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[bookmark: _Toc105348867]Task. 1
[bookmark: _Toc105348868]Reynolds number
Fluid analysis is crucial when understanding how fluid mechanics works. In 1883, Osborne Reynolds conducted an experiment involving the flow of water through a glass tube at different flow rates along with injecting aniline dye to see it flow. He discovered at a slow flow the dye would run along parallel to the glass tube without diffusion in which he called laminar flow. He then proceeded to increase the flow to see how the state would change, in doing so he noticed the dye also changing slowly. As the flow gradually increased it reached a state where the dye began to waver, as he continued to increase the flow the waves became more aggressive until it suddenly broke and diffused no longer taking a straight line. This he called turbulent flow. The dye would also experience diffusion after travelling [30xlength] the tubes diameter. He identified Reynolds number (Re) as a dimensionless number after discovering that velocity is not the only factor determining the flow regime but also the density, viscosity of the fluid and the diameter of the tube used are to be considered (Fig.1). Reynolds number therefore provides a ratio of inertial to viscous forces of a given flow. (SIMSCALE, 2021)
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Fig.1-Osborn’s Experiment, (SIMSCALE, 2021)



Therefore, can use Re to identify the flow as anything below 2,000 its considered laminate and anything above that its considered turbulent. The following formula below is what is used to categorise the fluid flow. 








[bookmark: _Toc105348869]Why is it important?
The importance of Reynolds is helping to identify the flow regime conditions to be Laminar or turbulent. As mentioned, laminar flows in parallel layers without disruptions. Whereas a chaotic flow property is identified as turbulent. Re provides valve as it can be applied to either model or real word, for example its ability to deal with a wide range of different fluid flow situations and environments. (Streeter & Wylie, 1983)
[bookmark: _Toc105348870]How does it influence the flow around the propeller?
Assuming fluid contacting the blade has a low Re identifying as a laminate flow. The fluid is thin with a near zero velocity (further explained in Task.2) as the fluid flows along the blade thickening gradually causing Re to increase until it reaches mainstream velocity and therefore becoming turbulent. This increases the thrust coefficient, resulting in an increase in lift coefficient along the blade and a decrease of drag coefficient. The curvature of the blade reduces pressure on the front of the blade, whereas the pressure behind the blade is greater. Energy from the ships fuel in transformed into the blades spinning causing turbulence-vortex and wake (further explained in Task.2). (Khan, 1987)
[bookmark: _Toc105348871]What is the Re of the fluid around the propeller?
To be able to work out the Re for the blade’s provided assumptions were made;
· The ship will travel in open sea water therefore the Density of the fluid would be roughly 1023.6kg/m³.
· An average tanker ship propeller rotates at a speed of 240rpm=25.13 rad/s
· To work out the propellers diameter The propeller blade will have to be doubled from 2.98m to 5.96m and then add the boss diameter which is usually 18% of the total propeller diameter which is 1.07m equalling a total of 7.03m diameter and a radius of 3.515m
· Viscosity: The average open sea temperature is around 10°C which gives the Dynamic Viscosity of 0.00141Ns/m²=1.41Ns/m²
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[bookmark: _Toc105348873]Discuss boundary flow around the propeller
Boundary flow is crucial when understanding how fluid behaves in real situations. The boundary-layer concept (discovered in 104 by Prandtl) is a thin layer of a flowing gas or liquid that is in contact with a given surface, in this example a propeller blade. 
The science in which it works is as the stationary particles and fluid particle interacts due to molecule attraction it slows down the velocity to zero (At the wall). The further away a fluid particle is from the wall the greater its velocity will be until reaching its main-stream velocity (a distance from the wall where viscous forces are not so prepotent due to a reduction of colliding molecules). This distance between zero velocity and main-stream velocity is known as the boundary-layer. At first the boundary-layer is laminar, as the fluid travels over the blade its boundary-layer thickens this is because of shear stress acting upon it. Potential flow has an affect on the pressure in the fluid, which can result in momentum outside the boundary to be brought into the layer. (Streeter & Wylie, 1983)
The boundary-layer will continue to increase as the Re increases reaching a state where flow becomes unstable. Known as Turbulent which occurs in what is called the transition region. This transition only requires a short distance to take place. When a boundary layer becomes turbulent a thin layer of laminar motion is to be found next to the boundary and this is identified as Laminar sublayer. 
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Description automatically generated]Taken from what’s known and looking at the schematic (Fig.2), the fluid contacting the leading-edge (Suction-face) is laminar, shortly after separation bubbles occur because of strong adverse pressure gradient causing the Boundary-layer turbulent for the rest of the chord.
1. B-C, short laminar separation
2. C-D, transition Laminar to turbulent downstream
The tansistion region is determined by Re. 
Result of this turbulance is creased to propulsion to drive the ship forwards, Fig.2-Schematic Blade, (Baltazar, et al., 2020)

   (Explained in next pagaraph) (Baltazar, et al., 2020)





[bookmark: _Toc105348874]The separation and the turbulence around the blades. 
Separation is the occurrence that happens when both the boundary shear and adverse gradient lowers the momentum over enough distance to the point the boundary-layer comes to rest. The boundary streamline must exit the boundary at the separation-point, any further downstream the adverse pressure gradient creates backflow next to the blade. The area downstream from the streamline that separates away from the boundary is titles the Wake. Propeller wake sheds off the blades trailing edge as the difference in pressure across the front and back blades surface. Reduction in wake reduces drag on the blades to avoid skin friction. (Streeter & Wylie, 1983)
[bookmark: _Toc105348875]Why propellers have been designed like this? 
The propeller has been designed this way allowing it to change the momentum of passing fluids, and therefore developing a thrust that is then used for propulsion. The designs goals are to produce powerful output efficiently. This is achieved through clever and efficient designs feature such as. 
The number of blades will determine how the propeller grip in the water, More blades the greater grip. Therefore, increasing the propellers balance by controlling thrust distribution. The downside of adding blades is that it decreases efficiency as drag is increased. The propeller also uses features such as the stern tunnel, wake equalizing dust or rudder bulb system to improve efficiency during operations. The size and pitch of the blades has been designed to gain as much power/thrust without unbalancing of the propeller at high RPM. The bend seen in all marine propellers is known as skew and this design feature is to lower unsteady flow load on the blade reducing resistance from drag. Marine blades also have an angle to them this help to draw in fluid on the front face and propel the fluid from the back face using the pressure difference. (Ghosh, 2020)
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[bookmark: _Toc105348877]What is carbon-fibre reinforced plastic? 
Carbon-Fibre dates to the 1860 Introduced by Sir Joseph-Wilson Swan in which he created to use in incandescent light bulb. Fast forward to today, it is seen as the next generation manufacturing material to further improve applications. Carbon-fibre is made from composed carbon atoms together forming a chain. The fibres are extremely stiff, strong, and light materials. (Abbot, 2019)
Carbon fibre Reinforced Plastic (CFRP) is a material where carbon-fibres are woven into material and then epoxy resin is added and allowed to cure. To give it its strength and stiffness properties from the carbon fibre while the plastic protects the fibre and provides toughness due to its matrix cohesive. (Ryan.V, 2010)
CFRP is used a wide range of industries such as aerospace, automotive, and wind energy. It is also used in several technologies’ development such as robotic, medical and sports. This is because of its outstanding advantages gained through its properties compared its older competitors like steel and aluminium. These include Lighter weight, Increased strength, high fatigue resistance. The material has a good electrical conductivity and a low heat conductivity which can be either good or bad depending on the application. The main disadvantage is the Cost of the material. As CFRP is an artificial material its properties and performance can be adjusted to fit its application the changing its strength, length, and the proportion of reinforcing fibres used. (Johnson, 2019)
[bookmark: _Toc105348878]How this material effects the performance?
Marine propellers have predominantly been manufactured from material such as Nickel, Aluminium, and bronze (NAB) or Stainless steel. In the 1970s propellers found made from high tensile brasses of copper-zinc alloys (Manganese bronze) were heavy resulting in corrosive damage under aggressive sea water. (Balasubramanyan, 1973) States due to dezincification. The article highlights that all defects were caused by incorrect choice of material that led to frequent breakdowns and how it all stems from manganese bronze and its zinc protective layer.
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Fig.3-Dezincification, (Solutions, n.d.)
As time went on materials such as copper was used more in the mixture to protect the blade and the use of aluminium to help increase properties like strength and corrosion resistance. This is backed up in another study by (Revie, 2011) stating brass with a higher content around 70% as it shows better corrosion resistance towards seawater. A mixture of 76-Cu, 22-Zn and 2-Al is said preferred in marine application which backs the points made on increasing copper and introduction to aluminium.
The last decade CFRP material has been tested and introduced to the shipping industry. CFPR propellers have been used many years before on submarines due to heavy R&D. Now a company known as Nakashima located in Japan have been one of the first to introduce the material to the shipping tanker industry and successfully operated on a commercial ship in May 2014. (Nakashima Proppeller Co., n.d.) Alongside a company called FabHeli shortly after in 2016. (Pegorari, 2018)
Both have discovered CFRP material many advantages that improve on issues that engineers have been trying to overcome for decades. Such as Corrosion which has an even greater resistance then Stainless-steel and NAB materials.  Other Advantages CFPR material improves on over current day material selection is Vibration and production of cavitation noise.
Graph (Fig.4) was provided by Nakashima highlighting the reduction in noise using NAB and CFRP. This is because the propeller won’t have to work as hard which can cause blades to get hot and producing large vortex-cavitation, as water is vapourised creating bubbles to implode. This in a result improves living conditions on the vessel. 
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[bookmark: _Hlk105348567]Fig.4-Noise graph, (Nakashima Proppeller Co., n.d.)



Nakashima Stated due to the light weight material (being 50-60% lighter than NAB) it allows the diameter of the propeller to be increased, not only as pointed out in task.2 equalls a greater efficiency usage but allows engineers to decrease the shaft diameter as the moment of inirtia is between 1/3-1/4 less than that of a NAB propellers. As inestrated in (Fig.5) Which shows to efficiency improved 9%. (Nakashima Proppeller Co., n.d.)
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Fig.5-Efficiency graph, (Nakashima Proppeller Co., n.d.)

A study has identified stainless steel shaft and blades are prone to fatigue and stress corrosion when rotating in irregular wake fields reducing its reliability to preforme compared to CFRP (Arisoy, et al., 2003). Nakashima states to have a higher fatigue resistence due to its composite properties of reinfoced plastic and its ablility to deform to a drgree allowing it to match its water flow in the most difficult climates such as a storm.
Maintenance Ship and marine technology ISO 13613:2011 enforces how skilled personnel and other parties are required to be provided correct information to be able to maintenance and testing propellers. Nakashima expresses that the CFRP propellers are easy replaced requires little skill improving its manoeuvrability and reduces risk of incorrect installation. (ISO, 2011-12)
In regards to future material development Composite materials is likely to be prosued in R&D given the funding is provided due to the cost aspect of the material for example Carbon-fibre reinforced glass can be proved benefical but can be very expensive. As of the near future material such as Stainless-steel and NAB will continue to be used as they are a cheaper alternative to manufacture and still provide value. (Yamatogi, et al., 2011)
 
[bookmark: _Toc105348879]Task. 4
[bookmark: _Toc105348880]CFD 
When it comes to modelling techniques for simulating fluid flow around an object, this case a propeller. There are many options to choose from. Computational Fluid Dynamics, CFD being one modelling method that utilizes numerical solutions. This modelling software allows the user to analyse wide spectrums of complex problems around fluid interaction. CFD’s are commonly used in engineering applications for testing aerodynamics and hydrodynamics to analyse how structures would behave as environmental factors are introduce such as lift, drag, pressure and velocities. The main goal is to efficiently solve numerical equations using generated algebraical equations from physical laws that use partial differential equations. It also uses it graphics to allow visual representation of how fluid interacts with the object highlighting issues.
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Fig.6-CFD F1, (Cant, 2013)
[bookmark: _Toc105348881]Advantages 
1. Cost Saver 
· Physical testing would be an alternative but requires a fully specialist facility to deliver accurate conditions to gather correct data which can be expensive. 
· The simulation is not too expensive, and cost potentially will decrease over time as computer technology increase.

2. Fast results 
· Simulation can be done in a short time frame
· The data gathered can be inputted early in the design stage. 





3. Greater information source
· Whereas experiments are only able to capture data in a limited area depending on where the sensors and gages are placed, CFD can examine any location of interest and displays performance via thermal and flow parameters. 

4. Wider-range conditions
· CFD enables the testing of any physical conditions whereas experiments are limited with costings
· The simulation allows to control/isolate specific phenomena for studies. 

[bookmark: _Toc105348882]Disadvantages 
1. Accuracy 
· Data input may involve guessing/inaccuracies 
· Results are limited to numerical error due to too little computing value per cell.
· Inexperienced users do not question the output results.

2. Cost
· Cost may become high if its wrongly consulted and users are not able to utilize simulation. 
(PreTechnologies, n.d.)













[bookmark: _Toc105348883]Wind tunnel 
A wind tunnel is a simulation instrument that simulates real world conditions in a controlled environment. It is used to understand how all shapes interacts with fluid flow as fluid is force over an object to study its aerodynamic properties. The wind tunnels use one or more fans to create the fluid flow in the tunnel by sucking air passed the desired object, this could either be either an open or closed tunnel. 
Goals for test section:
· Low-turbulence Intensity
· Uniform-flow velocity
· Thin boundary-layer  
(McBeath, 2006)
An Open tunnel withdraws air from the environment where the tunnel is located,
	[bookmark: _Toc105348884]Open-Advantages 
· A low Construction cost.
· Very low exhaust and smoke build up gathered inside.

	[bookmark: _Toc105348885]Open-Disadvantage 
· Expensive to run as it requires constant fresh air at accelerated velocity from standstill.
· Difficult to achieve correct flow quality as the air needs to curve into the inlet.
· Noise pollution due to open exit and fan making long operations limited.


(Administration, n.d.)
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Fig.7-Open Wind-Tunnel, (Administration, n.d.)

The closed air tunnel takes the exit air and feeds it back into the inlet,
	[bookmark: _Toc105348886]Closed-Advantage 
· Good flow quality in test section by using flow turning vanes on the corner and then a flow straightener just before test section.
· Better energy efficiency, as the fan will only need to top up the energy lost along the wall and corner vanes.
· Reduction in noise pollution.


	[bookmark: _Toc105348887]Closed-Disadvantages
· As the air circulation it causes it to heat up which requires a form of cooling system to be introduce. 
· Higher construction cost due to the additional vanes and ducting.
· Due to the collection of smoke and exhaust the tunnel must incorporate a way to purge these from the tunnel.


(Administration, n.d.)
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Fig.8-Close Wind-Tunnel, (Administration, n.d.)





[bookmark: _Toc105348888]Critically Evaluation
After looking into both systems of simulation it is clear to understand neither one out preforms the other as there is winning and losing factors to both. From understanding, the choice in which of the simulation should pursue is down to the individuals needs. By look at what result is required from the simulation and how it will be best obtained. For example, cost is a factor that applies to all. Traditionally CFD is a lot cheaper than wind tunnels to operate, but this is not always the case, in (Engineering, n.d.)it says that as a project increases Wind tunnels become a cheaper choice over CFD due to long-term aspects. Though there is not a lot of evidence to back this theory. There is no right or wrong choice. However, with the increase in popularity surrounding CDF there is still areas that will be improved in time. A paper on ‘will CFD ever replace wind tunnels for building wind simulation’ (Phillips & Soligo, 2019)concluded saying when using either simulation, there must be a high understanding experience to properly execute either tool or also highlights the poor CFD gridding which can be pointed a ‘must-improved’ feature. Reflecting on this, a solution can be to incorporate both simulations to achieve best result and utilize all aspect to the best ability.
















[bookmark: _Toc105348889]Task. 5 
To test and understand the fluid-flow around a prototype propeller, water tunnel testing would be used. The experiment will be carried out in several test incorporating different factors to test its behaviour under different conditions. The prototype material choice will be made from the same expected material used on the ship. It will be manufactured to its actual expected size as the results gained would be accurate to real world behaviour. 
The test will be split into two main tests, Ideal and operational. Each testing strategy will test how the fluid flow behaves around the propeller. All tests will be done under control conditions and logged to distinguish each result, including using seawater as a fluid. The data gathered industry precision cameras and sensor will be used. The water tunnel will highlight how the propeller handles different intensity of velocity, pressure, and heat. Turbulence and cavitation will also be recorded to see how the transition region is affected and how the material will withstand the conditions. The Operating propeller will be tested to a greater RPM that is expected in the usual operation to record its maximum safety limits. This experiment must be run over and over as the gauges and sensors will have to be moved to focus on different sections of the propeller to get a fair overall understanding.  
Parallel to this, prior to any results, CFD testing will be carried out to gather unbiased data required for comparison and review. Much like the water tunnel the test it will be split into ideal and operational and will be tested under all the same conditions. Once the data is gathered from both simulations they are then compared. The difference in results is predicted to differ slightly due to the CFD having self-generated small amounts of information to compensate lack of, resulted in different values. Overall, a level of standard would be provided, and results would show similar fluid-flow behaviour.  
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Fig. 1. Schematic representaton of the BGURAHYFIRYE regimes on the suction side of
a propeller blade for model scale Reyrolds numbers.
Sources Taken from Kuiper (1981).

proposed by Miller et al. (2009) and Bhattacharyya et al. (2016b) for
open and ducted propellers, respectively.

The flow over the propeller at modelscale Reynolds numbers is
mostly in the critical Reynolds number regime, where laminar, tran-
sition and turbulent flow regimes may occur simultancously. Visual-
ization of the flow at these Reynolds numbers, for example with the
help of paint tests, typically shows regions of laminar and turbulent

Ocean Engincering 211 (2020) 107633

‘numerical simulations focused on a qualitative comparison between the
limiting streamlines and paint-tests observations, and propeller force
prediction in open-water conditions. From this study, an improvement
in the blade boundary-layer flow is obtained with the transition model,
whereas the simulations with the turbulence model predict a too large
turbulent region on the blade.

Alternatively, the experimental study of the laminar/turbulent flow
in the vicinity of a rotating propeller blade conducted by Jessup (1989)
‘may be used for a better quantitative comparison and understanding of
the blade boundary-layet flow. The experiments were carried out in the
David Taylor Model Basin (DTMB) 24 in. water tunnl about marine
propeller P4119, where two blades were applied with leading-edge
roughness and the remaining was smooth. The experiments compre-
hended three-dimensional velocity component measurements of the
blade boundary-layer and wake using a LDV system in uniform inflow
conditions.

From these cxperimental measurements, a comparison with the
numerical results obtained from a RANS solver using the & — w SST
turbulence model and 7 — Re,, transition model is presented in this
paper. The present work includes an estimation of the numerical er-
rors involved in the simulations, analysis of the propeller blade flow,
chordwise and radial components of the boundary-layer velocitics and
boundary-layer characteristics. From this study and depending on the
selected inlet turbulence quantities, the y —Re, transition model is able
to predict the extent of laminar and turbulent regions observed in the
experiments.

“This paper is organized as follows: the numerical method including
the turbulence and transition models is presented in Section 2; the
propeller geometry, grid generation scheme, computational domain
and boundary conditions are described in Section 3; the comparison
between the numerical results and the experimental measurements is
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Other Captivating Performance highlight include high strength in which CFRP has a higher Z = CFRP
fatigue resistance which is essential in allowing the blades to withstand a constant cycle of S
stress that being applied to the blades as they are rotating in irregular wake field (wn) )
without fracturing increasing its reliability. 2
38
Alongside higher strength the propeller has a lower vibration output, this is because of S
higher damping performance, This improves living conditions. o 6
£~
Comparing the vxotion-dampi roperes of CFRP and NAB 24
3
& 2
o | =
Wheel Dining Engine Engine Helm
house room  room fore. room aft room
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Result of the sea trial

r;ozwer curve, Shaft Horse Power /MCR ~Ship speed

+ CAC703(NAB)
A CFRP

<Sea trial condition>
Ship load : Full load
Sea condition : smooth

90 95 100 105 110 115 120 15
Vs(knots)
The shaft power of the CFRP propeller was reduced 9% compare with

that of the NAB propeller at the design ship speed 11.5 knots.

Result of vibration measurement

* Q) G

1850

17°C Sunny 01/06/2022

=]




image7.png




image8.jpg
o Spax

Open Return Wind Tunnel

=

< -«

Diffuser

Test Section

—. Fan
' Flow
—
gComracllon
- -«

e nasa 0oV«




image9.jfif
Closed Return Wind Tunnel





image1.png
Prifysgol Cymru
% Y Drindod Dewi Sant

. University of Wales
Trinity Saint David

%





image2.png
Laminar flow

Turbulent flow

Turbulent flow





