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Abstract 

Valves are used in the most pipe systems today. There are a lot of different valves used 

depending on the system. They all do have in common to withstand all possible kind of failure 

that might occur. Common issues are cavitation, water hammer and friction torque. Friction 

torque is dependent on the deflection of the valve due to the high load on the valve body, for 

a butterfly valve this will be the disk. The pressure distributed on the disk differ depending on 

the opening angle of the butterfly valve. Opening angles of 3, 15 and 30 degrees are 

investigated. The further the valve is opened the lower the pressure will be on the 

downstream side and also the total pressure on the disk is decreased. This investigation shows 

that the impact in terms of deflection angle is constant for the lower opening degrees but for 

30 degrees of opening there is a drop in deflection angle on the shaft. This means that the 

shaft will absorb less force due to loading on the disk and lead to reduced friction torque. With 

use of the same inlet pressure the angle causing the deflection increased linearly. 
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Sammanfattning 

Ventiler används I de flesta rörledningar idag och alla har sin unika utformning beroende på 

hur systemet ser ut. Men vad alla har gemensamt är att de ska motstå alla typer av problem 

som kan uppstå. Vanliga problem är kavitation, ”water hammer” och ökat friktionsmoment. 

Utböjningen av ventilspindeln  beror på belastningen på ventilen av mediet på ventilspjället 

och den ökade normalkraften på kontaktytan som uppstår, bidrar till en ökning av 

friktionsmoment. Tryckfördelningen på ventilspjället är beroende av öppningsgraden på 

ventilen. Här undersökes hur tryckfördelningen ser ut för öppningsgraderna, 3˚, 15˚ respektive 

30˚. Ju mer ventilen öppnas desto större kommer tryckfallet på nedströmssidan av plattan att 

bli. Denna studie visar att vinkeln som är direkt beroende av utböjningen vid lagerna är 

konstant för de två förstnämnda 3˚ och 15˚ oberoende av tryck. Men för 30˚ lättar 

belastningen. Detta betyder att ventilspindeln tar upp mindre kraft och därmed böjs mindre. 

Detta i sin tur leder till minskat friktionsmoment. Dessutom samvarierar nedböjningsvinkeln 

linjärt med inloppstrycket.  
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1. Introduction 

Valves are used in almost every pipeline system. They are used to adjust the flow through the 

system. They are commonly there to prevent damage to other parts of the factory, for 

instance turbines. Hence it is important that the valve can operate correctly by opening and 

closing when the situation requires it. The company SOMAS Ventiler AB has found that the 

actuators got difficulties to operate the valve after a certain time of service. This is because of 

too high friction torque. 

 The applied torque on butterfly valves has to overcome the friction caused by ten factors. 

These are seating (and/or unseating) friction, packing friction torque, hub seal friction torque, 

bearing friction torque, thrust bearing friction torque, weight and centre of gravity torque, 

buoyancy torque, lateral offset or eccentricity torque, dynamic or fluid dynamic torque and 

hydrostatic unbalance torque. The first five here is said to be neglected for valves at size about 

750 millimetres and larger while the last five are mentioned to be neglected for the smaller 

valves of about 300 millimetres [1, 2].  

One of these factors, the bearing friction arising due to the fact that the shaft is bending while 

the valve is closed. This creates one or two critical points of higher contact force between the 

bearing and the housing on each side. These points generate increasing friction and difficulties 

for the valve to operate properly. The aid of computer software is not enough for this 

application and that is why it is of interest to create a test rig and measure the bearing friction 

in reality. And this problem is the upstart of this report. 

1.1. Valves in general 

In general, a valve is a device with a purpose to open and close within a pipe system. Valves 

are not just only used for on-off services, they can also be used for an application in between 

such as throttling services [3]. There are a lot of different types of valves; some of the most 

common ones used today are plug valves, ball valves, butterfly valves, globe valves and gate 

valves. The application determines the design since different design are optimized for 

different conditions. The valves are either manually operated or operated by an actuator. The 

manual valves are mostly used for on-off service, quarter turn motion around the shaft, and 

sometimes used for throttling services. Control valves are much more widely used as throttling 

valves. This is because they are easier to more precisely open a certain amount of degrees [4].  
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The valves of interest here are butterfly valves. These valves are classified as rotational valves, 

opening and closing are within a quarter turn and the flow path is directly through the body. 

The usage of butterfly valves is wide, for example to throttle flow or to divert the flow for 

maintenance purposes. Since the usage is wide and the costs of manufacturing are relatively 

low it is a commonly used type of valve in the industry [5]. The valve consists of a disk inside 

the pipe to prevent or allow flow through the valve. The backside of the disk has springs to 

support the “loaf” and the shaft is mounted through the loaf. On top of the shaft is either an 

actuator or a handle wheel connected for operation. An overview is shown in Figure 1 below. 

 

Figure 1 shows core components of a butterfly valve, figure provided by SOMAS. The springs are on the backside of the disk. 

Near the top of the valve shaft there is commonly a keyseat. This is to be able to mount either 

an actuator or a manual hand wheel for operation purposes. How to operate the valve is 

chosen depending on the application. For simple on-off applications the manual hand wheel 

is more commonly used since the precision of the operation is low. Manual butterfly valves 

may be used for throttling services where the requirements are low. To open the valve 

manually a break-out torque is needed since the force acting on the disk will counteract the 

operation. Sometimes fluid pressure is used to assist the operator to overcome this break-out 

torque. When the disk is in motion it will enter a near-balance state. This is when there is 
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equal amount of pressure on each side of the disk along the symmetry line. To aid the operator 

here most valves got their rotation axis on a lateral offset in relation to the centreline of the 

disk. An actuator is used for higher requirements where the valve may be used in for example 

throttling services. This is because the opening will be more precise and the flow to pass by 

therefore more precise.  

The valve is supported in the shaft housing by bearings, also known as close-fitting guides. 

These are hubs that are sheared on from each side. These ones are to keep the shaft in place 

and prevent wear between housing and shaft and also improve the ability to rotate. The 

material chosen for the guide is very dependent on the differential pressure. This is because 

the friction between guide and housing is generally increased by increased pressure drop. [6] 

The disk can be placed either concentric or eccentric. In the case of a concentric disk the valves 

are constructed very simple for only on-off operations and normally also manufactured out of 

inexpensive materials. A disadvantage here is that the disk will come in contact with the 

seating before the valve is fully closed. That is avoided with an eccentric disk. Since the disk is 

adjusted offset according to the shaft centre line, contact between seating and disk only 

occurs when the valve is closed. That is why these are preferable for throttling services. The 

main advantage by having disk and seating only in contact when closed is to minimize the 

wear [7]. 

1.2. Eccentricities 

Performance can be increased by adjusting the relation of different parts of the valve in 

relation to each other. The simplest butterfly valve is the concentric butterfly valve. Here the 

shaft is integrated in the centreline of the disk. These valves are commonly manufactured in 

inexpensive materials and used for only on-off service with low performance requirements. 

These concentric valves are only good with soft seats, if metal seating are used there will be 

problems for the valve to keep fully seated and wear on the seating would be severe. 

Improvements can be made by adjusting the rotation axis in relation to the disk. To be able to 

use metallic seating and avoid this kind of wear an eccentricity is used. This is by adjusting the 

shaft backwards in the downstream direction and also a lateral displacement in a 

perpendicular direction towards the flow direction. This is called a double eccentric valve. The 

advantages here are not only the available long lasting metallic seatings   but also the wear 
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pints at the top and the bottom is eliminated. This will prolong the lifetime of the valve and 

avoid leakage. Leakage in the periphery of the butterfly valve is one problem avoided with use 

of the eccentricity [6]. A softer seating is still the most effective seating to prevent leakage [8]. 

In addition to the double eccentricity another offset may be added and hence call it a valve 

with a triple eccentricity, see Figure 2. This third offset is determined by creating a cone but 

not a symmetric one. Instead by moving the centreline away from the centreline of the pipe a 

base area of an ellipse is created. The seating is then manufactured with this as a reference 

and this will eliminate friction and jamming of the valve. The valve is also with the triple 

eccentricity condition easier to operate during high temperature applications [6, 8].  

 

Figure 2. A schematic picture of a triple eccentric valve [8]. 

1.3. Common problems with valves 

Butterfly valves have requirements to withstand forces and torque caused by the media when 

operated. If the valve cannot withstand the requirements this may result in the fact that the 

actuator cannot open or close the valve as intended. A large pressure drop may cause a lot of 

problems such as cavitation, high noise levels and water hammer effect. Although the greatest 

problem by this pressure drop is the decrease in efficiency in the system.   
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1.3.1. Cavitation 

Near narrow passages around the valve, also called vena contracta, there is a risk that pressure 

in the flow of high speed will drop down below the vapour pressure, Figure 3. This will cause 

bubbles to form within the flow and implode after the valve when the pressure is built up 

again. These bubbles may damage the construction severely if unattended and by this also 

decrease the life time of the valve. These implodes are formed as a result of several steps 

within the flow. First of all, the velocity increases and the pressure drops below the vapour 

pressure and these bubbles are able to form in voids within the fluid. These voids are caused 

either by gas or impurities acting as “hosts” also called nucleis. The bubble will continue to 

grow until the flow is leaving the vena contracta and as the pressure increases the bubble will 

implode. It will cause material fatigue if the implosion is near a wall [9]. These implosions are 

far more dangerous to the valve than normal boiled water since the energy released is higher. 

The implosion depends on the differential pressure between the ambient and the vapour 

pressure. For fast moving bubbles, speed may also be a dependent factor. The higher pressure 

differential the more damage may be caused [10]. 

 

Figure 3 shows the pressure drop over a valve along with the pressure at the vena contracta. For this case it appears to be 
below the vapour pressure and therefor bubbles will form for this particular case. [11] 

One way of eliminating cavitation within a valve is by using hardened materials (since 

cavitation resistance is dependent on the yield strength of the material) or by modifying the 

system by for example adding more air to the system. This is to lower the damage caused by 

the implosions. Another solution is to use a downstream back-pressure device which will 

lower the pressure drop acting directly on the valve to keep cavitation away from surfaces. It 

is also possible to divide the pressure drop on more than one valve. One drawback with this is 

that the first valve will take the full pressure drop until the flow reaches the second valve.  
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Another phenomenon called flashing will occur if the pressure recovery is high enough. In this 

case the bubbles will not implode. For this case both vapour and liquid will travel downstream 

and cause erosion in the piping. Flashing is impossible to eliminate without modifying the 

system [10, 12]. 

1.3.2. High noise levels 

This phenomenon is mostly damaging for the hearing of human beings. It may cause 

permanent hearing loss. It is vibrations that transfer from the pipeline to the atmosphere 

reaching our ears. This is caused by turbulence in the downstream pipeline. The turbulence is 

caused by the valve itself due to the fact that the valve is interrupting the flow streamline. 

Noise is commonly associated with cavitation within the pipeline, and along with cavitation 

damage of valve components. The good side of this is that it indicates that maintenance is 

necessary to prolonger the lifetime of the valve and/or system. To prevent noise there are 

several anti-noise equipment that could be of use to lower the noise and also prevent 

cavitation [12, 13]. 

1.3.3. Water hammer effect 

A water hammer effect is a wave that may occur for fast closing valves. It is also known as the 

“bathtub stopper effect”. Since it is easy to relate to when the valve to the bathtub is closed 

quickly it is common to hear a jam, this is the water hammer effect. The effect is dependent 

on the velocity before the closing and after, v , according to Equation 1. 

vaP  0      (1) 

Where P  is the magnitude of the pressure,   density, 0a  is the speed of sound in the fluid. 

If the valve is closing slowly it is possible to neglect any elastic behaviour and only consider

dt

dv
LAPAmaF  , or if constant deceleration tvLP / . [14, 15, 16] 

1.4. Problem due to friction 

Butterfly valves are to withstand high pressures from the flow. This will cause the valve to 

bend towards the downstream pipeline. This cause increased contact in between the guides 

and the housing, increasing the friction and with it the torque required to operate the valve. 

The torque required by the actuator or the operator is dependent on ten components. These 
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torque components are seating friction, packing friction, hub seal friction, bearing friction, 

thrust bearing friction, weight and centre of gravity, buoyancy, lateral offset or eccentricity, 

dynamic or fluid dynamic and hydrostatic unbalance. These are components depending on 

the diameter of the pipe. If the pipe diameter is of 300 millimetres or less, then the first five 

will control the needed torque to operate the valve. The last six components control the 

torque for valves with a diameter of 750 millimetres or greater [1]. 

The bearing friction torque always acts in the opposite direction of the rotation for the 

butterfly valve [17]. The force acting on the disk, P
D


4

2

, assumes to result in two reaction 

forces, one on each bearing. Here D is the diameter of the disk and P is the pressure acting on 

the disk. Due to friction,  , between the housing and the shaft the result will be bearing 

friction, also denoted as bearing friction torque by multiplying with the torque arm, sd .   

The bearing friction is commonly calculated as the bearing friction torque calculated as in 

Equation 2. 

4

2 sPdD
T     (2) 

Where D  is the diameter of the disk, P  the pressure drop, sd  is half the shaft diameter and 

  is the coefficient of friction.  The torque can easily be described as in Figure 4. 
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Figure 4. An overview for calculating the bearing torque needed to operate the valve. 

 

In comparison with ball valves the butterfly valve disk always remains within the fluid which 

means that the pressure drop remains in the system whenever the valve is fully open or 

partially open. In CFD (Computational Fluid Dynamics) analysis, the pressure distribution is of 

interest across the disk. A two dimensional analysis of the middle section describing the fluid 

velocity with vectors and the pressure contours is shown in Figure 5 [18]. CFD is a software 

used to calculate the influence of a fluid in a system. As for this example a fluid around a 

complex body in a piping system. 
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Figure 5. Shows the pressure distribution on a disk of a butterfly valve according to the reference [18]. 

It is shown that the pressure is evenly distributed on the upstream side of the valve and with 

variations appearing on the edges. Small elements are used around the disk which will help 

the solver to converge faster and the output to become more precisely. Six pipe diameters of 

length are added upstream before the valve and ten pipe diameters of length are added 

downstream. This is to remove the boundary condition errors. Here the k-epsilon model is 

used because of its robustness, low memory requirement and accuracy. The model is also 

known for good performance around complex geometries [18, 19]. K-epsilon is a turbulence 

model commonly used in fluid dynamics, mostly because of its robustness and usage for fluids 

around complex bodies. 

To be able to use the k-epsilon model the Reynolds number is a value to determine if the fluid 

is essential for the analysis wherever it is turbulent or laminar flow. The Reynolds number is 

calculated with by Equation 3 



 DV

v

DV

forcesViscous

forcesInterior avgavg
Re    (3) 
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avgV is the average flow velocity of the fluid, D  is the characteristic length of the geometry (in 

this case the diameter), 



v  is the kinematic viscosity,   is the dynamic viscosity and   is 

the density of the fluid [20]. For laminar state of the fluid the Reynolds number is in the range 

of 0-2300 and for turbulence state it is over 4000. The region 2300-4000 is a transition region. 

1.5. Problem statement 

The purpose of this study is to examine the pressure distribution on a valve disk for different 

opening degrees and the deflection angle near the housing because of this loading condition. 

Increased load will lead to increased deflection angle and higher wear of housing. The pressure 

distribution has to be evaluated on the disk itself in aid of fluid simulation. This is done by 

using CFD analysis in COMSOL and gather pressure distribution on three different cases of 

opening degrees. These cases are 3, 15 and 30 degrees of opening and the corresponding 

analysis to each of these opening degrees are to determinate wherever there is a dependency 

or independency of opening of the valve. 

There are a lot of factors that are in need of investigation to avoid failure of a valve. This study 

has focus on how the normal force will change at the bearing due to the loading on the disk 

and since these two forces will counteract, when bending of the valve shaft will occur. 

In line with above there are a two main questions to be answered in this thesis. 

1. How is the pressure distributed on the disk of the valve at different opening degrees? 

2. How do different opening angles of a valve impact the shaft?  
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2. Method 

The methodology will follow the flow chart in Figure 6. Parameters added for simulations are 

inlet and outlet pressures, flow velocities and density to the first model. The basis of the first 

COMSOL model is then used to create the second model. Input parameters are then adjusted 

to improve the objective, in this case the pressure drops along the edges. Material properties 

are added along with the pressures distribution from COMSOL info ANSYS for the final analysis 

to reach conclusions of the study. More in details will follow in the upcoming sub-sections. 

 

Figure 6. A schematic flow chart of the methodology from the problem statement to the conclusions. 

2.1. Problem 

The target here is to create a model to simulate the pressure distribution on a valve disk and 

after refinement of this model transfer the results from a CFD software to a FEM (Finite 

Element Method) for analysis. The analysis of interest is not only the pressure distribution on 

the disk but also the impact on the valve shaft.  COMSOL Multiphysics 5.1 is chosen for the 

CFD analysis regarding the analysis of the pressure distribution on the valve disk and ANSYS is 

chosen for the analysis to determine the deflection angle on the valve shaft near housing.  



16 
 

A CAD (Computer Aided Design) model is created for the fluid simulation. Since the fluid is of 

interest, everything in the geometry made of a solid material is to be removed and to form a 

geometry only regarding the flow. To do this you create a negative volume by extruding a 

cylinder, representing the inner radius of the pipe, through the valve body and subtracting the 

valve body. The model is created with references from the original drawing provided by the 

valve manufacturer, SOMAS Ventiler AB. The input parameters used for the analysis are 

presented in Appendix A. 

2.2. COMSOL – Model 1 

The valve itself is built up within COMSOL by combining simple geometries to form the more 

complex valve body. First a cylinder with height of 17 millimetres and diameter of 382.5 was 

created. Secondly adding a cuboid combined with a half of a cylinder centred on the backside 

to represent the loaf. The dimension of the loaf is 80 millimetres high in the flow direction and 

90 millimetres wide. The backside radius of the loaf is set to 45 millimetres on both edges. 

This is extruded 360 millimetres with equal distance on both sides of the centre line of the 

valve disk, in the shaft direction. In this adding the shaft goes right though this loaf. The shaft 

is 50 millimetres in diameter and placed 40 millimetres behind the front side of the disk. Six 

(three geometries) springs are added on the back side to support the loaf. The ones on both 

sides in the middle are equal and the ones of the bottom and top are equal. The centre one is 

sketched as a triangle with the base equal to 36 millimetres centred and the height set to 6 

millimetres. The ones at the top and the bottom are triangles with the base of 14 millimetres 

centred and the height of 7 millimetres. Finally, a burnishing of 19.9 degrees is done on the 

right side of the edge of the disk. See Figure 7. This model is then used to create the negativity.  

 

Figure 7. This is the first model used for analysis. Six springs, 3 on each side, the middle one larger than the other ones. The 
upper and the bottom one are equally dimentioned. 
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With the model of the valve complete, a cylinder with the diameter 397.6 millimetres and the 

height of 15 metres symbolizing fluid inside the pipe is modelled. The valve body is placed 

within this cylinder, both centrelines of the disk and the pipe cylinder are consistent, with 5 

metres before and 10 metres after the valve body. The distance in front of the valve is to make 

sure the turbulence is fully developed before it reaches the valve. After the valve, there will 

be swirls appearing and to avoid impact of these there, is a greater length of pipe. This 15 

metres pipe is now used to remove the volume of the valve inside the cylinder, this by using 

Boolean operations, adding the cylinder and subtracting the valve body. The result is called 

the negativity of the model. Meaning the only geometry remaining is volume where fluid flow 

is. 

The turbulent flow model used is the k-epsilon under stationary conditions. This turbulence 

model will perform two calculations during analysis. The first variable determines the 

turbulent kinetic energy and the second one the rate of the dissipation of the turbulent kinetic 

energy. The use of a turbulence model is based on Equation 3 where the Reynolds number 

will be greater than 4000 for all cases in Appendix A. Turbulent flow compared to laminar flow 

will yield a more even velocity profile through the pipe system compared to laminar. The 

boundary condition upstream, from the Physics tab, used is the inlet flow normal to the flow 

direction. The downstream, from the Physics tab, velocity of the fluid is set to be the same as 

the inlet flow velocity. The pressures are to be compared with the known values from 

Appendix A to verify the model. As material the standard Water, liquid from the material 

database of COMSOL is used with predefined parameters. The only difference is that the 

density used is 991.014 3/ mkg  as provide from the Appendix A. All other boundaries including 

the pipe wall and the boundaries around the void of the valve body are set to a standard wall 

boundary condition. No wall roughness is used for this model.  

Since the analysis is in 3D, the element type used in the analysis is tetrahedral elements. 

Tetrahedral elements are the standard elements used in COMSOL and mesh refinements are 

easier with these types of elements. The mesh used is the pre-set settings for fine (maximum 

element size of 65.9 millimetres and minimum element size of 12.4 millimetres) mesh overall 

and finer settings at around the boundaries of the valve (maximum element size of 46.0 

millimetres and minimum elemental size of 4.97 millimetres). It is of importance to have the 

element size very small compared to the gap between the valve body and the pipe system. 
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This to increase the stability of the solver, that is the reason for the use of finer mesh around 

the valve body. 

This model is used for three different cases at opening degrees of 30, 60 and 80 with inlet 

pressure drops of 6, 0.53 and 0.22 bar respectively. To solve the analysis, the standard 

iterative method is used to calculate the final results. By using an iterative method, the 

solution is calculated in small steps rather than one big one. With each iterative calculation 

the target is to minimize the error between the previous and the current solution. For this 

analysis the maximum error is set to the default value, 310 . 

These results were discussed at a meeting and lead to suggestions to improve for a second 

model.   

2.3. COMSOL – Model 2 

In creation of a new model, critical areas to be improved is to be identified. Since the pressure 

distribution is of interest for this study, focus is to improve this part. The loaded area is 

analysed for improvements and one finding is that the gap is to be narrowed between the 

pipe wall and the disk itself. Therefore, in this second model the disk is increased in area from 

382.5 millimetres in diameter to 385.5 millimetres. The same burnishing of 19.9 degrees is 

done in the second model as in the first. But critical change is that the loaf, shaft and supports 

are removed. Instead a narrowing part of the pipe is created to symbolize the valve housings 

inside the pipe. This housing is represented by a ring with a thickness of 4.3 millimetres and 

extruded 28.1 millimetres placed around where the valve is positioned, 5 metres from the 

inlet boundary, according to drawings provided by the manufacturer, see Figure 8. The valve 

body is placed 5.0568 metres away from the same inlet boundary. Also the boundary 

conditions at inlet and outlet are changed to represent mass flow and pressure respectively. 

Also four pressure points are added at 90 degrees apart from each other at the inlet to 

maintain the correct pressure at the beginning of the flow. In the same way as for the first 

model, tetrahedral elements are used and the mesh size is of importance for convergence and 

the overall mesh size chosen is with the same consideration as for the first model. All 

boundaries in connection to the disk has maximum and minimum element size set to 61.1 

millimetres and 18.2 millimetres respectively. The general mesh size is set to 167.0 millimetres 

and 50.2 millimetres as maximum respectively minimum element size. To be able to perform 

the mesh there has to be refinement in narrow regions between the pipe and the valve body. 
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Therefore several additional sizing, both edges and boundaries, are done around the valve 

disk. 

 

Figure 8. Shows the second model used for COMSOL analysis. The disk is simplified without geometries on the back and also 
a narrowed section around it representing the housing. 

With acceptance, by the staff at SOMAS on the second model, the pressure distribution is 

transferred to FEM for further analysis and to determine the impact of the shaft. By dividing 

the area into smaller area elements in COMSOL they can easily be translated into FEM. The 

average pressure of each area element is used. The results are gathered from the Result node 

in the COMSOL tree. This by adding the front surface and the edge all around the disk as a 

surface under Data Sets. This is then to be plotted using a 3D Plot Group for only the chosen 

surface. Under expression enter “p” to get pressure values.  

The comparable velocities are gathered in a similar way. First by adding a 1D Plot Group, 

secondly creating a centreline from the inlet boundary to the outlet boundary through the 

pipe. This is plotted as a line graph, the expression used here is spf.U.  

2.4. ANSYS – Model  

The next step in the process is to export the results from COMSOL and implement it in ANSYS. 

It should be denoted that the geometry from COMSOL is no longer used. Instead the real 

geometry of the valve is imported from Inventor by first assembling a plain shaft with the disk. 

These parts are then merged together by editing the shaft within the assembly and using the 
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Copy Object tool to copy the disk part into the shaft part and finally the combine tool to merge 

the two parts together. This creates one single solid part. Both of the parts are assumed to 

have the same material constants. The pressure is plotted along the disk in 8 directions with 

45 degrees between each other according to Figure 9. These plots are done manually by 

clicking along the corresponding line on the pressure result window in COMSOL. The disk is 

also divided in sub areas. This is done by drawing circles with radius 192.8, 182.9,  172.4 and 

161.3 millimetres respectively. The enclosed rings between each other all represent 10% of 

the total area of the disk. Each line intersects with the four rings creating four points. The 

pressure at each point is interpolated from the plots along the lines. Each point is named after 

line and corresponding circle, starting from the point from center towards the edge along line 

1; named 1A, 1B, 1C and 1D respectively. Note here that the point D is on the edge. These 

points are then used to determine the pressure of the enclosing area. For example, line 1 and 

line 2 intersects with the two inner circles and they together form an enclosed area. The 

pressure at this enclosed area is calculated as the mean pressure of the four intersecting 

points. This process is repeated for all 32 regions. 

 

 

Figure 9. The partitioning of the valve disk. 

The pressure at each point is linearly interpolated with Equation 4. 

)/()(*)( 121121,,, XXXKPPPP DCBA     (4) 
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Where P  is the pressure, K  is the distance at which the pressure is unknown and X is the 

distance. Indices 1 and 2  represent the measured values of each side of the point of interest 

where index 1 represents the vale closest to the edge and 2  represents the value closest to 

the centre.  

The following steps are done within the DesignModeler to create these subdivided areas in 

ANSYS. The three inner circles are drawn as polygons with 32 corners and the tool FaceSplit is 

used to divide the faces. To create the lines, four planes are created along them and a block 

with thickness at least of 710  is used, the thin “spokes” shown in Figure 11.  

To create the final circle at the edge a ring is modelled around the disk at the radius 192.8 

millimetres and arbitrary outer radius. The height of the ring is set to 9.5 millimetres from the 

outer surface of the disk, half of the full thickness of the disk required to apply the correct 

pressure condition. 

The result of these sub-models form the final model shown in Figure 10. And this model is 

used to create the lines by using the body operation imprints. This will leave marks of the 

model on the disk required to apply the pressures on the sections. This yellow geometry 

shown in Figure 10 is removed afterwards and is not included in the analysis. 

 

Figure 10. Added a reference model to create the imprints. 

With the required sub-areas created next step is to set boundary conditions and apply the 

pressures on these areas. As boundary condition the remote displacement is used on the 
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surface area of the shaft on both sides. Remote displacement is used to guide a displacement 

from a remote point. Compared to classic displacement boundaries, the remote displacement 

does not add any stiffness to the entries in question. Also, rotational displacements are 

possible along the centreline of the shaft which in this case is very much reliable. This because 

of the off-balance of the disk since the shaft is not centred. The remote point used is set 

symmetrical of the y axis at the point where the shaft comes in contact with the housings, see 

Figure 11. Also shown in the picture is the remote force on the same point as the remote 

displacement is applied. This force is to equal the bearing forces generated by the pressure on 

the disk and stabilizing the model. Figures 11-13 shows the input data for the remote 

displacement. 

 

Figure 11. Explanation of the boundary conditions 
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Figure 12. Remote displacement top boundary condition 

 

Figure 13. Remote displacement bottom boundary condition 

Since there is a symmetric condition along line 2 and line 6 (Figure 9) the pressure is 

determined as the mean pressure of the two corresponding symmetric areas. This means that 

the pressure in 8G is equal to the pressure in 3G. Explanation of this new denotation is shown 

in Figure 14. Therefore, the average pressure of these two areas will be the pressure on both 
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areas, in line with Figure 15. The pressure is added in the normal direction as shown in Figure 

11.  

 

 

Figure 14. Here a new notation for the areas is introduced. Numbers are the same in the radial direction. 

Table 1 shows how the points and the areas are related to each other. First, calculation is to 

determine the mean value of the four points (6th column). Secondly, the mean value of the 

two corresponding symmetric segments is calculated. The segments with symmetry are 1F 

and 2F, 3F and 8F, 4F and 7F and 5F and 6F. This symmetry applies for latter G and H as well. 

All pressures in segments with letter E are equal to inlet pressure. 
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Table 1. This table is an overview of the relation between the points and the areas using the notation from Figure 15.  

Area Point 1 Point 2 Point 3 Point 4 Mean 
value of 
the four 
points 

Mean 
value of 
the 
symmetric 
segments 

(1-8)E - - - - Inlet 
pressure 

Inlet 
pressure 

1F 1A 1B 2A 2B Average Average* 

2F 2A 2B 3A 3B Average Average* 

3F 3A 3B 4A 4B Average Average* 

4F 4A 4B 5A 5B Average Average* 

5F 5A 5B 6A 6B Average Average* 

6F 6A 6B 7A 7B Average Average* 

7F 7A 7B 8A 8B Average Average* 

8F 8A 8B 1A 1B Average Average* 

1G 1B 1C 2B 2C Average Average* 

2G 2B 2C 3B 3C Average Average* 

3G 3B 3C 4B 4C Average Average* 

4G 4B 4C 5B 5C Average Average* 

5G 5B 5B 6B 6C Average Average* 

6G 6B 6C 7B 7C Average Average* 

7G 7B 7C 8B 8C Average Average* 

8G 8B 8C 1B 1C Average Average* 

1H 1C 1D 2C 2D Average Average* 

2H 2C 2D 3C 3D Average Average* 

3H 3C 3D 4C 4D Average Average* 

4H 4C 4D 5C 5D Average Average* 

5H 5C 5D 6C 6D Average Average* 

6H 6C 6D 7C 7D Average Average* 

7H 7C 7D 8C 8D Average Average* 

8H 8C 8D 1C 1D Average Average* 
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Figure 15. The pressure on the opposite sides of the centre line has the same applied pressure. 

To measure the result, paths along the shaft on both sides are created with starting points at 

the remote points and end points at the loaf behind the disk. The paths are shown in Figures 

17-18. 

 

Figure 16. Here Path 1 is defined from the top remote point to the loaf. 
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Figure 17. Here Path 2 is defined from the bottom remote point to the loaf. 

The goal is to determine the angle between the shaft and the housing, for this case at the 

remote point. This is determined by analysing the path and determining the angle between 

the first two sample points of the path. Since the boundary conditions near the paths are 

different, the mean initial angles of path 1 and path 2 are chosen. 

The mesh used for the analysis is determined by having a coarse overall mesh and using the 

refinement tool in ANSYS on the shaft and the loaf, see Figure 19. The mesh shown is the 

actual mesh used for the results. But to determine the mesh, the mesh was done for one case 

and the maximum displacement along the loaf, in the centre, were compared to find 

convergence. To determine how many sample points needed to determine the initial angle at 

path 1 and path 2, the number of sampling points were adjusted until it hit convergence. 
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Figure 18. Overall element size of 20 millimetres  and refinement 2 on loaf and shaft 
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3. Result and Discussion 

3.1. COMSOL 

The first model in COMSOL generated results with good adoption to velocities but not to 

pressures. The analysis did not maintain the pressure all the way through the pipe resulting in 

a small decrease in pressure from inlet boundary condition to the valve. This tendency was for 

this model greater for higher opening degrees and that is why more focus on lower opening 

angles. Also the pressure distributions on the valve disk were unreliable since the pressure 

drop was the same all around the edge of the disk. This because the gap around the valve 

were at lower opening degrees of equal size all around. This led to the second model with 

decreased gap around the valve according to reality. Also, this lead to removal of the backside 

geometries due to the model being large and with small conflicts between the cylinder (pipe) 

and the valve geometry. To avoid these conflicts and increasing of the objective, the disk, a 

removal was a must. The solution for maintaining the pressure was to change boundary 

conditions from inlet and outlet velocities to inlet mass flow and outlet pressure. Also adding 

four pressure points as an extra boundary condition at the inlet.  

The velocities through the pipeline were generated from the second COMSOL model for 

comparison with the ones provided by the manufacturer. The velocity at the centreline 

through the full pipeline were near 1.0 m/s for the case of 3 degrees of opening, 2.5 m/s for 

the case of 15 degrees of opening and last 5 m/s for the case of 30 degrees of opening. To 

mention here is that the data generated for the system is not gathered in the same way as the 

way they are calculated in this study. The data provided has the average velocity while 

COMSOL generated the maximum velocity. Since the flow through the pipe is turbulent the 

maximum velocity is expected to be a little greater than the average but not much greater. 

This is because turbulent flow has constant velocity through the pipe diameter except close 

to the walls, here the velocity is normally approximated to be zero. However, adoption is the 

best for the higher opening degrees where the difference is only a few percent but for the 

case of 3 degrees opening it is almost twice as high as the provided calculations. Since these 

velocities are only for comparison to tell wherever the completed analysis is in the right region 

or not they are also not considered further. The target question is to find out the pressure 

distribution. 
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Figure 19 shows the pressure distribution along line 1, from Figure 8, for the case with 3 

degrees opening. For more Figures, see Appendix B. 

 

Figure 19. Pressure distribution along the pressure line 1 in figure 9. The opening degree is 3 degrees. 

In Figure 19 and Appendix B the values of interest are the ones at point A, B, C and D. These 

are equal to 192.75, 182.859, 172.401 and 161.266 millimetres respectively. The values are 

interpolated according to Equation 1 and the full table of all values. All these values for the 3, 

15 and 30 degrees of opening case are presented in Tables 2-4. If using Figure 19 as an 

example, one can see that there are only differences in pressure at the last centimetre or less. 

Since Figure 19 is the plot along a line that will move in the upstream direction, the pressure 

drop is low since the fluid will still collide with the region directly independent wherever the 

valve is opened or closed compared to along a line on the opposite side, for example line 5 

shown in Figure 31. Here the pressure will drop even further since the area is burnished and 

therefore facing the downstream side, resulting in the fact that the fluid will not collide 

directly with the area. 
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Table 2 shows the pressure at each point along each of the eight lines for 3 degrees of opening. The number indicates the line 
and the letter indicated the radius. See Figure 9 as reference for the system of points. 

Pressure 
(bar) 

Point Pressure 
(bar) 

Point 

14,03898 1D 13,55100 5D 
15,08316 1C 14,73029 5C 
14,95682 1B 14,94146 5B 
14,97349 1A 14,96526 5A 
14,08459 2D 13,69800 6D 
14,90787 2C 14,24444 6C 

14,95699 2B 14,88054 6B 
14,97000 2A 14,94363 6A 
14,08698 3D 13,79200 7D 
14,91419 3C 14,66059 7C 
14,96300 3B 14,93200 7B 

14,97438 3A 14,96000 7A 
14,09760 4D 13,61277 8D 
14,92132 4C 14,89654 8C 
14,96800 4B 14,95682 8B 
14,97647 4A 14,97200 8A 

  

Table 3 shows the pressure at each point along each of the eight lines for 15 degrees of opening. The number indicates the 
line and the letter indicated the radius. See Figure 9 as reference for the system of points. 

Pressure 
(bar) 

Point 
Pressure 
(bar) 

Point 

14,21093 1D 14,16900 5D 

14,92963 1C 14,72226 5C 

14,96307 1B 14,94155 5B 

14,97200 1A 14,96470 5A 

14,08898 2D 13,43500 6D 

14,74161 2C 14,37073 6C 

14,94011 2B 14,86860 6B 

14,96882 2A 14,93730 6A 

14,37684 3D 13,52100 7D 

14,90767 3C 14,70496 7C 

14,95587 3B 14,93093 7B 

14,97183 3A 14,96033 7A 

14,09989 4D 14,12503 8D 

14,86211 4C 14,92747 8C 

14,95430 4B 15 8B 

14,96800 4A 15 8A 
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Table 4 shows the pressure at each point along each of the eight lines for 30 degrees of opening. The number indicates the 
line and the letter indicated the radius. See Figure 9 as reference for the system of points. 

Pressure 
(bar) 

Point 
Pressure 
(bar) 

Point 

13,30109 1D 13,52390 5D 

14,66354 1C 11,34312 5C 

14,99064 1B 11,73762 5B 

15 1A 15 5A 

12,75953 2D 10,57900 6D 

14,62771 2C 11,73272 6C 

14,99741 2B 13,88363 6B 

15 2A 14,54406 6A 

12,67572 3D 12,12000 7D 

14,64327 3C 12,86741 7C 

15 3B 14,28903 7B 

15 3A 14,47104 7A 

14,32431 4D 13,98646 8D 

15 4C 14,97621 8C 

15 4B 15 8B 

15 4A 15 8A 

 

To calculate the pressure equivalents to be used in ANSYS, the average pressure of the four 

nodes corresponding to each area have been used. The nodes corresponding to each area is 

shown in Figure 9, where as an example node 1A, 2A, 1B and 2B are nodes that will contribute 

to one area. The average pressure calculated for each area in the 3, 15 and 30 degrees of 

opening case respectively is presented in Tables 5-7. If deeply focusing on Table 5 one can see 

that the pressure is more or less equal for the areas with indices E and F. But as we look closer 

to the edge, the areas moving towards the upstream direction will remain higher but 

compared to the ones near the burnished edge of the valve disk moving in the downstream 

direction. 
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Table 5. The pressure for all segments for 3 degrees opening. All values are in bar. 

Area Point 1 Point 2 Point 3 Point 4 Average 
pressure 

Average 
due to 
symmetry 

(1-8)E 15 15 15 15 15 15 

1F 14,97349 14,95682 14,97 14,95699 14,96433 14,96521 

2F 14,97 14,95699 14,97438 14,963 14,96609 14,96521 

3F 14,97438 14,963 14,97647 14,968 14,97046 14,96762 

4F 14,97647 14,968 14,96526 14,94146 14,9628 14,959 

5F 14,96526 14,94146 14,94363 14,88054 14,93272 14,93088 

6F 14,94363 14,88054 14,96 14,932 14,92904 14,93088 

7F 14,96 14,932 14,972 14,95682 14,95521 14,959 

8F 14,972 14,95682 14,97349 14,95682 14,96478 14,96762 

1G 14,95682 15,08316 14,95699 14,90787 14,97621 14,95586 

2G 14,95699 14,90787 14,963 14,91419 14,93551 14,95586 

3G 14,963 14,91419 14,968 14,92132 14,94163 14,95748 

4G 14,968 14,92132 14,94146 14,73029 14,89027 14,87588 

5G 14,94146 14,73029 14,88054 14,24444 14,69918 14,68929 

6G 14,88054 14,24444 14,932 14,66059 14,67939 14,68929 

7G 14,932 14,66059 14,95682 14,89654 14,86149 14,87588 

8G 14,95682 14,89654 14,95682 15,08316 14,97334 14,95748 

1H 15,08316 14,03898 14,90787 14,08459 14,52865 14,51353 

2H 14,90787 14,08459 14,91419 14,08698 14,49841 14,51353 

3H 14,91419 14,08698 14,92132 14,0976 14,50502 14,45644 

4H 14,92132 14,0976 14,73029 13,551 14,32505 14,28276 

5H 14,73029 13,551 14,24444 13,698 14,05593 14,07735 

6H 14,24444 13,698 14,66059 13,792 14,09876 14,07735 

7H 14,66059 13,792 14,89654 13,61277 14,24048 14,28276 

8H 14,89654 13,61277 15,08316 14,03898 14,40786 14,45644 
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Table 6. The pressure for all segments for 15 degrees opening. All values are in bar. 

Area Point 1 Point 2 Point 3 Point 4 Average 
pressure 

Average 
due to 
symmetry 

E 15 15 15 15 15 15 

(1-8)E 14,97200 14,96307 14,96882 1494011 14,96100 14,96008 

2F 14,96882 14,94011 14,97183 1495587 14,95916 14,96008 

3F 14,97183 14,95587 14,96800 1495430 14,96250 14,97313 

4F 14,96800 14,95430 14,96470 1494155 14,95714 14,96498 

5F 14,96470 14,94155 14,93730 1486860 14,92804 14,92616 

6F 14,93730 14,86860 14,96033 1493093 14,92429 14,92616 

7F 14,96033 14,93093 15 1500000 14,97282 14,96498 

8F 15 15 14,97200 1496307 14,98377 14,97313 

1G 14,96307 14,92963 14,94011 1474161 14,89361 14,88996 

2G 14,94011 14,74161 14,95587 1490767 14,88632 14,88996 

3G 14,95587 14,90767 14,95430 1486211 14,91999 14,93752 

4G 14,95430 14,86211 14,94155 1472226 14,87006 14,88045 

5G 14,94155 14,72226 14,86860 1437073 14,72579 14,72230 

6G 14,86860 14,37073 14,93093 1470496 14,71881 14,72230 

7G 14,93093 14,70496 15 1492747 14,89084 14,88045 

8G 15 14,92747 14,96307 1492963 14,95504 14,93752 

1H 14,92963 14,21093 14,74161 1408898 14,49279 14,51078 

2H 14,74161 14,08898 14,90767 1437684 14,52878 14,51078 

3H 14,90767 14,37684 14,86211 1409989 14,56163 14,55495 

4H 14,86211 14,09989 14,72226 1416900 14,46332 14,39147 

5H 14,72226 14,16900 14,37073 1343500 14,17425 14,09109 

6H 14,37073 13,43500 14,70496 1352100 14,00792 14,09109 

7H 14,70496 13,52100 14,92747 1412503 14,31962 14,39147 

8H 14,92747 14,12503 14,92963 1421093 14,54827 14,55495 
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Table 7. The pressure for all segments for 30 degrees opening. All values are in bar. 

Area Point 1 Point 2 Point 3 Point 4 Average 
pressure 

Average 
due to 
symmetry 

(1-8)E 15 15 15 15 15 15 

1F 15 14,99064 15 14,99741 14,99701 14,99818 

2F 15 14,99741 15 15 14,99935 14,99818 

3F 15 15 15 15 15 14,99883 

4F 15 15 15 11,73762 14,18441 14,43721 

5F 15 11,73762 14,54406 13,88363 13,79133 14,04413 

6F 14,54406 13,88363 14,47104 14,28903 14,29694 14,04413 

7F 14,47104 14,28903 15 15 14,69002 14,43721 

8F 15 15 15 14,99064 14,99766 14,99883 

1G 14,99064 14,66354 14,99741 14,62771 14,81983 14,81846 

2G 14,99741 14,62771 15 14,64327 14,81710 14,81846 

3G 15 14,64327 15 15 14,91082 14,90921 

4G 15 15 11,73762 11,34312 13,27019 13,77667 

5G 11,73762 11,34312 13,88363 11,73272 12,17427 12,68374 

6G 13,88363 11,73272 14,28903 12,86741 13,19320 12,68374 

7G 14,28903 12,86741 15 14,97621 14,28316 13,77667 

8G 15 14,97621 14,99064 14,66354 14,90760 14,90921 

1H 14,66354 13,30109 14,62771 12,75953 13,83797 13,75726 

2H 14,62771 12,75953 14,64327 12,67572 13,67656 13,75726 

3H 14,64327 12,67572 15 14,32431 14,16083 14,19633 

4H 15 14,32431 11,34312 13,52390 13,54783 13,51768 

5H 11,34312 13,52390 11,73272 10,57900 11,79469 11,80973 

6H 11,73272 10,57900 12,86741 12,12000 11,82478 11,80973 

7H 12,86741 12,12000 14,97621 13,98646 13,48752 13,51768 

8H 14,97621 13,98646 14,66354 13,30109 14,23183 14,19633 

 

3.2. ANSYS 

The data gathered from COMSOL is used in ANSYS by dividing the disk according to the 

methodology described in the method section. The pressure on the disk is assumed to have 

the same distribution on the disk in relation to the inlet pressure. By multiplying the result 

with a factor the result may be used for inlet pressures of 15, 20, 30, 40 and 50 bar. The 

Young’s modulus is 199.964 GPa at 20ᵒC according to the standard EN 13445-3:2009 Issue 5 

(2013-07) for steel within group 8.1 and 8.2. 

The subsections transferred from COMSOL to ANSYS are worth a note since there was no 

direct transfer tool used. Instead these lines used to transfer the pressure distribution on the 
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disk were created by hand and this creates uncertainties in the transfer. A CFD compatible 

software for FEM analysis would have been a better solution. The creation of subsections 

using imprints with help of an external reference geometry gave the disadvantage of narrow 

areas not loaded with pressure. But since the thickness of these thin unloaded lines are the 

size of 410  millimetres these areas are neglected. 

The paths on each side of the loaf are equal in length and both have 98 sample points (and 

two end points) with the same distance between each point. By using the distance between 

the end point at the remote point and the first sample point at a distance of 272.73 millimetres 

away it is possible with aid of trigonometry to calculate the angle of deflection. This is 

presented for five different pressures at each case of opening degrees for the valve. This is 

presented in Tables 8-10.  

Table 8. At five different pressures this table shows the corresponding deflection and the deflection angle near the bearing. 
This is for 3 degrees of opening. 

 3 ˚ Path 1 Path 2  

Pressure 
(bar) 

Point distance deformation 
(m) 

theta 1 distance 
(m) 

deformation theta 2 average 
theta 

15 1 0 1,05E-03 0,071407 0 1,05E-03 0,071386 0,071396 

  2 0,27273 1,39E-03   0,27273 1,39E-03     

20 1 0 1,40E-03 0,095209 0 1,39E-03 0,095188 0,095199 

  2 0,27273 1,85E-03   0,27273 1,85E-03     

30 1 0 2,09E-03 0,142814 0 2,09E-03 0,142772 0,142793 

  2 0,27273 2,77E-03   0,27273 2,77E-03     

40 1 0 2,79E-03 0,190418 0 2,79E-03 0,190376 0,190397 

  2 0,27273 3,70E-03   0,27273 3,69E-03     

50 1 0 3,49E-03 0,238022 0 3,49E-03 0,237959 0,237991 

  1 0,27273 4,62E-03   0,27273 4,62E-03     
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Table 9. At five different pressures this table shows the corresponding deflection and the deflection angle near the bearing. 
This is for 15 degrees of opening. 

 15 ˚ path 1 path 2  

Pressure 
(bar) 

Point distance deformation 
(m) 

theta 
path 1 

distance 
(m) 

deformation theta 
path 2 

average 
theta 

15 1 0 1,05E-03 0,071407 0 1,05E-03 0,071407 0,071407 

  2 0,27273 1,39E-03   0,27273 1,39E-03     

20 1 0 1,40E-03 0,095209 0 1,39E-03 0,095188 0,095199 

  2 0,27273 1,85E-03   0,27273 1,85E-03     

30 1 0 2,09E-03 0,142814 0 2,09E-03 0,142772 0,142793 

  2 0,27273 2,77E-03   0,27273 2,77E-03     

40 1 0 2,79E-03 0,190439 0 2,79E-03 0,190397 0,190418 

  2 0,27273 3,70E-03   0,27273 3,70E-03     

50 1 0 3,49E-03 0,238043 0 3,49E-03 0,23798 0,238012 

  1 0,27273 4,62E-03   0,27273 4,62E-03     

 

Table 10. At five different pressures this table shows the corresponding deflection and the deflection angle near the bearing. 
This is for 30 degrees of opening. 

 30 ˚ path 1 path 2  

Pressure 
(bar) 

Point distance deformation 
(m) 

theta 
path 1 

distance 
(m) 

deformation theta 
path 2 

average 
theta 

15 1 0 1,03E-03 0,070462 0 1,03E-03 0,070441 0,070451 

  2 0,27273 1,37E-03   0,27273 1,37E-03     

20 1 0 1,38E-03 0,093949 0 1,38E-03 0,093928 0,093938 

  2 0,27273 1,82E-03   0,27273 1,82E-03     

30 1 0 2,07E-03 0,140902 0 2,06E-03 0,14086 0,140881 

  2 0,27273 2,74E-03   0,27273 2,73E-03     

40 1 0 2,75E-03 0,187876 0 2,75E-03 0,187813 0,187845 

  2 0,27273 3,65E-03   0,27273 3,65E-03     

50 1 0 3,44E-03 0,234829 0 3,44E-03 0,234787 0,234808 

  1 0,27273 4,56E-03   0,27273 4,56E-03     

 

By plotting inlet pressure against the average of both the angles near the bearing, the 

relationship can be described with help of Figures 20-22. 
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Figure 20. Here the inlet pressure is plotted with the corresponding resulting angle near housing. This case is for 3 degrees of 
opening 

 

Figure 21. Here the inlet pressure is plotted with the corresponding resulting angle near housing. This case is for 15 degrees 
of opening 

 

Figure 22. Here the inlet pressure is plotted with the corresponding resulting angle near housing. This case is for 30 degrees 
of opening 

Finally, the relation between deflection angles near the bearings may also be expressed with 

constant pressure with varying opening degrees of the valve. This is shown in Figures 23-27. 
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These results were somewhat expected but the decrease of the deflection angle was expected 

to start decreasing at lower opening angles. As seen in the figures the decrease appears first 

at the third sample points, 30 degrees of opening. While the valve is opened it was more likely 

to be expected that the loading would decrease on the valve disk and therefore also decrease 

the deflection angle. 

 

Figure 23. Shown is the relationship between angle and opening degree of the valve with constant pressure, 15 bar. 

 

Figure 24. Shown is the relationship between angle and opening degree of the valve with constant pressure, 20 bar. 
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Figure 25. Shown is the relationship between angle and opening degree of the valve with constant pressure, 30 bar. 

 

Figure 26. Shown is the relationship between angle and opening degree of the valve with constant pressure, 40 bar. 

 

Figure 27. Shown is the relationship between angle and opening degree of the valve with constant pressure, 50 bar.  
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4. Future work 

If this test is to be repeated looking for additional facts it would be good to use the same 

model of the valve as used in reality. This to have all parameters in the same way as in the 

simulation. This implies especially for the COMSOL part of this text since it was analysed with 

a new model to equal the existing. The main reason for this choice was that the import module 

was inaccessible in the student licence of the COMSOL software available. Also more 

experience with the software could possibly result in higher accuracy of the results in 

comparison with reality.  

The approach in general from analysing the fluid in COMSOL, the transfer of data into ANSYS 

and finally generating the results from ANSYS went well. However, a better way of transferring 

could be that of using software with a compatibility with each other or even better the same 

software. ANSYS has the tool “rotational displacement" which have been successfully used 

before in other applications regarding pressure acting on a disk and having the full force 

concentrated towards one point.  

For future investigations of this deflection angle it is of great use to see more widely on more 

opening angles. This text brought up three; 3, 15 and 30 degrees of opening. The study did 

showed that there is a small decrease in pressure when 30 degrees of opening is reached. 

Finding out where the critical angle is between 15 and 30 degrees remains to be investigated. 

Also, more information on the relationship between opening angle and deflection angle is of 

interest.  

This text deals with one type of valve for different opening degrees. The pressure is constant, 

15 bar, for all analysis in COMSOL and for higher pressures it is assumed to have the same 

distribution on the disk as in this case. It may be of interest to investigate the applicability of 

this statement, along with other parameters such as influences of temperature, length and 

diameter of valve shaft and disk size. 

The results gathered in this study are of much help to investigate critical operation conditions 

for valves. The study shows that the load on the valve decreases as it opens, but not much. An 

idea may be to investigate more opening degrees and compare the relationship between 

opening degrees and deflection angles near bearings. The knowledge of deflection angle near 
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the bearing is of high interest in the construction of a test rig to evaluate bearing friction 

torque for certain valves. 

5. Conclusion 

From the results and the discussion in the previous section, it is now possible to formulate a 

conclusion for the questions stated in the problem statement. 

1. The pressure distribution is dependent on the opening angle, but the differences at 

low opening degrees is not major. The difference between the case of 3 degrees 

opening in comparison with the case of 15 degrees opening shows equal pattern, while 

the case of 30 degrees opening shows a lower pressure on the edge of the valve disk 

moving in the downstream direction. If a small area near points 6C in Figure 9 is 

considered with reference pressure of inlet pressure, the pressure drops 9%, 10% and 

29% for 3, 15 and 30 degrees of opening. 

2. There is no difference in impact on the valve shaft at lower opening degrees of the 

valve. Only at higher opening degrees one can see that there will be a small drop on 

loading of the valve shaft.  
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Appendix A 

Table 11. The data for the first set of COMSOL simulations provided by the manufacturer. 

 

Table 12. The data for the second set of COMSOL simulations provided by the manufacturer. 

  



47 
 

Appendix B 

Pressure distribution 3 degrees opening 

 

Figure 28. Pressure distribution along the pressure line 2 in Figure 9. The opening degree is 3 degrees. 

 

Figure 29. Pressure distribution along the pressure line 3 in Figure 9. The opening degree is 3 degrees. 
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Figure 30. Pressure distribution along the pressure line 4 in Figure 9. The opening degree is 3 degrees. 

 

Figure 31. Pressure distribution along the pressure line 5 in Figure 9. The opening degree is 3 degrees. 

 

Figure 32. Pressure distribution along the pressure line 6 in Figure 9. The opening degree is 3 degrees. 
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Figure 33. Pressure distribution along the pressure line 7 in Figure 9. The opening degree is 3 degrees. 

 

Figure 34. Pressure distribution along the pressure line 8 in Figure 9. The opening degree is 3 degrees. 
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Pressure distribution 15 degrees opening 

 

Figure 35. Pressure distribution along the pressure line 1 in Figure 9. The opening degree is 15 degrees. 

 

Figure 36. Pressure distribution along the pressure line 2 in Figure 9. The opening degree is 15 degrees. 

 

Figure 37. Pressure distribution along the pressure line 3 in Figure 9. The opening degree is 15 degrees. 
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Figure 38. Pressure distribution along the pressure line 4 in Figure 9. The opening degree is 15 degrees. 

 

Figure 39. Pressure distribution along the pressure line 5 in Figure 9. The opening degree is 15 degrees. 

 

Figure 40. Pressure distribution along the pressure line 6 in Figure 9. The opening degree is 15 degrees. 
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Figure 41. Pressure distribution along the pressure line 7 in Figure 9. The opening degree is 15 degrees. 

 

Figure 42. Pressure distribution along the pressure line 8 in Figure 9. The opening degree is 15 degrees. 
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Pressure distribution 30 degrees opening 

 

Figure 43. Pressure distribution along the pressure line 1 in Figure 9. The opening degree is 30 degrees. 

 

Figure 44. Pressure distribution along the pressure line 2 in Figure 9. The opening degree is 30 degrees. 
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Figure 45. Pressure distribution along the pressure line 3 in Figure 9. The opening degree is 30 degrees. 

 

Figure 46. Pressure distribution along the pressure line 4 in Figure 9. The opening degree is 30 degrees. 

 

Figure 47. Pressure distribution along the pressure line 5 in Figure 9. The opening degree is 30 degrees. 
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Figure 48. Pressure distribution along the pressure line 6 in Figure 9. The opening degree is 30 degrees. 

 

Figure 49. Pressure distribution along the pressure line 7 in Figure 9. The opening degree is 30 degrees. 

 

Figure 50. Pressure distribution along the pressure line 8 in Figure 9. The opening degree is 30 degrees. 

 

11

12

13

14

15

16

0 0,05 0,1 0,15 0,2 0,25

P
re

ss
u

re
 (

B
ar

)

Distance (m) from centre along line 6, 30 degrees opening

11

12

13

14

15

16

0 0,05 0,1 0,15 0,2 0,25

P
re

ss
u

re
 (

B
ar

)

Distance (m) from centre along line 7, 30 degrees opening

11

12

13

14

15

16

0 0,05 0,1 0,15 0,2 0,25

P
re

ss
u

re
 (

B
ar

)

Distance (m) from centre along line 8, 30 degrees opening


