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Task 1
Introduction 
In this task I have been asked to describe the operation of a piece of process equipment at my place of work. The aspect of focus includes equipment theory, operation of the equipment, conditions that can affect the equipment as well as hazards. The piece of equipment I have chosen is a single-stage centrifugal pump. 
Equipment Theory
A pump is designed to create flow of a liquid through relevant pipework. The reason for the use of pumps is to overcome forces acting in the opposite direction of the desired flow of product. Some of these forces that need to be overcome include; gravity, friction and process head/back pressure. 
Centrifugal pumps work on the principle of centrifugal force. Centrifugal force is defined as “The apparent outward force on a mass when it is rotated.” Sciencedirect. The pump is coupled to a driver (electrical motor or steam turbine) to provide the rotational force needed to spin an impeller to force the liquid into and out of the pump. The liquid exiting the pump is a greater velocity before entering creating the flow of product. 
Figure 1a
[image: ]
Ryan Waldron. (2020).
Figure 1a show a representation of the centrifugal effect and how it is applied. The suction line is directed the centre of the impeller also called the “eye” of the impeller. The eye of the impeller has a lower pressure this causes product to flow into the pump. The impeller spins from the force provided by the driver which forces the creates the centrifugal force while pushes the liquid outwards through the discharge pipe. 
Operation of a centrifugal pump 
As previously mentioned, the pump is commonly paired with a turbine or motor which provided the rational force needed for its operation. The shaft of the driver is coupled together with the shaft of the pump to transfer the rotational force. 

Figure 1b
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There are three main sections of a centrifugal pump an operator show be aware of 
· The Pump Bowl
· Mechanical seal
· Bearing housing
The pump bowl is where the product flows from a lower velocity to a higher velocity with help from the impeller. This can be seen in figure 1b represented by the arrows to show the product flow. 
The mechanical seal is shown in the black box in figure 1b, this prevents product flowing out of the bowl casing while still allowing the shaft to pass though and allowing smooth rotation. 
The bearing housing contains bearings used to support the shaft in its rotation and its position, this keeps the shaft spinning perpendicular. The bearing housing also contains lubricating oil for the bearings. 
Knowing these sections and its components will help in operating the pumps. The operator can also more effectively diagnose problems and its causes. 
For pump operation start by opening the suction line valve this will introduce product into the pump. Next open the discharge valve, this will allow for the product to flow into the discharge line. After opening these valves, the driver can be started, this can be a motor or turbine. When the pump is running the suction pressure and discharge pressure should be monitored to ensure it is within operating limits. If the pressure is not within operating limits adjustments to the valves should be made. Closing the suction pressure valve will increase the suction pressure while closing the discharge valve will increase the discharge pressure. Incorrect suction pressure can cause the pump not to pump due to being unable to pick up suction of the product. Incorrect discharge pressure can cause the driver to “trip” stopping the pump/driver becoming unsafe to operate. Responsibility, operational and maintenance activities- PCPO4007 (Dylan Jones)
Conditions that can lead to failure and their hazards as well as control measures. 
With centrifugal pumps there are common failure conditions that can lead to pump failure. These include:
· Driver failure.
· Seal Leaks.
· Cavitation.
· Bearing failure/alignment failure. 
· Lubricating oil.
Driver failure is when the motor or turbine driving the pump cannot operate correctly or safely. There are multiple problems the driver can have but the most common with both electrical motors and steam turbines is overspeed trips. An overspeed trips happens when the driver spins at a higher RPM then set by the turbine or motor. A trip stops the pump preventing total failure of other components. The control measures or motors and turbines is general maintenance such as planned preventative maintenance and condition-based maintenance. The main hazard with electrical motor is electrical and rotational. The main hazards with the steam turbine are high pressure superheated steam and rotational. 
Seal leaks on a pump mainly come from the mechanical seal. The mechanical seal prevents product leaving the pump while still allowing the shaft to spin freely for the impeller. The mechanical seal and sealing face deform overtime due to the vibration and potentially heat the pump is subjected to, this causes gaps the product can leak from. The monitoring of the pump seal should be carried out routinely by the operator and any leaks should be reported. The hazards associated with seal leaks include loss of containment this is especially prevalent in the refining industry. 
Cavitation is the damage to the impeller due to insufficient suction pressure. Insufficient suction pressure creates the potential for vapor which will damage the impeller. 








Figure 1c 
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Figure 1c show the effects of cavitation over a sustained period. Cavitation can be detected from a drop is discharge pressure and an increase in vibration. The hazards with cavitation include contamination of the product being pumped and the pump potentially be unserviceable. 
Bearing failure occurs when the bearings no longer support the shaft of the pump causing excess vibration and “throw”. Throw occurs when the shaft no longer spins perpendicular this can be due to the pump and driver not properly being alignment damaging the bearings. The bearing could also be damaged effecting the alignment of the shafts. The failure that tends to happen with problems with alignment is the shearing of the coupling connecting the shafts. This is easy to identify as the driver shaft will be spinning while the pump shaft will not. Sensory information that can be used to identify alignment/bearing issues are excess vibration/noise and increase in bearing temperature. The hazards with alignment and bearing issues is the pump being unserviceable and potential for projectiles. 



Exercise 2- Demonstrate a knowledge and understanding of the units that make up an industrial process. 	
Overview
The topic that will be discussed throughout this report will be a process carried out as part of the oil refining cycle. The process of focus takes place in the refineries Fluid Catalytic Cracking Unit (FCCU), the chemical reaction involves the breaking down of large hydrocarbon chains to lighter more profitable compounds. This report will target the main processes and aspects of the FCCU as well as its input feeds and output streams. Dylan Jones. (2022). Research, Study and Presentation Skills- PCEE4002.

The Fluid Catalytic Cracking Process
As stated in the overview the FCCU aims to create profit by breaking down larger less valuable hydrocarbons into smaller chains of more reactive fuel compounds. The smaller chains of hydrocarbons can be blended into other products increasing value or further processed into even more valuable products. 

The FCCU takes low profit residual oil from other supporting units, this is the FCCU’s feedstock. The feedstock is first heated before entering the main reactor this ensure the viscosity of the feedstock is sufficient to travel up to the main reactor. The preheating of the feedstock also helps with the reaction within the main reactor. Once the feedstock travels to the main reactor a catalyst is added the catalyst is called zeolite. The zeolite catalyst is used to rapidly react with the feedstock creating a hydrocarbon vapor which enables the separation of the product. Once the product within the reactor has turned into hydrocarbon vapor it rises upward through pipework to the distillation column. The zeolite catalyst drops from the hydrocarbon vapor during the product state transition. Inside the distillation column the hydrocarbons condense separating at their respective boiling points throughout the column. The lighter hydrocarbons in the product vapor travel towards the top of the column and is collected. The heavy hydrocarbons move towards the bottom of the column and is collected. Once the product vapor has reached its boiling point location within the column it changes back to the liquid state. The output steams of the FCCU includes:
•Heavy Cycle Gas Oil (HCGO) – Blended into shipping fuel oil.
•Light Cycle Gas Oil (LCGO) - Blending component for fuel oil and diesel.
•Heavy / Light Cracked Naphtha (HCN / LCN) - Blended into gasoline.
•C3 / C4 Olefins- Further refined to make alkylate in the Alkylation Unit.
•LPG product- Fed to the boilers on the refinery for heating processes.
Dylan Jones. (2022). Research, Study and Presentation Skills- PCEE4002.

The Airside of the FCCU
The FCCU has a part of the unit referred to as the airside. The airside of the unit involves the processing and recycling of the zeolite catalysis that is used in the main reactor. Connected to the main reactor is the regenerator, this is a vessel similar in shape and size to the main reactor however a different process takes place to recycle the catalysis so it can be reused. The regenerator stores the catalysis, slide valves are used to control the flow into and out of the main reactor. After the catalysis has reacted with the feedstock in the main reactor it drops to the bottom of the main reactor where it is redirect back into the regenerator. During the reaction with the feedstock a layer of coke forms around the catalysis which needs to be removed for the reuse of the catalysis. To remove the coke air is added into the regenerator which burns off the coke enabling its reuse. 

[bookmark: _Hlk85723088]Another process part of the airside is the removal of small catalysis particles that are too small for use. When the zeolite catalysis reacts with the feedstock and has the coke removed it shrinks in size. The shrinkage of this size can become a problem if not dealt with. The problem occurs when the catalysis is small enough to travel into the distillation column and contaminate the final product. To remove the small particles of catalysis a filtering vessel and a system called the Electrostatic Precipitator (ESP) is used. Once the catalysis is too small the air from the regenerator can direct the catalysis through the top of the regenerator into the filtering vessel for the lager particles and to the ESP for the smaller particles. The particles from the filtering vessel can travel through pipework to be removed from the unit and process while the ESP uses static to breakdown the catalysis into close to nothing. Dylan Jones. (2022). Research, Study and Presentation Skills- PCEE4002.


The Equipment used throughout the FCCU
Throughout the process in the FCCU there is a number of systems and equipment that is used to ensure the maximum effectiveness, safety and profits. Some of the main systems and equipment used is as follows:
· Main reactor- Is the vessel where the main reaction take place to change the state of feedstock to a vapor.
· Regenerator- Is the vessel where the zeolite catalysis is kept. Also, coke is burnt off in this vessel.
· Distillation Column- Is used to separate the final product streams after the main reaction. 
· Riser Tube- Is the pipe where the feedstock enters the main reactor. Catalysis is also added in the riser tube.
· Catalysis filtering vessel- Removes larger catalysis particles when they are too small to be practical.  
· Electrostatic Precipitator (ESP)- Removes smaller catalysis particles when they are too small to be practical. 
· Air compressor- Uses compressed air to use for the regenerator.
Dylan Jones. (2022). Research, Study and Presentation Skills- PCEE4002.

For a visual representation of the FCCU please see appendix 1  












Appendix 1 
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