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1.0 Introduction 

Throughout this report, I will be critically analysing and evaluating the techniques for structural and fluid problems and CAE results. Throughout classroom time, we’ve been discussing the fluid flow around an object. In this assignment, it will consolidate and builds on this. I’ll be looking at a tank propeller and consider tasks which have been assigned. Given the geometry, I’ll be considering Reynolds number, boundary flows, materials on the propeller, modelling techniques and discussing how I should create an experiment. 




























2.0 Discussing Reynolds Number 
Reynold’s number is a number which is dimentionless which is used in engineering fluid mechanics to specify whether fluid flow past a body or object in a duct is turbulent or steady flow. The ‘Reynolds number is the ratio of inertial forces to viscous forces’ (Dr. B, Guo,. 2005). This calculation is the single best predictor of the type of flow on the acting object. This number is used to categorise fluid systems in which the viscosity controls the flow pattern of the liquid in question. The Reynolds number is defined by the following equation below:
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(K, Lake,. 2022)

This equation is important because its used to determine whether the fluid which is around the object is laminar or turbulent flow. For example, if the Reynolds number after the equation has been calculated is between 0 – 2000, it would be laminar flow. If the result is greater than 2000, the fluid would be in turbulent flow. As stated above, you can see what characteristics both shows. Identifying the flow over an object with Reynolds number can assist with the creation of the flow model for efficient fluid flow system designs. The Reynolds number has a great purpose for when calculating the fluid flow over an object. It allows the engineer to get a sense of the relationship in fluid flow between inertial forces and viscous forces. 
[image: ]
Its important that the different flows on an object and we understand them. The flow is laminar when the fluid is moving in a smooth and regular pattern. To contrast that, the turbulent flow is the opposite where it acts in an irregular motion pattern with all the fluid layers getting combined and mixed which then results in the fluids disrupting each other’s pathways. Through this, we’re able to create a better understanding of the complexity of a real fluid and how its achieved by calculating the Reynolds number. 
Reynolds number influences the flow around the propeller.  The forces which are acting on the propeller are centrifugal, aerodynamic, vibration, torque bending and thrust bending. These are all being acted on the propeller when in motion in the sea water. As the Reynolds number makes an increase, the forces which as viscous decrease relative to the inertial forces acting on the propeller. The point of the separation then moves upstream towards the equator. 
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After calculation, it is evident that the flow would be very turbulent. 




3.0 Boundary Flows
Boundary flow around propellers is a thin layer of flowing gas or a liquid in this instance as we’re dealing with a propeller in water. When U is zero, a separation then occurs around the propeller blade. The desires pressure gradient will then decrease in the flow direction. In oppose to this, an adverse pressure gradient will increase in the flow direction of the boundary. To result, early separation of the boundary layer will increase drag and reduce lift. Therefore, this is not a good result to accomplish. The separation around the blades creates turbulence which is caused by the adverse pressure gradient. “Blades are mounted on the hub similar to thin aerofoil sections which can create a hydrodynamic lift required to produce thrust” (S, Ghosh,. 2021).
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(K, Lake,. 2022)

When relating to the tanker propeller in question, this type of propeller is a fixed pitch propeller. When in motion, there is an increase in potential energy and velocity when the propeller is pulling or pushing the tanker forward by hurling a mass of water behind you. The fluid is being squeezed past the small area of the laminar boundary. Therefore, this is causing a reduction in pressure as the fluid is being passed over the boundary layer. As the speed increases it’s a favourable pressure drop. The high-pressure fluid wants to flow to low pressures at the shoulder of the blade. As the fluid is going through the transition area, pressure starts increasing again and this related to Bernoulli’s equation. High pressure is now at the turbulent boundary layer of the propeller so the fluid will want to move backwards to the low-pressure region. But, the fluid is already moving towards the turbulent section therefore it slows down due to the adverse pressure gradient. When the velocity reaches zero, that’s where we see separation. By delaying the separation, we can increase the low-pressure region on the edge of the propeller blades. Resulting from this, we would see more power as the blades create axial and transverse thrust. 
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(Wartsila,. 2022)

The propeller is designed with a wing with a twist to give the most efficiency when moving the tanker ahead and less efficiency when going astern. The blades act like a fan like structure which is used to propel the ship by using the power which has been created and then transmitted by the main engine of the ship. It’s shaped in this way like a wing to produce a high air pressure on the surface and then a low air pressure on the other. The efficient propeller on a tanker converts lift which is generated by the blades into a thrust. The propeller then works by displacing the air pulling it behind itself in the water. This movement of the liquid results in the ship being pushed forward from the pressure difference in the opposite direction. The angle of attack (AOA) requires it to be different at different points on the blades.  The blades have been designed curved to generate power in motion and drawing fluid flow under the blades. This is taking kenetic energy from the front and where the curvature is high on the blades to delay the separation therefore generating more power. The blades possess a rough surface to force the turbulence kinetic energy to the boundary layer which delays the separation. This pimpled surface draws down the kinetic energy therefore reduces the amount of drag. It will reduce the size of the wake which is behind the propeller in motion so allows the tanker to travel faster. Also, it stops the velocity from reaching zero so therefore delays separation. 
4.0 Material Implications 
It’s been proposed that the propeller has been made from carbon fibre reinforced plastic. I need to investigate the implications of this material in terms of the performance. Carbon fibre-reinforced plastics (CFRP) is used throughout the aerospace industry and for machines tool spindles, power-transmission shafts, and robotic arms. When looking into the implications of this being used for the propeller, it has a high fatigue resistance especially when its being subject to repeat load bearing weights. This is an advantage for being used in the water industry. Alongside this, the material survives the severe environmental conditions such as high humidity, rainfall, and chemical exposure. The material also possesses high compression strengths, higher than aluminium and steel. Therefore, this material handles more pressure than traditional material alternatives. As the propeller will spend most of its lifecycle in the water, “The carbon fiber in the composite does not absorb water from the environment, and its resistance remained unchanged when immersed in water” (Z, Zhai,. 2016). Even though CFRP are lightweight, they have a high strength. They have a greater strength and hardness per unit weight than any other composites. This is a great advantage for the propellers as we want to make the components as light as possible for fuel efficiency and machinability, but at the same time have a high strength condition compared to steel. 
The implications of the propellers performance when using CFRP are that the material is very brittle. “The material is not as integral as its alternatives, this is why it is easily damaged when hit” (S, Joseph,. 2015). Another disadvantage of CFRP is that it has a very high repair cost. The material is quite brittle, so it may need to be repaired quite often. This can deem very difficult when it comes to the performance of the propeller as if it needs to get repaired on a regular basis, it may cause an issue if this tanker is to travel long distances for long periods of time. If it’s damaged in transportation, this will affect the performance of the propeller and it will not be able to produce thrust proportionally. 
Throughout the years, we’ve come a long way with the development of propellers. Overtime, the propeller has evolved from being a fixed pitch wood material to today where it’s made from durable and lightweight materials. The wooden propellers are not ideal for the optimal performance of the tankers, but we have now been able to develop them to ensure the best performance. For the history of propeller material, I’ve decided to look at real life examples. The titanic was made from “two bronze triple-blade side propellers. One bronze quadruple-blade central propeller” (Bassett, V., 2000). Bronzes are a soft, weak and an expensive material. As the material is soft, bronze doesn’t make a sturdy material for propeller blades. Bronze material has some disadvantages as its “subject to wear due to cavitation (bubbles formed by high speed props tend to have a sand-paper effect over time), thus requiring refinishing or eventual replacement” (A, Ingmarsdottir,. 2019). This would’ve caused wear on the blades and not be as efficient in transportation
Nowadays, the propellers are an alloy or stainless steels or aluminium’s. “Other popular materials used are alloys of nickel, aluminium and bronze which are 10~15 % lighter than other materials and have higher strength” (Anish,. 2021). Bronze copper alloys are commonly used as they have a very high resistance to corrosion and strong machinability. They have a great resistance to corrosion in salt water and easily repairable which will be cost effective. In current times, we would have to meet industry standards. The material authentication which applies to both metals and nonmetals would be followed in these instances. “ISO 10204 which includes Producer’s name, Heat number, Batch number, Material dimensions, Steel grade, Steel standard, Hardness and Mechanical test results etc” (A, Velling., 2018). All of these referenced above are now taken into consideration of a propeller’s development. 
For the future developments of materials used for propellers, we need to transform the next generation into a more sustainable and eco friendly environment. Composite materials are increasing being used for their good strength and the corrosion resistance properties it provides. This has been proven to be a good alternative to the Nickel, Aluminium and Bronze alloys we use nowadays. Trials and test have taken place for the use of CFRP. “Sea trials on Taiko Maru confirmed that the shaft power required by a merchant ship featuring a CFRP propeller was reduced by 9 percent compared to conventional metal propellers at the same cruising speed and a decrease in onboard noise caused by hull vibration” (Maritime, Executive., 2016). This is an attributable due to the greater flexibility of the blades which can distribute flow pressure more evenly across the surface to decrease cavitation. Due to the plastic material being more involved more in the propeller materials, more industry standards may come into practice about relating them to potential materials which could contribute to pollution or harm to wildlife being banned. 

5.0 Modelling Techniques 
On this section, I need to investigate modelling techniques that can be used to simulate the fluid flow around this propeller. A modelling technique which is the most popular to simulate fluid flow around an object is computational fluid dynamics (CFD). CFD is the analysis of fluid flow using a numerical method. Using this modelling technique, you’re able to analyse problems involving fluid, solid fluids, or fluid gases. This has a great potential to save time in the design process so therefore is a cheap and fast way of testing data. Lots of flow parameters are gathered in CFD testing, which are not accessible in most other experiments. 
Some physical methods of CFD include:
· Spatial Dimension
· Temporal Dimension
· Naver-Stokes Equations 
· Turbulence Models
· Thermodynamics and Transport Properties 
· Air Chemistry Models 
· Flow Boundary Conditions 
· Bleed/Blowing 
· Flow Control Devices
CFD consists of three different phases in the testing method. These are Pre-processing, Solving and Post-processing. In the first phase, the problem in which needs to be resolved in transformed into a computer model. Expectations are then made for what type of flow to be modelled, these can be viscous or inviscid, compressible or incompressible and steady or non-steady flow. The other processes that are involved are the generation meshes and the application of boundary conditions. The second phase is solving. This is where the actual computations are preformed by the software engineer, and in this phase is where the knowledge of CFD operation is required. Finally, the third phase is when the results are verified and analysed. This is where the user can conclude results. These results can be obtained by static and moving pictures, graphs, and tables. 
There are multiple drivers for CFD usage. These are value added gains through cost effectiveness and improved risk management strategies. CFD results enable the design of small equipment and enables simple and less cost installations. CFD allows for quick assessments so the user can execute simulations in a short period of time and the data can be introduced in early stages which are not possible in experimental approaches. This modelling technique provides the ability to theoretically simulate physical conditions with flow and heat transfer processes. This allows the engineer to extract physical information in the whole field and look at problems with complicated geometries while being cheap and fast. From this software, there’s the possibility of simulating the phenomena which can be dangerous in real life situations. 
The are some factoring limitations that the user can face when using the CFD software. The limitations depend on the user of the program. This software requires a lot of experience and expertise in the subject. The simulations require “a lot of computational power and time to solve. They are also prone to convergence issues and need good mesh” (J, Michalski., 2019). You may be subjected to errors due to the simplified boundary conditions which may end up being a higher cost as the consulting has been incorrect. For larger models, the computation period may be long for large models such as propeller blades as these are a greater size than the average car. Furthermore, “Physical measurements can be better than simulations” (E, Terry., 2018). This may allow us to get real life results. It is also evident that “poor simulation results may arise for many different reasons; the user may make mistakes in formulating the problem to solve or in formulating the geometry and meshing” (B, Andersson,. 2012).
To look at how I could change the limitations on a CFD simulation, actions such as making the experiment repeatable and get a consultant to repeat the experiment will make the results more reliable. Preforming a physical test to verify my results are correct could allow for accurate measurement when presenting the found data. Companies would also send out the results to different suppliers to validate results which would allow for more certain accuracy, “Simulation results should be verified with experimental findings, fluid-mechanics theory and, sometimes, instinct” (B, Andersson,. 2012).



6.0 Component Development
A prototype has been produced and tested in a laboratory to understand the flow of fluid around the object and to correlate it to the simulation that was carried out in the previous task. Throughout this task, I need to discuss how this experiment should be taken and how the data should be obtained and compared to the simulation. 
To undertake this experiment, I suggest that we use a validation assessment. This is a method which focuses on the validation for CFD simulations for certain types of flows. Validation is defined as “The process of determining the degree to which a model is an accurate representation of the real world from the perspective of the intended uses of the model” (J. W, Slater,. 2021). The validation process looks at the computational models and computational models that are shown in the CFD codes. The computational simulations agree with the real-world observations. The method is to identify and quantity the errors and uncertainty through the simulation results with the data that’s been experimented. The data which has been set will contain bias errors and randoms which must be quantified and documented as part of the data which will be set. The accuracy of the data will be dependent on the application so therefore the validation should be flexible to all levels. The approach that would need to be set is to preform a systematic comparison of CFD simulation to experimental data from a set of cases. Each set of CFD simulations requires a verification of the calculation. 
The experiment should take place in a CFD tank. For example, it can be carried out in a facilities which as “CEHINAV, from the Madrid Polytechnic University in Spain; CEHINAV facilities includes a 56 m length, 3.8 m wide and 2.2 m depth tank” (A, Caldas, 2001).
Moreover, I’m going to be discussing the process that would need to be taken. 
1) First, we would examine the iterative convergence. This is to obtain the number of interactions required to obtain remainders that are close to zero.
2) We then need to examine the consistency of the CFD solution. This is looking at the flow in the duct should maintain mass preservation through the duct in which we’re testing in. The total pressure retrieval in the inlet should be consistent or decrease throughout. 
3) Thirdly, we examine the spatial grid convergence. This is the method for determining the “discrerization error in the simulation” (J. W, Slater,. 2021). This looks at the simulation on 2 or more finer grid patterns. 
4) Next we’d need to examine the temporal convergence, this is to “decrease the time step size with the rate of error reduction” (J, Fish,. 2007).
5) For step five, comparing the CFD resulting to the experimental data would be the next step in which we’d need to consider. This is to observe the real word in the controlled manner. This may include some error, but its normally related to the difficulty of the experiment. Again,” The CFD calculations can be performed by employing a RANSE model solved with a Finite Volume Method” (A, Caldas, 2001).
6) Lastly, the model uncertainties will need to be examined. This is due to the lack of complete understanding when some simulations have taken place. The one method which doesn’t have complete certainty is the physical processes especially when it comes to the turbulent models. This will be overcome by running a few simulations to get an overall average on the results. 
For the experiment, there are certain approaches that will be considered. The unit problems in which measure the turbulent boundary layers over the plates, benchmark cases which look at interactions on boundary layers, subsystem cases which look at the complete system of the component of flow and the complete system cases which involve the hardware of the experiment. The experimental data which will be obtained will highly likely contain anomalies. Results should always be repeated and then communicated with knowledgeable individuals.
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