
 
 

TITLE:   Designing a Butterfly Valve – Fluid Flow Assessment  

AUTHOR:  Alex Hobbs 

Company:  Crane Co. 

DATE:   25/07/2021 

REPORT No:  R 001/2021 

Course Name:  Structural & Fluid Analysis  

Year of study:  2020 – 2021 

We have been discussing fluid flow around an object and through a pipe. This assignment 
consolidates and builds upon this.  A request was issued for investigation into structural and fluid 
problems with regards to a butterfly valve. 
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Reynolds Number (Crane Co., 2013)  
Discuss Reynolds number. Why is this important, how does it influence the flow around the butterfly 
valve and estimate what the Reynolds number is of the fluid flowing around the butterfly valve? 

The Reynolds Number is a dimensionless valve which helps to determine whether the given flow 
within a pipe will be laminar or turbulent. It is a ratio of inertial forces to viscous forces. The 

equation for Reynolds Number is given as 𝑅𝑅𝑅𝑅 = 𝑑𝑑𝑑𝑑𝑑𝑑
𝜇𝜇

. This calculation as show in the equation is 

dependant on four factors, the diameter of the pipe, the velocity, the density of the fluid and the 
viscosity.  

In Engineering we typically state that if the Reynolds number is below 2000 the flow is laminar and if 
it is above 4000 the flow is turbulent. Between these figures the flow is within the critical zone. This 
critical zone is unpredictable and has both laminar and turbulent regions.  

An assembly which contains a butterfly valve is inserted into a pipeline which forms the outlet of a 
5m high storage tank that contains petroleum at atmospheric pressure. From the butterfly valve we 
can see that the pipe diameter is 194mm as shown below.  



 
 

 

Figure 1: Pipe Diameter 

 

Figure 2: Illustration for Example 

Bernoulli’s Equation (Crane Co., 2013) 

 

Assumptions 

Assuming steady state conditions, Incompressible fluid and negligible friction caused by viscous 
forces 
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We can assume the pressure at P1 and P2 are both open to atmosphere 
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We can also assume the velocity at v1 is 0 due to the speed the water would decrease in the 
tank when compared to the outlet. 
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This is the expected outcome for position 1 as all the energy is stored as potential energy. The height 
at position 2 is 0 and as such the equation is as follows. 
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This is also the expected outcome for position 2 as all the energy in position 2 is kinetic energy in the 
form of velocity. Rho now cancels leaving the below. 
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This can be rearranged to give the final equation of 

𝑣𝑣2 =  �2𝑔𝑔ℎ1 

𝑣𝑣2 =  √2 × 9.81 × 5 

𝑣𝑣2 =  √98.1 

𝑣𝑣2 =  9.90𝑚𝑚/𝑠𝑠 

 

The Reynolds Number (Crane Co., 2013) 

𝑅𝑅𝑅𝑅 =
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

  

𝑅𝑅𝑅𝑅 =
𝑢𝑢𝑢𝑢
𝜇𝜇

 

Where µ is the kinematic viscosity of petroleum (Light/Medium Crude oil estimated) 

 



 
 

Assuming Kinematic Viscosity (estimated) = 2.6×10−5𝑚𝑚2/𝑠𝑠 

𝑅𝑅𝑅𝑅 =
9.9 × 0.194

2.6×10−5  

𝑅𝑅𝑅𝑅 = 73869.23 

Re > 2000 = Turbulent flow 

Laminar flow  

𝑢𝑢 =
2000 × 𝜇𝜇

𝑑𝑑
 

𝑣𝑣 =
2000 × 2.6×10−5

0.194
 

𝑣𝑣 = 0.268𝑚𝑚/𝑠𝑠 

The maximum possible velocity that would give laminar flow is 0.268m/s or using Q=uA 7.92L/s 

 

Boundary Layer Flow (CENGEL & GHAJAR, 2011) 
Discuss boundary flow around the butterfly  valve and  relate this  to  the  separation  and  the 
turbulence  around  the valve,  particularly  the  rivets  that  hold  the  valve  onto  the  central  shaft. 
Discuss why you think that valve has been designed like this and the cost implications of such a 
design. 

When a fluid flows over a surface, the flowing fluid at the surface comes to a stop. The velocity at 
this point becomes zero. This phenomenon is known as the no-slip condition and is caused when a 
fluid gets ‘stuck’ to a surface due to the viscous effect.  

 

Figure 3: Boundary Layer - Velocity Gradient (Poudel, 2021) 

When fluid flows over the fluid at the surface it is slowed due to friction. This acts somewhat like a 
column of marbles resting atop one another. The movement towards the bottom of the stack is 
more restricted. As the fluid moves further away from the surface, the friction at the fluid layers 
decrease and a velocity profile is created.  

As fluid flows through a pipe, the fluid layers in contact with the surface become zero. The layers on 
top of these stopped fluid particles slow down due to the friction.  



 
 

 

Figure 4 Boundary Layer and Velocity Profile in a pipe (Cengel & Cimbala, 2006) 

As the length increases the boundary layer moves towards the centre of the pipe until a fully 
developed velocity profile is created. To maintain mass flow rate the velocity at the centre of the 
pipe increases.  

 

Figure 5 - Butterfly Valve Rivet Close Up 



 
 

 

Figure 6 - Boundary Layer Separation (TEC-science , 2021) 

As the fluid flows over the first half of the rivets the pressure will decrease as the velocity increases. 
Due to this increase in the velocity of the fluid, the boundary layer will become thinner. As this 
surface is rounded, the fluid will remain close to the surface and boundary layer separation will not 
occur. However, as the fluid begins to flow over the second portion of the rivet, the pressure in the 
direction of flow increases and the fluid speed decelerates. The fluid outside of this point can now 
overcome the fluid at the separation point and potentially reverse its direction. This reversal will 
create more turbulence and losses through the pipework. The rivets are rounded as opposed to 
using hexagonal bolts to secure the disk to the plate because rough surfaces will affect flow and it is 
generally good design practise to design surfaces for flow with blends or radius. Although this 
separation will occur, the losses will be minimal in comparison to the separation around the stem 
when the valve is fully open.  

Butterfly valves are typically a low cost industrial product. Butterfly valves have small footprint, are 
easy to install and typically have a low pressure drop value when compared to other common 
designs such as globe valves. The simple design consists of a stem, body, and disk and as such means 
that there are very little components to go wrong. For small butterfly valves the torque is relatively 
low however, in larger than DN50 sizes the torque can become an issue. Where this is the case 
designs often need to incorporate a wheel or actuator to aid the operator in use. A potential issue 
with this design is the number of bolting holes around the sealing surface. It is likely that leakage 
would be experienced around the sealing surface with this design, and as such, the number of 
bolting holes would need to increase. In general, this valve has been designed in this way for the 
purpose of cost and ease of manufacture.  

Implication of Glass fibre reinforced plastic 
This butterfly valve is to be manufactured from  glass  fibre  reinforced  plastic.    Discuss the 
implications of this in terms of the performance of the valve.  Relate this to the historical, current, 
and future developments of such components. You should include reference to technical literature, 
industry standards and codes of practice. 

Glass fibre reinforced plastics are polymer mixtures which includes strands of glass called fibres. This 
is the most common method to reinforce or strengthen plastics. Glass filled polymers (GFP) are used 
extensively throughout industry. The most common method for creating products with GFP is via the 
use of injection moulding. These parts can also be extruded and machined from bar stock as well as 



 
 

3D printed. Glass filled products are very common and can be found in a wide range of application 
from consumer products to industrial products. Some common uses of GFP are within valves, valve 
seats, pipework, actuators, and enclosures.  

For thermoplastic butterfly valves there are two main standards that would require adherence to 
during design and manufacture. These are ISO 16136:2006 Industrial valves — Butterfly valves of 
thermoplastics materials and Pressure equipment directive 97/23/EC.  

A typical material used for injection moulding plastic valves is Glass Reinforced Polypropylene (GF-
PP). This material provides good dimensional stability when moulding, high rigidity, heat resistance, 
chemical resistance, and strength. It is also easy to process making it ideal for injection moulding.  

The benefit of using this material for the manufacture of butterfly valves is the weight and cost 
savings. As the body is injection moulded it would be consistent and quick to produce.  

There are implications of using this material however and these pertain to the temperature rating, 
UV degradation and tool wear. GF-PP has a typical temperature range of 10 – 80 degrees Celsius. 
This does not mean the valve is rated at maximum pressure within this range and often a 
temperature pressure graph will be given for the material, this is often dictated by the material 
standard.  

UV degradation relates to the affect UV light has on polymers. Ultraviolet light is absorbed by the 
plastic and free radicals are created. The polymer chains begin to breakdown and the material loses 
strength. This may have some implication on where the valves can be used and if any extra process 
steps or coating need to be applied to the material to help counteract these inherit issues.  

The final problem with glass filled injection moulded parts are due to the increased abrasion. This 
means that tools should be made from a hardwearing material such as stainless steel. This will 
increase the initial upfront cost of the product.  

When using materials such as plastics it is important to select a suitable factor of safety during 
design and testing. For pressure vessels typically the FoS (Factor of Safety) accepted within the 
industry is between 3.5 and 6. This aligns with Crane’s general guidance and typically, plastic 
actuators (pressure vessel) and valves are designed with a FoS of at least 5. Validation of plastic 
pressure vessels at pressure/size ranges follow PED (Pressure Equipment Directive) standards which 
require a suitable test method and documentation of test. Attached in the appendices are examples 
of both burst testing and PED testing of valves and actuators that meet documentation 
requirements.  

Modelling Techniques for fluid flow 
Discuss what modelling techniques could be used to simulate the fluid flow though this valve.  Discuss 
the advantages and the disadvantages of the tools highlighted. 

When simulating fluid flow through a valve the most common practice is the use of computational 
fluid dynamics software. Computational fluid dynamics (CFD) is the process of modelling the flow of 
fluids and using computer software to solve it mathematically. It requires segmenting the model into 
small points and shapes. Each segment is used to solve partial differential equations. When all 
segments are combined a solution for the whole problem can be determined. By splitting the mesh 
into small segments, it removes the complexity and allows the user to create a solution. The 
problems could be solved by hand but due to the thousands of calculations that would need to be 
undertaken this would not be practical and prone to errors. Instead, computer software is used to 



 
 

solve the repetitive equations. This, however, can still take a large amount of time to solve even 
when using computer software. 

The main advantage of CFD is during the design or modification of new products. Often when 
designing a new product, several designs will be modelled and submitted for CFD analysis. The 
benefit here is that CFD will give the user a good understanding of which designs are best. To further 
speed up the acquisition of data, less accurate simulations/mesh are/is used for the large number of 
designs and as these designs are altered more towards the final product the accuracy of the CFD is 
increased. This is done for the time saving element. Using CFD saves a huge amount of time and 
money in the design stage. With physical testing of prototypes requiring design and manufacturing, 
which can cost a huge amount of money and time especially if multiple prototypes and modifications 
are made.  

CFD often gives a much greater understanding of flow of fluid and issues that may be faced when 
compared to the traditional physical testing. For a specific problem that is occurring within a valve 
such as cavitation, CFD is often used to pinpoint what is causing the issue. This may be more difficult 
to solve using traditional real physical testing.  

A Disadvantage of CFD however is that for high accuracy, a large amount of computing power is 
often required. This can extend the time it takes to solve a model into days and weeks. It is often a 
requirement for companies to solve large models with the use of supercomputers.  

Another disadvantage is that the accuracy of the model largely depends on the mesh and setup etc. 
and as such the user operating the CFD software require a great deal of knowledge and experience 
to ensure the accuracy of the modelling solution.   

In practice, it is not advisable to use solely CFD modelling as this approximates a physical solution. As 
such, CFD is used in conjunction with physical testing for the verification of the solution.  For the 
acquisition of data such as flow coefficient (Cv) values it is always advised that these values are 
determined with physical flow testing.  

Physical testing of prototype (British Standards Institution, 2016) 

During the development of this component, it is proposed that a prototype is produced and tested in 
a laboratory to understand the fluid flow  through  this  valve  and  also  to  correlate  it  to  the 
simulation carried out in task 4.  Discuss how you think this experiment should be carried out and 
how the acquisition of data should be obtained and compared to the simulation 

With all valves an important step in the design and verification is physical testing to ensure the real 
word requirements are met. Some valve standards, such as, for the use in fire hydrants require a 
specified Cv for a particular size of valve. In these cases, it is critical that the valves meet these 
requirements during physical testing and often require an auditor to validate that the valves 
conform to the standard. 

For physical valve flow testing there are requirements for testing methodologies and methods for 
data acquisition documented in BS EN 60534-2-3:2016. This standard is comprehensive, and it would 
not be practical to include all the data within it. This flow testing method allows for the 
determination of many variables used for equations of flow.  

The basics flow system as required in this standard is shown below. (British Standards Institution, 
2016) 



 
 

 

Figure 7 - Basic Flow Test System (British Standards Institution, 2016) 

The pipework that is upstream and downstream of the valve being tested are required to be the 
same size as the connection of the valve tested.  

The throttling valves are used to alter and control the pressure differential across the valve and 
maintain specific pressures. There is specific guidance on: the configuration of the pressure taps in 
regard to their location, the straight length of pipe before and after the taps, the pressure tap 
diameter, the pressure tap height and the orientation of the taps within the pipeline (British 
Standards Institution, 2016) 



 
 

 

Figure 8 - Standard Test Configuration (British Standards Institution, 2016) 

Testing would be carried out with water as the test media, in accordance with the British standard 
flow capacity test procedures (British Standards Institution, 2016), and our internal Crane flow test 
procedure found in the appendices.  

In accordance with (British Standards Institution, 2016) the following data shall be recorded: Valve 
travel, inlet pressure, outlet pressure, inlet temperature, volumetric flow rate, barometric pressure, 
descriptions of the system, fluid and test specimen and deviations from standard.  

For the test procedure to test the valve see Appendix 1 – Test procedure (Page 18) 

The data is then used to calculate the coefficient of flow as shown in appendix 1 in addition to other 
calculations as specified in the standard. For accuracy and to ensure consistent and reliable data a 
minimum of 3 pressure drop measurements shall be taken. The data recorded can be used to 
compare the accuracy of the CFD modelling assuming the same conditions are used. It is important 
to note that typically the flow testing is carried out with the valve in various open conditions i.e., 0 – 
100% open. This is also carried out when conduction CFD modelling on valves to understand how the 
positions of the valve affect flow of fluid.  
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Appendix 1 – Crane Flow Test Procedure 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

Appendix 2 – Burst Test Example 

 



 
 

Appendix 3 – PED Example 
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