Assignment 1
Fluid flow on a tanker propeller 
Introduction
This report is on a propeller for a tanker, the report will discuss the Reynolds number, how it is determined and what it means when applying it to a mechanism that is involved with fluid flow. The boundary layer flow is discussed and what effect the process of boundary flow has on the propeller when in operation.
The propeller is built from carbon fibre reinforced plastic which has many advantages due to the properties of this material and the history of the developments on propellers shows that this material could be the future for marine propellers. There are various modelling techniques to simulate the fluid flow on the propeller which can be effective and beneficial to designers and companies by saving time and money to get the best possible results. In the development of the product there will be experimental testing to ensure the safety of the propeller and to see how long the design can last in operation, this also will show how the design will cope with the forces and pressures applied before seeing the failures. 




















Reynolds number 
[bookmark: _Hlk105851053]The Reynold number is defined as  
Re = Reynolds Number
ρ = density (kg/m3)
V=velocity (m/s)
µ= dynamic viscosity (kg/m. s)
D = diameter of propeller (m)
It is the ratio of inertial forces to viscous forces; it is a dimensionless number used to categorize the fluid systems where the effect of viscosity is important in controlling the velocities or the flow pattern of a fluid. (B Rehm, 2008)
This number is considered one of the most important dimensionless quantities in microfluidics, this was first described by Reynolds in 1883. It is important for describing the transport properties from a fluid or a particle moving in a fluid. (Rapp, 2017)
The Reynolds number allows quantification by identifying a fluid and then the Reynolds number can be put on the flow of that fluid that is passing the object to determine if it is laminar or if it is turbulent. When the Reynolds number is at a low value it means there will be a laminar flow of fluid and when the Reynolds number is a high value it means there will be a turbulent flow of fluid.
When estimating the Reynolds number of the propeller the density of the water must be considered, also the dynamic viscosity of water must be determined.  The propeller need a velocity to find the Reynolds number, a tankers average rpm is about 160 rpm, the given pitch of the blades are 3m. The pitch then needed to be converted into a circumference by 2πr, this equals 27.9m. The 160 rpm is then divided by 60 to give 2.6 revolutions a second, the velocity of the flow that is created is 72.5m/s.
ρ = 1kg/m3
Velocity = 72.5m/s
D = 6m
µ = 0.001308kg/m. s


Re=332568.8073

2.Boundary flow 
When the fluid flows around the propeller there are forces that act between the fluid and the surface from the viscosity, this can cause drag from these intermolecular forces. If the surface body has smooth transitions and the fluid internal cohesion is large enough to resist inertial forces the flow will follow the outer shape of the body. When the fluid flows around sharp transitions the fluid is no longer able to follow the outer profile of the body, this causes the boundary layer separation. The downstream of the separation point often results in turbulent flow, this also can occur with the smooth transitions if the flow retards considerably on the travel around the body. In this scenario the static pressure will increase tremendously to immediately push the flow in the opposite direction causing a recirculation area to allow the flow separation. The boundary layer separation exists with every contour that fluid flows around, it is essential that there is a suitable transition on the body to avoid danger. The Reynolds number describes the relationship between the existing forces, it determines the risk of the boundary layer separation, if the Reynolds is extremely high the flow separation, we be unavoidable eventually even with the streamlined bodies. (tec-science, 2020)
The boundary layer flow process starts on the front of the curve where the pressure is at its highest and the velocity is zero. Moving around the curved surface the acceleration begins to increase and proceed around the curve with the increase of potential energy, with this increase in energy there is a decrease in pressure, this I know as the favourable pressure gradient. When the fluid begins to travel into the shoulder of the propeller the pressure starts to increase and the acceleration is reduced, this is the adverse pressure gradient. When the fluid flow velocity reaches zero that is where the separation point takes place, to stop that separation point from happening is introduce kinetic energy into the boundary layer to avoid the velocity reaching zero. The turbulence would have to increase so that the boundary layer would increase, which would draw down kinetic energy from outside the boundary layer into the boundary layer to keep velocity above the value of zero, this then avoids the fluid flow from detaching from the body of the propeller. The separation point will form the turbulence behind the body which is called the turbulent wake or otherwise known as dead water, this also determines how much drag the propeller will be creating.

3. Carbine fibre plastic 
The propeller is proposed as being made from carbine fibre reinforced plastic; this material is considered a very suitable for boat propellers due to their properties.
The properties of this material include:
· Low density 
· Corrosion resistance 
· Vibration resistance 
· High in strength
· Good rigidity
· High ultimate strain
· High fatigue resistance 
· Low thermal conductivity 
(Mastercivilengineer, n.d.)
This material is used in many different industrial sectors including aeronautics, wind turbines and automobiles, in the nautical industry this material is used mainly for the hulls for yachts and boats. The benefits of using this material compared to other metals and alloys is that the density is much lower therefore would make the overall weight of the boat or yacht lighter and can reduce the fuel consumption. Carbon fibre is more adaptable and flexible for structural profiles on the boat and the propeller, the high vibration resistance lowers the stress transmission on the drive shaft therefore avoiding the bending of the drive and causing failure to the vessel. (Pegorari, 2018)
Carbon fibre is a very expensive material compared to the common plastic, the ranging price of carbon fibre is around $21 per kg, this can influence the benefits of production for propellers. Carbon fibre is significantly stronger than plastic when crashed but is not indestructible, it performs well under a high rpm which is extremely beneficial to speed boats and larger vessels. The lightweight propellers means there is less inertia, therefore it can have faster motor speed change and the control will be more responsive. 
The disadvantage is that carbon fibre propellers have slightly shorter cycle time compared to plastic propellers of the same dimensions and pitch, there is also less thrust and because of its toughness it is hard to break if there is a crash the motor bearing will take more of the damage on impact. (Liang O. , 2022)
The first development of carbon fibre reinforced plastic used on a marine propeller was in May 2014 and was produced by Nakashima Propeller with the support of ClassNK. It was installed onto a merchant ship and the propeller was designed with sturdy thin blades with and increased diameter very similar to the wings of a Boeing 787 plane. (MARITIME, 2014)

4. 
There are various different types of modelling techniques to simulate the flow of fluid, they can be used for flow of fluid with pipelines, valves, nozzles, turbines and in this case, they can be used for propellers. The modelling technique that can be used is (CFD) Computational Fluid Dynamics, this software tool is suitable for visual simulation on the propeller.
Computational Fluid Dynamics (CFD)
CFD is an analysis that refers to the use of methods using numerical standards in studying the fluid flows and solving the complex design problems. The simulation is fluid mechanics that uses computerized systems for the behaviour of fluid and the physical systems, the CFD modelling is an online simulation to find valuable solutions for a particular design and the problem that the user or producer is encountering. The modelling system applies to the real-life scenarios and takes into account the laws of physics so solve the various engineering problems that could occur including the fluid flow, turbulence, heat transfer and many more. (SEACAD, 2021)
The CFD software uses many different tools to analyse and solve different equations such as the Navier-Stokes equations which are specified to the mathematical model of the physical case, it explains the changes in the fluid flow and heat transfer physical properties. (SIMSCALE, n.d.) This modelling tool has an increased importance of accuracy but it predictions and results can never be completely precise, there may a case of the potential sources being incorrect and have certain errors, therefore when the user is reviewing the results they must check all the simulations produced by the CFD program. (H.Hu, 2012)
There are various advantages and disadvantages to using Computational Fluid dynamics, they influence the cost, time, quality and the health and safety of products and components. 
The advantages of the CFD modelling are:
· The time is in designing and testing is significantly reduced.
· The software provides techniques with the capacity studying systems in conditions that are beyond the limits.
· The health and safety risks can be avoided because the difficult and dangerous testing and experiments can be done virtually and not physically.
· The details of the simulation are incredibly realistic to give the best vision of the product in simulation.
· The cost of testing and experiments can be extremely expensive, the virtual modelling simulation takes away the need to waste budget on the materials, testing equipment and personnel to take the test physically. 
· There is great control over the process and allows the ability to isolate the specific phenomena for analysing and study.



There are disadvantages to using this modelling technique such as:
· The coding of the modelling is extensive and complex, therefore there must be care when it comes to the limitations and applicability of the codes to avoid false results.
· A required amount of training is needed to be able to program and operate the CFD software and the training will also cost time and money.
· Boundaries- they are considerably difficult with inflow and outflow boundaries which can be artificial so a bad decision about the condition of the boundary can affect the precision, accuracy and stability om the modelling computation.
(Mario A. Storti, 2008) (PRETECHNOLOGIES, 2022) (Patel, 2013)

5.
The prototype that was produced in the laboratory would have to undertake a large amount of testing, the testing and experiments that would be taking place would be to investigate the potential failures that could occur with this component should it be put into operation. The propeller when in operation could have various failures including creep, fatigue, corrosion and distortion. The testing should be taken to account for the performance of the propellers and to find their limitations, the key features of the test are the stopping time and distance, maximum speed, temperature adjustments, thrust, drag and prop walk. These are carried out to get the best possible results for the propeller and to ensure how much operation the propeller can take. (Yachtsweekly, 2009)
Distortion
This failure can occur on the blades of the propeller, this is from the force that is produced from the blades and the water which forces the water to work against the boats hull, this enables the boat to move forwards. When the propeller is working in long cyclic use the material of the blade can start to deform and fracture, this can be affected by certain factors, including water erosion to thin the blade, different temperature conditions and the current of the sea, which can provide a fluctuation of forces applied to the propeller. (EMAC, 2008)

Corrosion 
Corrosion can affect the propeller in various ways, it can be aggravated by cavitation, galvanic action or electrolysis. The corrosion is from the salt water in the sea, overtime the material will corrode due to being connected to an electrolyte(salt-water), this will cause the blades to slowly deteriorate and fail. Cavitation is the mechanical breakdown of the material by the small air bubbles that implode on the blades surface, this happens due to the water boiling from the low pressure. (GADSOLUTIONS, 2007)

Creep
The propeller can succumb to failure due to creep when in operation, the creep comes from the constant pressure and vibration, this could take place anywhere on the blade. The creep analysis of the prototype is essential to ensure the safety and durability of the propeller, it must be put through the working conditions to show where the probable locations where the deformation takes place and creep can appear. (dipto, 2019)

Propulsion tests 
This test is performed to analyse and determine the requirements in power for the propeller and determine how the prototype performs in working conditions. The model would be equipped to an electric motor, the propeller will have to produce a required thrust to compensate the total amount of resistance minus the compensating force. This test is performed under constant speed and the rpm of the propeller will be adjusted so that the model is in self-propelled equilibrium. The model will be recorded by having a propeller dynamometer that measures the torque and the thrust of the propeller as a function of speed and sinkage and dynamical trim. The values that are measured are transformed from scale of the model to full design scale by using the similarity laws, these laws are:
Speed 
RPM Ρ
Thrust 
Torque 
(Bertram, 2012)
Bibliography
B Rehm, J. S. (2008). Managed Pressure Drilling.
Bertram, V. (2012). Resistance and Propulsion. In Practical Ship Hydrodynamics (Second Edition) (pp. 73-141).
dipto, a. (2019). Creep Analysis of Propeller Blades. arafat dipto.
EMAC. (2008). Analysis of cause of failure of Marine propeller. Retrieved from https://marine-propeller.com/analysis-of-cause-of-failure-of-marine-propeller.html#:~:text=%20Analysis%20of%20cause%20of%20failure%20of%20Marine,points%20between%20propeller%20and%20accessory%20parts%20More%20
GADSOLUTIONS. (2007). Propeller corrosion. Retrieved from https://gadsolutions.biz/marine-corrosion/propeller-corrosion
H.Hu, H. (2012). Computational Fluid Dynamics,. In Fluid Mechanics (Fifth Edition) (pp. 421-472). Sciencedirect.
Liang, O. (2022). Phantom Carbon Fiber Propellers – Fiber vs. Plastic. Retrieved from https://www.dronethusiast.com/carbon-fiber-props-vs-plastic/#:~:text=%20Advantages%20%201%20%E2%80%A2%20Carbon%20fiber%20props,Carbon%20Fiber%20props%20have%20slightly%20shorte...%20More%20
Mario A. Storti, N. M. (2008). Dynamic boundary conditions in computational fluid dynamics. In Computer Methods in Applied Mechanics and Engineering (pp. 1219-1232). Sciencedirect.
MARITIME. (2014, 08 02). World's First Carbon Fiber Main Propeller. Retrieved from https://www.maritime-executive.com/article/Worlds-First-Carbon-Fiber-Main-Propeller--2014-09-01
Mastercivilengineer. (n.d.). Properties of Carbon Fiber Reinforced Polymer. Retrieved from https://mastercivilengineer.com/carbon-fiber-reinforced-polymer-properties-applications-advantages-disadvantages/#:~:text=Properties%20of%20Carbon%20Fiber%20Reinforced%20Polymer%201%20Carbon,of%20the%20reinforced%20concrete%20structure.%20More%20items...%
Patel, M. (2013, 07 12). 4 Advantages and Disadvantages of CFD. Retrieved from CFD Modeling Services: https://cfdmodelingservices.wordpress.com/2013/06/12/4-advantages-and-disadvantages-of-cfd/
Pegorari, S. (2018, 08 05). CARBON FIBRE COMPOSITE PROPELLERS. Retrieved from https://www.metstrade.com/news/construction-and-material/carbon-fibre-composite-propellers/
PRETECHNOLOGIES. (2022). Advantages of computational fluid dynamics. Retrieved from http://www.pretechnologies.com/services/computational-fluid-dynamics/advantage
Rapp, B. E. (2017). Microfluidics: Modelling, Mechanics and Mathematics.
SEACAD. (2021, 11). Computational Fluid Dynamics (CFD) Analysis - Benefits & Key Applications. Retrieved from https://seacadtech.com/blog/computational-fluid-dynamics-cfd-analysis/#:~:text=%20Benefits%20of%20Computational%20Fluid%20Dynamics%20%201,production%20process%20and%20testing%20can%20be...%20More%20
SIMSCALE. (n.d.). What is CFD | Computational Fluid Dynamics? Retrieved from https://www.simscale.com/docs/simwiki/cfd-computational-fluid-dynamics/what-is-cfd-computational-fluid-dynamics/
tec-science. (2020). Flow separation (boundary layer separation). Retrieved from https://www.tec-science.com/mechanics/gases-and-liquids/flow-separation-boundary-layer-separation/
Yachtsweekly. (2009). the ultiate propeler test. BOATS & EQUIPMENT.


