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task 1
What are pressure vessels?
Pressure vessels are containers that are designed to contain liquids or gases that are at a different pressure from the outside pressure surrounding the vessel. Many pressure vessels are individual as they all have limits and are designed for their specific purpose. All vessels are built with a design pressure and design temperature in mind so that they can meet the desired outcome. Exceeding or misusing the vessel other than for its intended purpose could result in catastrophic explosion. 

What is the purpose for pressure vessels?
There are many uses for pressure vessels; pressure vessels are all around in today’s circuity. A pressure vessel come in many shapes are sizes, take a kettle for instance. The objective of a kettle is to increaser the temperature of the fluid within it. The kettle would heat the fluid and contain the fluid until the personnel empties the condense, once the desired temperature has been met. Another example of a pressure vessel is an asthma pump. The purpose of the pump is to contain air molecules and release them once the person has placed enough pressure to activate the release valve. Pressure vessels can be used for various reasons and solutions; whether is for cooling, heating or containing.

Manufacturing process 
Pressure vessels are constructed from various types of materials. Pressure vessels are most company constructed out of either carbon steel or stainless steel. Brass is also used in order to create pressure vessels; however, it could become costly. In the petrochemical industry pressure vessels are created by rolling large metal sheets to their desired radius and then welded together. This is done for both cylindrical and spherical pressure vessels. Specialised machinery is required to manufacture a spherical pressure vessel unlike a cylindrical pressure vessel.


Design considerations
There are many factors that are required to be considered when designing a pressure vessel. This such things are: 
· Desired outcome of vessel
· Location of final product
· Height of vessel from the ground floor
· Elements surrounding the vessel e.g. wind loading, vibration of machinery etc
· Internal and external pressures
· Ambient and operational temperatures
· Stresses acting upon and against the vessel
· Substance passing through or surrounding the vessel
· Material quality
· Fatigue
· Corrosion
















Task 2
Part A:
Given information:
Internal diameter: 560mm
Material thickness (t): 6.4mm
Internal pressure (p): 620 KPa

Letter Index:
Hoop Stress ()
Longitudinal Stress ()
Radius (r)

The first thing I must do is to determine if the cylindrical vessel is a thin or thick wall pressure vessel. The ratio in order to check if it’s a thin or thick pressure vessel is:

There for in order to calculate the radius (r) I must divide the diameter (d) by 2.


Due to the number being higher than 10 we now know that this is a thin-walled cylindrical pressure vessel. Now knowing this I can now use hoop and longitudinal equations for a cylindrical pressure vessel to calculate the stresses acting on point ‘A’ of the vessel.  The equation for both stresses is:


Therefore, the stress for hoop on point ‘A’ is:




Therefore, the stress for longitudinal on point ‘A’ is:






Part B:
Now that both stresses have been calculated at point ‘A’, I now must plot the directions of the stresses on a stress element diagram. The diagram below illiterates how the stresses are acting in a two-dimensional section cut on section ‘A’. The hoop stress is acting on the vertical axis also known as the ‘y’ axis. The longitudinal stress is acting on the horizontal axis also known as the ‘x’ axis. 
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Part C:
Given information Part C:
Internal diameter: 560mm
Material thickness (t): 6.4mm
Max stress (): 27.125 MPa














Part D:
Given information Part D:
Internal diameter: 1200mm
Material thickness (t): 12mm
Max stress (): 140 MPa

The first thing I must do is to determine if the cylindrical vessel is a thin or thick wall pressure vessel. The ratio in order to check if it’s a thin or thick pressure vessel is:

There for in order to calculate the radius (r) I must divide the diameter (d) by 2.


Due to the number being higher than 10 we now know that this is a thin-walled cylindrical pressure vessel. Now knowing this I can now use hoop and longitudinal equations for a cylindrical pressure vessel to calculate the stresses acting on point ‘A’ of the vessel.  The equation for both stresses is:






















Part E:
Using the results from parts A’ and ‘C’ from both cylindrical and spherical pressure vessels and using the knowledge and experience dealing with pressure vessels in my opinion I would recommend the cylindrical pressure vessel. 

The results show that the spherical pressure vessel can withstand double the amount of pressure compared to the cylindrical vessel when both vessels have the identical promotors.

However, when manufacturing the vessels, the spherical pressure vessels require specialised machinery in order to manufacture them, resulting in skilled workers need. Therefore, the cost in experientially larger than a cylindrical pressure vessel.

Another reason why I have selected the cylindrical vessel is because in my opinion I believe they are more aesthetically pleasing than the spherical pressure vessels.

To conclude I believe the cylindrical pressure vessel is overall better in comparison to the spherical pressure vessels. However, if money was no object and all I require was a vessel that could contain a large amount of volume at pressure then I would select the spherical pressure vessel.




Task 3
Given information:
Internal diameter of barrel: 610mm
A-36 ring internal diameter: 609.5mm
Outside temperature (T): 65
Wall thickness (t): 6.35mm
A-36 ring height: 25.4mm
A-36 ring thickness: 6.4mm

Letter Index:
Circumference ()
Celsius ()
Fahrenheit (
Diameter (D)
Pi (
Growth of density (
Linear coefficient of thermal expansion ()
Change in temperature ()
Modulus of elasticity (∈)

The first thing I must do is convert Fahrenheit to Celsius. The equation for converting the temperature is:



Now that I have converted the temperature, I must now calculate the circumference of the barrel and A-36 ring. The equation for the circumference is:

There for circumference of the barrel (C1) is:



There for circumference of the A-36 ring (C2) is:



To calculate the required size of the A-36 ring I will need to subtract the circumference of the barrel away from the circumference of the ring to get the growth of density.



Now that required length has been calculated I must now calculate the change in length with heat applied. However, the equation for is as follows:

The equation must be rearranged to make TL the subject of the equation:



The change in temperature is 70.02 degree Celsius. This was calculated by taking the current outside temperature away from the required temperature.  



It is a known fact that the modulus of elasticity is 200 GPa 

Prior to calculating P I first must calculate the area. The equation for area is:



Now that the area of the ring has been calculated, I can now substitute the calculated and know figures into the equation. 



Using Youngs modules equation and transposing the equation to substitute pressure in force. 


Therefor using the figures already calculated I can now transpose the results into the equation.




The equation below must be rearranged in order to make P the subject of the equation.





The pressure calculated is the pressure acting on the barrel once the A-36 ring has cooled.

















Task 4
Part A:
Given information:
Material: SISI 501 OQT 1100
Outer sphere diameter (D): 500mm
Material thickness (t): 40mm
Design factor (N): 4

Letter Index:
Inner radius ()
Outer radius ()
Pressure (p)
Yield strength (YS)

The first thing I must do is to determine if the sphere is a thin or thick wall pressure vessel. The ratio in order to check if it’s a thin or thick pressure vessel is:

There for in order to calculate the radius (r) I must divide the diameter by 2.


Due to the number being less than 10 we now know that this is a thick-walled spherical pressure vessel. I now must use the governing equations for a thick-walled spherical pressure vessel. The equation for a sphere is:

It is a known fact that the yield strength (YT) for the material is 931 MPa.
Now that we know the YT I must now rearrange the equation to make p the subject of the equation. The equation for max yield strength is as follows:

There for combining the max yield strength and spherical equation together.

Prior to calculating the pressure, I first must calculate the internal radius for the sphere.



Now that the internal radius has been calculated the pressure can now be calculated. 




To ensure the sphere is safe, the max pressure that the sphere can take before exploding needs to be calculated.



The calculations show that the working pressure is significantly less than the max pressure the sphere can handle. The working pressure is 2.7 approximately less than max pressure.





Part B:
There are many failure criteria that could come into effect on a spherical pressure vessel. It can be confirmed that the material and thickness of the material is more than adequate due to it having a safety factor of approximately 2.7. Within the petrochemical industry when hydrotesting a pressure vessel, the vessel would be test at 1.5 its working pressure. This shows its more than adequate to contain the pressure.

However, a failure could accrue due to the quality of the material. Most companies in the petrochemical industry like Phillip’s 66 and Dow corning only accept material from certified suppliers. Accepting material from non-certified could result in material being used that may have microscopic cracks resulting in the pressure vessel failing and exploding.

Another reason the vessel could fail is due to the welding on the vessel. If the welding isn’t up to standard the liquid or gas within the vessel could leak or decrease the vessels deign life. Using the correct welds or weld sticks would have a hug impact on how the vessel will coup when under pressure resulting in the vessel passing or failing its intended purpose.
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