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Task 1
Introduction
A refinery processes are made up of various equipment so they run efficiently and desired targets and outcomes are met, such equipment are heat exchangers which according to Sekulic (2003) have the purpose of transferring thermal energy between two or more fluids without mixing them to increase the temperature of one and decrease the temperature of the other so they meet operational standards to ensure processes such as distillation can occur . In oil refineries the primary model of heat exchanger used are tube and shell (figure 1) since they can handle high pressures and temperatures whilst maintaining a simple but effective design. 
Technology, Theory and Principles
Referring to Pramuanjaroenkij (2002), tube and shell side heat exchangers are constructed from tubes coiled in a cylindrical shell with the tube and shell side axis’ being parallel from each other. The tube coil is referred to as a ‘bundle’. During the exchange one fluid will enter the tube side and then the bundle whilst a second fluid enters the shell side and flows around the bundle resulting in conduction and convection. Conduction takes place through the tube walls from the fluid within the bundle, the heat from tube side fluid conducts through the metal tubes and then to the shell side fluid which increases the shell temperature. Simultaneously, convection occurs due to the shell side fluid absorbing the heat from the bundle reducing the temperature of the product within. This principle is known as counter current heat exchange which according to Oxford University (2025) is a type of counterflow device that allows varying temperature fluids that flow in opposite directions to exchange heat without mixing. The rate of heat transfer is dependent on different factors, these being the temperature of the products, the material of the tubes and shell since this impacts the thermal conductivity and finally the flow rates and their properties. If these factors are not correct, then the efficiency of the equipment affected. 	Comment by Rhys Hutton: Great work Thomas.
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[bookmark: _Toc194336200]Figure 1 - Tube and Shell Heat Exchanger (Arveng Training (2021))
Conditions Leading to Failure & Mitigation through HSE Framework
Like all refining equipment heat exchangers can fail due to a root cause, such a cause is pressure. Pressure issues come in two forms, overpressure and lack of. According to Hasan (2020) too much pressure may cause fatigue on the tubes which can lead to ruptures. This causes hazards to individuals since the product is often high in temperature which can cause burns or can sometimes be toxic causing further health risk. This may cause an environmental threat or cause damage to other refining equipment. The HSE framework determines that this issue is combated with the installation of pressure safety valves (PSV (figure 2)) which according to Sotoodeh (2023) relive pressure from a system once it has exceeded its pre-set parameters to avoid such failures. If there is insufficient pressure, then it can cause ineffective heat transfer which can cause issues such as blockages and inefficient distillation which will affect the amount of product refined. The mitigation method used for this are the installation of pressure gauges (figure 3) which provides a reading allowing the operator to know if the pressure needs to be altered which is done by moving a valve.
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[bookmark: _Toc194336201]Figure 2 - PSV (Song (2020))
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[bookmark: _Toc194336202]Figure 3 - Pressure Guage (A Pure (2024))
The next cause of failure is temperature that exceeds the set operating parameters which can damage gaskets and seals resulting in leaks, which effects production through loss of product and damage to equipment along with posing hazards to health and the environment. The next temperature issue is thermal fatigue which often occurs in the tube bend at the back of the exchanger. Referring to Fluid Dynamics (2018) this causes stress on the bundle that can be greater than the tubes tensile strength, resulting in ruptures. Another temperature defect is thermal expansion caused uneven and fast changes in temperature resulting in mechanical stress. To prevent these issues, exchangers are fitted with temperature safety valves (TSV (figure 4)) which according to Heaps (2023) operate on thermal expansion and work by setting the parameters to the desired level so if they are exceeded it will automatically open allowing the flow to exit through the outlet reducing the temperature. 	Comment by Rhys Hutton: 
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[bookmark: _Toc194336203]Figure 4 - TSV (GMS Instruments (2021))
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[bookmark: _Toc194336204]Figure 5 - Ruptured Heat Exchanger (Fluid Dynamics (2018))
The next type of failures is caused by vibration issues which according to Sabuni (2023) vibration problems can be caused by misaligned and loose components, issues with flow or not enough space between tubes. The associated failures include tube failure, greater energy consumption, mechanical fatigue and cross contamination caused by damage to the bundle. To prevent these failures operators must first be aware of them which is achieved through carrying regular inspections using a vibe tool (figure 6). If the reading exceeds its parameters them it is reported so a work order can be placed. When it comes to vibration maintenance is carried out by the mechanical department who will fix the issue rather by aligning the tubes, tightening components or replacing them. However, before this both the shell and tube inlets must be isolated and drained before isolating the outlets by adjusting the designated valves and bypassing the flow. When opening the header to access the bundle maintenance must wear correct PPE (personal protective equipment), in this case a BA (breathing apparatus) to protect them from potential toxic fumes with operations being required to supervise first break in case of leaks.
[image: TPI 9070 Smart Vibration Meter]
[bookmark: _Toc194336205]Figure 6 - Vibe Tool (test-meter (2025))
The final key cause of exchanger failure is contamination which is caused by contaminants within the flows. The first type of contamination is corrosion which is caused by harsh environments and usually weakens the tubes and the shell leading to leaks, blockages and reduced efficiency. The following contamination is erosion caused by high velocity flows which over time wear through the metal tubes which may cause the flows to mix. To prevent corrosion and erosion material such as stainless steel should be used to construct the bundles that are also an adequate thickness and of an effective design, flows and temperature should also be regulated as these impact the rate of erosion/corrosion. Another form of contamination is fouling (figure 7) which is a build-up of material such as rust or coke withing the exchanger that can lead to defects such as reduced efficiency, increased pressure drops and a faster rate of erosion and corrosion. Fouling can be mitigated through constructing equipment from resilient materials, maintaining a high flow velocity, controlling temperature and scheduled cleaning which usually takes place on refinery turnarounds when the unit is offline. However, when the unit is online then exchangers may be backwashed to dislodge any fouling. To further prevent contamination some systems will include filters prior to the exchangers to prevent contaminates from entering causing the mentioned complications.	Comment by Rhys Hutton: Excellent knowledge shown Thomas on heat exchangers. You have used lots of images, citations throughout and explained the hazards that can occur from them on a refinery.
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[bookmark: _Toc194336206]Figure 7 - Fouling (Tempco (2017))
Task 2
Crude Distillation Unit 
The first process unit of the process refining sequence is a crude distillation unit (CDU figure 8)) which serves the function of separating crude oil into different products via fractional distillation. According to Elkilani (2009) the crude oil first passes through desalters (figure 9) which remove impurities such as salt by mixing it with water to dissolve these impurities. The mixture is then separated via electrostatic field which causes water droplets to merge into larger ones allowing for easier separation. The water is then drained, taking the impurities with it. After going through the desalters the crude will enter a heater (figure 8) to reach the desired temperatures for distillation in the main crude column at 400°C. Within the column the crude will separate into different products based on different flash zones that will vaporise and liquidise the product. Lighter hydrocarbons such as petrol, kerosene and naphtha will rise higher up the column and condense as the temperature decreases before being collected on trays of varying levels whilst heavier products such as diesel and fuel oil are known as fractions and will condense and collect on lower trays. Crude that did not distil due to it being too heavy will be sent over to the vacuum distillation unit (VDU) for further processing.	Comment by Rhys Hutton: Great knowledge.
[image: Refining Community | » Crude Distillation 101: From the Top to Bottom]
[bookmark: _Toc194336207]Figure 8 - CDU (CRU Group (2023))
[image: Crude Oil desalter: Purpose, Working, Types, Parts, variables – All about  Piping]
[bookmark: _Toc194336208]Figure 9 - Desalter (Raj (2025))
Vacuum Distillation Unit
According to Pembroke Refinery (2018) reduced crude residue containing products such as gas oils and diesel is sent to the VDU (figure 10) to maximise production via vacuum distillation. This process works by reducing the pressure of the product making it easier for the bonds to separate by lowering the boiling point via a partial vacuum ranging between 10 and 15 mmHg. The vacuum is created using steam ejectors. The reduced crude will first enter the heater to obtain a temperature of roughly 420°C which is the required temperature for vacuum distillation thanks to the reduced pressure since if it were to take place at the pressure found in atmospheric columns the required temperature would increase to 495°C which may result in the feed stock thermal cracking undesirably. Next, the reduced crude enters the main column where it will be separated into the following products:
· Overheads.
· Diesel.
· Light Vacuum Gas Oil (LVGO).
· Heavy Vacuum Gas Oil (HGVO).
· Vacuum Residuum.
Steam is injected into the column to enhance product separation. Unlike the crude column the vac is made up of beds instead of trays due to the lower pressure drop. This increases efficiency since trays tend to create more resistance which will increase the pressure drop. However, similarly to the CDU the lighter products will rise and condense further up the column. To increase further increase quality each product will re-enter the main column as reflux once they have gone through their respected systems for re-processing. Overheads will enter the ejectors to assist in maintaining the vacuum, whilst diesel, LVGO, HGVO and vac resid will be sent off for further processing with diesel going to the hydrotreater (HTU) and the rest to the fluid catalytic cracker (FCCU).	Comment by Rhys Hutton: 
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[bookmark: _Toc194336209]Figure 10 - VDU (Piping (2017))

Hydrotreater
According to Pembroke Refinery (2020) the purpose of a HTU (figure 11) is to remove contaminants such as sulphur, oxygen and nitrogen from diesel. The diesel first enters a heater to bring the temperature up to the required level of 300-400°C after being mixed with hydrogen. The flow then enters a fixed bed reactor containing catalyst made of either cobalt-molybdenum or nickel-molybdenum on an alumina catalyst. The reactor requires a pressure of between 30 and 130 bar along with the before mentioned temperature for the sulphur to react with the hydrogen to form H2S (hydrogen sulphur). Ammonia (NH3) is also created using nitrogen. Next, the flow will enter the separator to separate condensed liquid hydrocarbon from hydrogen gas. Any remaining hydrocarbons are then flashed off in the low-pressure separator. An amine scrubber is used to remove any H2S from the product by using an amine mixture to absorb it. Following this the flow will go to the stripper to dissolve gases and residual light hydrocarbons. After going through this process, the product is sent to storage ready for shipping.
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[bookmark: _Toc194336210]Figure 11 - HTU (Didion Vessel (2018))
Fluid Catalytic Cracker
In reference to Valero (2018) the purpose of a FCCU (figure 12) is to break down heavier hydrocarbons that could not be refined by units like the VDU such as gas oils and process it into naphtha, gasoline, diesel and olefins through a series of catalytic reactions.  The first section of this unit is the reactor which is where the cracking rection occurs when LVGO/HGVO enter the column where it will interact with the fluidised catalyst at a high temperature (500-550°C) which vaporises the hydrocarbons, shorting long-chain molecules. Lift steam is utilised to distribute the catalyst evenly and to accelerate it as it flows upwards. Following the reaction the spent catalyst is separated from the product vapours via cyclone system where the vapours are sent to the fractionator, and the catalyst falls to the bottom and then to the regenerator via pipeline. The regenerator burns off coke accumulated during the reaction with air temperatures ranging from 650-750°C. Coke must be burnt off as its presence can reduce activity. The heat produced by this reaction is carried over to the reactor by regenerated catalyst which is required for the endothermic cracking reaction. The burnt off coke and combustion products exit the regenerator as flue gas. The vapours drawn from the reactor and sent over to the fractionator and are distilled into gasoline, diesel, olefins and light/heavy naphtha. This column operates the same as the crude with products separated based on boiling points and collected on trays. The product that cannot be distilled is known as slurry oil and is collected in the bottom before being sent back around as reflux. The key chemical reaction of the FCCU is:
· Heavy Hydrocarbon Gasoline +Olefin ().
Other chemical transformations include hydrogen transfer to stabilise the products by hydrogen atoms shifting between hydrocarbons and isomerisation the creation of branched molecules from the conversion of straight ones to further increase the product quality. 	Comment by Rhys Hutton: Great knowledge shown of the units that make up the industrial process. You have shown the chemical and physical transformation at the cracker unit. Excellent images and citations used throughout.
[image: ]
[bookmark: _Toc194336211]Figure 12 - FCCU (The Petro Solutions (2023))
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