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1.1 BACKGROUND 
     Mass flow measurement devices are one of many current 

technologies being evaluated today by major corporations and private 

instrumentation manufacturing companies in the hydrocarbon industry. 

The application to royalty and custody transfer measurements of crude 

and hydrocarbon products, of such devices is still in its research and 

testing phase. Unlike process conditions, custody transfer criteria have 

more stringent conditions to comply with. Process conditions allow 

possible accuracy tolerances between 2-5% and the process data is used 

for internal material balance, leak detection and loss control. Custody 

accuracy tolerances however need to be between 0.25-0.50% margins. 

This is because financial and commodity exchange takes place at the 

point of custody, where actual cash is either gained or lost. It is this 

attribute of custody transfer, the stringent accuracy requirements, that 

current research for better and automated sensors technology is being 

sought after and evaluated for compliance with the required custody 

transfer flow measurement accuracies. The use of Coriolis mass meters 

in custody transfer metering is relatively new, although they have been 

used for process optimization for nearly 20 years. The same instrument 

measures mass flow and density with ± 0.15% of volumetric accuracy. 

Hence, volumetric flow, if needed, can easily be calculated[1]. 

     The oil products distribution centre is a custody transfer centre and it 

is the main centre in Sudan which supplies the country with 90% of its 

oil products needs and it contains more than 104 gauges stations. At first, 

49 Coriolis gauges were installed in 2009. In order to increase the 

accuracy more gauges were installed and the number reached 104 

Coriolis gauges at present. Each gauge stations controls the flow of a 
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specified quantity of only one product to one depot through a separate 

pipeline.   

     Coriolis flow meters have various applications and are used in many 

different industries such as oil & gas, food & beverage, chemicals, and 

pharmaceuticals amongst others. In industry, mass flow measurement is 

often preferred to volume flow due to mass being independent of the 

process conditions (density, pressure and temperature). One of the main 

advantages of Coriolis flow meters are that they provide a direct 

measurement of the mass flow and product density, with no 

compensation for changing temperature, viscosity, and pressure required. 

But the disadvantage of Coriolis flow meters is that they are claimed to 

be affected by installation effects. However, Coriolis flow meters still 

require compliance with the manufacturer’s instructions to ensure 

optimum performance. These instructions can vary depending on the 

flow meter design and also the flow meter manufacturer[2]. 

1.2 PROBLEM STATEMENT:- 
     The Coriolis is assumed to be one of the most accurate meters.  

However, after being installed in the distribution centre some complains 

were received from customers expressing inaccuracy in the quantities. 

     The difference between the volume measurement in the distribution 

centre and the delivery quantity to petroleum distributions companies is 

causes troubleshooting in the operation. Which lead to dissatisfy and 

conflicts among suppliers and petroleum distribution companies. 

     Science January 2013 the loss and the delivery gain quantity 

measured as 4.95%and 5.47% on February on the same year. There are 

many reasons behind that one of them is the density which changes 
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according the weather condition and mechanism of action components of 

the system and design. 

1.3 OBJECTIVES:- 
- To analyze and evaluate the existing skid so as to explain the effect of 

each component on the Coriolis meter. 

-To propose suitable system architecture for effectively rectifying the 

inaccuracy of the current meter. 

-To simulate proposed system using WINCC Simulator so as to develop 

a software module that can adaptively controls the overshooting of the 

density  

-To Evaluate and validate the efficiency of the proposed system. 

     The outcomes of the above mentioned objectives are to minimize loss 

and gain on delivered quantities. 

1.4 STATE OF THE ART:- 
     The main points of the previous studies can be summarized as 

follows:   

1- How to detect the flow rate irrespective of the fluid density by found 

the relationship between tow resonance frequencies[3]. 

2- How to maintain density as part of interior design[4]. 

3- The effect of the design shape on the resonance frequency and the 

relationship between the resonance frequency and fluid pressure, flow 

rate and density[5]. 

4- The technology of mass flow measurements, Coriolis force mass Flow 

meters, application of mass flow measuring devices to custody transfer. 



12 
 

5- How to improve the stability to excitations caused by external 

influences, such flow conduit a location and discusses how to reduce the 

pressure drop[6]. 

1.5 PROPOSED SOLUTION:- 

     The methods proposed in this research investigate on terms & 

conditions of flow rate, density and Coriolis meter in order to study of 

the existing defective skid and then design knew skid meter, and the 

discussion will be focussing on the reason of error measurement errors. 

1-Study of how Coriolis meter works.  

2- Study of meter skid design & how to calculate the patch.   

3-Study of the existing defective skid which have the problems by 

collect the data from deferent existing skid when start batching from 

different source (we need to monitor the effect of pressure ,flow rate, 

temperature, vibration, pump, valve. 

4- Investigate the effect of meter performance specially the loss and 

gain.   

5- The effect of density on meter performance then how to control and 

compensate the deviations. 

6- Proposed new design and architecture for the current meter. 

7- To simulate proposed system using WINCC Simulator so as to 

develop a software module that can adaptively controls the overshooting 

of the density.  

1.6 THESIS ORGANIZATION:- 
Given below is a brief outline of the thesis topics: 



13 
 

Chapter 2 provides the literature review and details of tools & 

component, network communication component and related work. 

Chapter 3 describes the research methodology used in the research and it 

also explains the current performance of existing system and presents the 

data collected and provides and analysis of the results in relation to the 

research questions. 

Chapter 4 explains the new design and discusses the results of the 

simulations in order to meet the objectives of the research.  

Chapter 5 shows the conclusions, and offers the recommendations. 
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2.1 INTRODUCTION:- 
     This chapter describes the literature review, section two shows the 

tools and components that can take place in the existing or proposed 

design , Furthermore it explains, the technical information about each 

device ,section three provides an overview of communication tools 

which is explains the way and type of communication protocols that are 

use to communicate between the components. Section four shows the 

previous research by provide an overview of knowledge sharing. 

2.2 TOOLS & COMPONENT:- 

     These sections provide an overview of the component of the system 

and technical information about each device. 

2.2.1 Coriolis Flow meter:- 
     Coriolis force, like centrifugal force is a pseudo-force (fictitious 

force) that appears to act on masses moving in a rotating reference-frame 

.In a rotating coordinate frame, fictitious acceleration can be brought 

about due to the rotation of the reference frame[7]. The Coriolis force is 

named after Gaspard-Gustave de Coriolis, a French scientist who 

described it in 1835 in a paper titled “Sur les equations du movement 

relative des systems de corps (On the equations of relative motion of a 

system of bodies)” This paper deals with the transfer of energy in 

rotating systems like waterwheels. Coriolis name began to appear in 

meteorological literature (in the context of weather systems) at the end of 

the 19th century, although the term "Coriolis force" was not used until 

the beginning of the 20th century. Today in popular science, the Coriolis 

Effect is best known for explaining why weather systems in the northern 

hemisphere spin counter-clockwise and in the southern hemisphere, 

clockwise.  
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      A Coriolis mass flow meter sensor (Figure 2-1) is a device that is 

used to detect the flow rate & density of fluid[8]. 

 

Figure 2-1: Coriolis Promass meter source [2] 

2.2.1.1 Operation Principle:-  

     The measuring principle for Coriolis flow meters ( Figure 2-2) is 

based on the controlled generation of Coriolis forces. These forces are 

present when both translational and rotational movement occurs 

simultaneously. The amplitude of the Coriolis force depends on the 

moving mass, its velocity in the system, and thus on the mass flow. 

When fluid travels through a Coriolis flow meter, Coriolis forces are 

exerted by the moving fluid which causes the vibrating flow tube to 

twist. Sensors are used to measure the magnitude of twist, which 

increases with increasing mass flow. 

 

Figure 2-2: Swing of the flow tube source [2] 
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     The density measurement is derived from the natural frequency of 

oscillation of the flow tube, which varies with mass. A change in the 

mass results in a change in the frequency. As the volume of the flow tube 

is constant, the oscillation frequency is a function of fluid density. 

     Coriolis Mass Flow Meters and controllers are suitable for all kinds 

of applications in industrial, chemical, medical and laboratory 

environments. In combination with a gear pump, compact liquid mass 

flow dosing systems can be offered, e.g. as alternative to volumetric 

filling and dosing methods [2]. 

2.2.2 Daniel S600 Flow Computer:- 
     The Daniel S600 Flow Computer (Figure 2-3) is a panel-mount flow 

computer designed specifically for hydrocarbon liquid and gas 

measurement where versatility and accuracy matter. The standard 

features of the unit make it ideal for fiscal measurement, custody 

transfer, batch loading and meter proving applications. The unit allows 

you to simultaneously meter liquids and gases by configuring multi-

meter runs and multi-station applications. The Daniel S600 Flow 

Computer is designed for use either as a stand-alone flow computer or as 

a system component[9].  

 

Figure 2-3: Danil S600 flow computer Source : [9] 
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2.2.3 SIMATIC Modular Controllers:- 
     Programmable Logic Controller PLC (Figure 2-4).The PLC is a small 

industrial computer originally designed to perform the logic functions 

executed by electrical hardware (relays, drum switches, and mechanical 

timer/counters). PLCs have evolved into controllers with the capability 

of controlling complex processes, and they are used substantially in 

SCADA systems and DCSs. Other controllers used at the field level are 

process controllers and RTUs; they provide the same control as PLCs but 

are designed for specific control applications. In SCADA environments, 

PLCs are often used as field devices because they are more economical, 

versatile, flexible, and configurable than special-purpose RTUs. 

     The Modular Controllers have been optimized for control tasks and 

specially designed for ruggedness and long-term availability. They can 

be flexibly expanded at any time using plug-in I/O modules, function 

modules, and communication modules. Depending on the size of the 

application, the right controller can be selected from a wide range 

according to performance, quantity frameworks, and communication 

interfaces. The modular controllers can also be used as fault-tolerant or 

fail-safe systems [10]. 

Fields of application  

• Control, operator control and monitoring  

• Technological tasks  

• Data acquisition and archiving 

• Link to PC hardware and software  

• Integration of C/C++/C# programs  
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• Data exchange via OPC  

• Fail-safe control 

      Because of (Number of I/O, maintenance, memory capacity, accurse, 

response, speed of execution and easy to program) PLC is considered as 

the best controller that can be use to control the plants, even than the 

microcontroller. 

 

Figure  2-4: PLC modular controller Source : [10] 

2.2.4 Interface module (IM): 
     The IM is a component of the ET 200S distributed I/O system with 

degree of protection IP 20. The IM interface module is an”intelligent 

pre-processing unit” (I slave). It enables you to decentralize control 

tasks. An ET 200S with an IM can therefore exercise full and, if 

necessary, independent control over a process-related functional unit and 

can be used as a stand-alone CPU. The IM also features DP master 

functionality in combination with the DP master module. The use of the 

IM leads to further modularization and standardization of process-related 

functional units and simple, clear machine concepts[11]. 

2.2.5 Distributed I/O Systems:- 
     It is part of PLC and device that transfers data between field 

instrument and CPU. 

     The IO server is a control component responsible for collecting, 

buffering and providing access to process information from control sub-
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components such as PLCs, RTUs and IEDs. An IO server can reside on 

the control server or on a separate computer platform. IO servers are also 

used for interfacing third-party control components, such as a human 

Machine Interface (HMI) and a control server. 

     With SIMATIC ET 200 a wide range of distributed I/O systems is 

available for solutions in the control cabinet or without a control 

cabinet:-  

     Digital I/O modules have digital I/O circuits that interface to on/off 

sensors such as pushbutton and limit switches; and on/off actuators such 

as motor starters, pilot lights, and annunciators. The outputs are directly 

controlled by the state of corresponding bits in the PLC data table, while 

the inputs directly control the state of corresponding bits in the PLC data 

table[12]. 

     Analog I/O modules perform the required A/D and D/A conversions 

to directly interface analog signals to PLC data table values using up to 

16-bit resolution. Analog I/O can be user-configured for the desired 

fault-response state in the event that I/O communication is disrupted. 

This feature provides a safe reaction/response in case of a fault, limits 

the extent of faults, and provides a predictable fault response[12]. 

     Specialty I/O modules are available for further control system 

enhancement. These modules include process control modules, 

positioning modules, and specialized modules such as the high-speed 

logic controller module and the configurable Flowmeter module. Each 

provides a unique easy-to-use interface between the I/O (digital and/or 

analog) circuits and the PLC processor [12]. 

2.2.6 Pressure Transmitter:- 
     Pressure transmitter to measuring pressures and levels. 
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2.2.7 Temperature Sensors:- 
     Temperature sensors TR 24, series Omnigrad T, are resistance 

thermometers suitable for almost all industrial processes and generic 

applications thanks to their modular structure. They are made up of a 

measurement probe without a protection well, and a housing, which may 

contain the transmitter for conversion of the variable measured[13]. 

 Figure 2-5:  RTD temperature sensor Source : [13] 

2.2.8 Control Valves:- 

     Industrial processes require automation and automation requires 

actuators. Reliably operating actuators are crucial to the safety and 

economic viability of industrial plants. However, industrial processes 

vary. Each industry has its specific requirements and many actuator 

applications require individual solutions. Applications vary between 

OPEN/CLOSE and modulating duty. 

     AUMA is one of the leading electric actuator manufacturers 

worldwide & it has a wide modular product range with electric multi-

turn, part-turn, linear and lever actuators, as well as several different 

valve gearboxes. Actuator controls including micro-processor based 

controls and a variety of fieldbus interfaces, enable the optimal 

connection of the motor operated valves to the process control system. 
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This makes it possible to find the suitable automation solution for almost 

every valve[14]. 

2.2.9 Simatic Manager:- 

     SIMATIC Manager is the name of an automation system which was 

developed by the German company Siemens & represents the central 

application within the PCS 7 system and is used to access all the other 

applications you need to configure PCS 7 project. The SIMATIC 

Manager and all other applications are "linked": This is why you also see 

all blocks you have inserted into a CFC chart with the CFC editor in the 

SIMATIC Manager, for example. Another great advantage of this link 

becomes clear when configuring the operator station: You have 

convenient access to all the data you have created in the SIMATIC 

Manager and the applications it includes. For example, you can visualize 

a process tag from a CFC chart quickly and easily when configuring the 

OS. Due to the central function of SIMATIC Manager within PCS 7, it is 

worth taking time to become familiar with its structure and 

functions[15]. 

2.2.10 Process Control System (PCS 7):- 
     PCS 7 is a process control system with many automatic functions to 

assist you during configuration. It enables you to create a project fast and 

conveniently. At the same time, PCS 7 provides the advanced user many 

options for creating individual, project-specific solutions customized to 

the requirements at hand[16]. 

2.2.11 WINCC Software:- 

    WINCC is a supervisory control and data acquisition (SCADA) and 

human-machine interface (HMI) system from Siemens. 
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SCADA systems are used to monitor and control physical processes 

involved in industry and infrastructure on a large scale and over long 

distances. SIMATIC WinCC can be used in combination with 

Siemens PCS 7 and Teleperm control systems [17]. 

     In recent years, the demands made on systems for monitoring and 

controlling production processes as well as for archiving and further 

processing of production data have risen greatly. In order to meet these 

new demands, new HMI systems have been developed over the past 

years. One of these new systems is WinCC. With respect to 

functionality, openness and being state of the art, WinCC is without a 

doubt unique[17]. Older generation HMI systems often provided only 

one route to solving a specified task. With WinCC, you almost always 

have a number of different options available to implement tasks. 

Reference: snapshoot from WinCC software 

WINCC can provide the following:- 

1- Full graphics display. 

2 - Alarm display, alarm archiving and alarm logging. 

3 -Measured value acquisition (archiving functions, data compression, 

minimum and maximum values etc.).  
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4- Report Designer for documenting machine sequences and process 

sequences with individual reporting. 

5 - Process communication to various PLC systems - standard interfaces 

for database and data processing, for example, in Microsoft programs. 

6 - Programming interfaces (API) are available in all WinCC application 

modules and allow access to data and functions[16]. 

2.2.12 Human machine interface (HMI):- 
     The HMI is software and hardware that allows human operators to 

monitor the state of a process under control, modify control settings to 

change the control objective, and manually override automatic control 

operations in the event of an emergency. The HMI also allows a control 

engineer or operator to configure set points or control algorithms and 

parameters in the controller. The HMI also displays process status 

information, historical information, reports, and other information to 

operators, administrators, managers, business partners, and other 

authorized users. The location, platform, and interface may vary a great 

deal. For example, an HMI could be a dedicated platform in the control 

centre, a laptop on a wireless LAN, or a browser on any system 

connected to the Internet  [18]. 

2.2.13 Densitometers:- 
     One of the many parameters that must be accurately measured for 

product quality control, custody transfer, process control, or liquid 

interface detection purposes is liquid density. Often density measurement 

is combined with flow measurement to determine the mass flow rate of a 

liquid in a pipeline. What follows is a discussion of the principle of 

operation of vibrating tube densitometers, design suggestions for 

densitometer installation, and calibrating or “proving” the system. 
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 Densitometer is a device for measuring the density of a material. 

Benefits:-  

The existing installation was used to install the Coriolis densitometers. 

The typical benefits of using Coriolis meters as densitometers are:  

• High accuracy (± 0.0005 g/cc) and repeatability (± 0.00002 g/cc) well 

within API Ch.14.6 recommendations  

• High sensitivity to density changes  

• Eliminated requirement for separate density computing electronics 

(safe area mounted)  

• Less sensitive to Vibrations  

• Serial ModBus interface to the RTU for data collection  

• No flow contact indicates incorrect representation of density 

measurement  

• Elimination of high maintenance instruments like pumps which were 

required for straight tube densitometers. 

2.3 NETWORK & COMMUNICATION:- 

2.3.1 Network Components:- 
     There are different network characteristics for each layer within a 

control system hierarchy. Network topologies across different 

implementations vary with modern systems using Internet-based IT and 

enterprise integration strategies. Control networks have merged with 

corporate networks to allow engineers to monitor and control systems 

from outside of the control system network. The connection may also 
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allow enterprise-level decision-makers to obtain access to process 

data[19]. 

2.3.2  Fieldbus Network:- 
     The fieldbus network links sensors and other devices to a PLC or 

other controller. Use of fieldbus technologies eliminates the need for 

point-to-point wiring between the controller and each device. The 

sensors communicate with the fieldbus controller using a specific 

protocol. The messages sent between the sensors and the controller 

uniquely identify each of the sensors[20]. 

2.3.3 Protocols:- 
A protocol is a set of rules governing communications. 

     Networking protocols specify what types of data can be sent, how 

each type of message will be identified, what actions can or must be 

taken by participants in the conversation. 

The following is a list of the major components of protocols:- 

2.3.3.1 Ethernet:- 

     Ethernet protocols is a family of computer networking technologies 

for local area networks (LANs) and metropolitan area 

networks(MANs).Ethernet is the collective name for a variety of closely 

related network standards. As a network standard, each version of 

Ethernet includes specifications for the physical network layer: how the 

signals will be sent and received. Protocols like IP or NetWare, in 

contrast, define communications without reference to the physical 

transport medium. 
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2.3.3.2 ProfiBus:- 

     ProfiBus (Process Field Bus) is a standard 

for fieldbus communication in automation technology and was created in 

1989 by the German government in cooperation with several 

manufacturers of automation equipment and then used by Siemens. It is 

a messaging format specifically designed for high-speed serial I/O in 

factory and building automation applications. It is an open standard and 

is recognized as the fastest FieldBus in operation today. It is based on 

RS485 and the European EN50170 Electrical Specification. 

  

Figure 2-6:  Profibus cable 

     The DP suffix refers to “Decentralized Periphery”, which is used to 

describe distributed I/O devices connected via a fast serial data link with 

a central controller. To contrast, a programmable logic controller (PLC) 

normally has its input/output channels arranged centrally. By introducing 

a network bus between the main controller (master) and its I/O channels 

(slaves), we have decentralized the I/O. ProfiBus is based on universal 

international standards and oriented to the OSI (Open System 

Interconnection) reference model per international standard ISO 7498. In 

this model, every layer handles precisely defined tasks. 

Layer 1 of this model is the physical layer and defines the physical 

transmission characteristics. 
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Layer 2 is the data link layer and defines the bus access protocol. 

Layer 7 is the application layer and defines the application functions. 

ProfiBus DP uses only layers 1 & 2 of this model, plus the user interface. 

Layers 3 to 7 are not used. A ProfiBus system uses a bus master to poll 

slave devices distributed in multi-drop fashion on an RS485 serial bus. 

     A ProfiBus slave is any peripheral device (I/O transducer, valve, 

network drive, or other measuring device) which processes information 

and sends its output to the master. The slave forms a “passive station” on 

the network since it does not have bus access rights, and can only 

acknowledge received messages, or send response messages to the 

master upon request. It is important to note that all ProfiBus slaves have 

the same priority, and all network communication originates from the 

master. Acromag I/O modules form intelligent slave devices. Acromag 

modules implement the ProfiBus protocol via an industry standard SPC3 

ASIC from Siemens. This ASIC act like a RAM or UART chip to the 

internal microcontroller and completely handles the requirements of the 

protocol standard. The ASIC will transfer network data to and from the 

microcontroller and automatically provide the response to the bus 

according to the ProfiBus specification. 

     There are two variations of PROFIBUS in use today; the most 

commonly used PROFIBUS DP, and the lesser used, application 

specific, PROFIBUS PA: 

PROFIBUS DP (Decentralised Peripherals) is used to operate sensors 

and actuators via a centralised controller in production (factory) 

automation applications. The many standard diagnostic options, in 

particular, are focused on here. 
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PROFIBUS PA (Process Automation) is used to monitor measuring 

equipment via a process control system in process automation 

applications. This variant is designed for use in explosion/hazardous 

areas (Ex-zone 0 and 1). The Physical Layer (i.e. the cable) conforms to 

IEC 61158-2, which allows power to be delivered over the bus to field 

instruments, while limiting current flows so that explosive conditions are 

not created, even if a malfunction occurs. The number of devices 

attached to a PA segment is limited by this feature. PA has a data 

transmission rate of 31.25 kbit/s. However, PA uses the same protocol as 

DP, and can be linked to a DP network using a coupler device. The much 

faster DP acts as a backbone network for transmitting process signals to 

the controller. This means that DP and PA can work tightly together, 

especially in hybrid applications where process and factory automation 

networks operate side by side[21]. 

2.3.3.3 Modbus:-  

     Modbus is a serial communication protocol developed by Modicon 

published by Modicon in 1979 for use with its programmable logic 

controllers (PLCs). In simple terms, it is a method used for transmitting 

information over serial lines between electronic devices. The device 

requesting the information is called the Modbus Master and the devices 

supplying information are Modbus Slaves. In a standard Modbus 

network, there is one Master and up to 247 Slaves, each with a unique 

Slave Address from 1 to 247. The Master can also write information to 

the Slaves[22]. 
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2.3.3.4 Highway Addressable Remote Transducer Protocol 

(HART) Communications Protocol:-  

     The hart communications protocol (highway addressable remote 

transducer protocol) is an early implementation of fieldbus, a digital 

industrial automation protocol. The protocol was developed 

by Rosemount inc., as proprietary digital communication protocol for 

their smart field instruments. Soon it evolved into hart. It’s most notable 

advantage is that it can communicate over legacy 4-20 mA analog 

instrumentation wiring, sharing the pair of wires used by the older 

system. The hart protocol is one of the most popular industrial protocols 

today. HART protocol has made a good transition protocol for users who 

were comfortable using the legacy 4–20 ma signals. 

 

There are two main operational modes of HART instruments: 

analog/digital mode and multi drop mode. 

     In point-to-point mode (analog/digital) the digital signals are overlaid 

on the 4-20 mA loop current. Both the 4-20 mA current and the digital 

signal are valid output values from the instrument. The polling address 

of the instrument is set to "0". Only one instrument can be put on each 

instrument cable signal pair. One signal, generally specified by the user, 

is specified to be the 4-20 mA signals. Other signals are sent digitally on 

top of the 4-20 mA signals. For example, pressure can be sent as 4-

20 mA, representing a range of pressures, and temperature can be sent 
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digitally over the same wires. In point-to-point mode, the digital part of 

the HART protocol can be seen as a kind of digital current loop 

interface[23]. 

2.3.3.5 TCP/IP:- 

     TCP/IP (Transmission Control Protocol/Internet Protocol) is the basic 

communication language or protocol of the Internet. It can also be used 

as a communications protocol in a private network (either an intranet or 

an extranet).  

     TCP/IP provides end-to-end connectivity specifying how data should 

be packetized, addressed, transmitted, routed and received at the 

destination. This functionality is organized into four abstraction layers 

which are used to sort all related protocols according to the scope of 

networking involved. From lowest to highest, the layers are the link 

layer, containing communication technologies for a single network 

segment (link); the internet layer, connecting hosts across independent 

networks, thus establishing internetworking; the transport layer handling 

host-to-host communication; and the application layer, which provides 

process-to-process application data exchange. 

2.3.3.6 Pulse-Frequency Modulation:- 

     (PFM) is a modulation method for representing an analog signal using 

only two levels (1 and 0). It is analogous to Pulse-Width Modulation 

(PWM), in which the magnitude of an analog signal is encoded in 

the duty cycle of a square wave. Unlike PWM, in which the width of 

square pulses is varied at constant frequency, PFM is accomplished 

using fixed-duration pulses and varying the repetition rate thereof. In 

other words, the frequency of the pulse train is varied in accordance with 

the instantaneous amplitude of the modulating signal at sampling 

intervals. The amplitude and width of the pulses is kept constant. The 
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advantage of pulse frequency modulation is better immunity to noise 

interference than Pulse-Amplitude Modulation (PAM). The disadvantage 

is more complex transmitter and receiver design[24]. 

2.3.4 Ladder:- 

     Ladder logic was originally a written method to document the design 

and construction of process components that are used in manufacturing 

and process control. Each device would be represented by a symbol on 

the ladder diagram with connections between those devices. In addition, 

other items external to the device such as pumps, heaters, and so forth 

would also be shown on the ladder diagram[25]. 

    Ladder logic has evolved into a programming language that represents 

a program by a graphical diagram based on the circuit diagrams of relay 

logic hardware. Ladder logic is used to develop software 

for programmable logic controllers (PLCs) used in industrial control 

applications.[26]. 

2.3.5 Process control:- 
     Process control is extensively used in industry and enables mass 

production of consistent products from continuously operated processes 

such as oil refining, paper manufacturing, chemicals, power plants and 

many others. Process control enables automation, by which a small staff 

of operating personnel can operate a complex process from a central 

control room[27]. 

Type Of Processing Using Process Control:- 

Discrete – Found in many manufacturing, motion and packaging 

applications. Robotic assembly, such as that found in automotive 

production, can be characterized as discrete process control. 
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Most discrete manufacturing involves the production of discrete pieces 

of product, such as metal stamping. 

Batch – Some applications require that specific quantities of raw 

materials be combined in specific ways for particular durations to 

produce an intermediate or end result. One example is the production of 

adhesives and glues, which normally require the mixing of raw materials 

in a heated vessel for a period of time to form a quantity of end product. 

Other important examples are the production of food, beverages and 

medicine. Batch processes are generally used to produce a relatively low 

to intermediate quantity of product per year (a few pounds to millions of 

pounds). 

Continuous – Often, a physical system is represented through variables 

that are smooth and uninterrupted in time. The control of the water 

temperature in a heating jacket, for example, is an example of continuous 

process control. Some important continuous processes are the production 

of fuels, chemicals and plastics. Continuous processes in manufacturing 

are used to produce very large quantities of product per year (millions to 

billions of pounds). 

     Applications having elements of discrete, batch and continuous 

process control are often called hybrid applications[28]. 

2.4 REALATED WORK:- 

2.4.1 Density Insensitive Coriolis Mass Flow Rate Meter:- 
     D.R.Cege and G.M.Grammens [3]they study The changing in masses 

of the oscillating flow conduits when density subject to change that by 

provide Coriolis mass flow rate meters which have the ratio of two 

resonance frequencies for each oscillating flow conduit maintained at a 
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constant value irrespective of fluid density changes, The results show 

that for the experimentally measured resonance frequencies there is no 

difference between the resonance frequency ratios for air and water. 

While for the calculated resonance frequencies there is a 0.25 percent 

difference in the ratios. This difference is neglible in actual meters. This 

study discusses how to detect the flow rate irrespective of the fluid 

density by found the relationship between tow resonance frequency and 

make it Constance and that are conflict with the principle of 

hydrocarbons volume measurement because all Coriolis meter are detect 

the flow in mass and after that will transferred in to volume depending in 

density that are detected by the same meter. 

2.4.2 Density Compensator for Coriolis-Type Mass 

Flowmeters:- 
     W.M.Matter[4] study how to improve the performance of Coriolis 

mass flow meter and measurement accuracy by attaching a specific 

dummy mass to the conduit sized and positioned such that the ratio of 

resonant frequencies of the first and second resonant modes remains 

substantially constant for different densities of fluid flowing through the 

conduit. The dummy mass affects the Coriolis motion but does not 

substantially affect the drive motion, this study discusses how to 

maintain density as part of interior design and this research will use 

software to try control the density in a known rang. 

2.5.3 Coriolis Mass Flow Rate Meter Having Adjustable 

Pressure and Density Sensitivity:-  
     D. R. Cage and M. N. Schott[5] study how to discovered, developed 

and applied to solve the pressure, density and small signal problems with 

regard to prior art radial mode Coriolis Flowmeters by try to found the 
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effect of design shape on the performance, the researchers contribute in 

the developing of the flow meter by designing bending shape which is 

completely different than the traditional radial mode . This study 

discusses the effect of the design shape on the resonance frequency and 

the relationship between the resonance frequency and fluid pressure, 

flow rate and density irrespective of effect of the skid compounded. So 

these research will take a look overall skid and find out the effect of 

other compounded on the performance of the meter 

2.4.4 Coriolis Force Mass Flow Measurement Devices:- 
     Youssef F. Basrawi discusses the technology of mass flow 

measurements and the Coriolis force mass Flowmeters. It highlights the 

possible application of mass flow measuring devices to custody transfer 

operations and measurements of crude and hydrocarbon products in 

terms of mass instead of volume ‘’Process conditions allow possible 

accuracy tolerances between 2-5% and the process data is used for 

internal material balance, leak detection and loss control. Custody 

accuracy tolerances however need to be between 0.25-0.50% margins. 

This is because financial and commodity exchange takes place at the 

point of custody, where actual cash is either gained or lost’’. The 

researcher discovers that the applications of mass flow measurement 

devices yield better accuracy and finer precision. This paper discuss the 

technology of mass flow measurements ,Coriolis force mass Flowmeters 

, application of mass flow measuring devices to custody transfer 

operations and measurements of crude and hydrocarbon products in 

terms of mass instead of  volume. But custody transfer of hydrocarbon 

need to find the accurse of the Flowmeter in a volume instead of mass. 

So it is important to find out how to get the volume form mass with 

reducing the error that caused by density. 
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2.5.5 Stability Coriolis mass Flowmeter:-  
     D. R. Cage [6] studyhow to improve the performance of mass 

Flowmeter by considerably increased overall stability, including reduced 

susceptibility to external forces and increased zero stability, reduced 

pressure drop characteristics and better resistance to fluid 

pressures.“Attached to each flow conduit at symmetrical locations are 

two motion sensors, so located that the susceptibility to external forces 

of the signals which they detect and transmit to the meter electronics is 

dramatically reduced over that of previously known commercial mass 

Flowmeters. This study discusses how to improve the stability to 

excitations caused by external influences, such flow conduit a location 

and discuss how to reduce the pressure drop as part of interior design 

irrespective of effect of the skid compounded. So he research will take a 

look overall skid and find out the effect of each compounded on the 

pressure. 

2.5 SUMMARY: 
     This chapter introduce technical information about component which 

will be the key to collect and analysis the data, it can lead to understand 

the sequence of the operation including the efficiency of the software 

performance. In order to understand how to transfer the data to 

connected between the device network component are provide all type of 

protocol that can be used between the devices. 

     Data collection requirements, design process form previous research 

provides an overview of knowledge sharing, so it can be used as key to 

but the research in the right track. 

     Many of previous researches are seeking to improve the performance 

of the Coriolis meter in a deferent way. However the most important 
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concentrate on improving the performance by trying to find out the 

influence of density on the performance. 

     Chapter two includes six previous researches which has been 

concentrate on improving the meter performance by: 

- Trying to find out the relationship between density, pressure, flow 

rate and vibration. 

- Modifying the internal design of the meter in order to Improving 

the way that the meter used to detect the density. 

- Studying and evaluating the external influence on the meter 

performance. 
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3.1 INTRODUCTION:- 
     This chapter describes and analyze the dynamic behaviour of the 

existing skid components. The dynamic behaviour is described in terms 

of the effect of change of the pressure, flow rate, vibration in relation to 

the density. This relationship can be study by a set of differential 

batching from different location. Also the Efficient of the software and 

process control can be analysed. Section two shows the research plan of 

this chapter and it explains the stages of the analysis. Section three 

shows the existing system descriptions (such as communication 

overview scheme, piping and instrumentation stage in addition to 

process and control diagram). Section four explains the data collection 

from the existing system, section five presents data analysis .And finally 

section six gives summary regarding the evaluate of the current system.  

3.2 RESEARCH PLAN:- 
- Classify the reasons in categories. 

- First experiments by pumping form the refinery depots to distribution 

centre. 

-Second experiment by pumping form the strategic depots to distribution 

centre. 

- Third experiment by pumping form the refinery depots to distribution 

centre after doing some enhancing in the system design.  

-Recording the results of meter reading during the batch (flow rate, 

density, mass, alarms). 

-Supervision the impact and behaviour of control valve during the 

pumping. 
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-Supervision the effect of the reducer. 

-Supervision the behaviour of overall skid. 

-Supervision the behaviour of meter. 

-Comparing the receiving quantity by which passed through the meter 

with manual calculation of the resaving quantity in depots. 

-Comparing the patch density & pressure with the reference density and 

pressure. 

- Recording the measurement form three different points in during the 

batch. 

- Pumping to 6 skids (6 meters) at one time and Recording the results of 

meter reading, 4 skids at one time, 2 skids at one time and one skid. 

3.3 EXISTING SYSTEM DESCRIPTIONS:- 
     In order to analyze the existing system some engineering document 

should be available so this is part to provide the design document of 

existing skid which is:- 

3.3.1 Existing Instrumentation Diagram:- 
     According to Piping and Instrumentation Diagram P&ID (Figure 3-1) 

which can explain the location and hook up of each device on the skid 

and it is very important to understand the sequence of the operation. It’s 

clearly that there are two motorize valves one are located at the out late  

of the skid and used as control valve and the second as isolation valve 

which is located at the in late of the skid. This is design doesn’t include 

filter also it clearly that they are using reducer because of the different 

between the size of the meter and pipe.   
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Figure 3-1:  Instrumentations Diagram  
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3.3.2 Communication Over View Scheme:- 
     According to (Figure 3-2) which is illustrate the way that are used to 

transfer the data from field to the control room and it’s also can explain 

the type of protocols that are using in the system and communication 

link.  

     The meter can provide us three type of protocol (4 to 20, plus, 

Modbus), they use Modbus to transfer the data (alarms density) from 

meter to flow computer and then to PLC. 

     The flow computer is received the flow rate from the meter by 

frequencies plus protocol. 

     Hard protocol are use to communicate with other device (transmitters 

and valves).and Ethernet protocol are use to communicate between the 

PLC and Workstation and Profibus to provide the communication of 

redundant PLC. 
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3.3.3 Process and Control Diagram:- 
     The Process and control diagram is the third documents that can be 

useful to provide the required data. The process of the treatment on four 

stages the first stage process in the field which is related to the devices 

Where it is providing the preliminary information Then send it to Flow 

computer that is in the second stages which is about calculations and 

physical transformations After the end of the second stages begins the 

third phase which is related to the control and operation in PLC, Finally 

comes the fourth stage which is about Human Machine Interface. 

 (Figure 3-3) illustrates the Process and control diagram. 
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3.4 DATA COLLECTION:- 
     In order to find out the effect of density, pressure, valve, flow rate and 

vibration on meter performance some required data should be collect 

after pumping form different source. The first and third source will be 

the refinery which has pump with 6 bars and 300Qm as maximum flow 

rate and it’s about 1600m from the meter, the second source will be the 

strategic depot which has pump with 12 bars, 500Qm as maximum flow 

rate and its nearest than the refinery. 

3.4.1 By First Pumping Of Gasoil Stations Form Refinery-6 

Skids:- 
     First experiment by pumping form the refinery depots to distribution 

centre. (table 3-1)explain the result after pumping to 6 meters at the same 

time, (table  3-2) explain the result after pumping to 4 meters at the same 

time, (table 3-3) explain the result after pumping to 2 meters at the same 

time, (table 3-4) explain the result after pumping to one meter at the 

same time. 

     Start pumping to 6 meter then reduce it to 4meters then 2 meters then 

one. 

The obtained result is explained by the following tables:- 

Table (3-1) First pumping test of gasoil stations form refinery-6skids 

Skid 

no 

Flow rate Pressure Density 

0.828 

Quantity 

System 

calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 86.56 0 0 0.38 0 0 0.863 0 0 100 96 

2 51.41 0 0 0.47 0 0 0.820 0 0 100 101 

3 31.95 0 0 0.54 0 0 0.806 0 0 100 102.7 

4 44.2 0 0 0.45 0 0 0.817 0 0 100 101.3 

5 31.75 0 0 0.5 0 0 0.807 0 0 100 102.6 

6 68.55 0 0 0.39 0 0 0.831 0 0 100 99.6 
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Table (3-2) First pumping test of gasoil stations form refinery-4skids 

Skid 

no 

Flow rate Pressure Density 

0.821 

Quantity 

System 

calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 67.95 63.34 45.31 0.51 0.51 0.68 0.843 0.827 0.817 100 100.5 

2 75.25 84.63 93.72 0.58 0.56 0.67 0.854 0.844 0.843 100 97.4 

3 86.71 70.1 90.69 0.57 0.59 0.54 0.823 0.847 0.833 100 98.5 

4 80.12 85.71 80.48 0.39 0.42 0.51 0.831 0.831 0.831 100 98.8 

Table (3-3) First pumping test of gasoil stations form refinery-2 

skids 

Skid 

no 

Flow rate Pressure Density 

0.821 

Quantity 

System 

calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 110.7 70 102 1.57 1.9 1.6 0.823 0.843 0.834 100 98.4 

2 210 270 217 0.9 0.7 1.1 0.824 0.833 0.833 100 98.5 

Table (3-4) First pumping test of gasoil stations form refinery- One 

skids 

Skid 

no 

Flow rate Pressure Density 

0.821 

Quantity 

System 

calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 360 360 360 2.7 2.7 3.2 0.827 0.825 error error So much 

Note:- 

- There is drops in the pressure that are transferred from the pump to the 

skid at the in late of the meter (because of the reducer) 

- operate more than 4 skids cause pressure drops in the skid. 

- Inverse relationship between flow rate and pressure. 

- There is an unacceptable difference reading between the reference 

density and the patch density and some density value indicate that the 

product is not gasoil. 

- There is an unacceptable difference reading between the reference 

pressure and the patch pressure as can be seen from the table. 
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-Always there is problem at the end of the patch’s related to how the 

control valve is working. 

- Missing supports are clearly causes additional force and mechanical 

stress which can cause serious inaccurate measuring. 

-The receiving site can effect in the operations parameters. 

- When start pumping with empty pipe & meter, it is clearly that causes 

cavitations phenomena. 

3.4.2 Second Pumping Of Gasoil Stations Form Strategic 

Depots-6 Skids:- 
     In the second experiment the source of pumping are changing form 

the refinery to the strategic depots in order to find the effect of: 

Pump Pressure and The distance between the pump & the station. 

High pressure pump are use (the pressure of the first pump it is about 6 

bar while the pressure of the second pump it is about 12.5 bar) 

The distance form strategic depots to stations are shorter than the 

distance form refinery to stations, the obtained result is:- 

Table (3-5) Second pumping test of gasoil stations form strategic depots-6 skids 

Skid 

no 

Flow rate Pressure Density 

0.826 

Quantity 

System 

Calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 86.56 81 70.5 0.38 0.4 .52 0.823 0.827 0.829 100 99.6 

2 66.41 65.8 63 0.47 0.47 .51 0.824 0.830 0.837 100 98.7 

3 31.95 36.1 46.9 0.54 0.58 0.44 0.866 0.826 0.822 100 100.5 

4 54.2 49.3 45.1 0.45 0.45 0.5 0.827 0.835 0.841 100 98.2 

5 61.75 62.2 66.3 0.5 0.49 0.53 0.857 0.832 0.829 100 99.6 

6 68.55 64.3 64 0.39 0.42 0.42 0.831 0.831 0.831 100 99.3 
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Table (3-6) Second pumping test of gasoil stations form strategic depots-4 skids 

Skid 

no 

Flow rate Pressure Density 

0.826 

Quantity 

System 

Calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 77.95 73.34 65.31 0.6 0.71 0.78 0.823 0.827 0.901 100 91.6 

2 95.25 114.63 103.72 0.58 0.52 0.57 0.824 0.824 0.843 100 98 

3 86.71 80.1 100.69 0.65 0.59 0.44 0.823 0.827 0.833 100 99.16 

4 100.12 95.71 90.48 0.6 0.52 0.51 0.827 0.824 0.851 100 97 

Table (3-7) Second pumping test of gasoil stations form strategic depots-2 skids 

Skid 

No 

Flow rate Pressure Density 

0.826 

Quantity 

System 

Calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 110.7 70 132 1.57 1.9 1.6 .823 0.843 0.834 100 99 

2 230 270 217 0.9 0.6 1.1 .824 0.833 0.883 100 93.5 

Table (3-8) Second pumping test of gasoil stations form strategic depots- One 

skids 

Skid 

No 

Flow rate Pressure Density 

0.826 

Quantity 

System 

Calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 360 360 360 4.7 4.7 5.2 0.827 0.825 error Error So much 

Note:- 

- There is an unacceptable difference reading between the reference 

density and the patch density as can be seen from the table. 

-some meter density doesn’t change and it seem as constant as can be 

seen from the (table 3-5) skid 6. 

- There is an unacceptable difference reading between the reference 

pressure and the patch pressure as can be seen from the table. 

-Always there is problem at the end of the patch’s related to how the 

control valve is working. 

- Missing supports are clearly causes additional force and mechanical 

stress which can cause serious inaccurate measuring. 
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-The receiving site can effect in the operations parameters. 

- When start pumping with empty pipe & meter, it is clearly causes 

cavitations phenomena. 

-because the depots are close to the station and the distance is short and 

most of the pipe is not direct suspend to the sunlight there is no viper 

formation inside the pipe. So cavitations phenomena can occur when 

they have mixed contained between fluid and viper inside the pipe. 

3.4.3 Third Pumping Of Gasoil Stations Form Refinery -2 

Skids:- 
     Third experiment by pumping form the refinery to the distribution 

centre after take the reducer away and replace the control valve which 

was butter fly type by gate valve.(To study the effect of the reducer and 

the effect of the valve). In the third experiment added filter to the 

stations because of the catalyst and sledges, the obtained result is:- 

Table (3-9) Third pumping test of gasoil stations form refinery again-2 skids 

Skid 

No 

Flow rate Pressure Density 

0.821 

Quantity 

System 

Calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 110.7 70 102 1.27 1.4 1.4 .823 0.843 .834 400.02 407.6 

2 190 228 207 0.7 0.8 0.91 .824 0.833 .883 450.04 477.05 

Table (3-10) Third pumping test of gasoil stations form refinery again- One 

skids 

Skid 

No 

Flow rate Pressure Density 

0.821 

Quantity 

System 

Calculate 

Quantity 

Manual 

calculate Start  Medill  End  Start  Medill  End  Start  Medill  End  

1 310 310 310 2.7 2.7 3.2 0.827 0.825 error Error So much 
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Note:- 

-Contaminated or dirty fluid by (sledges & catalyst) can cause serious 

inaccurate measuring in the density. 

-bubbles can cause serious inaccurate measuring in the density. 

- There is an unacceptable difference between the reference density and 

the patch density as can be seen from the table. 

- Missing supports are clearly causes additional force and mechanical 

stress which can cause serious inaccurate measuring and also it effect in 

density. 

3.5 DATA ANALYSIS:- 
     Regarding to the classification and categories that are mentioned 

above there are three hypotheses. 

3.5.1 Operation Hypotheses:- 
     There are two main reasons, the first one related to lack of training. 

The second reason is related to the operation conditions (net working, 

effort, Time& delivery amounts).   

     Based on the above given reasons the issue can be solved by a good 

coordination. 

     The company should not transfer the Date stoke (drag the Date stoke 

are lead to offload the line and thus can lead to generate bubbles). 

     The operators should not start more than four skids at the same time 

can lead to make pressure drop in the in late of the meters as can be seen 

from (table 3-1). 
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3.5.2 Weather Hypothesis:- 
     The distance of the pump it is about 1600 meters form the skids and 

the pipe is suspend to the direct sunlight so the liquid inside the pipe are 

susceptible to the temperature which may effect on the specification of 

the contained& it is one of the main reason that are responsible  for 

formation(creation)  the viper. 

3.5.3 Technical Hypothesis:- 
     It is the most important hypothesis because it is concentrated on the 

component of the skid (please refer to ( Figure 3-1) in section three) and 

the effect of each part on the parameters, so the technical reasons can be 

classified in three parts:- 

Reasons that are related to meter:- 

     Sledges, catalyst, bubbles ,vibrations and pressure drop are the main 

reasons of the error in the meter .all of them are effect on the way that 

the meter are used to measure the density . 

     Any wrong density measurement leads to wrong patch calculations 

because CORIOLIS meter is a mass meter and can provide us with mass 

flow rate and density and then the mass has been converted in to volume 

by using mathematical equation. 

Reasons that are related to skid design:- 

     The component of the skid (valve, reducer, filter) it effect on the 

measurement of the CORIOLIS meter by effecting on the density. 

(Please refer to (Figure 3-2) in section three of this chapter) When 

CORIOLIS meters is installed close to valves that will regularly open 

and close as this can cause pulsations and vibrations in the flow this has 

lead to significant wrong measurement of the mass flow, so they should 

be careful about the type of the valve that we are intended to use in the 
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skid. (Clearly they can see the type of the valve that is used in this skid 

which is butterfly valve, it does not work as open & close it works as set 

point form 0% to 100 % so when it close at less than 75% they will 

create drop in the pressure, vibrations, and bubbles). CORIOLIS flow 

meters can be adversely affected by stress applied from the adjoining 

pipe work, and by vibrations acting on the flow meter so missing support 

is an issue. Cavitations are a serious consideration and can occur in the 

process line if the system pressure drops below the vapour pressure of 

the fluid. So the pressure drop across the CORIOLIS flow meter is an 

issue.  

     Because of missing filter in the in late of the skid, sledges & catalyst 

was found his way to the meter and that is contributed on the wrong 

measurement. 

 Reasons that are related to software:- 

     The design of the software is depend on the process and control 

system (Please refer to (Figure 3-3) in section three of this chapter) 

whereas the flow computer are received the data from flow meter 

through Modbus protocol and calculate totalizes, patch, and convert to 

31.5. the PLC are received the data from the flow computer and it is 

responsible about all control process such as close or open the valve, 

control the patch by safe the patch quantity that are inserted by the 

operator and do comparison with the totalizes that are received form 

flow computer and when being equal send signal to close the valve. 

By using WINCC software, HMI the operators can manage the system 

easier. Controlling the density is not considered in the software. 
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3.5.4 The Effect of Density on the Delivery Received 

Quantity  
     According to SPC specification, the rang of gasoil density between 

0.820 and 0.840.(Kg/litre at 15c)[29]. 

The equation that is use to get volume from mass are depend on density: 

                             Volume = mass/ density 

So if the density is higher than the reference density they will be loss in 

the receiving quantity, if the density is lower than the reference density 

they will be gain in the receiving quantity. 

     Clearly that there is loss and gain in the receiving quantity because of 

the wrong measurement of density which is been affected by several 

reason   such as missing filter and  support, vibration,  bubbles, 

cavitations phenomena, pressure drop and valve. 

     The system doesn’t have ability to control the density despite of the 

existing design doesn’t conceder the factor that can effect on the way 

that the meter are using to detect the density. 

3.6 SUMMARY:- 
     According to the data collection it is clearly that there are two 

problems the first one is related to the meter and the seconded is related 

to design of the skid of meter. 

     Reducer and control valve are lead to drop in the pressure in the in 

late of the skid and which can be reason for Cavitations. 

     Cavitations, vibration and bubbles have large effect on the meter 

performance spicily on the density measurement and which is not 

considered in the existing design. 
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     According to the data collection and data analysis in section four and 

five the density has large effect on the receiving quantity which is 

effected by the performance of the most component that are located on 

the skid .any wrong measurement in the density has large effect on the 

meter performance and this can lead to different in the volume 

measurement and between the delivery quantity and receiving quantity. 
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4.1 INTRODUCTION:- 
     This chapter describes the proposed design peering in mind the lack 

points which has been discussed in the previous chapter via the data 

collection and analysis. Section two shows the design requirements. 

Furthermore, it  explains the design stages (such as communication 

overview scheme, piping and instrumentation stage in addition to 

process and control diagram, these stages are based on the previous 

discussion regarding the evaluation of the existing meter station). 

Section three explains the system simulation, section four presents the 

simulation results in addition to the corresponding discussions. And 

finally section five gives brief summary of what has been achieved from 

the newly proposed design.  

4.2 DESCRIPTIONS AND REQUIREMENTS OF 

THE PROPSED DESIGN:- 
- Instrumentation diagram to show the locations and interconnection of 

all measurement and control elements. 

- Communication over view scheme to show how to transfer the data. 

- Process and control diagram to show the interconnection of all process 

and control functions. 

- Flowchart to show the software steps. 

- Detail of engineering and design. 

- Design drawing and Simulation. 
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4.3 DETAIL OF ENGINEERING AND DESIGN:- 

4.3.1 Supports:- 
     Coriolis flow meters can be adversely affected by stress applied from 

the adjoining pipe work, and by vibrations acting on the flow meter. 

     Missing supports are clearly causes additional force and mechanical 

stress which can cause serious inaccurate measuring. To avoid the over 

vibration during operations Meter shall be adequately supported with 

adjustable pipe supports. As a minimum, one support shall be provided 

on the in late section of the meter, and a minimum of one support shall 

be provided on the out late section. Support design must provide for 

removal of the out late section of the meter for inspection and must 

ensure that the other meter sections are adequately supported, even when 

the upstream section is removed.  

4.3.2 Strainer:- 

     Contaminated or dirty fluid by (sledges & catalyst) can cause serious 

inaccurate measuring in the density so a strainer shall be installed 

upstream of the meter to remove any entrained particles and sledges 

from the meter. This particles and sledges can be deposited on Tube and 

caused an imbalance in the measurement of the density and flow rate. 

4.3.3 Flow Control Valve:-  
     Because of the problem at the end of the patches that is related to how 

the control valve is working which is Butter fly valve, a Poll valve shall 

be installed as a control flow instead of Butter fly valve at the out late 

sections of the meter. 



59 
 

4.3.4 Design Pressure:- 
     Cavitations are a serious consideration and can occur in the process 

line if the system pressure drops below the vapour pressure of the fluid. 

To prevent this from occurrence, a reducer shall be removed from the 

skid. 

4.3.5 Design Temperature:- 
     Direct sunlight can adversely affect the flow meter’s measurements 

due to the effect the temperature can have on the flow tubes. An elevated 

temperature heats the flow tube and thus the stiffness of the tube changes 

due to the Young’s modulus. As such, most Coriolis manufacturers 

specify that their flow meter should be installed in a shady location, to 

avoiding direct sunlight. Also the pipelines that are connected between 

the pump and meters shouldn’t be suspended to the sunlight. 

4.3.6 Location Considerations:- 
     The selection of a meter station site is constrained by the location of 

the pipeline and the location where gas is to be delivered or received. 

Entrained gas bubbles in the measuring tube can result in an increase in 

measuring errors. So they should avoid the following locations: 

• Highest point of a pipeline, Risk of air accumulating.  

• Directly upstream of a free pipe outlet in a vertical pipeline. 

4.3.7 Check Valves:- 
     Check valves shall be installed in unidirectional stations to preclude 

backflow when upset conditions occur. 

4.3.8 Gas Quality:-  
     Meter stations shall be designed to ensure that gas delivered into any 

pipeline meets the gas quality requirements. The meter station design 
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shall include gas conditioning equipment (separators) as necessary to 

ensure the required gas quality. 

4.3.9 Shutoff Valves:-  
     Valves shall be installed on the in late of the meter for shutting the 

station to protect the meter from some conditions such as high pressure 

or flow rate.  

     Coriolis meters should not be installed close to valves that will 
regularly open and close as this can cause pulsations and vibrations in 
the flow. 

4.3.10 Density Process Control Concepts:- 
     The density has a large effect because it uses to transfer the mass into 

volume and that by use the following equations:- 

Volume = mass / density 

The meters detect and calculate the quantity in mass then the system 

must transfer it in to volume because of all financial process in volume. 

     The PLC will transfer the quantity into volume. So if the density is 

higher than the reference density will be losses in the receiving quantity 

and if the density is lower than the reference density the receiving 

quantity will be higher than the delivery quantity. Because of the way 

that the Coriolis mass meter are use to detect the density which is very 

sensitive to any vibration or can be effected by sledge, pressure drop, 

bubbles and flow pulsations  a new device should be  installed to be  able 

to detect the density by different way that the Coriolis meter are use .  

     To control the density the system should redesign to close the valves 

if the density measurement which came form to different device is being 

out of rang so a Densometer should install and occupied place on the 

proposed design to detect the density independence from the meter and 
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the system should take the reading from the Densometer as reference 

density and calculate the quantity from it. If the reference density being 

out of rang the system should be able to observe the meter density if both 

if density being out of rang the system should be able to stop the process 

and hold on the operation. Please refer to (Figure 4-1) which is 

illustrating the objective of controlling density. 

 

 

Figure 4-1:  relationship between the density and quantity 

     As (Figure 4-1) show, the proportional relationship between density 

and receiving quantities in volume is inverse relationship. So if they 
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could make the density operating under limited range the expressing 

inaccuracy in the quantities will be reduced. 

4.4 SYSTEM DIAGRAMS FOR THE PROPESED 
DESIGN:- 
4.4.1 Instrumentation Diagram:-  
     With small changing in the instrumentation diagram by add new 

device to detect the density which call Densometer that are located in the 

in late of the skid ((Figure 4-2) illustrate Instrumentation diagram) and 

by some change in the process and by some modification in the software, 

the error measurement that is accrue in the meter can be reduced. 
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Figure 4-2:  New Instrumentations Diagram  
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4.4.2 Communication Over View Scheme:-  
     Her there some change from the old existing one. Because the signal 

was taking by Modbus form the meter direct to the PLC to take an 

actions in case of the density being out of range. Also they add signal of 

densitometer (using HART protocol) to determine the flow rate in 

volume and to do cross cheek for density with meter density. 

(Figure 4-3) illustrate Communication over view scheme
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4.5 SIMULATION:- 

4.5.1 Software Design:- 
     By using the SIMATIC MANGER can be able to programming and 

control the system and WINCC to do the HMI, ALARMS views and 

simulations. 

The SIMULATION design based on the following:  

4.5.2 Process and Control Diagram:-  
     The new process her is that the density rang should be between 0.82 

to 0.84 and it will be observed by the PLC which has to close the control 

Valve in case of the density being out of rang.  

     Because of the way that the Coriolis mass meter are use to detect the 

density which is very sensitive to any vibration or can be effected by 

sledge and pressure drop a new device should be  installed to be  able to 

detect the density by different way that the Coriolis meter are use . So 

Densitometer are located and installed in the in late of skid to detect the 

density then send it to PLC to calculate the volume of flow rate.  

     The PLC will calculate the volume flow rate direct by divided the 

mass flow rate by densitometer density .and will keep the density 

between specific range by observed the flow meter density and 

densitometer density and when both of them being out of rang the 

system will close the control valve and insulation valve. (So tow reading 

are taking from two different device to cross cheek the range of density 

and be sure the system will stop any process if the density out of range). 

(Figure 4-4) illustrate Process and control diagram 
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Figure 4-4:  Process & Control Diagram

Density            

Alarms      

Totalizer                    

Other Data Ethernet 

Modbus Calculate the 

Batch 

Temperatur

Density 

Flow Rate 

Pressure 

Valve Process 

 

 

 

HMI 

Trends 

Report 

Operation 
Monthly 

Daily 

Batch 

Pressure  

Temperature 

Transmitter 

Hard Plus 

4 TO 20 

mA 

Convert to 31.5 

Calculate the 

Totalizer 

Control 

Modbus 

Simulation 
Flow Rate 

Alarms 

Densitometer 

Supervision 

Monitoring 

Density Rang 

Flow Meter 

Alarm 

Other Alarms 

                     

Valves 
4 TO 20 

mA 



68 
 

4.5.3 Control Process Flowchart:- 
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4.5.4 Ladder:- 
     Ladder are using to programming the PLC to control the system.  

Illustrate the PLC Programming Code 

 

     Network 1 are illustrate the keys that are use to start and stop the 

system ,when press start the code will observe key M0.1,M0.6,M0.7 if 

they are not set to one the valve will open  and the pomp will go to 

operate .if keys M0.1,M0.6,M0.7 are set to one all operation sequence 

will be stopped. 

     Network 2 are illustrate that the isolation valve should open after the 

control valve with delay time that are calculated on timer 10.   
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     Network 3 is illustrating that if the Densometer density and 

Flowmeter density being higher than the required density the operations 

sequence should stopped. 

     Network 4 is illustrate that if the Densometer density and Flowmeter 

density being lower  than the required density the operations sequence 

should stopped. 
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     Network 5 illustrate the functions that are use to stop the operation 

sequence when the patch are complete. 

     Network 6 illustrates how to convert the density witch get form slider 

form integer data type to real data type then moved to Densometer 

location.  
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     Network 7 illustrates how to get and convert the Flowmeter density 

form integer data type to real data type.  

     Network 8 illustrates the function that are use to catch the maximum 

limit of Densometer density that are allowed to use by the system. 

          
Network 9 illustrates the function that are use to catch the maximum 

limit of Flowmeter density that are allowed to use by the system. 
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Network 10, 11 illustrates the function that are use to catch the minimum 

limit of density that are allowed to use by the system. 

     Network 12 illustrates how to get and convert the flow rate form 

integer data type to real data type.  

 

 

     Network 13 illustrates the function that is used to calculate the total 

patch in volume. 

 

     Network 14 illustrates the function that is used to calculate the total 

patch in mass/ton.  
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     Network 15 illustrates the function that is used to rest the total patch 

in ton and volume. 

 

 

     Network 16 illustrates the function that is used to gathering the 

totalizer in volume. 
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4.5.5 Human Machine Interface (HMI) Process Chart:- 
     The flowing diagram are explained the configuration steps of HMI 

,which started by design the screen (number and layout) then drown the 

P&ID and link the devices and equipment to each other’s then  linked the 

screen and connected the PLC to the graphic and finally design the 

alarms and reports . 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

     Figure (4-5) and (4-6) are illustrate the view of screen that are use to 

inter the data and running the system.
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Figure 4-5:  Start Screen 
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Figure 4-6: Screen (2) 
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4.5.6 Simulation Results and Discussion:-  
4.5.6.1 Data Collection:- 

     Data collection after re design and pumping from the refinery  

Different In volume = Delivery Quantity in volume (meter cube) – 

Receiving Quantity in volume (meter cube) 

Percentage of error = (Different In volume/ Receiving Quantity in 

volume (meter cube))*100 

Reference Density is the density that is calculate manually.  

Table (3-11) data collection form simulation 

 

Actual 

Density 

Reference 

Density 

 

Delivery 

Quantity 

Receiving 

Quantity 

Different 

In 

volume 

Percenta

ge of 

error 
 

 

in mass 

(KG) 

in volume 

(meter cube) 

in mass 

(KG) 

in volume 

(meter cube) 

0.825 0.825 82.5 ton 100Qm 82.5ton 100 0 0% 

0.890 0.825 82.5ton 92.7Qm Hold on 000 _ 0.0 

0.800 0.825 82.5ton 103.1Qm Hold on 000 _ 0.0 

0.840 0.825 82.5ton 98.2Qm 82.5ton 100 -1.8 1.8% 

0.820 0.825 82.5ton 100.6Qm 82.5ton 100 +0.6 0.6% 

Note:- 

     After integrate the Densometer in the new system and control the 

density the performance operation and efficiency of system is increasing 

as below:-  

1-The system is able to close the valves in case of the density being out 

of rang. 

2-The system can reduce the error measurements which caused by the 

density that can accrue in the skid. 
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3-The system is minimize the loss and gain on delivery quantity. 

4-The new design can protect the skid form vibrations, pressure drop, 

dirty contained on fluid by observe the density changing. 

5-The new design increases the software efficiency by keeping the 

density in specific and controllable rang.  

4.5.6.2 Comparison between the Existing and proposed Simulation 

System:- 

     Regarding to data collection and data analysis the component and 

location of the skid has large effect on the performance of the meter 

which mainly are effected on the measurement of the density so if the 

density been free without any controlling at specific rang the receiving 

quantity it will be in inverse proportion relationship with the density 

which is mean gain at lower density and loss at higher density please 

refer to (figure 4-7) which is also illustrate the propositional relation 

between the receiving quantity and density after modifying the system to 

be able to control the density in specific rang. 

Table (3-12) data of comparing between three modules  

Patch No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Density 8 8.2 8.24 8.25 8.28 8.3 8.34 8.35 8.38 8.4 8.5 8.6 8.7 8.8 

delivery Q 1
0 

10 10 10 10 10 10 10 10 10 10 10 10 10 

receiving Q 

density 

control 

- 10.07 - 
10 - 9.94 - 9.88 - 9.82 - - 9.82 - 

receiving Q 

density out 

of control 

- 10.4 - - - 9.96 - 9.87 - 9.82 - - 9.6 - 

Neutral 

receiving 

quantity 

9.
9
4 

- - 9.96 - - - - - 9.82 - 9.59 - 
9.37 
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Figure 4-7:  relationship between the density and the receiving quantity 

    ( Figure 4-7) illustrate the proportional relationship between the 

density and the receiving quantity in four cases which is natural existing 
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system, simulation for existing system and simulation for new system, 

quantity that should be deliver. 

      Brown colour is indicating to actual quantity that should be 

transferred, green colour indicating receiving quantity after density been 

under control, purple colour indicating receiving quantity in simulation 

when density out of controlling, cyan colour indicating to density, 

turquoise colour indicating to receiving quantity by the existing system.  

     As can be seen from the (Figure 4-7) the deviation in the in receiving 

quantity in existing system is very big at patch 14, 13. 

     It is clearly that the deviation after density been under control is the 

lowest which is the mater that confirmed the efficiency of controlling 

density. 

4.6 SUMMARY:- 
     In order to meet the objective of the new design, decreasing the loss 

and gain in the delivery quantity is very important to achieve the 

objective .the existing system doesn’t have ability control the density and 

that what is being considered in the new design. The new design is 

decreasing the error measurement by kept the density in specific range. 

     Because of the way that the Coriolis meter are used to detect the 

density which very sensitive and can be effected by vibration, viper, 

babuls, sequence of operations, pressure, pulsations of flow  and because 

of the effect of the density on delivery quantity a new device that use 

different way to detect the density which call Densometer are  install. 

     Form the information in the previous section which explained clearly 

that the mechanism of action components of the system and design it has 

significant impact on the way used by the meter for measuring the 
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density. Thus the meter reading for the density is not true which affects 

the quantities pedestrians in front of plus or minus.  

     The relationship between pedestrians quantity and density is the 

inverse relationship that is, the higher the density, the less quantity 

passers-size real.  

     To avoid the problem has been added density measuring device, to 

function differently from that used by the meter and completely 

independent device, and it has been used to calculate the new reading for 

obsolete passing quantity.  

     As well as the program has been modified to work on making the 

density in a certain range and shut down the operation when the 

operation processes came out of density range. The control of the density 

in a certain range by use anew measurement device, Leading or resulting 

to decrease or reduce the passing quantity over the meter as desired goal. 
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5.1 CONCLUSION:-  
     The Coriolis meters is considered as one of the most important meters 

to measure the flow rate and density .however,  there are some problems 

related to  the accuracy of the delivered quantity because of the impact of 

density in addition to action form external influences, The aim of this 

thesis  is to minimize the loss and gain on delivered quantities. 

     In this effort, According to the analysis (chapter three) it is clearly 

shown that the density has large affect on the performance of the meter, 

thus, in this research an enhanced design of Coriolis meter has been 

proposed. The simulation results shows that our proposed meter is giving 

more accuracy for the delivered quantities, this accuracy has been 

achieved due to the existence of an external Densometer in the new 

design, which plays an important role for rectifying the deviation in 

density which leads to deviation in the measured quantity.  

     The findings proves the validity of the newly proposed design since it 

outperforms the measurement in the real situation as well as the 

simulated measurement which represents typical simulated design of the 

existing system, for further information please refer to section 4.5.9. 
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5.2 RECOMMENDATIONS:- 
     Although a great effort has been done to enhance the design of the 

Coriolis meter, an area for future researcher is still there. The following 

recommendations are suggested for further studies in the same field: 

- Drop in pressure in liquid petroleum gas (LPG) are cause series 

problem for Coriolis meter because of the behavior of the LPG.  

- Upgrading the Coriolis mass meter to be as mult- phase meter 

rather than single phase. 
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APPENDIX (A) PLC SPECIFICATIONS:- 
1-The first step is defined the RACK and configure the CPU type (315-

2DP-6CG03-0AB0) it is having:- 

Profibus module (building in) 

DI 24          DO 16 

AI  5            AO  2 

96 KB memory  

4pulse out put 

4 channel counting 

DP 

2-the second step is Defined and addressing the input   

3-the third step is Defined and addressing the output 

4-the fourth step is Defined the display Screen 

5-the fifth step is Defined the connections to Screen  

 

 

 

 

 

 

 



90 
 

APPENDIX (B) I / O Definitions:-  

 


