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1. Introduction 

Valve is a device used in fluid flow systems to control, regulate 

or to direct the flow, pressure, or temperature of the fluid. This is 

achieved by opening, closing or partially restricting the flow path 

of the system. Valves of the simplest form can be used to stop and 

start flow in the system. A majority of on-off valves are hand 

operated, although they can be automated with the addition of an 

actuator. On the other hand, valves with special capabilities are 

equipped with microprocessors which are used to regulate and 

monitor the flow [1].  

Industrial valves come in a wide variety of styles, sizes and 

pressure classes depending on their design, function and 

application. The smallest industrial valve can weigh as little as 450 

grams and can fit comfortably in the human hand while the largest 

can weigh up to 100 tons with a height of 8 meters. The size of the 

valves that can be used in pipelines range from smallest bore 

diameter of ¼ inch to as large as 108 inches. These valves can 

handle pressure as high as 897 bar [1] [2].  

Before the advancement of Computational Fluid Dynamics, 

valves were designed using conventional methods of calculations 

involving numerous assumptions and experimental data. However, 

this scenario has now changed and the design of valves has entered 

into a new level. Presently, CFD is being used to optimise flow 

geometry by analysing the flow field of the system that is 

generated by computational solving of flow equations in the 

modelled flow domain.  

In 2004, Blackhall Engineering in collaboration with Fluma 

Technology designed an Automatic Shutoff Valve based on the 

working principle of aerofoils. The device comprises of a closure 

member that helps in restricting the flow across the pipeline 

system. This closure member has an aerofoil section which helps 

in automatic closure based on the velocity & pressure of the flow 

[2].  

In oil and gas industry there is a tremendous amount of liquids 

and gases flowing in pipeline systems both sub-sea and top side 

offshore as well as in various facilities and pipelines onshore. 

Unfortunately, there are occasions where control is lost due to 

unwanted events, such events may be a major leak or rupture in a 

pipeline. This will lead to an increase in the flow velocity. This 

valve uses this increase in flow velocity to actually close the valve 

without the need for any external force. However, it does not 

exclude the use of such. When the velocity increases there will be 

an increase in suction pressure over the closing element. When 

threshold is reached the under pressure will lift the closing member 

and the valve will close. 

2. Automatic Shutoff Valve 

An automatic shutoff valve based on aerofoil design consists of 

body housing and a closing member called obturator that rotates 

about an axial axis of the shaft retained within the housing. Figure 

1 demonstrates the main parts of the valve. 

2.1. Principle 

The valve principle is based on common fluid dynamic 

principles where the most dominant parameter is the effect from 

the increase in flow velocity. This principle is the same as that used 

to lift an aeroplane wing or foil and is ruled by well-known lifting 

formulas [2].  
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Figure 1. Automatic Shutoff Valve – Cross-sectional 

This valve uses the internal energy inside the pipeline for its 

closure. This is achieved by employing the lifting forces of a wing 

shaped structure on the edge of the obturator (Figures 2 and 3). 

Lifting Formula: 

𝐿 =
1

2
∙ 𝐶𝐿 ∙ 𝜌 ∙ 𝐴 ∙ 𝑣2  (1) 

Where: 

𝐿 = Lifting Force (N) 

𝐶𝐿= Lift Coefficient 

𝜌 = Fluid Density (kg/m3) 

𝐴 = Effective exposed area (planform) (m2) 

𝑣 = Velocity (Fluid flow rate) (m/s) 

 

 
Figure 2. Obturator 

 

Figure 3. Obturator – Cross-sectional View  

The obturator will lift when the velocity of the fluid exceeds a 

certain level and this will lead to the closing of the system. The 

system will open on equalizing the pressure upstream and 

downstream the obturator. Figures 4, shows the position of 

obturator while the valve is open and figure 5 shows the position 

of obturator when valve is in shut position. 

 

 

Figure 4. Valve in Open Position 

 

 
Figure 5. Valve in Shut Position 

2.2. Theory 

Aerofoils are based on Bernoulli’s principles of fluid 

mechanics to create an aerodynamic force. While in relative 

motion with respect to the fluid flow this body produces an 

aerodynamic reaction perpendicular to its direction called lift force 

and a parallel resistance component called drag force shown in 

Figure 6. The fluid flow in the vicinity of the aerofoil creates 

different velocity profile which results in different pressure 

distribution around the aerofoil.  The flow of the fluid over the 

upper surface of the aerofoil has higher velocity as compared to 

lower surface and results in positive pressure gradient. The 

positive pressure gradient is due to higher pressure on the lower 

surface and lower pressure on upper surface [3]. Apart from the 

main use of aerofoils in aeroplanes to generate lift, these are being 

used in various other areas such as automotive industry, wind 

turbines, sails, as well as the wings of birds. This is the basis on 

which automatic shutoff valve has been designed as the obturator 

lifts (closes) on threshold velocities. 

 

Figure 6. Aerodynamic Forces – Lift and Drag 

The two aerodynamic forces are given by equations as below: 

Lift Force, 𝐿: 

𝐿 =
1

2
𝜌𝑣2𝐴𝐶𝐿    (2) 

Drag Force, 𝐷: 

𝐷 =
1

2
𝜌𝑣2𝐴𝐷𝐿    (3) 
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2.3. Design 

The design of an aerofoil starts with the definition of the desired 

or required characteristics. Fundamentally these characteristics 

can be in terms of lift coefficients, Reynolds numbers, moment 

coefficient, thickness, low drag, high lift or any other such 

combination. Different aerofoils have been developed over the 

time to attain these characteristics.  

The geometry of aerofoil can be characterized by the 

coordinates of the upper and lower surface.  The geometry is often 

characterized by parameters like maximum thickness, maximum 

camber, position of max thickness, position of max camber, etc. In 

early 1930 Eastman Jacobs designed aerofoils based on these 

parameters and these are presently referred as NACA aerofoil. 

Aerofoils that are being designed as per the specifications laid 

down by National Advisory Committee for Aeronautics (NACA) 

represent above parameters in a series of digits depending upon 

the desired characteristics of the aerofoil [4][5]. One such system 

involves four parameters which represent different properties of 

the aerofoil for example NACA9502. Figure 7, shows these 

various parameters of an aerofoil: 

 

 
Figure 7. NACA 9502 Aerofoil 

• First digit after the word NACA represents the max camber as 

a percentage of the chord. 

• Second digit refers to the position of the max camber from the 

leading edge of the aerofoil in tens of percent of the chord. 

• Last two digits represent the maximum thickness of the 

aerofoil as a percentage of the chord. [4] 

As per Blackhall Engineering upper surface of four digit NACA 

0030 (Figure 8) aerofoil is added to the obturator geometry to 

achieve lift at desired velocity.  The formula for determining the 

shape of a 4-digit NACA aerofoil is given by [8]: 

𝑦𝑡 =
𝑡

0.2
𝑐 [0.2969√

𝑥

𝑐
+ (−0.1260) (

𝑥

𝑐
) + (−0.3516) (

𝑥

2
)
2

+

0.2843 (
𝑥

𝑐
)
3

+ (0.1015) (
𝑥

𝑐
)
4

]    

     (4) 

Where:  

 𝑐   = chord length 

 𝑥 = position along the chord from 0 to c 

 𝑦𝑡 = half thickness at a given value of x (centreline to    

      surface), and 

 𝑡 = max. thickness as a fraction of the chord 

 

 

Figure 8. NACA 0030 Aerofoil 

3. Literature Review 

Recently, with the advancement in Computational Fluid 

Dynamics (CFD) techniques the valve industry has observed 

momentous development in designing valves. Researchers have 

been working tirelessly to understand the flow inside the valves 

and effect of geometry on the performance of valves. 

3.1. Geometry 

The two main features of this valve are shutoff based on 

threshold or trip velocity i.e. velocity at which the obturator will 

lift off and thereby close the valve and secondly it develops 

minimal pressure drop at working conditions i.e. minimum energy 

losses. In order to achieve both of these important features 

geometry plays a significant role. The geometry of the obturator 

of the valve is one of the main factors that determine the 

performance of valve. This geometry is a hybrid combination of 

an aerofoil element and a tongue shaped element shown in figure 

9. 

 

 

 

 

 

 

 

 

Figure 9. Closing Member Geometry 

Flows around bodies have been studied over decades and well 

posed models have been developed for optimum requirements. 

Since this valve is based on lift of obturator, it is important to 

numerically analyse this geometry for optimum performance. As 

pressure drop in a pipeline is usually undesirable under certain 

conditions it is important to design the obturator such that it 

exhibits minimal pressure drop when the vale is fully open. In the 

current available geometry of the obturator the aerofoil section is 

made from a 4-digit NACA 0030 aerofoil. Since this valve is a 

safety valve other important factors like how the valve closes 

under different velocities needs to be studied as this may lead to 

abrupt closure of the valve and this can result in surge in the 

pressure and can burst the pipeline. So it is essential to understand 

the closing function of the valve and if those need to be optimised 

for different applications.      

3.2. Obturator Angle (Angle of Attack) 

The angle of attack for aerofoils is the angle between the chord of 

the aerofoil and the velocity vector shown in figure 7. Although 

the two dimensional geometry of obturator resembles to geometry 

of aerofoil, it wouldn’t be judicious to use the term ‘angle of 

attack’ for obturator as it doesn’t meet the definition of angle of 
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attack. For this reason, the angle between the flow and obturator is 

simply referred as obturator angle ‘αo’. Figure 10 represents 

obturator angle. However, obturator angle serves the same purpose 

as angle of attack i.e. lift generation. 

 

Figure 10. Obturator Angle (αo) 

Researchers have been working over the decades to determine 

the optimum angle of attack for required lift at allocated velocities. 

In 2011, Razavi and Orang studied effect of different angles of 

attack of hydrofoils. In this study laminar flow was modelled at 

different angles of attack [8]. The lift and drag coefficients of the 

hydrofoil based on angle of attack are shown in Figure 11.   

The determination of lift and drag coefficients of the valve 

obturator plays a vital role in determining the torque production. 

Once these parameters are known, the angle of the obturator can 

be optimised for the requirements. 

 

Figure 11. Distribution of drag and lift coefficients versus 

angles of attack [8] 

3.3. Flow Coefficient (Cv) 

Flow coefficient is the volume of water (at 68°F) in US gallons per 

minute that can pass through a valve at a pressure drop of 1 psi 

across the valve as defined in BS EN 60534-2-1 [9][6]. This value 

is calculated experimentally. Flow rate for a given Cv can be 

calculated from the following formula. 

𝑄 = 𝐶𝑣 x √
∆𝑃

𝑆𝐺
    (5) 

Where:  

𝑄 = Valve flow rate in gallons per minute (US GPM) 

∆𝑃 = Pressure drop (psi) 

𝑆𝐺 = Specific Gravity (for water = 1) 

Cv for a particular flow characteristic can be determined from 

the formula as; 

𝐶𝑣 = 𝑄 x √
𝐺

∆𝑃
   (6) 

It is important to mention here that flow coefficient is usually 

defined for the fully opened valve. At different flow rates Cv 

would be same as the following equation states that pressure drop 

in a circular pipe increases as the square of the fluid velocity. 

∆𝑃 = 𝜆
𝐿

𝑑

𝜌

2
𝑣2   (7) 

Where: 

𝜆 = Pipe Friction Coefficient 

L = Length of Pipe (m) 

d = Pipe Diameter (m) 

𝑣 = Flow Velocity (m/s) 

3.4. Moment/Torque Calculation 

Torque is the amount of force required to rotate an object about an 

axis [7]. In relation to the valve the breakout torque of the obturator 

is pre-set at different values. The pre-set torque is a combination 

of factors like actual torque produced by the fluid flow (pressure 

moment & viscous moment), friction between the rotating parts, 

bearing load, gravity as well as the torque imparted by the weights. 

Basic torque formula; 

𝜏 = 𝑟 x 𝐹𝑠𝑖𝑛𝜃   (8) 

Where: 

 𝜏 = Torque (N/mm2)  
 𝐹 = Applied force (N) 

 𝑟 = Distance between the points of 

   application of force to pivot point (m) 

 𝜃 = Angle between the line of action and 

  applied force (°) 

This concept is used to determine the torque on obturator of the 

valve using CFD.  Total torque vector �⃗⃗� 𝐴 about a specified centre 

𝐴 is computed by adding the cross products of the pressure force 

vector 𝐹 𝑝 and viscous force vector 𝐹 𝑣 for each face with the 

moment vector 𝑟 𝐴𝐵, which is the vector from the specified moment 

centre 𝐴 to the force origin 𝐵 as shown in Figure 12.  

The equation can be written as: 

�⃗⃗� 𝐴          =        𝑟 𝐴𝐵  x 𝐹 𝑝                 +          𝑟 𝐴𝐵  x 𝐹 𝑣 
𝑡𝑜𝑡𝑎𝑙 𝑚𝑜𝑚𝑒𝑛𝑡     𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑚𝑜𝑚𝑒𝑛𝑡         𝑣𝑖𝑠𝑐𝑜𝑢𝑠 𝑚𝑜𝑚𝑒𝑛𝑡 

(9) 

 

 

Figure 12: Moment about a Specified Centre 
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4. CFD Modelling of Valve 

Computational fluid dynamics (CFD) is a branch of fluid 

mechanics that deals with the analysis of systems involving fluid 

flow and heat transfer. CFD usage is also extended to chemical 

reactions and other associated phenomena by employing computer 

based simulations. CFD is based on a set of numerical methods 

and algorithms which are used to obtain approximate solutions of 

problems of fluid dynamics, heat transfer and associated 

phenomena. Over the years CFD has been extensively used in 

sectors such as aerospace, automotive, medicine, process 

industries, etc. for a wide range of applications. Recently, CFD has 

been put to use in design and R&D of turbo-machinery – 

compressors, turbo chargers, etc. to simulate flows inside rotating 

passages. In this study CFD is used to analyse the effect of the 

geometry and obturator angle on various performance factors like 

flow coefficient, pressure drop and torque. 

4.1. Geometry – Flow Domain 

A model of Automatic Shutoff Valve was created based on the 

information provided by Blackhall Engineering Limited. The flow 

path of the valve has been modelled as the internal cavity of the 

housing and the geometry of the closing member. Furthermore, a 

pipe on either side of valve has been added for flow domain 

accuracy. The valve and the pipes have a uniform bore diameter of 

150mm. Different models were formed to analyse the performance 

of the valve. The angle between the horizontal axis of obturator 

and the axis about which it rotates is set at different angles to 

analyse the flow. The model is shown below as (Figure 13); a. 

shows a 2D cross-sectional view of the model, b. shows outside 

view of the flow path. In order to clearly visualise the flow domain, 

c. shows an isometric view in which pipe parts have been hidden 

to show the sealing area and the obturator of the valve. 

 

Figure 13. Domain Geometry of Automatic Shutoff Valve 

4.2. Meshing of Flow Domain 

The next step is to generate mesh in the flow domain. Mesh is 

of critical importance for accuracy of results. In this study CFD 

FLUENT Mesh Solver has been employed to form the mesh 

elements in the domain. A mesh independence analysis was 

carried out to ascertain the optimum mesh element size for 

accurate results. The flow domain has 5 million mesh elements. 

The element size in this particular mesh was set as – Min Face Size 

= 1 mm, Min Size = 1mm and Max Size as 4mm. Also mesh sizing 

was used to refine the mesh along the edges (edge sizing of 1mm) 

of the obturator for accuracy. For mesh accuracy the number was 

increased to 3 and 9 million and the variation found in the results 

was found to be less than 1% at 5 million elements. Figure 14 

below shows the mesh of the flow domain. 

 

Figure 14. Meshing of Flow Domain 

4.3. Boundary Conditions 

The boundary conditions for the present study involves four 

inlet velocities of 2.5m/s, 5m/s, 7.5m/s and 10m/s set at each study 

in which model geometry varies as per the obturator angle. The 

outlet is set as pressure outlet with a value of zero Pascal gauge 

pressure to represent the atmospheric pressure as the flow is 

discharged into air. The working fluid used in the study is water. 

The walls have been set as stationary walls with no slip 

consideration. 

4.4. Solver Setting 

In this study following solver settings have been employed to 

generate the results for the fluid flow. 

a. Pressure based solver in steady state is used as the flow is 

subsonic. 

b. Realizable k-epsilon model is used for the solving purpose.  

K-epsilon model is a two equation combination model in 

which two extra transport equations are used to 

characterize the turbulent properties of flow. This model 

accounts for convection and diffusion of turbulent energy. 

Turbulent kinetic energy, k is represented by first 

transported variable and second variable classifies the 

turbulent dissipation, ϵ (epsilon). This model is robust and 

efficient and most industries use this kind of model for 

their turbulence modelling. This model is robust and 

provides results with better accuracy than standard k-

epsilon model. 

c. Solution Methods 

Pressure Velocity Coupling - Coupled Scheme 

Coupled scheme has been used to obtain robust and 

efficient single phase implementation for steady-state 

flows with superior performance. 

d. Spatial Discretization based on  

Inlet Outlet 

Obturator Sealing Area  

c. 3D – Isometric 

a. Cross-sectional View 

b. Surface View 

Inlet 

Outlet 

Obturator 
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i. Gradient – Green-Gauss Node Based  

ii. Pressure – Second Order 

iii. Momentum – Second Order Upwind 

iv. Turbulent Kinetic – Second Order Upwind 

v. Turbulent Dissipation Rate – Second Order Upwind 

vi. Second order upwind scheme has been used for 

providing spatial accuracy.  

e. Solution Controls: Default under relaxation factors were 

used to control the stability of the coupled, non-linear 

system of equations. These numbers are changed to 

enhance the speed of convergence or otherwise. 

f. Monitors: While the simulation is running flow residuals 

for continuity, x –velocity, y-velocity, z- velocity, k, and 

epsilon are monitored. The absolute convergence criteria 

set in this case was 0.001 for each of those. 

4.5. Assumptions 

Following assumptions were made for the study of flow within 

Automatic Shutoff Valve. 

a. Flow is steady and incompressible 

b. The interaction between walls and fluid is not considered. 

5. Flow Field Analysis 

The valve has been analysed for its performance based on the 

current geometry of the valve. Four different models of valve 

domains were created with obturator at different angles. The angle 

between the horizontal plane and the obturator is set at 0°, 3°, 9° 

and 12°. For each model the simulations were performed at 2.5m/s, 

5 m/s, 7.5 m/s and 10 m/s inlet velocities. 

Figure 15, depicts velocity distribution on the vertical plane 

about the centre of the valve when obturator is set at 3° at an inlet 

velocity of 5m/s. 

 
Figure 15. Velocity distribution (m/s) at 5° Obturator Angle 

and 6m/s fluid velocity 

5.1. Local Velocity Profile Analysis 

The velocity profile at the inlet of the flow domain is shown in 

figure 16. As a result of no-slip boundary condition the flow 

velocity at the pipe walls is zero. The shear forces acting on the 

fluid at the centre of the pipe are minimal and this leads to highest 

velocity in the centre of the pipe compared to the velocity in the 

vicinity of the pipe walls.  

 
Figure 16. Velocity profile at the inlet of the flow domain 

In figure 16, y/D is the ratio of vertical distance of a point about 

mid plane from the pipe wall to bore of the pipe and v/vmax is the 

ratio of the velocity at that point to the average velocity along the 

line within the flow domain.   

To investigate the effect of average flow velocity in the valve 

due to different obturator angles an inlet flow velocity of 5m/s has 

been selected for this analysis. Figure 17, shows the location of the 

average flow velocity along the length of the obturator. The 

profiles are determined at every 20% of the obturator length p2, 

p3, p4, p5, p6, and p7. Locations p1 and p2 are 55mm away from 

leading edge and trailing edge of the obturator, respectively.   

 

Figure 17. Geometry showing evaluated velocity profile 

locations 

It is found that the flow velocity profiles at inlet velocity of         

5 m/s for obturator angles 0° and 3° are generally constant 

throughout the flow domain as depicted in figure 18 a). and b). 

However, for 6°, 9° and 12° the velocity profiles show increased 

velocity near the obturator surface as depicted in figure 18 c). d). 

and e).    

 

 

 

 

 

Figure 18: Development of velocity profile  at a). 0°, b). 3°, c). 

6°, d). 9°, and e). 12° Obturator Angle at inlet velocity of 5m/s  

 

Pressure and velocity distribution for 0° obturator angle at 5m/s 

fluid velocity (at inlet) are shown in simulation results (figure 19 
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and 18). The simulation results depict pressure and velocity 

distribution around the obturator within the fluid domain on XY 

plane at Z=0. It can be seen that high pressure develops at the front 

of aerofoil section and then reduces towards the rear side on upper 

surface of the obturator.  In this model as the lower surface of the 

obturator is in contact with the pipe walls there is no fluid flow 

under the lower side of obturator. This concludes that if obturator 

is set at 0° angle, there would not be any lift generated resulting in 

negligible torque. For this reason, the obturator is set at three 

different angles of 3°, 9° and 12° and analysed for different flow 

velocities.  

 

Figure 19. Pressure distribution (kPa) at 0° Obturator Angle 

and 5m/s inlet fluid velocity 

 

Figure 20. Velocity distribution (m/s) at 0° Obturator Angle 

and 5m/s inlet fluid velocity 

Figures 21 and 22 show pressure and velocity distribution 

around obturator when set at 6° angle and inlet flow velocity of 

5m/s. It can be seen that high pressure develops on the lower side 

of the obturator because of lower fluid velocity and low pressure 

on the upper side because of higher velocity and this results in 

positive pressure gradient. This pressure gradient results in 

generating lift and thereby torque develops on the obturator which 

is quantitatively explained in graphs in further sections. 

 

Figure 21. Pressure distribution (kPa) at 6° Obturator Angle 

and 5 m/s fluid velocity 

 

Figure 22. Velocity distribution (m/s) at 6° Obturator Angle 

and 5m/s inlet fluid velocity 

 

Figure 23. Static Pressure distribution (kPa) at 6° Obturator 

Angle and 5m/s inlet fluid velocity 

Figure 23 shows static pressure distribution (in kPa) around 

obturator surfaces (upper and lower) at 5m/s flow velocity when 

positioned at 6° angle. The static pressure distribution around the 

lower side of the obturator is higher as compared to upper surface. 

This is primarily because fluid velocity below the lower side is low 

as there is no path for the fluid to pass and this leads to increase in 

the pressure based on Bernoulli’s principle. However, the velocity 

at the upper side is higher as there is less obstruction in the flow 

path and thereby low pressure is exerted on to the upper side. The 

variation in the pressure results in positive pressure gradient from 

lower side to upper side. Since obturator is hinged within the body 

using an axial shaft, this pressure gradient creates a torque and this 

results in lifting the obturator to the seating face and thereby closes 

the valve. 

Figures 24-31 show pressure and velocity distribution at four 

different obturator angles at 5m/s inlet velocity. 

For 3° obturator angle at inlet velocity of 5m/s, the velocity in 

the flow domain peaks to 6.6 m/s (figure 24) near the vicinity of 

the obturator leading face and a result the corresponding pressure 

drops to -14.11 kPa (figure 28) in that zone. 

Similar trends are observed for other obturator angles at same 

inlet velocity of 5m/s. For 12° (figure 27) obturator angle at 5m/s 
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velocity, the velocity reaches a high of 10.49 m/s and 

corresponding pressure drops to 53.13 kPa (figure 31). 

 

 
Figure 24. Velocity distribution (m/s) at 3° obturator angle at 

5m/s inlet fluid velocity 

 
Figure 25. Velocity distribution (m/s) at 6° obturator angle at 

5m/s inlet fluid velocity 

 
Figure 26. Velocity distribution (m/s) at 9° obturator angle at 

5m/s inlet fluid velocity 

 
Figure 27. Velocity distribution (m/s) at 12° obturator angle at 

5m/s inlet fluid velocity 

 

 
Figure 28. Pressure distribution (kPa) at 3° obturator angle at 

5m/s inlet fluid velocity 

 
Figure 29. Pressure distribution (kPa) at 6° obturator angle at 5m/s 
inlet fluid velocity 

 
Figure 30. Pressure distribution (kPa) at 9° obturator angle at 5m/s 
inlet fluid velocity 

 
Figure 31. Pressure distribution (kPa) at 12° obturator angle at 

5m/s inlet fluid velocity 

5.2. Local Pressure Drop Analysis 

The flow domain is analysed for average pressure across 

various planes as mentioned in figure 17. The results of the 

simulation are shown in figure 32. 
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Figure 32. Pressure distribution (kPa) at 6° obturator angle at 5m/s 
inlet fluid velocity at various locations as per figure 17. 

The average pressure across these planes obtained from this 

analysis is shown in table 1.  

Table 1. Pressure drop and Cv for various obturator angles at 

various inlet velocities.  

Location Avg. 

Pressure 

α=3° 

(kPa) 

Avg. 

Pressure 

α=6° 

(kPa) 

Avg. 

Pressure 

α=9° 

(kPa) 

Avg. 

Pressure 

α=12° 

(kPa) 

Pipe Inlet 2.48 3.47 5.87 8.93 

p1 1.67 2.64 5.03 8.06 

p2 1.29 2.00 4.19 7.07 

p3 0.33 -0.26 0.52 2.09 

p4 0.48 -0.31 -2.96 -3.28 

p5 0.82 0.00 -3.67 -6.90 

p6 1.12 0.98 -0.89 -3.05 

p7 0.98 0.95 0.06 -1.06 

p8 0.61 0.40 -0.30 -1.14 

Pipe Outlet 0.00 0 0 0 

 

6. Results 

6.1. Flow Coefficient (Cv) 

Figure 33, below shows relation between Flow Coefficient (Cv) 

and Obturator Angle for different flow velocities. The graph 

illustrates that for each velocity (flow rate) Cv starts to decrease as 

the obturator angle is increased from 0° to 12°. At 0° obturator 

angle, Cv is maximum (2362 US GPM) while at 12° it reduces to 

minimum (1208 USGPM) for velocity of 2.5m/s. However, it can 

be seen that for inlet velocities 5, 7.5, and 10m/s the Cv 

characteristics follow the same trend. This is based on the principle 

that pressure drop in the pipeline increases as the square of fluid 

velocity and thus Cv is generally independent of flow rate. Table 

2, shows the pressure drop and Cv obtained from various 

simulations for each inlet velocity at 5 different obturator angles. 

 

Figure 33. Cv vs Obturator Angle 

Based on the results obtained from CFD simulations and using 

regression analysis an equation relating to obturator angle is 

determined. This can be used to determine the Cv of the ASV at 

different obturator angles: 

𝐶𝑣 =  𝐴 (
𝜌𝑣𝐿

𝜇
)
𝐵

𝛼𝐶
   (10) 

6.2. Pressure Drop 

Figure 34, illustrates the variation of pressure drop with respect 

to obturator angle. It can be determined that pressure drop 

increases with increasing obturator angle. Pressure drop is least for 

the flow velocity of 2.5m/s. At 0° obturator angle pressure drop is 

very small for all flow four flow velocities. For flow velocities 

2.5m/s and 5m/s, pressure drop increases gradually. However, in 

case of 7.5m/s and 10m/s there is a steep increase in the pressure 

drop – 19.71 (kPa) at 7.5m/s and 27.98 (kPa) psi at 10m/s at 

obturator angle of 12°. This is because of the flow area that 

becomes smaller as the valve obturator angle is increased from 0° 

to 12°. To exhibit the relevance of conservation laws the pressure 

drop increases with the increase in obturator angle. 

Table 2. Pressure drop and Cv for various obturator angles at 

various inlet velocities.  

Inlet Velocity 

(m/s) 

Obturator 

Angle (°) 

Pressure 

Drop (kPa) 

CV 

 (US GPM) 

2.5 0 0.60 2362 

 3 0.69 2212 

 6 0.93 1899 

 9 1.54 1478 

 12 2.31 1208 

5 0 2.13 2515 

 3 2.48 2332 

 6 3.47 1971 

 9 5.87 1515 

 12 8.93 1229 

7.5 0 4.46 2605 

 3 5.27 2400 

 6 6.53 2155 

 9 12.89 1534 

 12 19.71 1240 

10 0 7.56 2670 

 3 9.00 2447 

 6 12.43 2082 

 9 22.46 1549 

 12 27.98 1388 
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Figure 34: Pressure Drop vs Obturator Angle 

6.3. Torque 

One of the key elements of this study was to determine the 

effect of obturator angle on torque developed at different fluid 

velocities. Table 3, describes the torque generated on obturator due 

to pressure gradient between upper and lower surfaces. The 

pressure gradient results in lift force which creates a 

moment/torque on obturator about the pivot axis. Figure 35 shows 

that for each fluid flow velocity torque generated increases as the 

angle of obturator is increased. An insignificant torque of minimal 

value is produced at a fluid velocity of 2.5m/s with obturator angle 

at 0°. The increase in the torque is because of the higher pressure 

energy in higher velocities that exert more force on obturator and 

this results in increased torque production.  

Table 3. Torque generated for various obturator angles at 

various inlet velocities.  

Inlet Velocity 

(m/s) 

Obturator 

Angle (°) 

Torque 

(Nm) 

2.5 3 3.82 

 6 7.76 

 9 11.47 

 12 14.9 

5 3 15.69 

 6 31.59 

 9 46.23 

 12 59.77 

7.5 3 35.82 

 6 69.98 

 9 104.43 

 12 134.71 

10 3 64.3 

 6 128.21 

 9 185.78 

 12 241.74 

 

Figure 35: Torque vs Obturator Angle 

Based on the results obtained from CFD simulations and using 

regression analysis an equation relating to torque generated to 

obturator angle and velocity is determined. This can be used to 

predict the torque generated at different angles at different 

velocities,  

𝜏

𝜌𝑣2𝐿3  =  𝐴 (
𝜌𝑣𝐿

𝜇
)
𝐵1

𝛼𝐶1
   (11) 

7. Conclusion 

The angular position of obturator does have an impact on the 

flow coefficient (Cv). Cv decreases as obturator angle is increased. 

This is because with the increase in obturator angle the flow area 

gets reduced and this results in decrease in flow rate. At 0° the flow 

area is maximum and it decreases as the obturator angle increases 

to 12°. Therefore, the amount of fluid in (US GPM) reduces with 

increase in angular position of the obturator. It is important to 

mention that Cv for a valve is constant. However, inherent Cv 

changes when the valve is not fully open as the flow area gets 

reduced as mentioned earlier. In other words, it can be said that at 

different valve opening Cv value changes.  

Pressure drop increases as obturator angle is increased from 0° 

to 12°. At 0° obturator angle with inlet fluid flowing at a velocity 

of 2.5m/s the pressure drop is minimal as the position of obturator 

doesn’t obstruct the flow path. Although a part of obturator 

(aerofoil element) is protruding out from the cylindrical face of the 

obturator but the effect on pressure drop is minimal. As the angle 

of obturator is increased the flow area about the obturator starts to 

decrease and in order to comply with law of conservation the fluid 

has to travel faster and this result in lower pressure on the upper 

side of obturator. The lower side experiences high pressure as the 

fluid becomes almost stagnant as there is no flow through under 

the lower side. This variation in the pressure upstream and 

downstream of the valve results in pressure drop.  

The amount of torque on obturator increases with the increase 

in obturator angle. The torque generated is higher at 10m/s velocity 

(241.74Nm) and lower at a velocity of 2.5m/s (3.82Nm) with the 

obturator angle set at 12°. With higher velocities the pressure 

gradient is higher compared to pressure gradient at lower 

velocities. This high difference in the pressure results in high 

pressure energy being exerted on the obturator & this accounts for 

large amounts of torque. However, at 0° obturator angle the 

pressure gradient works in the opposite behaviour. The front side 

of the aerofoil element experiences higher pressure as compared 

to the lower side & this high pressure embeds the obturator into 

the valve housing and results in no significant torque. The results 

also showed that at every instance where the obturator angle is at 
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0° the torque produced is insignificant. Therefore, it is important 

to have obturator positioned at certain angle to generate a required 

torque. 
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