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Engines designed for your average buyer where the car will be doing daily trips to work and school and eve the rare person who does drive the car hard now and then will always be fitted with a cheap, reliable and conservative wet sump system.
Wet sump systems are designed to old the oil required by the engine in a pan under the crankshaft, where the oil is collected through a pick up pipe and pressurised via a oil pump, this then gets pushed through the engines oil galleys at pressures ranging from 1 Bar to 5 Bar.
At the end of the engine cycle, oil is allowed to drip down into the oil pan where it is collected and stored ready to be collected by the oil pick up pipe by means of the oil pump. It is a basic yet effective system.

In race application oil Is not stored in the sump but elsewhere in a reservoir tank which is fed to the sump via oil lines and an external oil pump.
There are a few key differences to this design that highly benefits the application for race and competition use.
The oil being in a remote reservoir that can be placed where ever needed is a great idea as the oil is heavy and putting this oil further inboard is a great benefit from a centre of gravity standpoint, the weight is more evenly displaced from simply over the front axle by having the oil in the passenger footwell will greatly help the mass distribution and counter ballast the driver as well as freeing up weight over the front axle.

The other key benefit is the sump is far shallower in height, and this allows the engine to be substantially lower in the car thus giving substantial change to the cars overall centre of gravity and handling characteristics, which to most is the key benefit.

“The centre of gravity is perhaps the single most critical area of any racing car weight consideration. It must be as low as possible to the ground, and this is not only because the weight act through it, but also because all accelerative forces of acceleration, braking and cornering work trough it.
Any force that acts through the CoG has no tendency to make the car rotate.”
Centre of Gravity (Formula 1 dictionary, 2019)

The oil can be allowed to cool as it passes through the oil lines to the reservoir which is a minor added benefit but not overall a noticeable one. 


[bookmark: _Toc34005723]Experimental procedure  

The first steps to designing the sump is to physically measure the engine the part is to be designed for, removing the original OE sump, and measuring bolt hole distances, clearance distances and overall dimensions of the available space to fit the sump and the oil pick up pipe on the inside.

Using a Vernier caliper to take measurements of the bolt holes for the sump flange, then the distances between the holes, also the distance of the hole from the edge of the flange relative to both inside and outside the engine block.
The overall engine block length and width, also the height of the flange that the gearbox bellhousing bolts to were all measured.

Research can then begin on the dry sumps design, looking at competitors in the market, similar designs and how improvements can be made not only over these competing designs, but over the original equipment design also.
To make a cheaper sump than the competitors that can exceed their specification and functionality.

Using these measurements to then begin to design the sump starting with solidworks program.

Choosing a suitable material for making the sump is a difficult choice, research is needed on the grades and types of metal that would be suitable.
[image: ]Variant 1 sump it was to use steel, a very suitable metal however not the best for this application

[image: ] variant 2 was to consist of a popular aluminium alloy of grade 1050 which is almost entirely pure aluminium, it offers great strength, but again isn’t the best suited.


[image: ]The third variant was using the application of aluminium and magnesium alloys grade 6063 which is by far the better alloy strong light and durable.


A splash tray is added inside the sump to help baffle the oil system from aeration due to the rotating crank during engine operation and to prevent erratic oil pressures

“The agitation of the fluid through these passages is the leading factor in aerating oil. Air becomes bound to the oil as it splashes its way through the lubrication system, similar to how bubbles are formed when you splash water in a bathtub. This phenomenon worsens as the velocity of the fluid increases (i.e. increased engine speed and/or reduced viscosity with temperature or additives).”
What is air aeration? ( ADVANCED TEST AND AUTOMATION, 2019)

The oil lines to/from the reservoir/pump will be fitted with an Oil check valve to prevent the backing up of the oil and allow it to only flow one direction, this will in the event of a roll over stop oil from flooding the engine and the possibility of reaching the environment.
These valves are very simple and effective solutions that are cost effective, not requiring a complex valve to be engineered into the sump itself.

[image: An inline spring-loaded check valve with an arrow showing flow direction]




An inline spring-loaded check valve with an arrow showing flow direction (Tameson, 2018)


The system will utilise an external oil pump that will bolt to the side of the sump via a bracket on the engine block sitting adjacent to the sump.
This pump will scavenge oil from the reservoir and feed it to the inlet on the sump pan into a small baffle well for the internal oil pick up pipe to collect, this work will be done by the engine oil pump already fitted to the engine as standard.
Once oil has completed its rotation it will drain back down the engine to the sump and exit the shallow area via the outlet valve and be scavenged back to the reservoir, where it will begin the journey once again.
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The first iteration was not a very good suitor metal as it was far too heavy and unyielding due to its basic composition and cheaper metal, the cost of the piece would be far cheaper to produce but over all lack the needed quality that the customer would desire from such a product, especially when mated to an already alloy block. 

Variant 2 and 3 are both based on Aluminium alloys, are generally far better by method of using this material, the alloy produces a far lighter sump, roughly 35% lighter than steel.
The alloy also transfers heat better and allows for the oil to be cooled quicker, however the cost of this is far more, roughly twice as much as a steel sump making alloy items far more of an acquired product.

But in the motorsport world where centre of gravity is a major factor, its often found that weight is just as much of a key aspect to many race team engineers.
Variant 3 the actual product, is a magnesium aluminium based alloy that thank to the lightweight and strength of magnesium the alloy is very strong and very durable, making a very good material for using to make a sump, although hard to manufacture and work with. To get around this issue the metal will be milled from a single block of the alloy and machined into the sump, making it a single piece item (bar the oil splash tray).
Cooling fins are applied to the exterior to aid in oil temperature control and to gain a slight aerodynamic effect, aiding the cars drag coefficient.

Variant 2 lacks the added weight of the variant 3, but also lacks the additional cooling and baffle plating, sacrificing usability for some weight loss gains.
The fins on the external lower section are removed and an overall smoother finish is applied, the sump pick up baffle is far less effective and pronounced, also the splash tray is far thinner at 1.2mm compared to 5.4mm in variant 3, making the lighter variant less rigid and structural.
An altogether lightweight version sump offered towards lower power applications where strength, cooling and rigidity is less required
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CAD files and Technical drawing
https://uowtsd-my.sharepoint.com/:f:/g/personal/1807541_student_uwtsd_ac_uk/ElEWd6fd7XJOnfR8yWh3kPQBtie_3d5T5tgBCSwOnOnY4g?e=bnOJMz
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