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ABSTRACT 

In general, centrifugal pump is more preferable to industrial applications. When a 

centrifugal pump operates at its off-design condition; operating at low capacity and 

require high pressure conditions, pump will experience some unfavorable condition such 

as temperature rise effect. Positive displacement pump is more suitable to be used when 

low capacity and high pressure are necessary. Thus, this project is carried out to make a 

comparison between centrifugal and positive displacement pumps at low flow rate. The 

objectives of the project are to determine the best efficiency points for both centrifugal 

and positive displacement pump by using data obtained from the experiments, to suggest 

the suitable pump used at low flow rates and to monitor the temperature rise effects of 

both pumps when they are running at low flow rates for several hours. 

Experiments on single stage centrifugal pump and a gear pump are conducted. The 

objective of the experiments is to determine the efficiency of centrifugal and gear pump 

at low flow rate with four different types of liquids; water, heavy, medium and light 

crude and two different conditions; constant and variable speeds. From the experiments 

for both centrifugal and gear pump, the efficiency of centrifugal pump is nearly 0% as 

pump operates at low flow rate. As the viscosity of liquid increases, the efficiency 

decreases and temperature increases at constant speed. When the speed increases, the 

efficiency also increases whereas the viscosity of liquid is decreased. When gear pump 

operates at low flow rate, its efficiency value is higher than the centrifugal pump. As the 

viscosity ofliquld increase, the efficiency increases and temperature increases at constant 

speed. If the speed of the pumps increases, the efficiency increases. 

Positive displacement creates flow and centrifugal pump creates pressure. Thus, positive 

displacement pump such as gear pump is more preferable when the system runs at low 

capacity. 

ii 



ACKNOWLEDGEMENT 

I would like to express my special thanks to my Final Year Project supervisor, Dr 

Syed Ithsham Ul Huq Gilani, lecturer of Mechanical Engineering Programme, Universiti 

Teknologi PETRONAS who has guided me throughout the whole duration of completing 

this project. Dr Gilani has always been a good mentor in sharing his opinions and 

knowledge. His contributions have helped me to overcome the problems faced during the 

process in completing the project. 

I wish to thank to AP Dr Razali Hamzah, former Associate Professor of 

Mechanical Engineering Programme for his ideas and opinions given in completing the 

project. I also would like to thank to Hayati Syaheela, Engineer from PCSB Kerteh, 

Terengganu Crude Oil Terminal personnel for such a great help ih providing the crude oil 

and data. I also wish to thank my parents, my family and my friends for their full 

supports for me throughout the year in completing this project. 

Warm appreciation also dedicated to all Mechanical Engineering lecturers, 

technicians especially Mr Kamarul from Fluid Mechanics Lab in Block 20 and other 

personnel that have been involved in helping me to carry out this project. 

iii 



TABLE OF CONTENTS 

CERTIFICATION 

ABSTRACT. ii 

ACKNOWLEDGEMENT . iii 

CHAPTER!: 

CHAPTER2: 

CHAPTER3: 

INTRODUCTION 

l.l Project Background 

1.2 Problem Statement 

1.3 Objective and Scope of Study 

LITERATURE REVIEW 

2.1 Pump Classification 

2.2 Working Principle of Centrifugal Pump 

3 

3 

4 

and Positive Displacement Pump 5 

2.3 Performance Curve of Pump . 

2.3.1 The Head- Flow Curve 8 

2.3.2 The Energy Curve 

2.3.3 The Efficiency Curve 

lO 

11 

2.3.4 The Net Positive Suction Head Curve 11 

METHODOLOGY 

3.1 Problem Definition and Literature Review 15 

3.2 Centrifugal Pump and Positive 

Displacement Laboratory Test. 15 

3.2.1 Objective of the Experiments 15 

3.2.2 Description of the Experiments. 16 

iv 



3.4 Governing Equation in Experiments • 19 

3.5 Project Work Flow 20 

3.6 Tools • 21 

CHAPTER4: RESULT AND DISCUSSION 

4.1 Result . 22 

4.l.l Experiment on Centrifugal Pump 

Demonstration Unit. 22 

4.1.2 Experiment on Gear Pump 

Demonstration Unit. 31 

4.2 Calculation 40 

4.2.1 Calculation on Centrifugal Pump 40 

4.2.2 Calculation on Gear Pump 41 

4.3 Discussion 41 

4.3.1 Interpretation on Centrifugal Pump 

Demonstration Unit. 41 

4.3.2 Interpretation on Gear Pump 

Demonstration Unit. 43 

CHAPTERS: CONCLUSION 44 

REFERENCES 46 

APPENDICES • 48 

v 



LIST OF FIGURES 

Figure 1.1 System head curve of centrifugal pump. 2 

Figure 1.2 Head versus flow for centrifugal, rotary and reciprocating 

Pump 2 

Figure 2.1 Classification of two families of pumps. 4 

Figure2.2 Working principle of a centrifugal pump 5 

Figure 2.3 Engaging of gears in a gear pump 6 

Figure 2.4 Working of the external gear pump 7 

Figure 2.5 a) Internal gear pump (b) External gear pump 8 

Figure 2.6 The four curves of centrifugal pump as they appear on 

the same graph 12 

Figure 2.7 The typical performance curves of gear pump 13 

Figure 2.8 The effect of viscosity, speed and pressure on a small 

gear pump 14 

Figure 3.1 The experiment set up for centrifugal pump demonstration 

Unit(FM20) 17 

Figure 3.2 The experiment set up for gear pump demonstration unit 

Unit(FM22) 18 

Figure 3.3 The process flow of the project 20 

Figure4.1 Performance curves of centrifugal pump at constant speed 

for water 23 

Figure 4.2 Performance curves of centrifugal pump at different speeds 

for water. 24 

Figure 4.3 Performance curves of centrifugal pump at constant speed 

for TCOT crude oil 25 

Figure 4.4 Performance curves of centrifugal pump at different speeds 

for TCOT crude oil 26 

Figure 4.5 Performance curves of centrifugal pump at constant speed 

for Angsi crude oil 27 

Figure 4.6 Performance curves of centrifugal pump at different 

speeds for Angsi crude oil 28 

vi 



Figure 4.7 Perfonnance curves of centrifugal pump at constant 

speed for Penara crude oil 29 

Figure4.8 Perfonnance curves of centrifugal pump at different 

speed or Penara crude oil 30 

Figure4.9 Perfonnance curves of gear pump at constant speed 

for water 32 

Figure 4.10 Perfonnance curves of gear pump at different speeds 

for water 33 

Figure 4.11 Perfonnance curves of gear pump at constant speed 

for TCOT crude oil 34 

Figure 4.12 Perfonnance curves ofgear pump at different speeds 

for TCOT crude oil 35 

Figure 4.13 Perfonnance curves of gear pump at constant speed 

for Angsi crude oil 36 

Figure 4.14 Perfonnance curves ofgear pump at different speed 

for Angsi crude oil 37 

Figure4.15 Perfonnance curves of gear pump at constant speed 

for Penara crude oil 38 

Figure4.16 Perfonnance curves ofgear pump at different speeds 

for Penara crude oil 39 

vii 




















































































































