Loop (1
p( ) cF 50 = {:E
140 150
. L D Q hy, h/Q
Pipe f
(m) (m) (m3/s) (m) (m/m?/s)
AB 600 0.25 0.1296 | 0.0156 13.30 102.67
BE 200 0.10 0.02207 | 0.0190 15.30 693.08
EF 600 0.15 | -0.05045 | 0.0173 | -28.78 | 570.54
FA 200 0.20 | -0.09045 | 0.0163 -6.87 75.97
> -7.05 1442.26
A=— —r05 0.00244 m®/s = 2.44 Ls
2(1442.26)
Iso 440
. . —o——80 e _oC
Third Iteration
10 ® 10
* Loop (2) )| 1
3E 20
50 130
. L D Q hy, h/Q
Pipe f
(m) (m) (m3/s) (m) (m/m3/s)
BC 600 0.15 0.04748 | 0.0174 25.61 539.30
CcD 200 0.10 0.00748 | 0.0212 1.96 262.11
DE 600 0.15 | -0.02252 | 0.0186 -6.17 274.07
EB 200 0.10 | -0.02207 | 0.0190 | -15.30 | 693.08
> 6.1 1768.56
6.1 ;
A=- =-0.00172 m%s = -1.72 L/s
2(1768.56)
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After applying Third

tﬁg 140
220 A 131.99 B 45.76 C

88.01

F 48.01 E 24.24
140 50 30

Velocity and Pressure Heads:

Q v hy

I/s m/s m
Us) | (mis) (m) 13.79 60 40
AB 131.99 | 2.689 13.79 220 A 131.99 B 45.76

pipe

BE 26.23 3.340 21.35

FE | 4801 | 2717 | 2616 | % © x2p0 @ 57
e | yi9))
AF | 8801 | 2.801 | 6.52 1 ::’ —
F 48.01 E 24.24 30
BC | 4576 | 2589 | 23.85 Ja0 50 l

(&), 5.76 0.733 1.21

ED 24.24 1.372 7.09
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N py+Z| Z Pry
ode
m m m
131 99 ﬁ 76
A 70 30 40 220 G—A . —OC
B 56.21 25 31.21
88.01 26.23 1O 5.76
C 32.36 20 12.36 |
D 31.15 20 11.15
o, D-—J.)D
F 48, 01 14 24 %
E | 3132 | 22 | 1532 Jo 1 50 !
F 63.48 25 38.48

Best regards,

Dr. Amir Mobasher

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved

66



HYDRAULICS (2) — CT 262 HIGHER TECHNOLOGICAL INSTITUTE

CHAPTER 3

PUMPS & TURBINES

3.1 Introduction

Pumps are devices designed to convert mechanical energy to hydraulic
energy. They are used to move water from lower points to higher points
with a required discharge and pressure head. This chapter will deal with
the basic hydraulic concepts of water pumps

3.2 Pump Classification

L Turbo-hydraulic (kKinetic) pumps

» Centrifugal pumps (radial-flow pumps)
» Propeller pumps (axial-flow pumps)
» Jet pumps (mixed-flow pumps)

O Positive-displacement pumps

» Screw pumps
» Reciprocating pumps

This classification is based on the XN

way by which the water leaves the W
rotating part of the pump.

In radial-flow pump the water leaves Radial
the impeller in radial direction,

while in the axial-flow pump the
water leaves the propeller in the
axial direction. Axial

In the mixed-flow pump the water

leaves the impeller in an inclined

direction having both radial and axial

components Mised
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3.2.1 Centrifugal Pumps
» Broad range of applicable flows and heads
» Higher heads can be achieved by increasing the diameter or the
rotational speed of the impeller

f » Casing |

Suction Eye Impeller

l

.......

Impeller
Vanes

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 68



HYDRAULICS (2) — CT 262 HIGHER TECHNOLOGICAL INSTITUTE

3.2.2 Axial-flow Pump

Shaft to motor

Discharge
—

lades
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3.2.3 Screw Pumps
In the screw pump a revolving shaft fitted with blades rotates in an
inclined trough and pushes the water up the trough.

el. motor
Fig. 2 - Archinmedean screw
1) Optimum Intake Level/Filling Point gear box
2) Optimum Discharge Level/Maximum ! }%é?
Pumping Point : /\{%
A_A 3) Chute 2oint/Pour Paint ; ’q‘\‘\ //
A=A . oW '
2 \ \
~ ' ‘E!‘ )’>,
p
b ouide rim ; \§
- ‘
- T Y
lining - § < NV - S

W
2222002 5 %“}
S
LI
\Q‘Q e
1 7
Sy
T

[T 71T 7T 777 TT T 77777707707

Toucn Point
LG

p R
Alternative Drive with
gear box and belt drive
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3.2.4 Reciprocating Pumps

In the reciprocating pump a piston sucks the fluid into a cylinder then

pushes it up causing the water to rise.

Piston Outlet
ﬁ \ K. Check
T Valve
Cam
! Inlet
/ | Check
Head Valve

Seal

3.3 Centrifugal Pumps

r—INLET PORT
7~ OUTLET PORT
/ ——PISTON
"\ CYUNDER

, ‘ ‘ A\ HANDLE /\

ﬁ
3 : | ‘ ‘
Nies |
&)

DISCHARGE STROKE

CHECK VALVES
SUCTION STROKE

Centrifugal pumps (radial-flow pumps) are the most used pumps for
hydraulic purposes. For this reason, their hydraulics will be studied in the

following sections.

<f|uid In
~ 9

impeller
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3.3.1 Main Parts of Centrifugal Pumps

O Impeller

» Which is the rotating part of the centrifugal pump.
> It consists of a series of backwards curved vanes (blades).
» The impeller is driven by a shaft which is connected to the shaft of
an electric motor.
Suction Pipe

U

U

Delivery Pipe

U

The Shaft: which is the bar by which the power is transmitted from
the motor drive to the impeller.

O The driving motor: which is responsible for rotating the shaft. It can
be mounted directly on the pump, above it, or adjacent to it.

) ‘ DELIVERY.
PIPE

| _DELIVERY
| vALVE

SUCTION
L~ PIPE

T SUMP
1 >

— —

- —

FOOT VALVE
" AND STRAINER
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3.3.2 Hydraulic Analysis of Pumps and Piping Systems

0 Casel
B el MU I -
_ _ _ N _ _ R
3
~ 3 |
: = =
s
=
=) T— — o _ r o _
= N |
_ _ _ /:, _ ~ ~ Datum pump
- ]
2 \ center line
T
|
O Case?
N - - e
=]
&
T = I\
5 4—
[75) I
T
/: Datum pump
a B a K ) a center line
(9p)
< w
e
1B = ) -

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved

74



HYDRAULICS (2) — CT 262

HIGHER TECHNOLOGICAL INSTITUTE

O The following terms can be defined

h (static suction head): it is the difference in elevation between

S
the suction liquid level and the centerline of the pump impeller.

hOI (static discharge head): it is the difference in elevation between

the discharge liquid level and the centerline of the pump impeller.

stat

—h, +h,

stat

(static head): it is the difference (or sum) in elevation
between the static discharge and the static suction heads:

H (manometric suction head): it is the suction gage reading (if a

manometer is installed just at the inlet of the pump, then H is the

height to which the water will rise in the manometer).
e H (manometrlc discharge head): it is the discharge gage reading

(|f a manometer is installed just at the outlet of the pump, then H ; IS
m

the height to which the water will rise in the manometer).
« H (manometric head): it is the increase of pressure head generated

bythe pump:

H, =H, +H, .

md —

ms

. HT (total dynamic head): it is the total head delivered by the pump:

Casel

V2 2
HI :]{md -~ ( ms 2g
HeH Vi Vs
= d T _+
f 28_ ( ms 2g)

Case?2

Eq.(1)

Eq.(2)
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. Ht can be written in another form as follows:

Hm'd = hd + hfd + thd
V2
Hms _h _hfs _ths zg Casel
VSZ
Hzn5=h5+hfs+2hms+2g Case2
Substitute ino eq. (1) ) 5 5
Vs Ve V;
_hd +hfd +thd + Zg h _hf,s _ths Zg 2g
but
srar = h h
H =H CXho ah. +Th il Fe®
stat fd md fs ms 2g Case 1

« Equation (3) can be applied to Case 2 with the exception that :

=h,+h,

stat

In the above equations; we define:
h :is the friction losses in the suction pipe.

fs

o Is the friction losses in the discharge (delivery) pipe.

h
hms . 1S the minor losses in the suction pipe.
hmd: is the minor losses in the discharge (delivery) pipe.

« Bernoulli 5 equation can also be applied to find Hf

g V2 , +{g p2 Z]
=% =7 = +—+Z, | Fae
Ty T2g T4y " 2g
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3.3.3 Pump Efficiency

- -~

Electric/ 7 Mechanical  ~ ‘Water
energy energy

energ
:b Motor | [ ) Pump 3:5

\ /

\ /
N\ /

~ ”

~, -
""-r-____--f

Motor efficiency x Pump efficiency = Overall efficiency
nm X np = Th

Q Pump efficiency 77,

Power output P, y QH,
]?p = = =

Power input P, P,

4 14

or

Which is the power input delivered from the motor to the impeller of
the pump.

O Motor efficiency 77,

P

Tlm P
R . | |

P,=— which is the power input delivered to the motor.
T
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O Overall efficiency of the motor-pump system 7,

77t :np 77m
I:)o
1 :P—m

> Imprtant Units

3 3
Hydraulic water power =7 (kg/m ) x Q (m /s) X Hyeq (M)

Hydraulic Horsepower (HP) =y (kg/mj) xQ (mJ/ S) X Hyeq (M) / 75
(1 HP =75 kg.m/sec)

Electrical input power (HP) = Hydraulic water power / n,
Electrical input power (KW) = (Hydraulic water power / nt) x 0.746
1 KW =0.746 HP

Required Pump Motor Power > 1.20 (factor of safety) x Electrical input power

3.3.4 Cavitation of Pumps and NPSH

» In general, cavitation occurs when the liquid pressure at a given
location is reduced to the vapor pressure of the liquid.

» For a piping system that includes a pump, cavitation occurs when
the absolute pressure at the inlet falls below the vapor pressure of the
water.

» This phenomenon may occur at the inlet to a pump and on the
impeller blades, particularly if the pump is mounted above the level
in the suction reservoir.
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» Under this condition, vapor bubbles form (water starts to boil) at the
impeller inlet and when these bubbles are carried into a zone of
higher pressure, they collapse abruptly and hit the vanes of the
impeller (near the tips of the impeller vanes). causing:

* Damage to the pump (pump impeller)
*  Violet vibrations (and noise).

* Reduce pump capacity.

* Reduce pump efficiency

-

Cavitation damage holes on impellers

Cavitation
pitting
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d How we avoid Cavitation ??

» To avoid cavitation, the pressure head at the inlet should not fall
below a certain minimum which is influenced by the further
reduction in pressure within the pump impeller.

» To accomplish this, we use the difference between the total head at

the inlet ﬂ+\/_s2 , and the water vapor pressure head Peapor
y 29 Y

Where we take the datum through the centerline of the pump impeller
inlet (eye). This difference is called the Net Positive Suction Head
(NPSH), so that

1
' that cavitation will not occur and usually determined experimentally
. and provided by the manufacturer.

______________________________________________________________________

' The second value for NPSH of concern is the available NPSH,
denoted (NPSH) , which represents the head that actually occurs for

the particular piping system. This value can be determined
experimentally, or calculated if the system parameters are known.

______________________________________________________________________

 For proper pump operation (no cavitation) :

(NPSH), > (NPSH)_
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Determination of (NPSH)A

(2)

Applying the energy equation

T /,| D) Reference
between point (1) and (2), — plane
datum at pump center line 2

P1 = Patm
Patm h — i + ﬁ + Z h —:—:—‘—:—:—:—:v—:—: ______5__(__{_) —————
Y
2

P V atm _ hS _ Z h|_

Y 29 y

PS +V82 B Pvapor _ Patm _ hs _ZhL . PVapor

y 29 vy Y
(NPSH)A atm . Zh . Vapor

_ P P
(NPSH) , =F h, — hfs -3 h, + c;'m _ V;I;DO?‘

Note that (+) is used if hS is above the pump centerline (datum).

at T = 20°
P.. =10.14kN/m?
Rlapor = 2.335 kN /m?

(d Thoma’s cavitation constant

The cavitation constant: is the ratio of (NPSH) to the total dynamic
R

head (H ) is known as the Thoma’s cavitation constant ( ¢ )
t

__(NPSH),
H

t
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3.3.5 Selection of A Pump

» The design conditions are specified and a pump is selected for the
range of applications.

» A system characteristic curve (H-Q) is then prepared.

» The H-Q curve is then matched to the pump characteristics chart
which is provided by the manufacturer.

» The matching point (operating point) indicates the actual working
conditions.

1 System Characteristic Curve

> The total head, H;, that the pump delivers includes the elevation head
and the head losses incurred in the system. The friction loss and other
minor losses in the pipeline depend on the velocity of the water in the
pipe, and hence the total head loss can be related to the discharge rate

» For a given pipeline system (including a pump or a group of pumps),
a unique system head-capacity (H-Q) curve can be plotted. This
curve is usually referred to as a system characteristic curve or simply
system curve. It is a graphic representation of the system head and is
developed by plotting the total head, over a range of flow rates
starting from zero to the maximum expected value of Q.

)

|
HSIJ(
|

Q
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d Pump Characteristic Curves

» Pump manufacturers provide information on the performance of their
pumps in the form of curves, commonly called pump characteristic
curves (or simply pump curves).

» In pump curves the following information may be given:

the discharge on the x-axis,

the head on the left y-axis,

the pump power input on the right y-axis,

the pump efficiency as a percentage,

the speed of the pump (rpm = revolutions/min).
the NPSH of the pump.
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» The pump characteristic curves are very important to help select the
required pump for the specified conditions.

> |If the system curve is plotted on the pump curves in we may produce
the following Figure:

Operation point
Best
| Efficincy

| =
4
Y

srar

o
Matching the system and pump curves.
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» The point of intersection is called the operating point.

» This matching point indicates the actual working conditions, and
therefore the proper pump that satisfy all required performance
characteristic is selected.

NS}
NPSH - m

70%

60%
50%
| 40%

Efficiency %
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Example 3-1

A Pump has a cavitation constant = 0.12, this pump was instructed on well
using UPVC pipe of 10 m length and 200 mm diameter, there are elbow
(ke=1) and valve (ks=4.5) in the system. The flow is 35 m’ and the total
Dynamic Head H; = 25 m (from pump curve) f = 0.0167

Calculate the maximum suction head

atm. pressurehead =9.69 m
Vapour pressurehead =0.2m

Solution

o =012
NPSH, =ox H, =012x25=3

P Pa or
(T\HT:)SH)A = ihS — hfS _ths 4 —am _ Vap

y y
O 0035 |
V.=%=_"""__111m/
T4 mrx(02y "
2 2 72 2
h, = Vo 16063 h, =45 'S a5 MY g0g3m
 2g 2g 2g 2g
L v’ 10 111°
hyg=f—x—=00167x—x =0.053m
D 2¢g 02 2¢g

P P’a or
WPSH)i = ihS _hfS _thS T - —

3=/h, —0.053-(0.283+0.063)+(9.69)-0.2
h, =—6.088m
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Example 3-2

For the following pump, determine the required pipes diameter to pump 60
L/s and also calculate the needed power.
Minor losses 10 v*/2g

Pipe length 10 km

roughness = 0.15 mm

Hy=20m
Q 70 60 50 40 30 20 10 0
L/s
H, 31 35 38 40.6 | 42.5 | 43.7 | 44.7 | 45
40 53 60 60 57 50 35 -
Solution
To get 60 L/s from the pump H, + A must be < 35 m
Assume the diameter = 300mm Then:
A=0.070m">,V =0.85m/ s
R, =225x10° K,/ D=0.0005,f=0.019
h - 0.019 x10000 x (0.85) 2339
0.3x19.62
- 107> _10x(0.85) 037m
2g 2g
h, + hf +h, =43 .69m > 35m
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Assume the diameter = 350mm Then:

A=0.0962m"*V =0.624m/ s

R =1.93x10°,K,/D=0.00043,f =0.0185
h, =10.48m,

_10x77 _10x(0.624)
2g 2g
Sho+ hf +h =30.68m<35m

h

m

=02m

The pump would deliver approximately 70 I/s through the 350 mm pipe
and to regulate the flow to 60 I/s an additional head loss of 4.32 m by
valve closure would be required.

yQH, _1000x9.81x ;&< 35

Pi:
7, 0.53

= 38869.8W =38.87kW
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Example 3-3
A pump was designed to satisfy the following system:
Q (m°/hr) 3 6 9
h, (m) 12 20 38

Check whether the pump is suitable or not

/(2)» — atm.pressurehead =10.3m
6SF ATETRIETETY —

% % Vapour pressurehead = 0.25m
Pipe diameter is 50mm

1 v E5aTh hd :13m
Aiadaty 2
B0 (suction Parth, =22V

i 2 g

Solution

1- Draw the system curve and check the operation point

Hepr =y +he =13+7 =20m
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There are an operation point at:

Q=9 m%hr H =58m
NPSH; =4.1
Then Check NPSH
I = Q = 9/3600 =127m/s
4T (0.0s)
4
24x(1.27)
h, = <127F 5 o
2g
P P‘Va or
(NPSH), =xh —h (=D h -2

Y Y
(NPSH), =-7-2+10.3-0.25

(NPSH), =1.05<4.1

pump is not suitable, the cavitation will occur
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3.3.6 Multiple-Pump Operation

To install a pumping station that can be effectively operated over a large
range of fluctuations in both discharge and pressure head, it may be
advantageous to install several identical pumps at the station.

1

<

{—mL

Pumps in Parallel

Pumps in Series

Parallel

series

parallel
&

series

3 8 ¥
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L Parallel Operation

» Pumping stations frequently contain several (two or more) pumps in
a parallel arrangement.
» The objective being to deliver a range of discharges, i.e.; the

discharge is increased but the pressure head remains the same as with
a single pump.

> Qfoﬂaf

Pump

—

I--.--.—-n--_.

< <>

f= - o o w e -

Qtotal :Q1+Q2+Q3
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How to draw the pump curve for pumps in parallel???

« The manufacturer gives the pump curve for a single pump
operation only.

« |If two or pumps are in operation, the pumps curve should
be calculated and drawn using the single pump curve.

» For pumps in parallel, the curve of two pumps, for
example, is produced by adding the discharges of the two
pumps at the same head (assuming identical pumps).

j=n
Q=0Q,+Q,+Q 4o :Qn:ZQ
=1
Hm=Hm1=Hm2=Hm3= """"" =Hmn

olilone il Ladadl ik
i1 o e

)
m
CRES PR G W i —
Hﬂ-ﬂ-"‘g’;}hﬂ ;.r-;ijm_';.'- Umw N
1 L ] |i=.J:-1j 1 1 ‘ L~~g-31—|‘i'“-h ;iﬁ "P:‘L‘:-a
Q s
Single pump
3
2
% uk Qq
=
Discharge
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Q Series Operation

» The series configuration which is used whenever we need to increase

the pressure head and keep the discharge approximately the same as
that of a single pump.

» This configuration is the basis of multistage pumps; the discharge

from the first pump (or stage) is delivered to the inlet of the second
pump, and so on.

» The same discharge passes through each pump receiving a pressure
boost in doing so.

\

Pum Pum Pump
B

Htotal :H1+H2+H3
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How to draw the pump curve for pumps in series???

 the manufacturer gives the pump curve for a single pump operation
only.

« For pumps in series, the curve of two pumps, for example, is
produced by adding the heads of the two pumps at the same
discharge.

» Note that, of course, all pumps in a series system must be
operating simultaneously

3H, | > Three pumps

In series

Two pumps
in series

Single pump
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Example 3-4

A centrifugal pump running at 1000 rpm gave the following relation
between head and discharge:

Discharge (m*/min) | 0 | 4.5 | 9.0 | 13.5]18.0|22.5
Head (m) 2251222216195 |14.1| O

The pump is connected to a 300 mm suction and delivery pipe the total
length of which is 69 m and the discharge to atmosphere is 15 m above
sump level. The entrance loss is equivalent to an additional 6m of pipe and
f is assumed as 0.024. Calculate the discharge in m*® per minute.

Solution

1) System curve:

¢ The head required from pump =

static + friction + velocity head

D _de
stat +hfd +“hmd +hf3+;.h

H ms Zg

= H

r

¢ Hy=15m
* Friction losses (including equivalent entrance losses) =
_8fLQ"
h.+h +>» h. +h
Z bs ms Z md ™ ngS
~ 8x0.024 x (69 + 6)
7°g (0.3)°

=61.2 1Q2 where Qinm’/s
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» Velocity head in delivery pipe =

where Qin m’/s

Thus:

- H, =15+71410"

or

L ]

V; _i Q :
2g 2g

where Qin m’/s

H,=15+19.83x107 0"

_J =10.20°

where Qin m?*/min

From this equation and the figures given in the problem the
following table 1s compiled:

Discharge (m3/min) 0 45 | 9.0 | 13.5]18.0 | 22.5
Head available (m) 22512221216 195141 | O
Head required (m) 15.0 | 154 | 16.6 | 18.6 | 21.4 | 25.0

Head . H; (m)

Pump and Sytem Curves

28

26 -
24 1
22 9
20 |
18 -
16 -
14 -
12 -
10 -

—e— Pump Cunve

—u— System Cure

o MNP
L1

0 2 4 6

8 10

12

14 16

Discharge, Q (msfmin)

20

22

24

From the previous Figure, The operating point is:
3
. QA =14 m /min

H =19m
A
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Example 3-5

A centrifugal pump is used to deliver water against a static lift of 10.50 m.
The head loss due to friction = 150000 Q?, head loss is in m and the flow is
in Q in ms. The pump characteristic is given in the following table.
Deduce operating head and flow.

H (m) 30 27 24 18 12 6
Q (L/s) 0 69 | 114 | 158 | 189 | 215
n 0 60 70 65 40 20

- Sketch the pump's characteristic curves for the case of two pumps
connected in parallel

- Sketch the pump's characteristic curves for the case of two pumps
connected in series

Solution

a Pump curve

H (m) 30 27 24 18 12 6
Q (L/s) 0 6.9 11.4 15.8 18.9 21.5
n 0 60 70 65 40 20
O System curve
*H, =10.50 +1500000° where Qin m’/s
or
. H, =lO.50-|—0.15Q2 where Qin Us
Q (L/s) 0 6.9 11.4 15.8 18.9 21.5
Hgystem (M) | 10.5| 17.64 30 4795 | 64.08 | 79.84
O 2 pumps in parallel
H 30 27 24 18 12 6
2Q 0 13.8 22.8 31.6 37.8 43
Q 2 pumps In series
2H 60 54 48 36 24 12
Q 0 6.9 11.4 15.8 18.9 21.5
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O 1pump
Q=101/s H=25m n=0.69m

F,:7QHt _ 9810x0.01x 25

i = 3554.35W = 3.55kW
7, 0.69

O 2 pumps in parallel
Q=111/s H=28m n=05m

Power of one pump:

o 9810x 2O, o8
p= 2 =3021.48W =3.02kW
7 0.50

Total motor Power;

I:):7/QHt: 9810x0.011x 28

i =6042.96W = 6.04kW
7, 0.50

O 2 pumps in series
Q=14501/s H=41m n=0.68 m

Power of one pump:

9810x0.0145x 41

p= 2 _ 4288.2TW = 4.20kW
7, 0.68

Total motor Power:

=8576.54W = 8.58kW

5 _7QH, _ 9810x0.0145x 41
o 0.68
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3.4 Hydraulic Turbines

» Hydraulic Turbines (water wheels) have been in use for centuries.
» Hydraulic Turbines convert the potential energy of water into work.
» Basic Turbines are either Reaction or Impulse.

» First developed in the mid 1800’s.

» Power outputs range up to 1,000 Mw.

» Included are Tidal and Wind Turbines.

T —— T

A~ = | Electrical

Potential
Enerav

Electricity

Kinetic
Energy

Dr. Amir Mobasher

Mechanica
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3.4.1 Early Hydraulic Turbines
» Amount of power depended on wheel diameter and height of water.

%

Dr. Amir Mobasher...

-

3.4.2 Hydraulic Turbine Types

1000 N TNy O .- . : Ul
B N -Turbine's envelpas
oy % 0y S  Kaplan - Propalier - Bub
wo | g o Paen| Y% || — Francis
s, s Pelton
300 I L | i i . 38 — Turgo
- zogl. | S e 35S T oo X : Cfmmw
§ I Turgo
z 10 b
z l %%/
50 P -
30 / %
20 I B 2
10 :"?4»;,, (= 2 5
Crossflow
6 de N | B S O ) I
3 1
2 3 1] LS L] 4 + 4 :_; I $ i
| Dr. Amir Mobasher -
0 0.2 0,5 1 2 3 45678910 20 30 SO 100

Flow (m /s)
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U Hydraulic Turbine — Kaplan — Reaction

|-

Dr. Amir Mobasher
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O Hydraulic Turbine — Francis — Reaction

SumnsEs
Ll ’

Guide —— .
e Spiral

Cazing
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O Hydraulic Turbine — Pelton — Impulse
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U Hydraulic Turbine — Turgo - Reaction

Headrace

Penstock
H,

Animation as in the PPT

A

N SV AN

Turbine

Tailrace

/

/

Dr. Amir Mobasher
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O Hydraulic Turbine — Cross-flow - Impulse

Inlet pipe

Guide vanes

Runner

Purge valve

~
e
ol
~.

Casing —

Corner casing
Draft tube
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O Hydraulic Turbine — Tidal Power
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U Hydraulic Turbine — Wave Power

PELTON WHEEL SUB STATION
OSCILLATOR & GENERATOR |7

SEA RETURN —‘/

EA WATER
PISTON

“—ELOW LINE

3.4.3 Efficiency
Input Output _Outpot  yQH
Electric J PUMP / Water J = Input  Input

7= Input yQH

Input _ Output _Outpot  Outpot
Water J Turbme/ EIectricJ
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d Pump’s Power

:7/Q_H = ......\Watt
7
HP :7Q_H — Horsepower
1K

O Turbine’s Power

P=/QHn=.....Watt

H
Hp =7/ Qk LA Horsepower
y 1000 kg/m® 9810 N/m*® | 62.42 Ib/ft®
k 75 735 550

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 111



HYDRAULICS (2) — CT 262 HIGHER TECHNOLOGICAL INSTITUTE

Example 3-6

In a hydroelectric power plant, 100 m®/s of water flows from an elevation
of 120 m to a turbine, where electric power is generated. The total
irreversible head loss in the piping system from point 1 to point 2
(excluding the turbine unit) is determined to be 35 m. If the overall
efficiency of the turbine—generator is 80 percent, estimate the electric
power output.

@

100 m>/s
h; =35m

120 m

Turbine @

v

Generator
Nturbine-gen = 80%
Dr. Amir Mobasher

Solution

Use the steady head form of the energy equation for a single stream
2

Z, +&+——z +&+—+h +H;
y 29 y 20
120+0+0=0+0+0+35+H-
HT=85m

P =9810x100x85x0.80 = 66.70MW

HP =1000X100X85X0'80 =90666.67Horsepower

75
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Example 3-7

Water flows from an upper reservoir to a lower one while passing through
a turbine, as shown in Fig. Find the power generated by the turbine.
Neglect minor losses. The efficiency of the turbine—generator is 90 percent

Dam HV Transmission
Elev. 197.30 m Reservoir Life
Sluice Gates Posiviat |
Penstock House!
Intake e Tran;:?f;e:ter Elev. 50.00 m
Q=0.15m’s
Pipe {II_)‘ : i(slg ﬁm Turbine
Foon Dr. Ami
Solution 5
Z, +&+—— Z, +&+—+h +H;
y 29 y 29
2
h =h, = 8|§L : o 8X0.019XZEOOXO.Z:5 _365m
gr°D 9.81x7°x0.25
147.30+0+0=0+0+0+3.65+ H;
Hr = 143.65 m
P =9810x0.15x143.65x0.90 =190.20kW
Hp :1OOOXO.15);1543.65X0.90 _ 258 57Horsepower

Or HP =190.20/ 0.746 = 255 Horsepower

Best regards,
Dr. Amir Mobasher
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CHAPTER 4

MOMENTUM PRINCIPLE

4.1 Development of the Momentum Equation 45 ad/ s {iles;
It is based on the law of conservation of momentum principle, which states

that “the net force acting on a fluid mass is equal to the change in
momentum of flow per unit time in that direction” .the force acting on
fluid mass “m” is given by the Newton's second law of motion

F=mxa
Where a is the acceleration acting in the same direction as force F
But

_dv
“ =
. dv

—Mar

“m” is constant and can be taken inside the differential

p _ dmv)
T dt isknown as “the momentum principle”

This equation can be written as:

F dt = d(mv)

Which is known as “the impulse —momentum equation” and states that:

The impulse of a force acting on a fluid of mass in short interval of time is
equal to the change of momentum (d(mv)) in the direction of force,
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4.2 Force exerted by a flowing fluid on a Pipe —Bend

The “impulse-momentum equation” is used to determine the resultant
force exerted by a flowing fluid on a pipe bend.

Consider two section (1) and (2), as shown in Fig
Let,
V, = Velocity of flow at section (1),
P, = Pressure intensity at section (1),
A, = Area of cross-section of pipe at section (1) and ,

Vi, Py, A; Corresponding values of velocity, pressure and area at
section (2).

> Let “F,” and “F,” be the components of the forces exerted by the
flowing fluid on the bend in “x’ and “y” direction respectively.

» Then the force exerted by the bend on the fluid in the “x” and “y”
direction will be equal to “F,” and “F,” but in the opposite direction.

» The momentum equation in “x” direction is given by:
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TE

Total force exerted
on the fluid in a
control volume in
a given direction

Rate of change  of
momentum in the given
direction of the fluid passing
through the control volume

> F = O QAV) o — O ,QV),

P.A; — P,A, cos 0 — F, = (Mass per sec) (change of velocity)
P1A; — P,A; cos 6 — F, = pQ (V,cos 0 - V)
Fy = pQ (V1-V,cos 0) + P1A; — P,A; cos 0

Similarly the momentum equation in “y” direction gives
O—PgAgSine—Fy:pQ (VzSine'O)

Fy=pQ (- V,sin 0) — P,A; sin 6

Now the resultant force Fg acting on the bend

I
Fr= |FZ+ F?
1~‘|

And the angle made by the resultant force with horizontal direction

given by

F,

tan @ :F_1

IS
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4.3 Applications of the Linear Momentum Equation:
> A jet of fluid deflected by an object puts a force on the object. This
force is the result of the change of momentum of the fluid and can

happen even though the speed (magnitude of velocity) remains
constant. If a jet of water has sufficient momentum, it can tip over

the block that deflects it.

» The same thing can happen when a garden hose is used to fill
sprinkles.

» Similarly, a jet of water against the blades of a Pelton wheel turbine
causes the turbine wheel to rotate.
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Problem 4-1:
A nozzle 5 cm diameter delivers a jet of water that strikes a flat plate
normally. If the jet velocity is 60 m/sec, calculate he force acting on the
plate if:

- The plate is stationary.

- The plate is moving at 20 m/sec. in the same direction of the jet.

- If the plate is replaced by a series of plates moving at the same speed,

determine the rate of doing work and the efficiency of the system.

Solution

a) Fx =p Qv =1000 * 1(0.05)%/4 * 60 * 60 = 7068.58 N

b) Fx = p Q; v; = 1000 * 7(0.05)*/4 * (60 — 20) * (60 —20) = 3141.6 N
¢) Fx = p Q vy = 1000 * 7(0.05)*/4 * 60 * (60 —20) = 4712.4N
Output power = Fx *u=4712.4 * 20 = 94247.78 watt

Input power=yQ H=vQ V2 g=
= 0810 * m(0.05)%/4 * 60 * (60)*/2g = 212057.5 watt
n = Output power / input power = 44.44 %
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Problem 4-2:

Determine the components of divided discharge in the plate direction, and
the force exerted by a jet of water that has an area of 6.5 cm®and moves at
30 m/sec on an inclined fixed flat plate as a function of its angle of
inclination to the jet direction.

Solution

Fs=0

Q=0Q;+Q)  ~mmmm (1)
Fs=pQvecos6-(pQiv-pQav)=0

Q CDBB: Ql - Q2 ___________________________ (2)

By solving | & 2
Qi=Q(l+cos0)/2

Q=Q(l-cos0)/2 g g

Fn=pQvsin6

Fx=Fn sin 6 =p Q v sin°0

Fy=-Fncos0=-pQvsmb0cosB

-

Problem 4-3: A jet of water having a velocity of 30 m/sec and area 10 cm?
Impinges on a curved vane. The jet approaches the vane horizontally and
deviates an angle of 120°. Calculate the force acting on the vane if it is:

- Stationary.

- Moving at 15 m/sec in the direction of the jet.

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 119



HYDRAULICS (2) — CT 262 HIGHER TECHNOLOGICAL INSTITUTE

- If the vane is replaced by a series of vanes moving at the same speed,
calculate the output power and the efficiency of the system.

Solutic Q Y

a) Fx=pQv—-(-pQvcos60)=pQv(l+cos60)
=1000 * 10 *10* * 30 * 30 (1 + 0.5) = 1350 N

Fy=p Q v sin 60 = 1000 * 10 *10™ * 30 * 30 sin 60 = 779.42 N
R =V Fx’ + Fy* = 1558.85N

6 =tan" (Fy/Fx)=30°

b) Fx = p Q; v; (1 + cos 60)= 1000 *10 *10™ * (30 — 15) * (30— 15) * 1.5= 337.5N
Fy = p Q; v; sin 60 = 1000 * 10 *10™ * (30 — 15) * (30— 15) sin 60 = 194.856 N
R=VFx’ +Fy* =389.71 N

6 =tan" (Fy/Fx)=30°

¢) Fx = p Q v; (1+cos 60) = 1000 * 10 * 10™ * 30 * (30 — 15) (cos 60+1) = 675 N
Output power = Fx * u =675 * 15 = 10125 watt
Input power =y Q H=vy Q v?/2g =9810 *10 * 10™ * 30 * (30)*/2g = 13500 watt

11 = Output power / mnput power = 75 %
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Problem 4-4:

A nozzle 3 cm diameter that has a coefficient of velocity of 0.97 is fitted at
the end of a pipeline 10 cm diameter. Find the force exerted by the nozzle
on the pipeline if the pressure at the end of the pipeline is 0.5 kg/ cm®

Solution

10c:m

" 3cm

P1=0.5kg/cm”=0.5 * 10 1{;;.--""1;112

Apply B.E bet. 1 & 2

Zl + \-’12 /2 g ‘I‘Pl .-"f"}l" :Zg + \-’32 /2 g ‘I‘Pg .-"f"}l"
0+Q*/2gA"+05*10%1000=0+0+Q*/2 g A’

Qg = 0.007 m’/sec

Qact Cd ch =Cv*Cc™ ch =
=097 *1*0.007=0.00682 m/sec (Cc =1 fornozzle)
Viaet = Qaet / A; = 0.8682 m/sec

Vo = Qaet / Ay =9.646 m /sec

Apply the momentum Eqn. In X-direction
PIAI-R=pQv2-pQvi=p Q(v2-v1)

0.5*10* * 9.81 * 1/4 (0.1)° =R = 1000 * 0.00682 * (9.646 — 0.8682)
R=32537N Force exerted on water
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Problem 4-5:
Water flows at a rate of 100 lit/sec in a 30 cm diameter horizontal pipe
connected to a 20 cm diameter pipe through a vertical reducer bend where
the change in water direction is 120°. The vertical distance between the
entrance and outlet of the bend is 1.5 m and the pressure at its entrance is
0.7 kg/ cm?. The total weight of the bend material and water contained in it
Is 100 kg. Calculate the horizontal and vertical components of the force
required to hold the bend in place.
Solution

Q=Avi=AW
Vi=Q/A;= 1415m/sec
v, =Q/A;= 3.183 m/sec

Apply BE bet. 1 &2

Zi+ vit/2g+ P /y=Zy+ vi*/2g+ Py ]y
0+ (1.415)7/2 g+ 0.7 * 10/ 1000= 1.5 + (3.183)° / 2g + P» / y
P, = 49890.37 N/m’

Apply the momentum Eqn. In X-direction
Py A +P; Ajcos 60 -Fx = p Q vy cos 60-p Q vi=- p Q( v, cos60 + vy)

0.7 * 10* * 9.81% 7/4(0.3)* + 49890.37 * 1/4(0.2)* * 0.5 - Fx
=-1000%0.1(3.183 * 0.5 + 1.415)
Fx =5938.32 N Force exerted on water

Apply the momentum Eqn. In Y-direction

Fy—W-P;Aysm60 =pQvysm60-0
Fy—100 * 9.81 * 94890.37 * ’.11.--""4(0.2)2 si60 = 1000 * 0.1 (3.183 sin 60)

Fy =2614.02 N Force exerted on water
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Force exerted on the bend
Fx=5938 32 N
Fy=2614.02 N

Force required to hold the bend in position.
Fx =593832 N
Fy=2614.02 N

Problem 4-6: Water flows through a Y-shaped horizontal pipe connection.
The velocity in the stem is 3 m/sec and the diameter is 30 cm. Each branch
is of 15 cm diameter and inclined at an angle 30° to the stem. If the
pressure in the stem is 2 kg/cm?, calculate the magnitude and direction of

the force of water on the Y-shaped pipe connection if the flow rates in both
branches are the same.

Solution

P, =2 kg/em’

vi = 3 m/sec
Q=A;v;=m/4(03)"*3=0212 m’/sec
v, =Q/A,=6m/sec

Apply BE bet. 1 &2

/q+ \-"12 /2 g + P, .ff"*u" =7/>+ \-’12 /2 g + P> .-j"y'
0+ (3)/2g+2*1071000=0+(6)° / 2g+ P,/ y

P, = 18623.853 kg/m”
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Apply the momentum Eqn. In X-direction

Pi A1 —2%PyAsc0830-Fx=2"% pQ/2vz2cos30-pQwy

2% 10 *9.81 * w/4(0.3)° — 2 * 18623.853 * 9.81 * 1/4(0.15)" * cos30 - Fx
= 1000 * 0.212 (6 cos60 —3)

Fx =781092 N Force exerted on water

Apply the momentum Eqn. In Y-direction

Fy-P2 Assin 30 + P2 Az sin 30 =p Q/2 ( vz sin 30 - v3 sin 30 )
Fy =0

Force exerted on the Y — shaped connection = 7810.92 N

Problem 4-7:

A 45° horizontal reducer elbow has 15 cm diameter at the upstream end
and 10 cm at the other end and is connected at the end of a pipeline.
Neglecting any losses in the elbow, determine the magnitude and direction
of the force affecting the pipeline when a discharge of 75 lit/sec of water is
flowing through the elbow into the atmosphere.

Solution

Q =75 lit/sec = 0.075 m’/sec
Q=AIVi=A W,
Vi=Q/A;=4244 m/sec
v>=Q/A2=955m/sec q :

Apply B.E bet. 1 & 2

Zi+ it/ 2g4 P/ y=Z,+ v,/ 2g+P, /y

0+ (4.244)°/2g+P;/y=0+(9.55°/2g+0
P, =36588.21 N/m’
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Apply the momentum Eqn. In X-direction

Pi A1 -Fx=-pQvicos45-pQvi=-pQ(vzcosd5-vy)

36588.21 * m/4(0.15)” - Fx = - 1000%0.06 ( 9.55 cos45 — 4.244)

Fx =496.073 N Force exerted on water

Apply the momentum Eqn. In Y-direction

Fy =p Qwvasm45
Fy = 1000 * 0.075* (9.55 simn 45)
Fy =506.43 N Force exerted on water

-

Force exerted on the elbow

Fx =496.073 N
Fy = 506.43 N

R = Fx’+Fy =708.913N
6=tan"' (Fy/Fx) = 45.6°

R = the force exerted by elbow on the pipeline.

Best regards,
Dr. Amir Mobasher
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ASSIGNMENTS
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ASSIGNMENT 1

FLOW THROUGH PIPES

Q1: Determine the type of flow in a 400 mm diameter pipe when
a) Water flows at average velocity of 1.2 m/sec and v = 1.13x10°

m°/sec.
b) Glycerin flows at a rate of 2.0 lit/min having p = 1260 kg/m3
and u=0.9 N.s/m°.

Q2: The losses in the shown figure equals 3(V%/2g)ft, when H is 20
ft. What is the discharge passing in the pipe? Draw the TEL
and the HGL.

H=201ft

Q3: Find the discharge through pipe and the pressure at point “C”.

TEL el

Lag = F20m Lac = 24owm

F=ook d=\2m

Q4: A syphon filled with oil of specific gravity 0.9 discharges 300
lit/s to the atmosphere at an elevation of 4.0 m below oil level.
The syphon is 0.2 m in diameter and its invert is 5.0 m above
oil level. Find the losses in the syphon in terms of the velocity

head. Find the pressure at the invert if two thirds of the losses
occur in the first leg.
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Q5: Find difference in the level “H” between point “a” and “b” for the
shown figure.

0-5V,% 2
TE e 2 79 Vi =Y,
= —_Tey 29 P
Wz \lj\
-\-..H‘G'L. ~— T -'1-:5_(_ H
g T T e T
=~ S—
=> Vi : —Vs T ~=xb ¥
L=15m L= 24m
Git/s A = Somm A= TSmm
R=238% £~ 0.0192 F = 00232
Q6: Find the discharge through pipe for the shown figure.
05 Vi* 2 2
Quee der) o 5 (-vs) S
) —TEL, .f ~i5 29 —';re
TE.L "
-~ iﬂ--}-{-ﬁL R ———] ) G
Tﬁn'ﬂ\@ ----- ’_ iia__-""“_"' © A
3
— ) ! — Vg —raﬂk@
| ' |
- bm L,=15m
+ - & I:;C"C’Z{
AI 150 mm d, = 225 mm

Q7: Two reservoirs are connected by 3 pipes in series as shown in figure.
The velocity of water in the first pipe is 5.73 m/s. considering minor
losses, calculate the difference in levels of the water in the two
reservoirs. Sketch the T.E.L and the H.G.L. showing all vertical
dimensions. Kc=0.5.

A L:50m L = 200 m L:%Oh -
" f B
A =02m d = 0-4m oL-.—_o-lSm]

F = 0032 F =004 F=002

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 128



HYDRAULICS (2) — CT 262 HIGHER TECHNOLOGICAL INSTITUTE

08: Two pipes are connected in parallel to each other between two
reservoirs with length L1=2400m, D1=1.20m, F1=0.024; L2=2400m,
D2=1.0m, and F2=0.02. Find the total flow, if the difference in
elevation is 25m.

Q9: Reservoir A is connected to reservoir B through a pipeline having a
length 64 km. The elevation of reservoir A is 180 m higher than that
of reservoir B. The pipeline was designed to convey a flow rate of
28,000 m*/day. It was decided to raise the flow rate from reservoir A
to reservoir B by laying an identical pipe connected in parallel to the
original pipe for a length of 32 km. Find the new flow rate from
reservoir A to reservoir B. (F = 0.016 for all pipes).

Q10: The discharge in the network shown is increased from 250 lit/s to
350 lit/s by adding a new branch pipe BC of length 800 m. calculate
the diameter of BC such that the head loss from A to D remains
constant.

L=1600m d=0.25m
A L=600m B L=800m d= ? C L=400m D

Sd=0sm N/ d=04m

L=1600m d=0.35m

Q11: A reservoir A with its surface at elevation 100 ft above datum
supplies water to 2 other reservoirs B and C of surface levels of 25 ft
and zero ft respectively above datum. From A to junction J, common
pip of 6 inch diameter, 800 ft long is used, the junction being at a level
20 ft above datum. The branch JB is 4 inch diameter, 200 ft long and
the branch JC is 5 inch diameter, 300 ft long. Calculate the discharge
to B and C. Take F for all pipes is taken 0.0075 .

Best regards,
Dr. Amir Mobasher

Dr. Amir M. Mobasher, dr_amir_mobasher@yahoo.com, All Rights Reserved 129



HYDRAULICS (2) — CT 262 HIGHER TECHNOLOGICAL INSTITUTE

ASSIGNMENT 2

PIPE NETWORKS

Q1: A pipe network is shown in figure in which Q and hs refers to
discharges and pressure head loss respectively. Subscripts
1,2,3,4 and 5 designate respective values in pipe lengths AC,
BC, CD, DA, and AC. Subscripts A, B, C, and D designate

discharges entering or leaving the junction points A, B, C and
D respectively.

Qa=20
A Q1=30 hf1=60 B QB=??

~ ) Y}, =
N 3 by, =40

hf.;; - -~

Q& = 100 - . Q=30
D Q=40 hy;=120 e

Q2: Determine the flow in each of the cast iron pipes in the shown
network using the Hardy Cross method. Take n = 2.0

1=1s

20 L/s \A
B4
P4 L
45 s
— — 7
F
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03: Using two steps of hardy-cross method, estimate the flow rate
in each of the pipes in the network shown in figure. Assume
F=0.02 for all pipes.

Pipe AF | FB | BC | CE | EA | AD | DE | EB
Diam. 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300
(mm)
Length | 400 | 400 | 600 | 500 | 500 | 600 | 500 | 500
(m)
7 mfs
100 m’fs A T
iz ¥ B 8 mfs
E
77 — 5 65m’
D C

Best regards,
Dr. Amir Mobasher
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ASSIGNMENT 3

PUMPS & TURBINES

0Q1: A Pump has a cavitation constant = 0.25, this pump was instructed on
well using pipe of 20 m length and 300 mm diameter, there are elbow
(ke=1) and valve (k.= 5) in the system. The flow is 40 m® and the total
Dynamic Head H; = 30 m (from pump curve) f = 0.02
Calculate the maximum suction head

Q2: A centrifugal pump running at 1200 rpm gave the following relation
between head and discharge:

Discharge (m’/min) | 0 | 45 | 9.0 | 13.5]18.0|22.5
Head (m) 2251222 |121.6|195(14.1| O

The pump is connected to a 400 mm suction and delivery pipe the
total length of which is 80 m and the discharge to atmosphere is 20 m
above sump level. The entrance loss is equivalent to an additional 8 m
of pipe and f is assumed as 0.02. Calculate the discharge in m* per
minute.

03: A centrifugal pump is used to deliver water against a static lift
of 12 m. The head loss due to friction = 150000 Q? head loss
is in m and the flow is in Q in m%s. The pump characteristic is
given in the following table. Deduce operating head and flow.

H (m) 30 27 24 18 12 6
Q (L/s) 0 6.9 11.4 15.8 18.9 215
n 0 60 70 65 40 20

- Sketch the pump's characteristic curves for the case of two pumps
connected in parallel

- Sketch the pump's characteristic curves for the case of two pumps
connected in series
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Q4: Water flows from an upper reservoir to a lower one while passing

through a turbine, as shown in Fig. Find the power generated by the

turbine. Neglect minor losses. The efficiency of the turbine—generator
Is 85 percent

Elev. 200 m

Elev. 120 m k"4

— — e ———

Q=0.20m’s

D =300 mm
Pipe< L =250 m

F=0.02

Water

Best regards,
Dr. Amir Mobasher
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ASSIGNMENT 4

MOMENTUM PRINCIPLE

Q1: The force exerted by a 25mm diameter jet against a flat plate normal to the axis
of the jet is 650N. What is the flow in m*/s?

25 mm

F)(: 650
o == ||« N

Q2: A water jet 50 mm diameter strikes a 1.20 m plate which is at an angle of 30°
with the stream's direction. If the force applied at the edge of the plate, to
maintain equilibrium, is 161 N, calculate the rate of flow. Neglect the weight of
the plate.

0Q3: A square plate of uniform thickness and length of side 30 cm hangs vertically

from hinges at its top edge. When a horizontal jet strikes the plate at its center,
the plate is deflected and comes to rest at an
angle of 30° to the vertical. The jet is 25 mm
diameter and has a velocity of 6 m/s.
Calculate the mass of the plate and give the

: . N
distance along the plate, from the hinge, of the ——
point at which the jet strikes the plate in its V=6ms
deflected position.

Hinge
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Q4: A jet of water 75 mm in diameter with a velocity of 12 m/sec meets a vane
having a velocity of 4.8 m/sec in the direction of the jet. If water meets the vane
tangentially and the deflection angle is 120°, find the force of water exerted on

the vane.
U==438mls
—_—
V=12m/$
d: ?E mm

Q5: A liquid jet is issuing upward against a flat board of weight 1 Ib and supporting
it as indicated in the figure. Determine the equilibrium height of the board above the
nozzle exit, if the discharge is 1.5 lit/s and the nozzle diameter is 2 cm.

W]
* -——

F:sTI : -h

Q6: Find the force exerted on each bolt, when the water is flowing at rate of 0.25
m?*/s. The diameters of the pipe and the nozzle are 0.30 m and 0.10m.
respectively.

4 bolts 4 bolts
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Q7: A horizontal jet of water 2 x 10° mm? cross-section and flowing at a velocity of
15 m/s hits a flat plate at 60° to the axis (of the jet) and to the horizontal. The jet
Is such that there is no side spread. If the plate is stationary, calculate a) the
force exerted on the plate in the direction of the jet and b) the ratio between the
quantity of fluid that is deflected upwards and that downwards. (Assume that
there is no friction and therefore no shear force).

Q8: The outlet pipe from a pump is a bend of 45 rising in the vertical plane (i.e. and
internal angle of 135). The bend is 150mm diameter at its inlet and 300mm
diameter at its outlet. The pipe axis at the inlet is horizontal and at the outlet it is
1m higher. By neglecting friction, calculate the force and its direction if the inlet
pressure is 100 KN/m? and the flow of water through the pipe is 0.3 m*/s. The
volume of the pipe is 0.075m".

0Q9: A conveying elbow turns water through an angle of 120° in a vertical plane. The
flow cross-sectional diameter is 400 mm at the elbow inlet, section 1, and 200
mm at the elbow outlet, section 2. The elbow flow passage volume is 0.20 m®
between sections 1&2. The water flow rate is 0.40 m®/s and the elbow inlet and
outlet pressures are 150 KPa and 90 KPa, respectively. Determine the
magnitude and direction of the horizontal and vertical components of reaction
force exerted by the water on the elbow.

Best regards,
Dr. Amir Mobasher
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