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[bookmark: _Toc105354600]Reynolds Number 

Reynolds Number is a number that has no dimensions and is used a lot in fluid mechanics. Reynolds number is used because it indicates what type of flow you are getting from your fluid. It also indicates the ratio of inertial forces to viscous forces.  The two types of flow that you can get are steady / laminar or turbulent. Reynolds figure seems to have a lot of speculation on when a fluid switches from laminar to turbulent but it will normally need to be less than 2,300 for it to be considered laminar flow. Anything over 2,300 is considered turbulent flow. Laminar flow is when the velocity of the fluid is at a fixed point so over time it does increase or decrease. Turbulent flow is very unpredictable and will increase in speed or decrease over time. Meaning the flow is very irregular. As you can see in the image below. 
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Reynolds number has a very important role when designing propellers. With taking into account size and how it should be designed a propeller should be getting a figure of turbulent flow this will help in getting the correct agitation level. Although they can be designed to produce laminar flow. The speed at which the propeller works at will also affect the flow. High RPS values will produce almost fully turbulent flow around the blades. As you can see in the image below the flow is very turbulent which gives the best force output. 
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The flow of the water is caused by the propellers rotational and forward movements. The surface of the blade when going through water created very small impolosions on the blade surface. The propeller blades are at an angle which creates two sides. These two sides are a pressure side and a suction side. The faster the blades rotate the lower the pressure on the suction side of the blade becomes. 


Using this equation for Reynolds number 

Re = 
Re = Reynolds Number
 = Denisty of the fluid 
 = Velocity of the fluid
L = Characteristic Linear Dimension 
 = Dynamic Viscosity of fluid

With the dimensions of the propeller which are:
 
 = Water Density which can be assumed at 997 kg/m³

 = Water velocity on average tankers at full speed will be between 12-16 knots. I will use 14 and divide it by 5 giving me 2.8 knots to estimate the Reynolds number.  I divided it by 5 as we are working out the flow of one blade and there are 5 blades total on this propeller. 

 = Dynamic viscosity of water varies on the temperature but I shall assume the viscosity of water is 1.0016 millipascals a second at 20 °C

L = I shall take the characteristic length as the diameter of the z axis which is 78.36 mm. 

This gives me a Reynold number of 112,354.8392

As you can see from this Reynolds number we have turbulent flow around the blades and propeller. This is what I was expecting when calculating this. 

[bookmark: _Toc105354601]Boundary Flow

Boundary layer flow is the thin layer of fluid that is at the surface of the blade. The fluid being at the immediate surface will create a boundary that has zero velocity. The velocity then increases with the more separation from the surface. When there is a movement between a fluid and a solid surface which In this case will be the blade of the propeller. The boundary layer exists and presents viscose forces that are close to the surface. Boundary layers can be laminar or turbulent. 

As you can see in the image below this shows what the boundary layer is and how it can affect the flow. 
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With this boundary layer creating a separation the flow can no longer follow the pattern of the propeller blade which it flows and then in turn separates as turbulent flow. This can have a massive affect as it can cause drag and decrease the effiency of the propeller. The propeller has been designed in this way as it will decrease the separation and boundary layer increasing efficiency and getting the most out of the propeller. By streamlining the blades which will help in the separation on the boundary layer. Another way of preventing the separation of the boundary layer is to make a surface rough. By making the blade surface rough you can create and trip the boundary layer from laminar to turbulent. 
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It is proposed that the propeller will be made out of carbon fibre reinforced plastic. The current standard of materials used for propellers are a stainless steel alloy, a nickel-aluminium-bronze alloy or a manganese alloy. These materials are often used due to the fact that they are corrosion resistant materials. This is a big factor has the propeller will always be submerged in water. An aluminium and a bronze material are used as they are lighter than most materials and have very high strength. An aluminium material is very cost effective and have still provide good performance. 

Stainless steel propellers offer a very high strength which in turn gives the blades a very long life but tend to be more expensive than a aluminium alloy. A tanker propeller will be exposed to saltwater. Meaning that the stainless steel alloy will be a lot more corrosion resistant which is why you get the longevity of these blades. An aluminium and bronze will need to be bulky and have a thick diameter as it lacks strength compared to the stainless steel alloy. Without this strength the blades can flex and stretch out of shape. This will affect your design stage and then efficiency of the boat later on if it is not correct. With the bulk of the aluminium propeller and the lack of strength compared to stainless steel it can collect a lot of nicks and defects which after a while and cause a lot of slippage. Also with the flex of the aluminium it can at times halt your boat killing the momentum when turning. This normally has a bigger effect in smaller boats as they can turn a lot quicker than what a tanker could achieve. 

Carbon Fibre materials could have a lot of problems compared to stainless steel or aluminium. Even though the carbon fibre is reinforced with plastic it will still be very brittle. This in turn could cause problems if anything was to ever come into contact with that propeller the blades could shatter. Whereas a stainless steel or aluminium alloy would most likely be dented or have light deformation on them. Even with these deformation you would still be able to use the propeller just with reduced efficiency. These could also be repaired where as a shattered carbon fibre blade will be very hard to repair. 

Although it can be brittle. Carbon fibre is very strong and lightweight. When researching and reading through studies (Appendix 1). A component made from carbon fibre compared to the same component made in aluminium will see that the carbon fibre component being 42% lighter than the aluminium component. A steel component will be 5 times heavier. 

Carbon fibre reinforced polymer could be a very suitable option as it has a very high tensile strength. A reinforced carbon fibre is hard to stretch and bend. This will help with the flow of the blade propeller compared to aluminium as aluminium alloy can flex and bend. Compared to steel and aluminium it has a very low thermal expansion. This meaning the blades will not expand or contract as much in the different water temperatures which will always give you a very consistent turbulent flow. Also a tanker being used in saltwater. A polymer reinforced carbon fibre blade can be one of the best corrosion resistant material available increasing the longevity of the blades. Compared to the aluminium and stainless steel alloy carbon fibre does not fatigue as much due to its incredible durability,  which will also increases the longevity of the blades. 

Carbon fibre has the downside of expense. It is a very expensive material and harder to manufacture compared to aluminium and steel. Carbon fibre is around £15 a lb where as aluminium alloy is priced at around £1.50 for a lb. Stainless steel alloy is also priced at around £2 a lb. As you can see there is a very significant cost increase when going down the carbon fibre route.
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The main modelling technique that is used for fluid analysis is Computational Fluid Analysis (CFD). CFD is a software package that allows you to model and then simulate based on numerical data to allow you to monitor fluid flow around an object. Using the CFD technique you can analyse heat transfer, reactive flow and even mass transfer. You are able to analyse Fluid, a Fluid-Solid and a Fluid-Gas. This modelling technique is great for designing and trying to improve on components. An example of CFD that is used a lot is car racing or Formula 1 racing. When racing you want your car to be as aerodynamic and streamline as possible. By using a CAD model of your car and then importing it into a CFD software you are able to monitor the flow and find weak spots or areas that could be improved. 
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As you can see in the image above the car is under simulation and is showing the flow of air around the car. The colours are determined by the Velocity in m/second. The areas of red are where the improvements should be made. 
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There are many benefits of CFD and that is why it is widely used by industry. Using CFD it reduces your design time and the cost on new designs. This is because when you use CFD you do not have to physically create anything until you are happy with your models design. The constant testing you can do will ensure you have covered any weakness in your design and you can tweak these as many times as you want until you are satisfied. Some tests or designs could be dangerous and by modelling and simulating these tests then it takes out any risk that might have been caused with real life testing with prototypes. Using CFD you can simulate and see how your model would hold up at certain limits. By simulating over the design limits you can see how it would act if things were to go wrong. CFD therefore can act as a safety net allowing you to easily figure out your factor of safety you can put on a design. CFD is a very accurate tool and dependent on how much time you want to put into testing the level of detail you can achieve is unlimited. You can simulate almost any physical condition or environment meaning you can truly test your product to ensure that under certain conditions it will not fail and perform as expected. With the current technology computers are very powerful so being able to download and use CFD software is not an issue and it is not very expensive to purchase these packages. Whereas using physical experiments cost time and money when trying to get essential data. A design without CFD would mean they would need to gather physical engineering data as the components are being made or when they are complete. CFD can be done at the earliest stages of the product design. 

Although there are many advantages of CFD there are still some disadvantages. CFD is down to the engineer to ensure the model is correct and that they have used the software properly. If they have not used this correctly they could get false results that could hinder there design. A way around this would be to send your model of to a third party company that experts in CFD and then compare your results to their results. Human error or an untrained personnel might always believe the PC. By doing this you will have false results and could become very dangerous if you pursue that design. To counteract this only engineers that have a understanding of the physical design and they might have expectations or ideas before CFD is introduced. When using CFD you might use very little computing values. By doing this the design could give you errors and false results. With larger models depending on your computer but you could have very large computation times. Errors may occur if the flow models are too simple and have very little detail. The costs could be higher if it is consulted wrong compared to physical experiments. 



To physically test a protype propeller I suggest we do an open water test. A open water test can be done in a towing tank or a cavitation tunnel. The test is normally not dimensioned and is used alongside a resistance test. By testing this propeller in a confined environment you are able to collect data on its thrust, torque and the performance characteristics of the propeller. A towing tank which you can see in the image below will have a carriage that will pull the ship or the  propeller along the channel. On this carriage we build a propeller board that acts as a form of propulsion due to its shaft that will turn the propeller. Compared to a cavitation tunnel where the propeller stays at a fixed point and the water then moves around the propeller. I feel that the open water test has a few downfalls as you constantly have to wind back the carriage and wait for the water to settle before trying again. In the cavitation tunnel you are able to constantly monitor it and change speeds whenever. 
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By varying the speed of the carriage and the RPM of the shaft we get all the parameters from the propeller using a dynamometer that calculates the torque and rotational speed of a motor. It also will display to us the thrust. The data we want to gather from the test is the torque and thrust in relation to the RPM. To do this test we should run it at different speeds and gather the data at each speed from the dynamometer. By using the J coefficient we are able to non-dimenionalise the data. The thrust and torque are taken at the J coefficient so that it is easier to scale for bigger propellers. Running the test at a low RPM will give us a high J value whereas a higher RPM will give us a lower J value. As you can see from the image below you can see how to propeller acts in the water. When seeing our design act in a similar way we will then be able to compare it to the flow we get from the CFD analysis. 
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By doing these tests we can determine whether the blades are aligned correctly or if the pitch is designed correctly. We would then plot a graph with the rpm and the J coefficient value. In the image below you can see an example of one of these graphs. 
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Looking at the graph above we can determine by looking at the crest (blue line) this shows us the optimum efficiency of that propeller. When we know the optimum efficiency we can then scale it to our full size vessel. When we understand this value for our full size vessel we can then simulate and gather data from our CFD analysis. After the completion of the simulation we can then compare values to ensure that our final design will meet the requirements that would have been specified at the start of the design process.   
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