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ABSTRACT

Name: Shaimaa Said Abdou Aly

Title: Simplified Approach for Water Hammer Analysis
Institute: Faculty of Engineering, Ain Shams University
Specialty: Public Works, Sanitary& Enviromental Engineering

This thesis aims to provide a practical and simplified approach for the
analysis of water hammer phenomenon, develop the pressure transient
envelops produced due to water hammer, asses the need for protection, and
determine the size of protection device.

To conduct this study, a typical water supply system consisting of a pump
and long transmission pipeline delivering to a terminal reservoir is
proposed. About 500 runs are simulated on Bentley Hammer software to
cover wide variation of physical and hydraulic parameters.

The results of simulation are used to develop a model for the pressure
envelops along the pipeline profile and another model for sizing of the
protection device needed to reduce the impact of water hammer.

Keywords: Transient Pressures, Water Hammer, Surge Protection Devices,
Simplified Approach.
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Water hammer is considered a catastrophic phenomenon which has a high
impact on water supply system and network performance .

Water hammer analysis is very complex in handling the complicated
equations or the determination of the required surge vessel for protection .
This thesis aims to provide a simplified and practical approach for the
analysis of Water Hammer phenomenon in order to assess the need for
protection against this phenomenon, and estimate the volume of surge
vessel.

To conduct this study, about 500 simulation runs have been applied on
Bentley HAMMER computer software, to a water supply system covering a
wide range of physical and hydraulic parameters as follows.



Parameters Range

Diameter (D) (mm) 300, 600, 900 and 1200
Velocity (V) (m/s) 0.5,1.0,1.5, 2.0and 2.5
300, 600, 900,1200 and

Wave Speed(a) (m/s)

1500
Demand and Pump Depend on the velocity and
Head (H) diameter

Longer than 4 x wave

Pipe length (L) (m) travel length

The research conclusions were:

1. The direct relationship known as Joukowsky’s equation is valid to
approximately estimate the pressure drop at the pump.

AH, = +

AV

nulﬂu

2. A new empirical formula is developed to calculate the maximum
and minimum pressure envelops along the pipeline and to assess the
need for protection.

AH = AH, [1 4 {f)]m

3. A new empirical model is developed to size the surge vessel.
V =04D%HV®

After comparing the results of the simplified equations with those calculated

by Bentley Hammer, it is proved that the proposed approach can be applied
with ease and efficiency.
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INTRODUCTION CHAPTER ONE

CHAPTER 1
INTRODUCTION

1.1 Introduction

Hydraulic transients in closed conduits have been a subject of
both theoretical study and intense practical for more than one
hundred years. (Ghidaoui et al, 2005)

Transient flow is the transition from one steady state to another
steady state in a fluid flow system. It occurs in all fluids,
confined and unconfined and transition is caused by a disturbance
to the flow. (Parmakian, 1963)

A water hammer is the rapid change in flow momentum in closed
conduits causing elastic waves (pressure waves) that travel both
upstream and downstream from the point of origin. The rapid
change of the velocity converts the kinetic energy carried by the
fluid into strain energy in the pipe walls causing a pulse wave of
abnormal pressure to travel from the disturbance into pipe system.
(Karney et al, 2005)

The pressure in the conduit behind these propagation waves is
very rapidly increased or decreased with a velocity equal to the
speed of sound in the fluid. The propagating pressure waves
create both positive - and negative pressure higher or lower than
the normal pressure any water system is designed to work in the
normal condition.

Pump power failure is one of the most important causes of
transient flow in water supply system which create negative
pressure in several location that decrease the water supply
performance.



