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Basic Principles of Pipe Flow (Hydraulics)

a Fluid Properties- Brief revision
Q Fluid Statistics and Dynamics
O Energy Concept

O Friction Losses

O Minor Losses

O Network Hydraulics

O Water quality modeling
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Brainstorming

Which Tank Will Fill-Up First?
Have a close look to each pipe and tank

(Inlets and Outlets)

A A-T Water Distribution Modelling
] Lecture By Dr. Fiseha Behulu



Properties of Fluid

E— N
\ ——

The intermolecular cohesive forces are large in
a solid, smaller in a liquid and extremely small
in a gas.

A fluid is any
substance that
deforms
continuously when
subjected to shear
stress, no matter
how small the
shear stress is.
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Properties of Fluid

Quantity Symbol  Dimensions

Density P ML3

Specific Weight Y ML2T2

Dynamic viscosity 1 ML-IT!

Kinematic viscosity Y L2l |

Surface tension o MT*?

Bulk modules of elasticity E ML-IT?

These are fluid  properties! Please Refer your

Hydraulics course from
Undergraduate program
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Pipe Flow Analysis




Objectives

O To understand laminar and turbulent flow 1n pipes and the
analysis of fully developed flow

O Able to calculate the major and minor losses associated
with pipe flow

O In order calculate and design the sizes of the pipes
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Introduction

Comparison of open channel flow and pipe flow
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/ Introduction

O Water is conveyed from its source, normally in pressure
pipelines, to water treatment plants where it enters the
distribution system and finally arrives at the consumer. In
addition oil, gas, irrigation water, sewerage can be conveyed
by pipeline system.

O The effect of friction is to decrease the pressure, causing a
pressure Joss’ compared to the ideal, frictionless flow case.

Q The loss will be divided into major losses (due to friction in
fully developed flow in constant area portions of the system)
& minor losses (due to flow through valves, elbow fittings &
frictional effects in other non-constant —area portions of the
system).
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Major loss (friction) in pipes
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Friction in Circular Conduits (Pipe) flowing full

LV’ LV’
h =Cid——=f——
D2g D2g

a for both smooth-walled and rough walled conduits. It is known as

pipe —friction equation, and commonly referred to as the Darcy-
Weisbach equation

O Friction factor, f, is dimensionless and is also some function of

Reynolds number
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Pipe friction equations

Q Darcy’s Weisbach Equation

LV? &
h :fgg f = ¢1(R€,Bj

A Hazen William Equation

10.675L( 0™ .
he = e [C] SI units

A Chezy’s Equation
O Manning’s Equation
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Reynolds Number

O Pipe flow regimes depends on the following factors:

* geomeitry,
* surface roughness,
* flow velocity,

* surface temperature, and type of fluid, among other things.

O After exhaustive experiments 1n the 1880s, Osborne

Reynolds discovered that the flow regime depends mainly on
the ratio of inertial forces to viscous forces in the fluid. This
ratio 1s called the Reynolds number and 1s expressed for
internal flow 1n a circular pipe as

AAIT



Laminar and Turbulent Flow

Q Laminar flow - in laminar flow the particles of fluid move in
an orderly manner & the steam lines retain the same
relative position 1n successive cross section. Laminar flow 1s
associated with low velocity of flow and viscous fluids.

Q Turbulent flow - Here the fluid particles flow 1n a disorder
manner occupying different relative positions in successive
cross section. Turbulent flow 1s associated with high velocity
flows.

AAIT



Inertial forces

VieD  pVieD

Viscous forces

Re = 2300
2300 = Re = 4000
Re = 4000

Y L

l[aminar flow
transitional flow

turbulent flow




Pipe friction equations

1. For laminar flow type L VIS sy

DV Re

il (£/D) 2.51
2. For Transition flow type  f={-21og, [ 55 * Re (17%)

1}

3. For hydraulically turbulent smooth pipes (e= ()) such as
glass, copper, £ = 221%% 4 5op < Re <100.000) Biagius equation

L -y
W

Re

1 Von Karman's and Prandtl

F =2 log(Re/ Jf )— 0.8 equation for Re upto 3*106

4. For Complete turbulence

_ D12
rough pipe flow type f= [1.14+210g,,( ) ]

AAIT



Pipe friction equations

For all pipes, a general empirical formula by Colebrook - White 1s
given by:

1:_0.861n£ < it J

g 371D Reyf

The above equation 1s awkward to solve

* In 1944, Leewis F. Moody plotted the Darcy—Weisbach friction
factor into what 1s now known as the Moody chart and diagrams
are available to give the relation between f, Re, and e/ D.
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Pipe roughness

[/
pipe material pipe roughness@
glass, drawn brass, copper 0.0015
commercial steel or wrought 1ron 0.045
asphalted cast 1ron 0.12
galvanized iron 0.15
cast 1ron 0.26
concrete 0.18-0.6
rivet steel 0.9-9.0
corrugated metal 45
PVC 0.12
|
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Questions

Q Can the Darcy-Weisbach equation and Moody
Diagram be used for fluids other than water? Yes

O What about the Hazen-Williams equation? No
A Does a perfectly smooth pipe have head loss? Yes

Q Is 1t possible to decrease the head loss m a pipe by
installing a smooth liner? Yes

AAIT



Minor Losses in the Pipes

O Loss due to the local disturbances of the flow conduits such as
changes 1n cross section, projecting gaskets, elbows, valves, and
similar items are called minor Losses.

O In the case of a very long pipe or channel, these losses may be
insignificant in comparison with the fluid friction in the length
considered.




Loss of Head at Entrance

(a) k, = 0.04 (M k. =05 (¢)k,=0.8
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EGL & HGL for Losses in a Pipe

Entrances, bends, and other flow
transitions cause the EGL to drop
an amount equal to the head loss
produced by the transition.

EGL 1s steeper at entrance than it is
downstream of there where the
slope 1s equal the frictional head
loss in the pipe.

Steeper gradient in the EGL due to

- turbulence produced at the entrance

% 2

\ 2;{
Drop in the HGL
due to high
velocity in flow
Just downstream
of entrance

EGL

Ay

e B

e

h; due to

entrance

h; due to partially
closed valve

The HGL also drops sharply
downstream of an entrance J’”tfi
\\*‘ T —fl— =
7; = — L T :—f—)-j
A A C T Water Distribution Modelling ;
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EGL & HGL for Losses in a Pipe

reservoir

L hydy

Yraglie ..
o hf’l g‘f_dd{_‘

line

1V

21"

2¢g

reservolr
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EGL & HGL for Losses in a Pipe

En‘rr}r loss

EGT
- HGE

—--E.T:EZE‘HUG

pump

iexit loss




Loss of head at submerged discharges: (leave of pipe),
(hy)

H, =y+O+V2/2g

H, =0+y+0

2

ot —H, <"
28
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Loss Due to Contraction

Losses due to
gradual contraction
the value of Kc =
0.05-0.10

Losses coefficients for sudden contraction
D,/D, 00 [0.1 Jo2 [o3 Jo4 [05 Jo6 [07 [08 [09 [1.0

k. 0.50 |0.45 | 0.42 [0.39 | 0.36 |0.33 | 0.28 | 0.22 [ 0.15 | 0.06 | 0.00

AAIT



Loss due to sudden expansion
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Gradual Expansion

hv:Kv(Vl_V2)2
: o
K’-is a function of cone angle o.
K 104 (0.6 [095(1.1 |[1.18{1.09/1.0 |1.0
a |20° |30° [40° |50° [60° [90° |120° |180°
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Loss in pipe fittings

The values of “K;” depends on the type of fittings

V2

W=k =
f2g

f

Fitting
Globe valve, wide open

Angle valve, wide open
Close —return bend
T-through side outlet
Short-radius elbow
Medium radius elbow
Long radius elbow
Gate valve, wide open
Half open
Pump foot value

Standard branch flow

K
10

5
252,
1.8
0.9

0.75
0.60
0.19
2.06
5.60
1.80

AAIT




Losses in bend & Elbow

AAIT



Solution of single — pipe flow problems

by

by ¢

The total head losses between two points 1s the sum of the pipe
friction loss plus the minor losses, or

h,=h,+> N

— total head loss
LV?

— major head loss s Lo g
J G fD 2g

> K - total minor loss

AAIT




Pipe tlow problems

O The above equation (hy) relates four variables. Any one of these
may be unknown quantity in practical flow situation. These are:

i L,Q,D known h; unknown
ii. h,Q,D known L unknown
ii. h, Q,L, known D unknown
iv. h,L,D, known Q unknown

AAIT



Example

O A 100m length of smooth horizontal pipe is attached to a large reservoir.
What depth, d, must be maintained in the reservoir to produce a volume flow
rate of 0.03m%/sec of water? The inside diameter of the smooth pipe is
75mm. The inlet of the pipe 1s square edged. The water discharges to the

atmosphere. Assume that density of the fluid 1s 1000kg/cubic meter and
1=10"kg/m.s

a Solution
(pl V12 J (pz V22 j : hLT E th +hLm
e e T s 2 2
Vi de ane e i et h,. :f£V_+kV_
D2g 2g

Q ButP=P~=P_.,
line, then Z, = d.

V,20 V,=V, Z,=0 (measured from the center of the pipe

2 L V2 2 g = Vi = ,then
iy i O T : A, TID;
2g D2g 2g :
Yl d= 80 [ £+k+l}
Zg(fBWLKWLl} n°D%g fD
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Example...

E
Re_ PVD _4p0 4 1000*0.03

= =5.10x10°
7 muD 7 1x107 *0.075

O For smooth pipe from Moody diagram, f=0.0131, then k = 0.5 for
square-edged.

2
(s S et W) *{0.0131* e +0.5+1}
7 (0.075)" *9.81 0.075
d = 44.6m

AAIT



MOODY CHART

0.1
0.09 N Wholly turbulent flow
\ Y
0.08 N
0.07 0.05
0.04
0.06
0.03
0.05
0.02
0.015
0.04
0.01
0.008
0.006
f 0.03
' 0.004
0.025
0.002
0.02 0.001
0.0008
Laminar 0.0006
flow 0.0004
0.015f— |
< = n m P n m Ilcmf)thl—ll 0'0002
Transition range 0.0001
001K 0.00005
0.009|—
0.008 e N —— L 0.00001
2(107) 4 6 8 2(10 4 6 8 2(107)
10° 10* 10°
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Example

Q Water flows from the ground floor to the second level in a three-storey
building through a 20mm diameter pipe (drawn-tubing, £ = 0.0015 mm) at a
rate of 0.75 liter/s. The layout of the whole system 1s illustrated in Figure
below. The water flows out from the system through a valve with an
opening of diameter 12.5 mm. Calculate the pressure at point (1).

%3.5m%%3.5m%‘

e ‘%’ 'ﬁ\i(z)
'\ Faucet

K=2
3.5m
1.75 m| Globe valve
J- open, K =10
35m
(1) ) Threaded elbows 90°
ﬁ» —d1/ RS

<= — SNSRI -
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’% 3.5 mﬁ'% 3.5 m%l

‘X’ &m

/ |
_'\ Faucet
K=2
3.5m
1.75 m| Globe valve
‘ J— open, K =10
3.5m
0 (1) Kt Threaded elbows 90
T, b K=15
l% 525m———
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Solution

From the modified Bernoulli equation, we can write

1 1
P +5,0V12 + 08z, = p, "‘EIOV; + 08z, + pgh;

In this problem, p, =0, z; = 0. Thus,

1
P :E(sz —V12)+pgzz +pg(]’ll +hm)

The velocities in the pipe and out from the faucet are respectively

g Ag 4<0'75X10_3):2.387m/s

4, aD}  (0.020)

0 40 :4(0.75><10—3):6.631m/s

4, D}  7(0.012)

1

2

The Reynolds number of the flow 1s
_ pVd _ (998)(2.387)(0.020)

Re =
Y7, 1.12x10

= 42,546

A A i T Water Distribution Modelling

Lecture By Dr. Fiseha Behulu 27 April 2v20
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Solution

The roughness €/d = 0.0015/20 = 0.000075. From the Moody chart, f = 0.022
(0r,0.02191 via the Colebrook formula). The total length of the pipe is

Hence, the friction head lossis  ¢=5.25+4(3.5)+1.75=2Im

A% 21 2.387°
3 . h = 18 =2 = O. == 671
The total minor loss is =13 2g (0022502 2(9.81) "

2RI

2
h = ZK% =[4(1.5)+10+2] T 5.23m

M, =h, +h, =671+523=1194m

Therefore, the pressure at (1)1s  p, = % p(V22 —V? )+ pgz, + pglh, +h,)

- %(998)(6.63 1> —2.387% )+ (998)(9.81)(3.5 + 3.5)

+998(9.81)(6.71+5.23)
= 205kPa

A A - T Water Distribution Modelling ;
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Example

Consider a water flow in a pipe having a diameter of D = 20 mm which is
intended to fill a 0.35 liter container. Calculate:

(a) the minimum time required if the flow is laminar,
(b) the maximum time required if the flow 1s turbulent.
Use density p= 998 kg/m3 and dynamic viscosity = 1.12x10-3 kg/m:-s

Solution:

=3
(a) For laminar flow, use Re =pV/D/u=2300: V= 23004 _ 2300(1.12x10°")

- ~0.118
oD (998)0.020) s

¥ aF

O

£ : ; _ 4035x107)
Hence, the minimum time ¢ is 7(0.02)>(0.118)

=9.45s

40001 4000(1.12x107%)

b) For turbulent flow, use Re = pV’D/u = 4000: 'S oD (998)0.020) =0.224m/s
Pponaic 0
O bV
3. : e (S U e
Hence, the minimum time 7#1s ~ 2(0.02) (0.224) s

. Water Distribution Modelling
AA ] T Lecture By Dr. Fiseha Behulu 27 April 2020
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Pipe line with Pump or Turbine

O The pump lifts the fluid a height
a the power delivered to the liquid by the pump is (AZ+th)

aQ The power required to run the pump is greater than this, depending on the
efficiency of the pump. The total pumping head, hp, for this case is:

= WAz + )

Q If the pump discharges a stream through a nozzle, kinetic energy head of V%
is required. Total pumping head is:- g

h,=AZ+) h,.

V2
o 2
h, —AZ+£+ZhL

AAIT



Pipeline with a pump

hl, = head loss in delivery pipe

— = exit velocity head = exit head loss

p=
Il

head supplied by the pump

static lift = level difference between the

™
il

reservoirs.

It is clear from Figure 5.9 that:

g
It
"t

2
hp:zs+he+hls+hld+%

AAIT



Relation between Q & h; in pipe

d Using Hazen William equation, 1t is possible to develop a
relationship between head loss, hlL, that occur in a pressurized
pipe, and the flow rate, Q, flowing through this pipe.

) 0.63
O=Av= [EZ jx O.849CHW(%j CHa

hL S KQ1.852 :KQm
10.697L

4.871 1.852

T

AAIT



Pipeline system

2 2)
P +Z, +ZA :pB+§B +Zy+h+h +h v, +h, +h,
/2 Eyin k. g ;

2 2 % _ 2 3 2
h+0+0= 0+O+O+k fliV Vi+f £ % +(V2 ) + f; 5 +k d
2g

E g 3Dl g D, 2g “2g

From quantity egn.: =V, D = V3D32

| (%H (3] (3)

AAIT



Pipeline system

2. Pipes in Parallel

Q=0 +0,+0,

O Two types of problems occur:
1. If the head loss between A and B 1s given, Q 1s determined.

2. If the total flow Q is given, then the head loss and distribution of flow are
determined.

AAIT



Equivalent pipes

Q to replace the length of all the pipes in terms of equivalent

lengths of any one given size, one which figures predominantly
in the system

QO L, of pipe of certain diameter D, which carry the same

discharge and dissipate same energy or head h; as the one with
length L and diameter D.

L, 80, ° 2
. hfl :fl 51 Ql h 2=f2 L2 8Q2
D" 7°g ! Dy r’g
hflzhfz O =0, AT Y O /) &5
DY D>’ ’ lfz D,

AAIT



Problem 1 in parallel connection

Q The pressure and datum heads at A and B are known, to
compute the discharge

15 P
hf:—A+ZA—(—B+ZB]
4 y

a Q,, Q,, and Q; will be computed and then summed up 1n order
to get the Q value

AAIT



Problem 1 in parallel connection

5
D

O Qis given, then h;, and Q,, Q,, and Q; required

assume a discharge Q,’ through pipe 1
solve for hy using assumed discharge Q,’ using equation

i y2
h,=| fi—+) K|
| pEzk )l

Similarly, using hy” compute Q,” Qj’
Now it is assumed that for the same energy loss to occur m the three
different loops, that the total discharge Q should be divided in the same

proportionas Q,” Q,” and Qy’
O, :[ 9 jQ

o ol ol

Check the correctness of the procedure by computing h¢l, h2, and h3 for the three
different loops which should be the same. (1% tolerable)

AAIT




Pipe Connection

Series connection

Ql :Qz :Q3
hy, =h +h +h

LA—B

Parallel Connection

Q:Q1+Q2+Q3
hlq =hL2 =hL3

¢ ~ l V3 i
0 A Y V, A 0
= Ne =>(1) D — (2) Dy - (3) Dy Be)—>
v
e T !
(a)
v_4
. D, g \VA
{ Vi -
1) — - 0
! * v,
D, 2) — e ()
T # V3
D, (3) — — O3
f |

()

AAIT




Exercise

O Three pipes were connected between two points A and B to carry
0.3m3/sec. The point A and B lie 30m and 25m above a given datum,
respectively. The pressure at A 1s maintained at 600Kpa. The pipe 1 1s
100m long and 0.3m 1s diameter, the pipe 2 1s 750m long and 0.2m is
diameter and pipe 3 1s 200m long and 0.4m is diameter. Assume all the
pipes to be smooth. Determine the flow in each pipe and the pressure at
B. Take kinematice viscosity of water = 10-°m?/sec.

AAIT



Branching pipes
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Branching pipes

a Case |- Given all L, D, Elev A & Elev B, Q,
= Required - Elev C and Qy, Q3

Q Case Il — Given all L, D, Elev A & Elev C, Q,
= Required — Elev B, and Q4 , Q3

a Case lll — Given all L, D, and Elevations
= Required —Q4, Q,, and Q3

AAIT



Case I — Given all L, D, Elev A & Elev B, Q;
Required - Elev C and Q,, Q;

1. Assume a proper value of fand calculate hg; for a given L, D,,
and Q,

2. Determine the elevation of J and hence the head difference
between J and second reservoir Hy, which is also equal to the
head loss 1n pipe 2 1.€. hy,

3. Calculate the discharge for the third reservoir and the
corresponding head loss using Darcy’s equation, the surface
elevation can then be determined

AAIT



Case II — Given all L, D, Elev A & Elev C, Q,
Required — Elev B, and Q, , Q;

a Since Q, 1s given, the difference Q; — Q; 1s known. Similarly, it
1s seen from the previous figure that hy + hg 1s also given.
These relations are solved simultaneously for their component
parts in one of the two ways.

a) Assume successive hg using trial values of Q, and Q;. The
computed values of hy and hy should satisfy elevation at
junction J 1s common for all.

b) Assume successive elevation of J satisfy the second relation,
determine Q,, and Q, (using Darcy’s equation until the first
relations 1s also satisfied.

AAIT



Case III — Given all L, D, and Elevations
Required — Q,, Q,, and Q;

Q No flow in pipe 2 (Elevation of J and B are same)

a Find hy and hg, 1f Q; > Q;, the flow 1s going into reservoir B
and 1f Q, < Q; the flow 1s going out of reservoir B.

O Once the direction of Q, 1s determined, another trial elevation of
piezometric head at J 1s assumed and hy, hp, and hy are
computed;

Q then Q;, Q,, and Q; are determined and the equation of
continuity 1s satisfied. If the flow into the junction 1s too great, a
higher piezometric head at J 1s assumed, which will reduce the
inflow and increase the outflow

AAIT



Exercise

O A reservoir A with its surface 60m above datum supplies water
to a junction J through 30cm diameter pipe 1500m long. From
the junction, a 225cm diameter pipe 800m long feeds reservoir
B, in which the surface 1s 30m above datum, while another pipe
400m long and 20cm diameter feeds another reservoir C. The
water level in the reservoir C stands at 15m above datum.
Calculate the discharge to each reservoir. Assume f for each
pipe as 0.03.

AAIT



Example

d

A constant head tank delivers water through a uniform pipeline to a tank, at a
lower level, for which the water discharges over a rectangular weir. Pipeline
length 20.0m, diameter 100mm, roughness size 0.2mm. Length of weir crest
0.25m, discharge coefficient 0.6, crest level 2.5m below water level in
header tank. Calculate the steady discharge and the head of water over the
weir crest. Use minor head coefficient k of 1.5

s

AAIT




Solution

orH=

For pipeline, H =

02
2g A’

& Y2
15V+

A LV?

2g

G

(15+ D
2
3

Discharge over weir: Q =

. 2
ie. Q = 3

=

i.e. h =(

=(25-nh
D = @5

X (-6 X V19-62 x 0-25 x h*?

443 b

Q 213
)

(1)

(ii)

(iii)

(iv)

AAIT




Solution

o Q@ ( AL)_ (0)2’3
Then in (ll) 2g A2 1-5 + F =25 — 0-443
Q’ ( AL) ( Q )2’3_ _
(:urng2 1-5 + D + 0243 = 2.5 v)

Since A is unknown this equation can be solved by trial or interpolation
i.e. inputting a number of trial Q values and evaluating the left-hand side of
equation (v):

Q’ ( A L) ( Q )2”'
= NS4+ —1 4+ | —
H; 2g A? 5+5 0-443
For the same values of Q, the corresponding values of h are evaluated from
equation (iv).
For each trial value of Q, the Reynolds number is calculated and the

AAIT



Solution

friction factor obtained from the Moody diagram, for % = 0-0002. See table
below.

whence Q = 0-0213 m*/s (21-3 I/s) when H, = 25 m

and h = 0-132 m.
Q m’s Re A H, (m) h(m)
0-010 1-13 x 10° 0-0250 0-617 0-08
0-015 1-69 X 10° 0-0243 1-287 0-105
0-018 203 x 10° 0-0241 1-810 0-118
0-020 225 x 10° 0-0241 2-215 0-126
0-022 2-48 x 10° 0-0240 2-635 0-135
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Reading Assignment

Q Pipeline systems and network analysis
A Check valve and pressure reducing valve
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Design procedures for Complex (Looped) Pipe Networks

» Hardy Cross Method

* Newton-Raphson Method
* Linear Theory Methods

= EPANET

* WaterCAD

A A - T Modeling Water Distribution
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Complex (Looped) Pipe Networks ...

A Hardy Cross Method

= This 1s an 1terative procedure based on initially estimated
flows 1n pipes
* The method 1s based on the following basic equations of

continuity of flow and head loss that should be
satistied

* The steps are as follows:

A A - T Modeling Water Distribution
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Complex (Looped) Pipe Networks ...

A Hardy Cross Method

Step-1: Assume the best distribution of flow that satisfies continuity by
careful examination of the network.

* The flow entering a node must be equal to the flow leaving the same
node

':)_: Q; = q; for all nodes j=1,2,3..... .

Where Q; the dischargein pipei meeting at node ( junction) j, and q is
nodal withdrawal at nodej

A A - T Modeling Water Distribution
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Complex (Looped) Pipe Networks ...

a Hardy Cross Method...

Step-2: Calculatethe head loss, hy, in each pipe.

h; = k,(Q)? ... Darcy Weisbach
h;= k,(Q)!-% ... Hazzen- Weliam

* The algebraic sum of the heads around a closed loop must be zero.

2 h=0 for all loops k = 1,2,3,... k;
loop k

Y K@@ =0 . _ 8fiL, g
e o v m gD = D

* For aloop, take head loss in the clockwise flows as positive and in
the anti-clockwise flows as negative

A A - T Modeling Water Distribution
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Complex (Looped) Pipe Networks ...

a Hardy Cross Method...

* In general, it is not possible to satisfy the condition for head loss with
initially assumed pipe discharges satisfying nodal contmnuity
equation.

* Therefore, discharges are modified so that Y>h; becomes closer to
Zero

« The modified pipe discharges are determined by applying a
correction AQ to the mitially assumed pipe flows

N KAQ:+ AQ0|(0: + AQu)| =0

losop &

A A - T Modeling Water Distribution
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Complex (Looped) Pipe Networks ...

a Hardy Cross Method...

Step-3: Calculate the correction factor for each loop by Expandingthe
equation and neglecting second power of AQ, and simplifying it, the
following equation is obtained:

_Z”QO‘QO‘H By th

AQ 7 n—1 h
210, | S
0,
S K OO,
- |-.T.l - h
AQ, = — =2 Z 0
£ = 3 K0 : = = RO Formulae for flow correction, AQ
2y, KO P
Jia n _
Z 0o, AQ = —EH for Darcy-weisbach
23 ()
Q
AQ = LHHLL for Hazen-Williams
1.85 E(—)

e

A A - T Modeling Water Distribution
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Complex (Looped) Pipe Networks ...

The overall procedure for the looped network analysis can be summarized
as;
=  Number all the nodes pipe, links and loops

=  Apply nodal continuity equation at all the nodes to obtain pipe discharges
(start by assuming an arbitrary discharge in one of two pipes joining and apply continuity equation to
obtain dischargein the other pipe).

= Adopt a sign convention that a pipe discharge is positive if it flows clockwise
direction, otherwise negative

= Estimate diameters for the mitially assumed flow rates

= (Calculate head loss in the pipes as a function of the flow rate Q, the diameter, length
and roughness of a pipe, .

= Work out to satisfy the head loss requirement (determine AQ for each loop and by
using AQ value, new estimated flows are calculated).

= [Iterate /repeat procedure/ until AQ = 0 1.e, negligibly small corrections (AQ),
(Xh=0)

A A - T Modeling Water Distribution
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Example

Determine the discharge in each

: : Pipe Diameter, mm Length, m
of the pipes using Hard-Cross e e —
Method BC 200 2500

B0 300 3000

AD 400 3500

DC 200 600
B 200 mm

20 Lis
Out

A A - T Modeling Water Distribution
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Example

Determine the flow rates in all the pipes of the
network using Hardy Cross Method. Take C=100

A A - T Modeling Water Distribution
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Solution:
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Solution:

' el 3 0\ L TR
Q lteration 1 iy =107 4] m)
C D™
Loop Pipe D, mm L, m Q, L/s S, m/m h, m h,/Q Q+AQ
[(firsttry)  AB 300 1000 3 00015 15 0.043 29
300 3000 000015 045 0045 ©

AD 400 3500 ~25 ~(.0002 =0.7 0.028

-3l

0,
1B

LA = T x o~ oL

Loop Pipe D, mm L m Q,L/s S, m/m h,/Q Q+AQ

[ (firsttry)  BC 200 2500 % 0.55 12
CD 200 600 5 . 018  0.036 -8
@D 0 3000 neglect  neglect  neglect  CID
199 139 0,586

I AQ =~~~ 13 Lis

A A C T Modeling Water Distribution
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Solution:

a Iteration 2

Loop Pipe D, mm Lm Q, L/s S, m/m hy, m h,/Q Q+AQ
[ (second try) AB 300 1000 29 0.001 1.00 0.034 24
300 3000 0.0004 120 0071
AD 400 3500 -3l ~-0.0003 -105 0.034
115
__ L,
LA = ~Te oy~ M
Loop Pipe D, mm Lm Q, L/s S, m/m LM h/Q . Q+4Q
II (second try) BC 200 2500 3.75 0313 8
CD 200 600 -0.45 0.056 -12
@ 300 3000 =0.60 0.050 -16
97 2.7 0419
AQ= e g ~ T4 L8

A A - T Modeling Water Distribution
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Solution:

Q lteration 3

Loop Pipe D, mm L, m Q,L/s S, m/m hy, m h,/Q Q+AQ
[(thirdtry) ~ AB 300 1000 24 0.0007 0.7 0.029 23
300 3000 (1 000034 102 0.064 @)
AD 400 3500 -3 -00004  -14 0,039 -37
032 0132 -
0.32
oS 185 R
Lﬂﬂp " Pipe D,mm * Lm Q, L/s S, m/m h,, m h,/Q Q+ AQ
I (thirdtry)  BC 200 2500 § 06007 175 0219
CD 200 600  -12 00015  —09 0.075
300 000 €15) -00003 =09 (.06
00 -005 0354
IT: AQ, = ————— = 0,07 (negligib!
AQy = T = 007 (neglgible)

A A - T Modeling Water Distribution
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Final Solution

. Pipe BC |
Pipe AB ﬂ———?ezs 7 * Then residual head and
Qi = 35Ll ) - 12 I velocity ~ can be
Q2 = 29 Lis = checked against design
s =04 I B 8 L/s
Qi ey = criterion
- e QBC
(N 3
<[ RSN, e B
Qp = 10 Lis
Al |Q@r= 4Lis L~ out
Q =17 L/s C :
60 Lfs Qs = 12L/s
In 40| Qs = 16 Lis ‘q)
\,- = 15L/s D
\ /
Loop | 7 Pipe AD e
e IR S
=25 L5 =\ -

%= 31 Il H0443 E’f ety

Q3 = 36 L/s Out -

Q4 = 37 Lis

A A - T Modeling Water Distribution
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Water Distribution Modeling

1) Bantley WatarCAD ¥5 XM Edition [0y g]

T v | T T——
e e e Lok et D i
S e s x
[ N e So-xiBD-&e =
2
|- @ Cmentriasnchae
1 M Hourly damand Q
15 Cumnet w crlically &
5 Fre flow vuberabilly 3
12 Interient supgly FOD) E:|
= 3 Prowcted inkastructure
5 2010 pojected e Stupnads d
B 28 roecied b Hoda Reverea
& 2020 projected [/ B ¢Geometys
Geometry
B Sco. |2 Alen. | Colcusion_| & S B Active Topok
: AT
| Elomant Symbology 3 x W B Initial Setting
J-xdra-»rsq M Sk
i o e T, 8 Physical
= M@ Fpe a M Zore
ga';b‘ M Disrete ]
1reted Materal
O Velocty L Hazerlians
= B Jurction M Hos Uses Dot
BA Lo o S
= [ F fow symbclogy
B@ Satitfies corstrsnts? @ e
Bl Avalabie Fre Flow i Rs A gl e
D et Q Belloy Wate GEMS [Wotor Quality Aratyi] -
e | B £t Yo ot Soctin Todks W b
I g:::'« DEES rhAX - & A a0 | @Quin@es
3 ‘r . a’ﬁvmsmF‘ Bk v | b [7| Tk [Ceate NewFesire ] | Targets [pressure pee A X6 @A
e > & B PRV g —
e 1] L + B P ] =
EIQ_EET_.‘_. R e S B e
e Ll R R R | 4l
e T ] [ ] (e (3 Elemens Syrab_ |4 B
et s e LA

E & EQC @ - sweem

A-XmBd-@e

= 2 Cuent - Average Demand
D Curent - Max. day desand
5 Cument - Max. hour demand
o, [Cnert Wer Oty
=5 Proected 2020 - Demaed 2020
5 Rehab Phase |
= ) Rehab Phase il
(50 Rehabs, Phiase |1 + Fre Flow

C Modeling Water Distribution e oy &
A AIT . -
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WDS Simulation

Simulation: the process of imitating the behavior of one system
through the functions of another.

refers to the process of using a mathematical representation of
the real system, called a model.

AAIT
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WDS Simulation

« Steady-State: a snapshot in time and are used to determine the
operating behavior of a system under static conditions.

e Extended Period Simulation (EPS): used to evaluate system
performance over time

A A - T Modeling Water Distribution
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Application of WDMs

Long-range master planning, both new development and
rehabilitation

Fire protection studies
Water quality investigations
Energy management
System design

Daily operational uses including operator training, emergency
response, and

troubleshooting

AAIT

Modeling Water Distribution
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Model Representation

¢ Nodes
) q “‘\
/—"‘ \ Links
/
ff“
9 g

A A C T Modeling Water Distribution
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Network Elements

Element Type Primary Modeling Purpose

Reservoir  Node Provides water to the system

Tank Node Stores excess water within the system and releases that water

at times of high usage

Junction Node Removes (demand) or adds (inflow) water from/to
the system
Pipe Link Conveys water from one node to another
Pump Node Raises the hydraulic grade to overcome elevation differences
or link  and friction losses
Control Node Controls flow or pressure in the system based on specified
Valve orlink  criteria

AAIT

Modeling Water Distribution
Lecture by Dr. Fiseha Behulu
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EPAnet steps

-

1 Project setup

= View >

= Project>

< 7 .
[‘u’iew Project Report  Wine

i Dirnensions... l
=
3

Backdrop

Pan
ZoomIn
Zoom Out
Full Extent

[iject Report  Window Help

Summary...

5 Defaults...

. Calibration Data...
Analysis Options...
Run Analysis

AAIT

Modeling Water Distribution
Lecture by Dr. Fiseha Behulu

i
%, EPANET2 o
SN

File Edit VYiew Project Report Window Help

P ——

~Lower Left |Ipper Right
H-coordinate:  |0.00 #-coordinate: |1DDIJIJ,IJD
Y-coordinate:  |0.00 “f-coordinate: |1DDIJIJ,IJD
tap Unit
" Feet " Degrees " None
i i B
Defaults | Defaults

D Label: | Properties  Hydraulics D Labels Properties | Hydraulicsl

(O ptioty Default alue Property | Default alue |

Flow Units x| - Mode Elevation 0

Headlozs Farmula H-f L Tank. Diameter 5

Specific Gravity 1 Tank, Height 20

Relative Wizcozity 1 Pipe Length 1000

M awirnurn Trials 40 &uta Length -

Aoouracy 0.0 Pipe Diameter 12

[f Unbalanced Continue Pipe Roughness 100

Default Pattern 1

Dremand bultiplier 1.0 -

[~ Save az defaults for all new projects

119

Cancel

[ Save az defaults far all new projects

Help ] 4

Cancel




EPAnet steps ...

Q Model building

= First construct nodes (Reservoirs, tanks, junctions)

= Then connect links (pumps, pipes, valves)

Add reservoir Add lable

Add junction \
()

\

)
9~ G X_T

7

i\
d ‘ — Add valve
d

Add tank AddPiPe  Agg pump

AAIT

Modeling Water Distribution
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Q Input data

= Double click element using selection tool

EPAnet steps ...

Selection tool__—> k

(< - & G I

= Modify data in the property box

Pipe 1 @ Tank 4 El Reservoir 3 @
Property Yalue | Property Walue ‘ | Property Valug |
"Pipe 1D 1 I~ “Tank ID 4 = “Reservair |0 i3 -
St N 1 ......................... S— 5?2222 ....... o ] ?19841
“End Node 2 -Coordinate 5625.40 -Coordinate 320635
Description Description Dezcription
Tag Tag Tag
“Length 1000 “Elevation a “T gtal Head 0
“Diameter 12 “Initial Level 10 Head Pattern
“Roughness 100 inimum Lewvel 0 Iitial Quality
| o P n bl i e | e an e e libe o

AAIT

Modeling Water Distribution
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EPAnet steps ...

O Run the model

Run tool /{% ':-{

N

]

O View result

i
577

View graphs

]

View table

A A - T Modeling Water Distribution
] Lecture by Dr. Fiseha Behulu
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The following needs to be considered in your
Project (Assignment #3)

Demand Analysis (Including Population Forecasting)
Preliminary network layout (GIS/ Google Earth)
Distribution system design (In WaterCAD)

Typical building sanitary system design (Optional)
Report

= Text

= Drawing

= EPANET model & result

= WaterCAD model & result

AAIT
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Design procedures for Complex (Looped) Pipe Networks

* Hardy Cross Method

A A - T Modeling Water Distribution
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O The method 1s based on two basic principles:

1. Conservation of Mass (Continuity Equation)

a Qb 2
Inflow = Outflow at nodes
& Q
Qa o Qb 37 Qc 3
The algebraic sum of the flow rates in the pipe meeting 1 3 Qq

at a junction, together with any external flows is zero

2. Conservation of Energy (Head Loss Equation)
Summation of head loss in a closed loop is Zero

Y h;(loop) =0

LK(Q+24Q)")=0

A A C T Water Distribution Modelling
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Hardy Cross Method (Revised)...

Q The relationship between head loss and discharge must be

maintained for each pipe: h. = fLV*
f— 2gD
Darcy-Weisbach Equation Q\° 0Q
vi=(=| =[—
A (ﬂ_dz
4
] == n s —_ 8fL
h;(pipe)=KQ* n=2; K b 16402
T 2p2
Exponential Friction Formula (Hazen-Williams Equation)
: 10.67
h,(pipe)=KQ" n=1.85 K= C185 p4.87
== Water Distribution Modelli
AAIT Leite:;'e l;yrle.l F(;;lehaoB:huI;Igl 92



Hardy Cross Method (Revised)...

A Derivation of Hardy Cross Method (For the first Principle)
Actual Discharge = Q

: _"_>‘ :
Assumed Discharge = Q; Q ?
I L ]

Correction Discharge = A Q=Q +A

X K((Qi+08)")=0

n n-1 n-1 20 N2 2 Binomial
Y KQ;” + Y nKAQ; + . 5 nKA“Q; =Eeaie=() Exniision
D KQin+ D nKAQim__1 =0 For Small values of A
A KO o = n = 2 for Darcy Weisbach
Y nkQ;" 1 n Zﬂ n = 1.85 for Hazen Williams
Qi
. Water Distribution Modelling
AAIT Lecture By Dr. Fiseha Behulu 93



Hardy Cross Method (Revised)...

A Derivation of Hardy Cross Method (For the second Principle)
2 hy(loop) =0

he(1) + he(2)+ he(3)+ hy (4) =0

= Note that the clockwise water flows are positive while the anti-clockwise ones are
negative.

Positive and negative flows give rise to positive and negative head losses
respectively

A A C T Water Distribution Modelling
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Example

Example: Obtain the flow rates in the network shown below.

55
90 I/s 63 % 600 m
254 mm 10
y ‘tve } 14V
600 m 600m
152 mm 152 mm
E 600 m 5 b
35 |/s 152 mm 3

15
11

45
49

600 m
254 mm

600 m 60 l/s
152 mm

AAIT

Water Distribution Modelling
Lecture By Dr. Fiseha Behulu
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3 90 If;“\‘t\ 500 m B
> -
Solution l T \
|
+ve/ Y o eonm
500 ~.254 mm
500 m - . C
- 152 mm e
152 mm T T
— -1.85 - 4.87 1.85 i 60 I/
hf= 10.67 C, D Q L X om s
500 m /D 152 mm
@ 152 mm
Iteration- 1 Pipe L(m) D(m) Q(m3/s) Hf(m) hilQ Q+AQ
AB 600 0.254 0.055 2.720 49.452 0.063
I BD 600 0.152 0.010 1.415 | 141.527 | 0.018
ABDE DE 600 0.152 -0,00] -0.393 78.517 0.003
EA 600 0152 (0.035 ) |-14.367| 410485 | -0.027
T NETP. Ao - ¥ ;: -10.624 679.981
y =107 =] | w w3 o= 0.008
Loop Pipe L{m) D(m) Q(m3/s) Hf(m) hilQ Q+AQ
BC 600 0.254 0.045 1.876 A41.697
1l CD 600 0.152 -0.015 2,996 | 199.764
BDC DB 600 0.152 -0.010 -1.415 | 141.527
io - - 3 h}: -2.535  382.938
! 0.004
HE o

AAIT
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HardyCross _LM_Matrix.xlsx

55

M 90 63 B
Solution ,  600m 45
254 mm 49
35 10y
27y 14 600 m
254 mm
600 m 600 C
152 mm 152mm| 15
hf= 10.67 CH -1.85 D-487 Q185 | 11

600 m 60 /s
600 m 5 D 152 mm
35 152 mm 3

Loop _ |Pipe  L(m) D(m) Q(m3/s) Hi(m) hi/Q  Q+AQ
AR 600 0.254 0.063 [ 3.543] 55.837[ 0.065
| BD 600 0.152 2.637| 188.386 | 0.016
DE 6500 0.152 @ 0.197] 57.217| 0.005
EA 600 0.152 G027 | -8.620] 324.604 | -0.025
2242 626.044
0.002
BC 600 0.254 0.049 | 2.197 | 44.827
I D 600 0.152 0.011 | -1.688 |153.470 | -0.008

DB 000 0.152 - -2.637 |188.280 |-0.011

-2.129  33806.083
0.003

A A C T Water Distribution Modelling
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HardyCross _LM_Matrix.xlsx

1-63
. 90 Iis 600 m B 1.
Solution 1-66,, 149
1,-35 2o4mm 4 04 “Ay53
1,-27 I,-14 600 m
15-24] -13 254 mm
600 m 600 c
192 mm
= 1.85 - 4.87 (185
152 mm
35 Iis
Iteration-3 Sl Pipe  L(m) hiQ
AB 600 56.997
! BD 600 176.885
DE 600 78.517
EA 600 308.381
620.781
BC 600  0.254 0.052| 2452 47.150
I cD 600 0152 | -0.008] -0.937 117.075
DB 600  0.152 -2.300 176.885
0784 241110
0.001

A A C T Water Distribution Modelling
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HardyCross _LM_Matrix.xlsx

. Design procedures for Complex (Looped) Pipe Networks

* Hardy Cross Method

= Newton-Raphson Method
* Linear Theory Methods

= EPANET

* WaterCAD

A A - T Modeling Water Distribution
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Design procedures for Complex (Looped) Pipe Networks

ad Newton-Raphson Method

= [t1s a powerful numerical method for solving systems of
non-linear equations

* The method can be applied to both AH and AQ equations.

* The main concept of Newton-Raphson algorithm is derived
from Taylor series which calculates the x,; value according to

Xo

it
Xl X0 fl(x)

A A - T Modeling Water Distribution
] Lecture by Dr. Fiseha Behulu 100



Design procedures for Complex (Looped) Pipe Networks

N L

O Newton-Raphson Method...
= Suppose that there are three nonlinear equations to be solved for Q,

Q,, and Qs
* F1(Q,Qy, Q) =0
* F5(Q), Qy, Q) =0
* F3(Qy, Q;, Q3) =0
= Adopt a starting solution (Q;, Q,, Q;) .

= Also consider that (Q; TAQ;, Q, tAQ,, Q; +AQ;) 1s the
solution for the set of equations. That 1s:

F1(Q; tAQ,, Q, tAQ,, Q; +AQ;) =0
F2 (Q, TAQ,, Q, TAQ,, Q; +AQ;) =0
F3 (Q; tAQy, Q; tAQ,, Q5 +AQ;) =0

A A - T Modeling Water Distribution
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Design procedures for Complex (Looped) Pipe Networks

O Newton-Raphson Method...

» Expanding the above equations as Taylor’s series:

F,+
F,+

Fs+

oay. 50,
e 90,

504

AQq +
AQq +
AQq +

ot a0
b 90,

/a0,

AQ, +
AQ, +
AQ, +

:aFl/aQ3:
_aFZ/an_

A
o

= Arrange the above set of equations in matrix form,

_aFl/aQ1 aFl/an aFl/aQs_
an/an aFZ/an
e L

_AQl_
OF

Z/aQ3 AQ; | =
OF

3/6Q3_ _AQS_

F 1
F,

K]

AQgZO
AQSZO
AQgZO

AAIT
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Lecture by Dr. Fiseha Behulu

102



Design procedures for Complex (Looped) Pipe Networks

O Newton-Raphson Method...
= Solving Equation (3), we get

rOF. OF. OF. i
'AQ, ] aFl/aol aFl/an aFl/aog F, ot
AQ2|= —|"/a0, “og, “lags| |F
_AQ3_ aF3/ 6F3/ 6F3/ F3

L an an aQS-

Knowing the corrections, the discharges are improved as

Q.| [e.] [a0;]
Q,|=[02| +20Q; Eq-5
Qs [Qs] [AQs)

A A - T Modeling Water Distribution
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Design procedures for Complex (Looped) Pipe Networks

O Newton-Raphson Procedure

= The overall procedure for looped network analysis by the Newton-
Raphson method can be summarized in the following steps:

Step |: Number all the nodes, pipe links, and loops.

Step 2:Write nodal discharge equations as

Jn
Fij= Qjn—q; =0 | for all nodes — 1,
n=1

where Q, is the discharge in nt pipe at node j, q; is nodal
withdrawal, and jn is the total number of pipes at node j.

Step 3:Write loop head-loss equations as
Ky

Fr = Z K, Qin|Qm| =0 for all the loops (n = 1, k,).
n=|

where k_ is total pipes in k,, loop.

A A - T Modeling Water Distribution
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Design procedures for Complex (Looped) Pipe Networks

O Newton-Raphson Procedure...

Step 4:Assume initial pipe discharges Q,, Q,,and Q,., ... satisfying
continuity equations.
Step 5: Determine friction factors, f, in all pipe links and compute
corresponding K. using

k — i

mgD;

Step 6: Find values of partial derivatives dF  / 0Q, and functions F_,
using the initial pipe discharges Q, and K.

Step /: Find AQi. The equations generated are of the form Ax = b,
which can be solved for AQ..

Step 8: Using the obtained AQ; values, the pipe discharges are
modified and the process is repeated again until the calculated AQ,
values are very small.

A A - T Modeling Water Distribution
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Design procedures for Complex (Looped) Pipe Networks

O Example Newton-Raphson Method

The pipe network of single loop as shown in Figure has to be analyzed by the
Newton-Raphson method for pipe flows for given pipe lengths L and pipe
diameters D. The nodal inflow at node 1 and nodal outflow at node 3 are shown
in the figure. Assume a constant friction factor f=0.02 and determine the

discharge through all pipes.

L, = 300m K 8fiL;
D, =150 mm i > JUS s
1 K, = 6528 s2/m® 2 LN 2o
0.6 m¥s —»o¢ > ' )
@ (1) Pipe no.
® Node no.
Ly=200m L, =200m -+ Flow direction
D,=150mm Yy (4) ] @ Dp=150mm ..\
K, = 4352 s2/m® Y K,=4352sms L1 Loopno.
. > e—» 06ms
4 Ly=1300 m 3

D;=150 mm
K; = 6528 s%/m®

A A C T Water Distribution Modelling
] Lecture By Dr. Fiseha Behulu 106



d

Design procedures for Complex (Looped) Pipe Networks

. 55500 K ——2h
Solution - i A 74D
0.6 m¥s —» >
o o @ )
* The nodal discharge functions, F are: D P o,
E4i21%%:1m 1@ (1] @ Lﬂziﬁ%%mmm -+ Flow direction
Ql + Q4 _0.6 :O K:;435232/m5 Y K§;4352 2jms [1] Loopno.
®
— »- » 0.6 m%s
_Ql 5 Q2 O 4 Ly=300m 3
K. as2s s
Q; +Q;-0.6=0

and loop head loss functions,

8fL
gm2D>

h=KQ"; n=2, K= ( with proper sign convention)

6528101 1Q;+ 4352 [Q41Q, - 6528]Q31Q; - 4352]Q41Q,= 0

AAIT
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Design procedures for Complex (Looped) Pipe Networks

Ly = 300m K — 8fiL;
° =150 mm ' 2 5°?
D SOlutlon eoe 06 1 Kt 6528 s?/m° 2 g,
A , @ )
» The nodal discharge functions, F are: Y e
L4i 200 r:m (1] in 200mmm - Flow direction
doiom 1@ © g T Gonrn
Ml e ® ;
F=Q,+Q,-0.6=0 p o &> osnfls
D3 =150 mm
2k Aot K; = 6528 s%/m°
Fp=-Q; +Q,=0

F3=Q,+Q;-0.6=0
and loop head loss functions, (Clockwise +ve)

F4= 6528]0;1Q; +43521Q,1Q, - 6528/ Q;1Q; - 4352/Q,1Q,= 0
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a Solution...

= The derivatives are:

oF BH S st s
0Q4q 0Q, 0Q3 0Q4
OF OF OF OF
y y y y
b2 T i A —2 —2 0
aQ, aQ, Q4 aQ,,
OF OF OF OF
3 3 3 3
—3 ey =l —3 0
aQ, aQ, Q5 3Q,
OF4 6528 oF4 4352 oFy 652803 oFy 4352
an Ty Ql 0Q7 o QZ aQQ ) Q aQA, e Q4
Fi=Q +Q,-0.6 =0
F2= 'Q1 + Q2 =0

F;:=Q, +Q;-06=0
F,=6528|Q;|Q, + 4352 |Q,|Q, - 6528|05|Q; - 4352|Q,|Q, = 0
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Design procedures for Complex (Looped) Pipe Networks

a Solution...

= The generated equations are assembled in the following matrix form:

=1

-OF oF OF ) -

[AQl : Yaa, a /0, a Yoas| 1F,

AQz[= — FZ/aQ FZ/aQ FZ/aQ Fy

AQB aFg/an 6F3/6Q2 6F3/6Q3 F3
= 1 2 3-

= Substituting the derivatives, the following form is obtained:

T | 0 0 () e G T
281 Wi 1 0 0 F,
AQZ W 0 1 1 0 F 3
& 165280, 43520, —65280Q, —4352Q, S
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Design procedures for Complex (Looped) Pipe Networks

a Solution...

= Assuming initial pipe discharge in pipe 1 as Q= 0.5m3/s, the other pipe
discharges obtained by continuity equation are:

3
Q> =0.5m7s Fil=01+0:-06=0
3
Q3 =0.1m7/s Fy=—0Q)+ Q=0
Qs =0.1ms Fy=0:+Q—06=0,
Fi = 6528]Q)| Q) + 4352|02|Q> — 6528|Qs]Qs — 4352|Q,|Q. = 0.
L, =300m
D, = 150 mm
. 1 K, = 6528 g?/m® 2
e Q, =05 m315® ~ :
Q, = 0.5 m¥s @ Pipe no.
® Node no,
Ly=200m Ly = 200m » Flow directi
Dy=150mm ¥ @ (1] @ D, = 150 mm ow direction
Ky = 4352 s%/m® ¥ K,=4352s2/ms [1] Loopno.
Q.q, . th m3|"'s
= 3
. @ Q ﬂ.lm!s. = 0.6 m3s
4 Ly=300m 3
Ds‘ 150 mm
Ky = 6528 s?/m®
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Design procedures for Complex (Looped) Pipe Networks

a Solution...

= Substituting these values in the above equation, the following form is obtained:

CAQ T 1 0 0 A
A, | | -1 1 0 0

Ao |~ | o 1 1 0

| AQ: | 3264 2176 —652.8 —4352

= Using Gaussian elimination method, the solution is obtained as:

AQ, = —0.2 1113/5
AQ, = —0.2m/s
AQ; = 0.2 1113/ S
AQ, = 0.2m’/s
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Design procedures for Complex (Looped) Pipe Networks

O Solution...
= Using these discharge corrections, the revised pipe discharges are:

0, =0, +40,=05—-02=03m"s
0, =0, + A0, =05—-02=03ms
Q3=03+AQ;=10.1+02=03m"s
On=0s+ A0, =0.1+062=0.3m"s

= The process is repeated with the new pipe discharges. Revised values of F and
derivative OF= 0Q values are obtained. Substituting the revised values, the

following new solution is generated:

CAQ, C 0 0 I 77'ToT
AQx | Nt 1 0 0 0
AQ: | 0 J I () 0
| A, | 19584 1305.6 —19584 —1305.6] [0
= Water Distribution Modellin
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Design procedures for Complex (Looped) Pipe Networks

a Solution...

= As the right-hand side is operated upon null vector, all the discharge corrections
AQ=0. Thus, the final discharges are

Q,=0.3 m%/s
Q,=0.3m’/s
Q;=0.3 m%/s
Q,= 0.3 m’/s
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Design procedures for Complex (Looped) Pipe Networks

* Linear Theory Methods
= EPANET
= WaterCAD
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Design procedures for Complex (Looped) Pipe Networks

O Linear Theory Method

= Limear theory method is another looped network analysis method presented
by Wood and Charles (1972).

= The entire network is analyzed altogether like the Newton-Raphson
method.

* The nodal flow continuity equations are obviously linear but the looped
head-loss equations are nonlinear.

= The looped energy equations are modified to be linear for previously
known discharges and solved iteratively.

= The process is repeated until the two solutions are close to the allowable
limits.
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Design procedures for Complex (Looped) Pipe Networks

A Procedures of Linear Theory Method

Step I: Number pipes, nodes, and loaps.
Step 2: Write nodal discharge equations as

.|r.|'.'
F;= Z Qm — ;=0 forall nedes — 1,

=1

where Q, 15 the discharge in the wth pipe at node j, g; 1s nodal withdrawal, and j,
the total number of pipes at node f
Step 3: Write loop head-loss equations. as

kll
F.= Z b, =0 for all the loops.

n=1
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Design procedures for Complex (Looped) Pipe Networks

O Procedures of Linear Theory Method...

Step 4: Assume initial pipe dischanges. &,. &>, &, .. .. If 1s not necessary to satisfy
continuity equations.

Step 5 Assume friction factors f; = (.02 in all pipe links and compute correspond-
ing K;
Step 6: Generalize nodal continuity and leop equations for the entire network.

Step 7: Calculate pipe discharges. The equation generated is of the form Ax= b,
which can be solved for Q..

Step 8: Recalculate coefficients Be, froam the oblained ; values.

Step 9. Repeat the process again uniil the calculated €; values in two consecutive
iterations are close to predefined limmis.
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Design procedures for Complex (Looped) Pipe Networks

O Example Linear Theory Method

The pipe network of single loop as shown in Figure has to be analyzed by the
Newton-Raphson method for pipe flows for given pipe lengths L and pipe
diameters D. The nodal inflow at node 1 and nodal outflow at node 3 are shown
in the figure. Assume a constant friction factor f=0.02 and determine the

discharge through all pipes.

L, = 300m K 8fiL;
D, =150 mm i > JUS s
1 K, = 6528 s2/m® 2 LN 2o
0.6 m¥s —»o¢ > ' )
@ (1) Pipe no.
® Node no.
Ly=200m L, =200m -+ Flow direction
D,=150mm Yy (4) ] @ Dp=150mm ..\
K, = 4352 s2/m® Y K,=4352sms L1 Loopno.
. > e—» 06ms
4 Ly=1300 m 3

D;=150 mm
K; = 6528 s%/m®
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Design procedures for Complex (Looped) Pipe Networks

O Solution:
= The nodal discharge functions F can be written as

Fl:Q|+Q4—l].EI=[}
Fa=—-01+0.=0
Fi=0.+0;—0.6=0,

and Loop head-loss function

Fy= liEii~'||"§:"||"£'l + K3 |10 — K5 QJ|@3 — Ky Q4|Q4 =,

Which is linearized as

Fy =00, + 5,0, — bsQ5 - b, 0, = 0.
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Design procedures for Complex (Looped) Pipe Networks

O Solution:

=  Assuming initial pipe discharge as 0.1 m3/s in all the pipes, the coefficients for
head-loss function are calculated as:

b, — K,0, — 6528 x 0.1 = 652.8
by — K205 — 4352 x 0.1 = 435.2
by — K505 — 6528 x 0.1 = 652.8
by, = K,0, — 4352 x 0.1 = 435.2.

=  Thus the matrix of the form Ax = B can be written as

1 0 0 1 1Te.] [06]
1 l 0 0 o, |0
0 l l 0 0.~ |06
6528 4352 —65288 —4352| |0, | 0]

= Solving the above set of linear equations, the pipe discharges obtained are

Q= Q= Q= Q= 0.3 m/s
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Design procedures for Complex (Looped) Pipe Networks

O Solution:
= Repeating the process, the revised head-loss coefficients are:

b, = K,0, — 6528 x 0.3 = 1958.4
by = K30, = 4352 x 0.3 = 1305.6
by = K205 — 6528 x 0.3 = 1958.4
by, = K,0, = 4352 % 0.3 = 1305.6

= Thus the matrix of the form Ax = B can be written as

| 0 0 | o, 0.6
1 l 0 0 o, 1o
0 | 1 0 o]~ |06
1958.4 1305.6 —19584 —13056]| |0, 0

= Solving the above set of linear equations, the pipe discharges obtained are

Q= Q)= Q3= Q= 0.3 m’/s
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Thank You!
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