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Introduction

 This chapter describes the analysis of steady flow in pipe systems. 

 In any analysis problem all of the physical features of the network are known   In any analysis problem all of the physical features of the network are known, 

and the solution process endeavours to determine the discharge in every pipe 

and the pressure,  etc. at every node of the network. 

 We believe it is important for an engineer to understand what is being 

accomplished in these computer solutions. To aid engineers in gaining this 

knowledge, we begin with the basic principles, and the equations that embody 

them, that interrelate the discharge in each pipe and the pressure at each node 

of the networkof the network.
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Network Types

Branched System (Tree)

Looped NetworkLooped Network

3



Branched Systems (Tree)y ( )

• Pipe Flows
– For known nodal demands, the rates can be partially determined.
– Flow rates & directions in the pipe routes connecting the sources p p g

depend on the piezometric heads at the sources and the distribution 
of nodal demands.

• Velocities
– Also partially known.p y

• Pressures
– Conditions are the same as in case of the single source, once the flows 

and velocities have been determined.
• Hydraulic calculationHydraulic calculation

– Single pipe calculation can only partially solve the system.
– Additional condition is necessary.

T di ib i k d l i l f i• Tree distribution networks are used only in rural areas or for pipe 
irrigation.
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Looped Networksp

• Pipe Flows
– Flow rates and directions are unknown.

• Velocities
The velocities and their directions are known only after the flows– The velocities and their directions are known only after the flows 
have been calculated.

• Pressures
– Conditions are the same as in case of branched networks once the 

flows and hydraulic losses have been calculated for each pipeflows and hydraulic losses have been calculated for each pipe.
• Hydraulic calculation

– The equations used for single pipe calculation are not sufficient.
– Additional conditions have to be introduced.
– Iterative calculation process is needed.

• Loops are needed for reliability purposes
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Network Elements

• Nodes
Si k– Sink

– Junction

• Pipes ( Link)p ( )

• Loops

Number of nodes NN 
Number of pipes NP
Number of closed loops NLP    =  NP – (NN-1)
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Network Elements

Number of nodes NN  = 7
Number of pipes NP = 11
N b f l d l NLP NP (NN 1) 5Number of closed loops NLP    =  NP – (NN-1)  = 5
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Analysis, Design And Optimization

• The analysis problem - where the layout of the network, external flows and pipe 
characteristics are given is to Calculate the flow through pipes The solution of

y , g p z

characteristics are given - is to Calculate the flow through pipes. The solution of 
the analysis problem is unique irrespective of the technique used to obtain the 
solution. 

• The design problem is the one where some of the network components, e.g. pipe g p p , g p p
diameters. pump lift or reservoir levels are required to obtain certain operation 
conditions. The design problem is commonly solved by trial and error using a 
series of analysis problems. 

• The optimization problem is the one which satisfies the design constraints with• The optimization problem is the one which satisfies the design constraints with 
the minimum cost of network . The cost includes both capital and running costs.

• Analysis is needed also to evaluate the different design alternatives and choose 
the optimal one.p
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Friction Head Loss Equation

Hf = K Qn

q

DarcyDarcy--Weisbach Equation (1857)Weisbach Equation (1857)
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Cl ifi ti f A l i T h i

• Three different systems of equations can be developed for the solution of 

Classification of Analysis Techniques

y q p

network analysis problems. These systems of equations are named after the 

variables that are regarded as the principal unknowns in that solution method.

 Q-equations

 H-equations

 ΔQ-equations

10



G i E ti

• Flow continuity at junction of pipes The sum of all ingoing and outgoing flows 

in each node eq als ero (Q 0 0)

Governing Equations

in each node equals zero (Qi = 0.0).

• Head loss continuity at loop of pipes, The sum of all head-losses along pipes 

that compose a complete loop equals zero (Hf = 0.0).f

H d C M th d

Methods of Solution

• Hardy Cross Methods

 Method of Balancing Heads

 Method of Balancing Flowsf g

• Linear Theory

• Newton Raphson
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H d C S l ti St

1. Arbitrary flows are assigned to each pipe; 

Hardy Cross Solution Steps

(Qi = 0.0).

2. Head-loss in each pipe is calculated.

3 h f h h d l l h l  nQK3. The sum of the head-losses along each loop 

is checked.

4. If Hf differs from the required accuracy, a 







1n

n
o

j

QKn

QK
Q

. f d e s o e equ ed ccu cy,

flow correction δQ is introduced in loop ‘i’.

5. Correction δQ is applied in each loop 

 oQKn

(clockwise or anti-clockwise). The iteration 

continues with Step 2
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H d C E lHardy Cross Example

Using the Hardy-Cross method and hand calculation, estimate the flow rate in 

each of the pipes in the networks shown in Fig.

D for all pipes = 0.5m, F = 0.01

200m
0.20m3/s

B C

300m
100m100m

200m
0.10m3/s

0.30m3/s

A D
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Hardy Cross – First Trial
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Hardy Cross – First Trial

025.01 Q

031.02 Q
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Hardy Cross – Second Trial
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Hardy Cross – Final  Trial
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The Linear Approximation

The linear approximation is a widely used method to solve the analysis 

problem with pipe flows as unknowns. It depends on approximating the 

non linear head loss equation in the following linear form,
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The Linear Approximation

A X = B      X = A-1 BA B
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The Newton - Raphson Method

The nonlinear system of equations resulting from using any of the 

unknowns mentioned above can be solved by the Newton-Raphson

method. The value of the unknowns or variables at iteration i + 1 is 

calculated as

where D-1 is the Jacobean matrix, which is the first derivative of 
the function F with respect to the variables X.
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The Newton - Raphson Method
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Thank You
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