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ABSTRACT

Process control systems consist of numerous control loops, linked together in producing
a particular product to be used for carrying out experiments or to be sold. For each of
these loops, they are designed to ensure that significant flow parameters such as
temperature, velocity, pressure, level, flow, etc. operate within a set range to ensure end
product quality. Signal and disturbances for external control loops are sent to these
control loops, or sometimes, generate their own internal disturbances, adversely
affecting these variables. After measurement, comparison and calculation, the strategy
that has been selected by the specific controller such as (Proportional, Proportional
Integral, Proportional Integral Derivative, etc.) must be implemented by a final control

element.

One common FCE (final control element) largely used in the industry for process control
is the control valve. The manipulation of the flowing fluid, such as water, chemical
compounds, steam, gas, etc., are done by the control valve for load disturbance to be
compensated, and ensure that the process variable and the desired set point are as close
as possible. Due to its importance in a flow loop, it is very important to know the control
valve flow characteristics. Because of the fast development in simulating flow and using
numerical technique for flow diagnostics, understanding flow inside the valve has

become possible for the valve performance to be estimated.

This thesis investigates methods for diagnosing flow for both single phase and

multiphase flow under various flow conditions and probe designs.

This thesis reports the results of experiments on the control valve flow characteristics
using a range of statistical parameters obtained from: airborne acoustic signal
microphone, vibration signal from an accelerometer on the valve body and fivehole
multihole probes (MHP) placed ingeniously inside the valve at different sections of the
valve inlet and outlet. An assessment on the behaviour of the fluid using these three

methods has been presented.
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For the multihole probe (MHP), different probe lengths and heights have been used to
obtain local flow parameters and analyse how these parameters vary at different sections

from inlet to outlet.

Detailed experimental investigations were conducted for diagnosing the valve flow
behaviour. The signatures from these sensors (vibration and acoustic) have been
analysed by making use of different statistical parameters including peak amplitude,
kurtosis, RMS (root mean square), variance and Peak-to-Peak. In addition, both signals
from the vibration and acoustic sensors were then transformed to frequency domain and
analysed using Fast Fourier Transform (FFT) and mean frequency. Analyses for both
signals in frequency domain were also carried out under various ranges of frequency. The
results revealed that vibration technique gives a clearer picture into how the signal
changes with different flow and valve behaviour. This research also found that frequency
range between 0 to 1 KHz was more sensitive in determining the valve behaviour at
various conditions. Concerning this research, it can be suggested that lower frequency
range sensors (vibration and accelerometer) can be used to capture the behaviour of the
control valve and detect any form of fault, which are cheaper than higher frequency range

SEensors.

The results also reveal that the combination of all of these techniques could be applied to
increase the reliability of the valve and fault detection. The combination of all
experimental methods can be considered robust, providing detailed information about
the valve performance and flow diagnostics, hence, assisting in prolonging the valve life

and protect the control system from any emergency shutdown.
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INTRODUCTION

CHAPTER ONE

1.0 INTRODUCTION AND BACKGROUND

This chapter provides an overview of history and types of control valves and their many
applications. This chapter also gives an insight into the control valve development as a key
final control element in modern process industry, and presents the motivation for the

research, the main aim and objectives. The concluding part for this chapter gives an outline

for the thesis content and structure.
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INTRODUCTION

1.1 INTRODUCTION

In process industry systems, valves are very common and a major key component. In
controlling the fluid flow, temperature, pressure, level, etc., the control valve is used
widely in flow processing industries. They are a major part of a typical control loop [1].
They had played, over the last few decades, an important role in various industrial
application, for example, as a hydraulic device for fluid flow control. Various valve types
have various applications in which they can be used for [2]. In flow control systems,
valves are mostly used for safety purposes, where the valve dynamics has to match the
control flow system dynamics. One of the most common component for fluid control in
the industrial production process is the control valves where system parameters such as
flow, pressure, etc., are controlled, especially in thermal plants, oil and gas, chemical
industry, nuclear power and other similar industries [3]. Because of their fast response
and high precision capabilities, they directly affect the performance level of the entire

flow system.

The relationship that exists between the position of the valve and the piping system
makes the relationship between the flow rate and pressure drop non-linear. Therefore, it
is very important in understanding flow of fluid inside the control valve when
engineers/researcher want to improve the valve performance, making it very difficult to
predict their properties. However, there are CAD and CFD tools for the valve design, much
of these designs mostly rest on the experiments and on experience [4]. Since either single
or multiphase phenomena have been known to researchers, there have been significant
developments in flow measurement techniques, which have allowed for the development
of various measuring devices, though these devices have different mechanisms of how
they measure the flow properties. These devices can be categorized into two groups:
e Intrusive techniques in which there is disturbance of the flow while measuring
the flow properties.
e Non-intrusive techniques in which the flow properties are measured without
disturbing the actual flow.
Both techniques can be applied in measuring either the flow properties of the continuous
phase or that of the dispersed phase of the said flow and have thus, been implemented

for the control valves.
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1.2 BACKGROUND OF STUDY

There have been some detailed research carried out on the control valve in the past.
However, a well-detailed research about flow measurements inside the complex valve
passages is very difficult and sometimes, almost impossible to carry out. It is therefore,
important to design and create means to accurately take these measurements during
experimentation. Numerical methods can also complement these experimental studies
and provide additional information or data regarding the flow pattern and measurement
results inside the control valves.

One major concern on the use of control valves in the production process is the impact by
the fluid on the valve wall due to fluid high-pressure, which leads to the generation of
noise and vibration on the body of the valve [3]. If the natural frequency of the valve body
and that being produced because of the vibration are the same, excitation of the frequency
resonance will occur on the body, causing a reduction in the valve work performance, and
reduce the control valve life span, causing a significant influence (negative) on the entire
industrial system [3].

The subsection 1.2.1 looks at the control valve, the history, types and its parts, to better

understand their importance and functions.

1.2.1 THE CONTROL VALVE

Dissipation of energy is the sole purpose of a control valve. Control valves controls flow
conditions including the pressure drop, flow rate etc. by controlling how much the valves
opens or closes. The valve actuator controls the closing and opening by comparing their
set positions to a process variable.

Therefore, more importance should be given when considering the energy cost in
evaluating the control scheme effects on the general running and profitability of the

entire flow process [5].

1.2.1.1 CONTROL VALVE HISTORY

The control valve history is one story of an engineer, which was quite innovative, that
developed the control valve and the intrepid companies who gave support to his effort.
The control valves concepts goes as far back as the bronze plug cocks, which were used
by the Romans in the aqueducts [6]. For centuries now, there have been need to move
fluid (water) to populated regions from rivers. The Egyptians and the Greeks followed

similar practice but it was during the Romans age that key important developments in
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fluid flow networks occurred. James Watt introduced this concept of an automatic
moving-stem valve in the late 18t century, which he developed in regulating his steam
engine speed. Other control valve with similar application were then developed during
the 19th century. Late in the 19t century, self-contained level and pressure regulators
were applied to much larger steam boilers in power stations. Pressure from the process
was then used in moving the stem of the valve of the pressure regulator through the valve
diaphragm; the level regulator stem was moved to a ball float by a mechanical linkage.
One of the first valves used by the Romans for their fluid network can be seen in figure
1.1 consisting of a plug, inserted on the valve body. The plug could rotate about 90 degree
for the valve to either open or close. The material used was bronze, which facilitated the
plug rotation with anti-corrosive properties. Some evidence has also suggested that
Romans at that time had used primitive forms of angular, diaphragm, check and mixing

valves [7].

Figure 1.1: Plug valve of the Romans

It was during the industrial revolution that the developments of modern 