THE STUDY OF VISCOSITY-DENSITY PRODUCT OF FLUIDS BY
USING ULTRASONIC TESTING

NUR IZATI BINTI ISMAIL

Final Year Project Report Submitted in
Partial Fulfillment of the Requirements for the
Degree of Bachelor of Sciences (Hons.) Physics
in the Faculty of Applied Sciences
Universiti Teknologi MARA

MAY 2011



ACKNOWLEDGEMENTS

Alhamdulillah, praise to Allah S.W.T. because give me such a great opportunity to
do my Final Year Project and for His Blessing in giving me strength to complete this

final thesis.

I would like to take this opportunity to express my sincere gratitude to my
supervisor, Mr. Mohd Fauzi Bin Maulud for his keen effort, interest, advice and
insightful comments throughout the period of this project. Thank you because giving
me a good chance for learning and gaining very valuable knowledge during my final

year project. May Allah show His blessing and mercy for his sincere guidance.

Especially thanks to my family who gave me their support all this while. Not
forget also to my fellow friends for their suggestions and support. I am really grateful
with my friends because always in my side and with their co-operation for my

research in this field.
Also, I would like to express my gratitude to our AS 203 project coordinator,
En. Md Yusof Theeran. This research paper would not be as it today without their
contributions. |
Finally, thanks to those who have contributed directly or indirectly until the
completion of this project. Above all, I thank Allah the Almighty for His grace,

mercy and guidance throughout my life.

Thank you very much.

iii



TABLE OF CONTENTS

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

ABSTRACT

ABSTRAK

CHAPTER1 INTRODUCTION

1.1

1.2

1.3

1.4

Background
Significant of study
Problem Statement

Objectives of study

CHAPTER 2 LITERATURE REVIEW

2.1

2.2

2.3

24

Ultrasound waves reflection
Propagation of ultrasonic waves
Viscosity density of fluids

Ultrasound properties of material

CHAPTER 3 METHODOLOGY

3.1

3.2

3.3

3.4

Introduction
Experimental set up
Preparation of sugar water solution

Shear and longitudinal sound waves

v

Page
iii
v
vi
v

ix

12
14
15

16



ABSTRACT

The study of shear longitudinal wave’s propagations of ultrasonic in different viscosity-
density of fluids has been carried out. The ultrasound shear longitudinal wave
reflections are playing very important role so that viscosity-density of fluids can be
measured. This method based on the determination of reflection coefficient and velocity
of sound. The velocity of sound can be determined due to Snell’s law where are the 1%
and 2™ critical angle occur from the refracted incidence of longitudinal and shear waves
respectively while the reflection coefficient,RC can be determined due to acoustic
impedance, Z=pv of fluids and solid substrate that depends on density and velocity of
sounds. For the purpose to determine viscosity-density product, sugar water solutions
were used with concentrations ranging from 0%-70% at incremental steps of 10%
concentrations. The acrylic and aluminum solid substrates are within the sugar water
solution that functions as shear wave block so that the transmission amplitude of
longitudinal and shear waves can be measured as angle changed from 0° to 90°. The
results were compared for each solution in different of solid substrate. As concentrations
of solid liquids increases, the velocity of sounds increases then the reflection
coefficients decreases therefore increasing the viscosity-density value. This explains the
solid substrate materials and fluids properties in different of viscosity-density product.



1.1

CHAPTER 1

INTRODUCTION

Background of study

Measurement of material properties using ultrasound is a well research area of study
as well as other acoustical methods. Ultrasound has been used to measure viscosity
of fluid as early as 1949 (W.P. Mason et al 1949). The shear wave reflection
coefficient of ultrasound technique at a liquid to solid interface was developed to
determine the viscosity response of fluids (W.P. Mason et al 1949). This viscosity
measurement based on shear wave of ultrasound was developed where the
propagation loss and the phase shift between the reference and loaded waveforms
were used to predict the viscosity (T. Sato et al 1993). By study this ultrasound
shear wave reflection, velocity of sound and viscosity density of fluid can be
measured. This method based on determination of reflection coefficient and density
of fluid. In this work, sugar water solutions were used to determine viscosity
density with concentrations ranging from 0%-70% at incremental steps of 10%
concentrations. The results were compared for each solution in different of solid

substrate and the physical properties of solid substrates were discussed.



