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Abstract:
In a water distribution system, Flow Control Valve is used to control the
flow rate in the pipeline connections. In this thesis, a fixed flow control
valve is investigated to reduce the flow rate and set to deliver the pre-set
flow of 5-6 LPM (litre per minute). Which helps to distribute the water for
a maximum period and maintains the usage only for the drinking purpose.
A geometry of FCV with a ball check valve is implemented, where the
ball check helps to stop the back flow of the fluid from the valve. Detailed
inspection of dynamic changes in pressure and flow velocity in the valve
are conducted through simulation. The study of fluid properties describes
the expected design and specifies the flow structure in the valve. The
results of this project demonstrate a good performance of the design-build
and influence the requirements. The obtained values in the simulation,
analytical and experimental results are compatible, which concludes the
survey of FCV is equipped to custom.
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1RWDWLRQ
ܣ

Area

ܥௗ

Coefficient of discharge

ܥ௩

Valve size coefficient

ܦ

Diameter of the hydraulic pipe

ܨ

External force

ܨோ

Reynolds number factor

݄

Pressure head

ܲ

Pressure

οܲ

Pressure difference



Saturated vapour pressure

ܳ௩

Volumetric flow rate

ܴ݁

Reynolds number

ܴ݁௩

Valve Reynolds number

ݑ

Flow velocity

V

Volume

ܼ

Potential energy

ߩ

Density

ߤ

Dynamic viscosity

ߪ

Cavitation number

ߪ

Incipient cavitation number
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$EEUHYLDWLRQV
BSPT

British Standard Pipe Taper

CFD

Computational Fluid Dynamics

DNS

Distribution systems

FCV

Flow control valve

FEA

Finite Element Analysis

MDPE

Medium density polyethylene
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,QWURGXFWLRQ
1.1 Background
Flow control valves include some simple orifices, which are to sophisticate
the closed-loop electrohydraulic valves, where it automatically adjusts to
variations in temperature and pressure.

Figure 1.1 Example for Fixed Flow Control Valves.[1]
The purpose of flow control in a hydraulic system is to regulate the speed.
Here are the some of the devices in Figure 1.1, which control the speed of an
actuator in the component of a machine to help in moving and controlling the
hydraulic system by regulating the flow rate. The flow rate can determine the
rate of energy transfer at any specified pressure. Where the actuator force
multiplied by the distance, through which it moves is equal to the work done
on the load, while the energy transformed must always be equal to the work
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done. Actuator speed determines the rate of energy transfer, and thus the
speed is a function of flow rate [2].
Now coming to the directional contUROLWGRHVQ¶WGHDOZLWKSULPDU\HQHUJ\
control but rather through directing the transfer system to the appropriate
place in the system of a specified time. Direction control valves are a thought
of a fluid adjustment, which makes desired contacts. It is that they direct the
high-energy input stream to the actuator inlet and deliver a little energy return
path.
The control of energy transfer system through flow controls and pressure a
slight concern LIWKHIORZVWUHDPFDQ¶WUHDFKDWWKHperfect place and time.
Then the secondary directional control devices are set to solve the time cycle.
Due to the fluid flow, often can be regulated by directional control valves in
which approximate flow rate or pressure control are achieved.
Different types of flow measurement:
In a fluid control system, the controlling IOXLGGRHVQ¶Winherently mean for
regulating volume per unit of time from a valve. The flow rate can be
expressed in three different ways. It is significant to be aware of how the flow
is measured or specified.
x

x

9ROXPHWULF IORZ UDWH ܳ௩  ,W LV H[SUHVVHG LQ XQLWV RI LQ ݉ଷ Ȁ ܿ݁ݏRU
݉ଷ Ȁ݄ݎRU݈݅݁ݎݐȀ݄ݎRU݈݅݁ݎݐȀ݉݅݊LQ6,PHWULFPHDVXUHDQGXVHGWR
FDOFXODWHOLQHDUVSHHGVRIDSLVWRQRUURWDWLRQDOVSHHGVRIPRWRUVKDIWV

:HLJKWIORZUDWHܳ௪ ,WLVH[SUHVVHGLQXQLWVRI݈ܾȀܿ݁ݏRU݈ܾȀ݉݅݊

x

0DVVIORZUDWHܳ ,WLVH[SUHVVHGLQXQLWVRI݇݃Ȁܿ݁ݏRU݇݃Ȁ݉݅݊LQ
6,PHWULFPHDVXUHDQGXVHGWRFDOFXODWHLQHUWLDIRUFHVGXULQJSHULRGV
RIDFFHOHUDWLRQDQGGHFHOHUDWLRQ

Because they control the quantity of fluid that flows through the valve per
unit of time, the same control valves are used for all three types of flow rates.
In this thesis, the Volumetric flow rate ܳ௩ is considered to measure the flow
measurement.
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Control of flow rate with valves: There are eight types of flow control valves
to control the flow rate, in this thesis the orifice type of flow control valve is
used to investigate.
Orifice valve ± It is the simplest model for controlling the flow, can also say
as a primary pressure control device. Typically found on the small diameter
pipework, that incorporates a flow restriction device to control fluid flow.

1.2 Motivation
Domestic water supply is an intermittent supply for almost all cities and
villages in India. Though there are many factors involved in intermittent
VXSSO\µ(TXDOZDWHUGLVWULEXWLRQ¶DQGµPDLQWDLQLQJWKHPLQLPXPSUHVVXUHV¶
in distribution zone areas becomes the first task. This paper is to introduce a
new approach suitable for Indian Socio-Economic Environments design of
distribution systems, through integrative controlling the excess withdrawals
by fixing the tampered proof Flow Control Valves at household service level
with respective to the distribution mains carrying capacities for sustaining
the minimum residual heads at all points in entire distribution zone areas.
For minimizing the wastage/excess usage of water and for accountability,
the provision of water meters with affordable control water traffic plans
implementation is the next task for achievements of uninterrupted water
supply.
Almost of all drinking water supply systems in developing countries, like
India are operated by intermittent supply to deliver water to the consumers.
There is a less reliability in continuous systems that are planned to be
functioned, to keep water availability to consumers by 24X7 and the
VWDNHKROGHU¶VLPSRUWDQFH in planning and operation is not up to the extent as
models practiced in several developed countries, due to the socio-economic
environment conditions in developing countries.
FCV Description: A simple tampered proof flow control valve with backflow
prevention is needed for avoiding excess flow rates than the peak design flow
rates in distribution systems. For managing household, excess draws over the
peak hour design demands. To prevent excess flow rates than the peak design
flow rates in distribution mains to control the surplus head losses for
safeguarding the minimum residual heads at high points and far end points
in entire pipe networks. It is used to minimize the higher water draws at low
lying areas, at nearby tanks. Further needed for avoiding excess water usage
and wastage of water at Households Level.
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1.3 Aim and Scope
The main purpose of doing this thesis to study the fluid flow in the newly
designed flow control valve. The aim of this thesis to maintain the pre-set
flow of 5-6 LPM and showing the varies pre-set flows in the valve to use in
the necessary conditions. Now, in any product development, the
computational simulation is essential to validate with experimental results.
This work is done to submit the paper for AIVA Engineering private limited
to show CFD results on the flow control valve.
The main objectives of this thesis are:
x
x
x
x

x

7REXLOGDJHRPHWU\PRGHORIIORZFRQWUROYDOYH

&RPSXWDWLRQDO)OXLG'\QDPLFV6LPXODWLRQRQ)&9WRVWXG\WKH
IORZYHORFLW\DQGSUHVVXUHGURS

0DWKHPDWLFDOPRGHORIIOXLGIORZLQDQRULILFHSODWH

([SHULPHQWDOWHVWLQJRQ)&9WRFDOFXODWHWKHDPRXQWRIIOXLG
GLVFKDUJH
9DOLGDWLRQRIIORZUDWHZLWK&)'DQDO\VLV7KHRUHWLFDOFDOFXODWLRQV
DQG([SHULPHQWDOUHVXOWV

1.4 Research Questions
 +RZWRVKRZWKHIOXLGIORZDURXQGWKHVSKHUHLQWKHIORZFRQWURO
YDOYH"

 :KDWDUHWKHLQLWLDOERXQGDU\FRQGLWLRQVWRPDLQWDLQWKHSUHVHWIORZ
UDWHGLVFKDUJHRI/30"
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0HWKRG2YHUYLHZ
Numerical Model

No

Theoretical Model

Pre-processing

Mathematical relation

CFD Analysis

FluidFluid
Properties

Post-processing

Orifice plate Area

New Num.
Model
Yes
Comparison of results

Fixed Pre-set flow

Investigation done

Discussion & Conclusions

Future Work

Figure 2.1 Thesis algorithm
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Experimentation
Laboratory test
of flow rate
Using pressure
gauge
and
stopwatch.

In the current thesis project, the method followed is represented through a
flow chart algorithm as shown in Figure 2.1.
The detail explanation of this thesis work is carried out in the diagram, and
the method starts with the numerical model which is carried in CAD and FEA
VRIWZDUH¶VWR EXLOGWKH JHRPHWU\RIWKH)&9 DQGIXUWKHUSHUIRUPLQJ &)'
simulation. 6LQFHWKHWKHVLVGRHVQ¶WVWDWHWRGHVLJQWKHYDOYHQRHIIRUWVDUH
placed for modelling or changing the dimensions of this product. Only the
received dimensions from the company are implemented in CAD software.
The process involved in the numerical model is to extract the fluid domain
from the CAD model and describing the boundary conditions of the valve.
Computational fluid dynamics simulation is carried out to calculate the flow
rate and the velocity profile.
A theoretical model is applied from the literature review on fundamental
understanding of mathematical relations, to calculate the flow rate and
velocity of the fluid flow.
Experimental work is also done for this investigation, and the process
involved in this section is directly carried with the help of pipe connections
controlled by a pressure gauge, stopwatch and scale containers measure the
time and amount of flow.
The main subject of this thesis to investigate the flow rate results obtained by
all these three methods and then comparing to the pre-set flow required for
the product manufacturing company.
Discussions and Conclusions are made on the obtained investigation report
and further explaining the future work which can be carried out.

Numerical DŽĚĞů

Theoretical DŽĚĞů

Conclusions &
Future Work

Validation

Experimentation

Figure 2.2 Thesis Process.
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1XPHULFDO0RGHO
3.1 Autodesk Inventor
Autodesk Inventor is a solid modelling design software used for creating
precise 3D models. The models are used in the design, visualization, and
simulation of products. The geometric modelling kernel proprietary was
done in Shape Manager. This software is directed with Solid Edge and Solid
Works.
3.1.1

3D model of FCV

The dimensions of Flow Control Valve were received from AIVA
Engineering Private Limited, Pune, India. It is a company which
manufactures and supplies the valves. These valves are developed from highgrade raw material and the materials along with employing machines and
tools.

Figure 3.1 Dimensions of FCV.
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From the Figure 3.1 dimensions of the FCV are taken and created in
Autodesk Inventor by three parts:
 )&92XWHUERG\
 %DOO&KHFN
 2XWOHW,QVHUW
Later these three parts are assembled to generate a complete FCV.
FCV Outer body:
It is the initial part of the body which has the inlet pipe connection to the
valve. The ball check is rested in this body when there is no flow.

Figure 3.2 FCV part 1.
Length of the FCV outer body = 28 mm
Diameter of the inlet = 12 mm
Thread pitch = ½ BSPT (1.814 mm)
Ball check:
It is rested in FCV outer body and plays the key role in FCV by making
pressure drop and controlling flow. The return flow is stopped by this valve.

16

Figure 3.3 FCV part 2.
Diameter of the ball = 12 mm
Outlet Insert:
This outlet insert contains the outlet connection of the valve to the pipe and
fixed to the FCV outer body. It helps to stop the ball while the flow runs.

Figure 3.4 FCV part 3.
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Length of the Outlet Insert= 40 mm
Length of the nozzle size = 2.2 mm
Diameter of the outlet = 12 mm
Thread pitch = ½ BSPT (1.814 mm)
3.1.2 Assembly
In assembly modelling, combining the parts and subassemblies to form an
assembly that functions as a single unit. The assembly constraints make
relation to one another for parts and subassemblies. It defines a set of features
in an assembly that interact with multiple parts [3].
Inserting existing parts into an assembly or sketch of modelling commands
to generate parts in the background of the assembly. It can also group
designed parts that function together as one unit. Merging various
subassemblies to shape an assembly makes design changes easier to
accomplish.
The current design assembled by combining the three parts as mentioned in
Figure 3.1. This forms the perfect design of FCV that we required.

Figure 3.5 Assembled FCV.
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The obtained Figure 3.5 has different cross sections inside the valve. Which
represents the nozzles, orifice and different diameters of the valve.
3.1.3

Re-assembly

The purpose of doing this re-assembly is to create a revised design which is
imported for Simulation Software. The main reason to adjust the design is
that in existing CAD model the ball check positioned in the FCV outer body.
When the fluid enters in the valve the position of ball reach to the top section
of FCV outer body and allows the fluid to pass through the nozzles and
blocks the excess amount of flow.

Figure 3.6 Transparent design of FCV.
The Figure 3.6 transparent FCV model shows the position of the ball, and it
also comes back to the same positon while the flow comes to the end and
helps to stop the back flow from the valve.
Considering the fluid flow, the position of the ball is assembled to the
maximum point, where this happens while the fluid hits the ball. The outlet
insert stops the ball by closing the main central orifice near the nozzles and
allows to pass the fluid in the smaller area.
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Figure 3.7 Re-assembled transparent design of FCV.
The Figure 3.7 transparent model shows the final position of check ball
reaches. This design helps to extract the fluid domain and then to import into
FEA simulation software.

3.2 ANSYS Design Modeler
ANSYS DM is an application from ANSYS Software which provides
modelling functions exclusive for simulation that includes CAD geometry
modification, clean-up and repair and several custom tools developed for
fluid flow and structural analysis. It is a powerful geometry modelling for
engineering applications in simulations. While the creation of design models
is an essential part of product development process. It represents the first step
of the simulation process. Besides existing a vital component of engineering
simulation, design and manufacturing geometry links with the engineering
simulation, and plays a serious role in the simulation of product development.
3.2.1 Extracting the fluid volume
The first step in any CFD analysis is to identify the extents of the fluid
domain in which the governing equations are solved. This requires the
isolating in a section of a larger physical system. Deciding where the
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computational domain begins and ends has an impact on the accuracy of the
model.
Flow Domains can be divided into two basic classes:
 ,QWHUQDO)ORZ'RPDLQV
x )ORZWKURXJKSXPSVSLSHVHWF
x )ORZLVERXQGHGRQDOOVLGHVE\ZDOOV
 ([WHUQDO)ORZ'RPDLQV
x )ORZDURXQGWKHREMHFWVOLNHDLUFUDIWHWF

The fill operation is exclusively suitable for extracting fluid domains.
 &UHDWLQJDIUR]HQERG\IURPWKHLQWHULRUYRLGVRI&$'JHRPHWU\

 7KHUHDUHWZRZD\VWRGHILQHWKHYRLG
x %\&DYLW\±5HTXLUHVSLFNLQJWKHIDFHVLQWKHYRLG
x %\&DSV±5HTXLUHVWKHVXUIDFHVERG\µFDSSLQJ¶WKH
RSHQLQJV


Figure 3.8 Example of the extracting fluid domain. [4].
Now in this thesis, it requires the Internal Flow Domain has the flow is
passing through the valve. Creating the fluid volume by considering the
PHWKRGµ%\FDSV¶
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The re-assembled design is imported in ANSYS DM. Extracting the fluid
volume by closing all the holes in FCV, by creating the surfaces to the holes.

Figure 3.9 Creating surface to the holes.
From the Figure 3.9, the holes are closed by creating surfaces and now
PDNLQJ µILOO¶ RSHUDWLRQ WR WKH GHVLJQ FKRRVLQJ WKH H[WUDFWLRQ W\SH DV µ%\
FDSV¶6HOHFWLQJWKHWDUJHWHGVXUIDFHVDQGDSSO\LQJWKHZKROHERG\RI)&9
the fluid volume is generated.

Figure 3.10 Generating fluid domain.
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Suppressing the exterior parts in the Figure 3.10 excluding the ball check of
the FCV body, the required combination of fluid domain path and ball solid
path is obtained.

Figure 3.11 Extracted fluid domain with ball check.
The obtained design model is imported into COMSOL Multiphysics for CFD
Simulation.

3.3 Computational Fluid Dynamics
Computational fluid dynamics is a branch of fluid mechanics, which uses
algorithms and numerical analysis to explain and investigate the study
involve in fluid flows. The calculations performed in computers which are
required to simulate the interactions of gasses and liquids with surfaces
describHGE\ERXQGDU\ FRQGLWLRQV 7KLV FRPSXWHUVRIWZDUH¶VLPSURYHV WKH
ongoing research projects by improving the accuracy and speed of complex
simulation situations such as transonic or turbulent flows [5].
Navier-stokes equations are the fundamental essential for almost all types of
CFD problem, defining many single-phase fluid flows. Predicting and
controlling fluid flows is critical in optimizing the efficiency of many
processes and products. CFD solutions give the power to simulate and model
all fluid processes which includes fluid structure Multiphysics interactions
[6].
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Since the early 20th century many people came familiar to CFD tools for
analysing air or liquid flow around cars and aircraft. The cooling
infrastructure has increased in complexity, it is used as a data center for
analysing thermal properties and modelling air flow.
3.3.1 Navier- Stokes equation
The Navier-Stokes equations govern the motion of fluids and Newton's
second law of motion for fluids. In the case of a compressible Newtonian
fluid, this yields
࢛ࣔ

࣋ ൬  ࢛ ή સ࢛൰ ൌ െસ  સ ή ൬ࣆሺસ࢛  ሺસ࢛ሻࢀ ሻ െ ࣆሺસ ή ࢛ሻࡵ൰  ࡲ
࢚ࣔ

݁ݎ݄݁ݓ
 ݑൌ ݂݈ݕݐ݈݅ܿ݁ݒ݀݅ݑǡ
 ൌ ݂݈݁ݎݑݏݏ݁ݎ݀݅ݑǡ
ߩ ൌ ݂݈ݕݐ݅ݏ݊݁݀݀݅ݑ
ߤ ൌ ݂݈ݕݐ݅ݏܿݏ݅ݒܿ݅݉ܽ݊ݕ݀݀݅ݑ
 ܨൌ ݏ݁ܿݎܨ݈ܽ݊ݎ݁ݐݔܧ
Now, this equation is always solved together with the continuity equation.
ࣔ࣋
 સ ή ሺ࣋ ή ࢛ሻ ൌ 
࢚ࣔ
1. The fluid has constant density
2. The flow is turbulent throughout
3. The fluid is Newtonian
4. The 3-dimensional stresses in a flowing, constant-density Newtonian fluid
have the same form as the 3-demensinoal stress in a solid body that obeys
+RRNH¶VODZ SHUIHFWO\HODVWLFLVRWURSLFVROLG .
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3.4 CFD Simulation
COMSOL Multiphysics is a universal purpose software platform, based on
advanced numerical methods for modelling and simulating physics-based
problems [7]. It is a powerful integrated user interface environment designed
for cross-disciplinary product development with a unified workflow for
electrical, mechanical, fluid and chemical applications.
3.4.1

Geometry

Importing the obtained design of FCV fluid path and ball check in COMSOL
Multiphysics.

Figure 3.12 Import FCV CAD design.
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Figure 3.12 shows the fluid domain which is ready for Computational fluid
dynamics Simulation. It also contains a check ball which prevents the flow
in the valve. The design shows two notches, where the fluid passes through
this orifice and gives the outlet flow.
3.4.2 Material of the domains
The design contains two domains one is a fluid domain, which has material
properties of water (liquid) and another domain is a solid domain, where the
material properties given for this domain are Steel AISI 4340.

Figure 3.13 Materials overview.
Fluid Domain: This represents the path of fluid flow through the valve, the
type of fluid chosen as water. The material contents of the water are as shown
in COMSOL:

Figure 3.14 Material properties of water.
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Solid Domain: The solid domain represents the check ball of the valve having
steel properties. The ball closes the main orifice central portions and
maintains a gap between both side nozzles. Now, the water flows only
through a narrow area of nozzle openings and thus controls the outflows by
making pressure drop. The material contents of the Steel AISI 4340 are as
shown in COMSOL:

Figure 3.15 Material properties of Steel AISI.
3.4.3

Physics & Boundary Conditions

The physics selected for this thesis is Single-Phase flow in Fluid flow study,
WKURXJKWKHPRGXOHµ7XUEXOHQW)ORZ$OJHEUDLF\3OXV¶7KLVPRGXOHLVVRcalled enhanced viscosity model, a turbulent viscosity is computed from the
native distance to adjacent walls. The algebraic turbulence is best to use in
internal flows, here dealing with the interior flow in the valve made to choose
this module. Algebraic turbulence models are economical in computational
and more strong but, in common less accurate than transport equation
models.
Turbulent Flow, Algebraic yPlus: In this module, we eliminate the solid
domain as to calculate the flow around the sphere. The rest of the faces in the
fluid domain are selected to be the walls and solid domain also acts as the
wall in the simulation. Navier-Stokes equations are set to study with the
continuity equation.
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The boundary conditions are selected as per the range and instructions
rHFHLYHG IURP µ$,9$ (QJLQHHULQJ Private LLPLWHG¶ 7KLV VLPXODWLRQ KDV
done with many boundary conditions in the range of 0.1 bar to 1bar inlet
pressure to calculate the flow rate and velocity magnitude profile. The inlet
pressure has been changed for every simulation to obtain a better outcome,
finally at 0.5 bar (50000 pascals) pressure the simulation is fixed to run so,
that it can obtain the specified pre-set flow.
The outlet pressure of the valve is obtained as 20000 pascals has the flow
WUDYHOVPRUHWZRPHWHUV¶KHDGDERYHWKHYDOYHDQGUHDFKHVWRDWPRVSKHULF
pressure 0 atm. In this project, has the comparison of results are with an
analytical and experimental model the certain consideration are taken to the
simulation.
This project deals with only inlet and outlet pressures, through the pressure
gauge the inlet pressure is fixed. The velocity is unknown over the valve and
calculated in this simulation.
x
x
x

,QOHWSUHVVXUHൌ ͷͲͲͲͲݏ݈ܽܿݏܽ
2XWOHWSUHVVXUHൌ ʹͲͲͲͲݏ݈ܽܿݏܽ
:DOOVൌ ݈݊݅ݏ

Figure 3.16 Boundary conditions for Turbulent flow
3.4.4 Mesh
In meshing COMSOL Multiphysics has automatic and semi-automatic tools,
which includes free tetrahedral and swept meshing for the physics. For fluids,
there is an option in a combination of tetrahedral and boundary layer
meshing. The 3D tetrahedral approach separates the geometric shape of the
finite element from the finite element shape functions, where this provides
more flexibility on the higher order shape functions, corresponding to
traditional linear quadratic finite elements respectively [7].
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7KHPHVKVL]HGRQHLQWKLVWKHVLVLVFDOLEUDWHGIRUµ)OXLGG\QDPLFV¶ZLWKWKH
element size of maximum 1.07e-3 m and minimum of 3.2e-4 m. Boundaries
and edges are clearly extracted for fluid volume, so therefore no need for any
special boundary layer mesh in this case.

Figure 3.17 Mesh type and element size.
Building the mesh by the selected type and element size for entry geometry
in Free tetrahedral shape for Fluid dynamics is shown in the Figure 3.18.
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Figure 3.18 Fluid dynamics Tetrahedral mesh.

3.5 Results
Computing the study created in the model builder of COMSOL Multiphysics,
the total number of degrees of freedom solved for are 166035. Finally, when
finishing the CFD analysis the velocity magnitude and pressure distribution
obtained are shown in the Figure 3.20 and Figure 3.21.
The flow rate of the design is calculated in derived values of results section,
through the surface integration of outlet.

Figure 3.19 Numerical model flow rate.
The obtained flow rate for the turbulent flow = ͺǤͻͺൈͳͲିହ ݉ଷ Ȁܿ݁ݏ.
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Figure 3.20 Velocity distribution for the Turbulent flow.
In the Figure 3.20, the highest velocity magnitude is located after the fluid
passing through the two notches, these are due to having a narrow area as the
ball check obstruct the area of the volume in the valve. The obtained
outcomes are:
x
x
x

9HORFLW\DWWKHZDOOVLV]HURPVHF
7KHIORZLVSDVVLQJDURXQGWKHVSKHUH
7KHYHORFLW\DWWKHQRWFKVKRZVPVHF

From the Figure 3.20, there is a formation empty space within this solid
object which cause cavitation in this valve. While there will be a formation
of bubbles in this liquid due to the difference in pressure recovery and vapour
pressure of the valve, which makes the vapour bubbles collapse and thus
cavitation takes place. The contour plot of volume friction could clearly state
the amount of cavitation arise, this could be expected to conclude in future
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work. Meanwhile the inspection of cavitation is calculated in this project by
theoretical calculations and are elaborated in the chapter Theoretical Model.

Figure 3.21 Pressure distribution for the Turbulent flow.
The pressure distribution in the valve is shown by the Figure 3.21, in this
project the main objective is to show the pressure drop obtained in the valve.
The major pressure loss is caused at the surrounding of the sphere. Notches
play the key role in the valve to control the flow and manages the pressure.
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7KHRUHWLFDO0RGHO
4.1 Fluid Dynamics
Fluid dynamics is a field of study in fluid mechanics, which deals with fluid
flow in motion. It has a wide range of applications in calculating the forces
and moments on valves, determining the mass flow rate of liquids through
pipelines. The solutions of the fluid dynamics problem characteristically
involve by solving various properties of the fluid, such as pressure, flow
velocity, density and temperature as functions of time and space [5].
4.1.1

Conservations laws

The three conservations laws used for fluid dynamics are:
Mass continuity: The rate of change of fluid flow inside the constant volume
must be equal to the net rate of fluid flow into the volume.
߲
ම ߩܸ݀ ൌ െ  ߩ ή  ݑή ݀ܵ
߲ ݐ
ௌ
In the above equation, ߩ is the fluid density, u is the flow velocity vector, t is
time. By divergence theorem the differential form of continuity equation is,
߲ߩ
  ή ሺߩݑሻ ൌ Ͳ
߲ݐ
&RQYHUVDWLRQ RI PRPHQWXP 7KH DSSOLFDWLRQ RI 1HZWRQ¶V VHFRQG ODZ of
motion to the control volume due to the net flow of air in volume and the
action of external forces on the air within the volume.
Conversation of energy: The energy can be converted from one from to
another from, conservation of energy gives the total energy in a closed
system [5].
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4.2 Reynolds Number
Reynolds number is a ratio of inertial forces to viscous forces within a fluid
which is subjected to relative internal movement due to different velocities,
on the boundary surface of a pipe. Reynolds number (Re) is a dimensionless
quantity in fluid mechanics.

ܴ݁ ൌ

ߩܦݒ
ߤ

Where,
ߩ ൌ ݀݁݊݀݅ݑ݈݂݄݁ݐ݂ݕݐ݅ݏ
 ݒൌ ݄ܿܽݐ݆ܾܿ݁ݐݐܿ݁ݏ݁ݎ݄ݐ݅ݓ݀݅ݑ݈݂݂ݕݐ݈݅ܿ݁ݒܿ݅ݐݏ݅ݎ݁ݐܿ݁ݎ
 ܦൌ ݈݀݅ܽ݉݁݁݅ܿ݅ݑܽݎ݀ݕ݄݄݁ݐ݂ݎ݁ݐ
ߤ ൌ ݀݀݅ݑ݈݂݄݁ݐ݂ݕݐ݅ݏܿݏ݅ݒܿ݅݉ܽ݊ݕ
4.2.1 Valve Reynolds number (Rev)
The valve Reynolds number is exclusive to calculate for valves, and this has
different conditions compare to normal Reynolds number. Transition flow is
a condition which lies between laminar and turbulent flow [8].
ଵȀସ

ܰସ ή ܨௗ ή ܳ௩ ܨ ଶ ή ܥ௩ ଶ
ቈ
 ͳ
ܴ݁௩ ൌ
ߴ ή ඥܨ ή ܥ௩ ܰଶ ή ݀ ସ
Where,

ܰଶ ൌ ܰ ݐ݊ܽݐݏ݈݊ܿܽܿ݅ݎ݁݉ݑൌ ͲǤͲͲʹͳͶ (when the dimensions are in mm)
ܰସ ൌ ܰ ݐ݊ܽݐݏ݈݊ܿܽܿ݅ݎ݁݉ݑൌ ͲͲͲ (when the dimensions are in m3/hr)
݀ ൌ ݂݅݊݁݅ݎ݁ݐ݈݁݉ܽ݅݀ܽ݊ݎ݁ݐ
ܥ௩ ൌ ݐ݂݂݊݁݅ܿ݅݁ܿ݁ݖ݅ݏ݁ݒ݈ܽݒ
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ܨௗ ൌ  ݎ݂݈݁݅݅݀݉݁ݕݐݏ݁ݒ݈ܽݒൌ ͲǤ݂݁ݒ݈ܽݒݕ݈݂ݎ݁ݐݐݑܾݎ
ൌ ͳ݂ݏ݁ݒ݈ܽݒݎ݄݁ݐݎ
ܨ ൌ ܴܽݎݐ݂ܿܽݕݎ݁ݒܿ݁ݎ݁ݎݑݏݏ݁ݎ݀݅ݑݍ݈݅݀݁ݐ
ܳ௩ ൌ ܸ݁ݐܽݎݓ݈݂ܿ݅ݎݐ݁݉ݑ݈
Reynolds number factor, ܨோ ǣ Nonturbulent flow conditions occur in the
applications of high fluid viscosity and in very low-pressure difference, even
with some combinations of this conditions. In this instances ܨோ the Reynolds
number factor must be introduced.
ܥ௩௦ Ǥହହ
ܨோ ൌ ͳǤͲͶͶ െ ͲǤ͵ͷ ൬ ൰
ܥ௩௧
Where,
ܥ௩௦ ൌ ݓ݈݂ݎ݈݂ܽ݊݅݉ܽݐ݂݂݊݁݅ܿ݅݁ܿ݁ݖ݅ݏ݁ݒ݈ܽݒ
ܥ௩௧ ൌ ݓ݈݂ݐ݈݊݁ݑܾݎݑݐ݂ݐ݂݂݊݁݅ܿ݅݁ܿ݁ݖ݅ݏ݁ݒ݈ܽݒ
If the valve Reynolds number
ܴ݁௩  ͳͲͲ means laminar flow condition
ܴ݁௩  ͵͵ͲͲͲ it means fully developed turbulent flow condition. The
correlation factor ܨோ ൌ ͳ.
100 ൏ ܴ݁௩ ൏ ͵͵ͲͲͲ mean a transitional state which lies between laminar
and turbulent flow. The correction factor ܨோ in this range is mandatory [9].
4.2.2

Laminar Flow

Laminar flow is a type of fluid flow, in which the fluid travels smoothly or
in regular paths. In laminar flow, occasionally the streamline velocity,
pressure and flow properties at each point in the fluid remains constant. It is
in straight pipe considering the relative motion of a set of concentric
cylinders of fluid, fixed on the outside of the wall. Laminar flow is common
only in some cases where the flow is relatively small [10].
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4.2.3 Turbulent Flow
Turbulent flow [10] is a type of fluid flow, in which the fluid enters and
undergoes irregular fluctuations, or mixing. In turbulent flow, the speed of
the fluid at a point is continuously undergoing changes in both direction and
magnitude. The most of the flow considered as a turbulent flow, usually, the
examples of turbulent flow water transport in pipelines, flow through
turbines and pump.

Figure 4.1 Example of fluid flow view. [11].
In this project, through calculations and the flow pattern expected is turbulent
flow in the present flow control valve. The computational analysis is done in
turbulent flow module to calculate the volumetric flow rate.

4.3 Fluid Flow equations
The fluid flow equation is derived to calculate the flow rate of the valve and
describes the motion of viscous fluids. The equations of fluid mechanics used
in this thesis are Bernoulli equation, continuity equation, pressure, orifice
fluid flow and Navier-stokes equation.
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4.3.1

Fluid flow in Orifice plate

Considering the steady flow of a constant density fluid in the valve, Bernoulli
equation is used to consider to be a statement of conservation of energy
principle to suitable for flowing fluids.

Figure 4.2 Bernoulli’s principle. [6].
ݑଵଶ
ܲଶ
ݑଶଶ
ܲଵ

 ݖଵ ൌ

 ݖଶ
ߩ ή ݃ ʹ݃
ߩ ή ݃ ʹ݃
Comparing with continuity equation
ܣଵ ݑଵ ൌ ܣଶ ݑଶ ൌ ܳ௩
Where,
ܲଵ ൌ ݈݅݊݁݁ݎݑݏݏ݁ݎݐ
ܲଶ ൌ ݁ݎݑݏݏ݁ݎݐ݈݁ݐݑ
ݑଵ ൌ ݅݊ݕݐ݈݅ܿ݁ݒݐ݈݁ݐ
ݑଶ ൌ ݕݐ݈݅ܿ݁ݒݐ݈݁ݐݑ
ܣଵ ൌ ܽ݁݅ݐ݈݄݁݊݅݁ݐ݂ܽ݁ݎ
ܣଶ ൌ ܽ݁݅ݐ݈݁ݐݑ݄݁ݐ݂ܽ݁ݎ
ݖଵ ǡ ݖଶ ൌ ݕ݃ݎ݈݁݊݁ܽ݅ݐ݊݁ݐ
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ߩ ൌ ݀݁݊݀݅ݑ݈݂݄݁ݐ݂ݕݐ݅ݏ
ܣଶ ଶ
ܲଵ െ ܲଶ
ݑଶଶ
ቈͳ െ ൬ ൰  ൌ
ʹ
ܣଵ
ߩ
ଵȀଶ

ʹۍሺܲ െ ܲ ሻȀߩې
ଵ
ଶ
ۑ
ܳ௩ ൌ ܣଶ ݑଶ ൌ ܥௗ ܣଶ ێ
ܣଶ ଶ ۑ
ێ
 ͳ ۏെ ቀܣଵ ቁ ے

݁ݎ݄݁ݓοܲ ൌ ݄ߩ݃

ࡽ࢜ ൌ ࢊ  ඥࢎ࣋ࢍ
Now, in our case ܣଶ is the area of the orifice plate, ݄ is pressure head in
meters and ܥௗ is the coefficient of discharge.
ܥௗ ൌ ͲǤͲ for this condition.
Table 4.1 Analytical Calculations of Orifice plate.
Inlet
of Orifice
Orifice
Flow rate
݄ pressure Area
pressure head
diameter in velocity in ܳ௩
in Orifice
in
LQEDU¶V meters
plate ܣଶ in ݉݉
݉Ȁܿ݁ݏ
݉ଷ Ȁܿ݁ݏ
݉ଶ
0.4

4

1.257e-5

4

6.1

7.79e-5

0.5

5

1.257e-5

4

6.92

8.71e-5

0.6

6

1.257e-5

4

7.59

9.54e-5

0.7

7

1.257e-5

4

8.1

1.03e-4

0.8

8

1.257e-5

4

8.7

1.10e-4

0.9

9

1.257e-5

4

9.2

1.16e-4

1

10

1.257e-5

4

9.7

1.23e-4
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From the Table 4.1, the obtained flow rates for the different initial pressure
values are calculated. The initial pressure can be given to the pressure gauge
which is connected to the valve for the require pre-set flow.
In this thesis, the investigation is done with the initial boundary conditions
of pressure 0.5 bar and validating the result with other two methods.

4.4 Cavitation
Cavitation occurs when the pressure drops adequately low for some region
in fluid flowing systems so, that vapour bubbles are formed. The first attempt
to explain this cavitation was made by Reynolds in 1873, demonstrating the
unusual behaviour of ship propellers at high rotational speeds focusing on
the entrainment of air into wakes of the propeller blades known as
ventilation. Conducting the first experiments of cavitation and the matter in
intensive research of the adverse effects on its performance [12].
The inception of cavitation can be done by characterizing in conventional
method of how close the pressure in the liquid flow goes to vapour pressure
by their potential by means of the cavitation number ሺߪሻ,

ߪൌ

ஶ െ  ሺܶஶ ሻ
ͳ
ଶ
ʹ ߩ ܷஶ

Where,
ஶ ൌ ܴ݂݁݁ݓ݈݂݂݁ݎݑݏݏ݁ݎ݁ܿ݊݁ݎ
ܷஶ ൌ ܴ݂݁݁ݓ݈݂݂ݕݐ݈݅ܿ݁ݒ݁ܿ݊݁ݎ
ܶஶ ൌ ܴ݂݁݁ݓ݈݂݂݁ݎݑݐݎ݁݉݁ݐ݁ܿ݊݁ݎ
ߩ ൌ ݕݐ݅ݏ݊݁݀݀݅ݑݍ݅ܮ
 ሺܶஶ ሻ ൌ ܵܽ݁ݎݑݏݏ݁ݎݎܽݒ݀݁ݐܽݎݑݐ
In a fluid flow, the ߪ is reduced as it first occurs in some precise value of ߪ
which is called incipient cavitation number ߪ . Further reducing the ߪ value
below ߪ could increase the size and number of bubbles.
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Cavitation can arise in hydrodynamic flow when the pressure drops in the
valve. This effect is, however, regarded to be a destructive phenomenon for
the most part. In addition to pump rotors, control valves are particularly
exposed, where the static pressure at the orifice even at moderate operating
conditions can reach levels sufficient for cavitation to start occurring in
liquids [8].
The consequences for control valves to obtain cavitation are often
destructive:
x
x
x
x
x
x
x

/RXGQRLVH
1RLVHYLEUDWLRQVLQWKHSODQW
9DSRUIRUPDWLRQFDXVHGE\FKRNHGIORZ
9DOYHHURVLRQ
'HVWUXFWLRQRIWKHFRQWUROYDOYH
&KDQJHLQIOXLGSURSHUWLHV
3ODQWVKXWGRZQ


4.4.1 Cavitation damage
Cavitation is an undesirable occurrence, in devices like turbines and pumps
it cause a great deal of noise, vibrations, efficiency loss, and components
damage. It has become a concern in the renewable energy sector due to the
tidal stream turbines.
Subsequently, when the surface is initially affected with cavitation, it inclines
to erode at an accelerating pace. In the turbulence fluid flow, the increase of
cavitation pits creates crevices that add for additional cavitation bubbles. It
may also increase the surface area and leave late to residual stresses, thus
forms stress corrosion [13].
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Figure 4.3 Example for cavitation. [14].
Protecting valves from damage:
The valve manufactures generally use one or more design strategies to guard
valves against the effects of flashing and cavitation [14]. While the strategies
are described as follows:
x
x
x

5HVLVWDQFH
,VRODWLRQ
(OLPLQDWLRQ

Resistance strategies use very hard materials to have a high fatigue strength,
which gives more fracture toughness and less vulnerable to erosion damage.
The materials of construction having resistance for both mechanical and
chemical attack.
Isolation strategies are involved in designing the fluid paths that are
minimized to impingement of cavitation and flashing. In internal wetted
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valve components, high velocities accelerate abrasive or erosive wear so that
the function of a duration of exposure and proximity to high-velocity flow
regions.
Elimination strategies include using tortuous paths of pressure drops in the
valve. Adding of the orifice plate is one of the split to make pressure drop
reducing potential for pressure drop.
Manufacturers may also combine these strategies for heightened protection
against damage.
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([SHULPHQWDWLRQ
The experimentation is done in the place Hyderabad, India in a pipe
manufacturing laboratory. The process of this testing is made through a water
connection pipe with the controlled pressure by a pressure gauge. The fluid
flow received is collected in a volume container (Bucket) with the
measurement scale, and the time of flow is measured by a stopwatch.

5.1 Experimental Setup
The setup is made to calculate the amount of discharge produced by using
FCV. Usually, the valve is placed one meter under the ground level and
allowing the extension of pipeline to one meter above the ground level then
coQQHFWVWRKRXVHKROG¶VVHUYLFH

Figure 5.1 Experimental setup.
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The main pipeline is maintained one meter under the ground level, a hole is
drilled to the pipe by fixing it to saddle clamp. This saddle clamp helps to
connect the inlet of FCV to the main pipe connection and outlet of FCV is
connected to an MDPE (Medium density polyethylene) pipe of nearly three
meters. The experimental setup is shown in Figure 5.1.
The pipe in the saddle clamp is controlled by the pressure gauge, in this
experiment, the pressure values used are 0.5 bar and 1 bar. To main the low
flow rate the pressure values are taken in small number.
The MDPE pipe is then fixed to a tap connection, the amount of discharge is
calculated by the measurement scale container and the stopwatch is switched
on when the tap connection is opened. Time in the stopwatch is set to one
minute (60 secs), the tap connection is closed exactly by the end of the time.

5.2 Experimental Results
The obtained fluid discharge is measured in litres and the time taken for the
measurement is one minute. In Table 5.1 the results are shown for given inlet
pressures.
Table 5.1 Experimental flow rate results.
Inlet Pressure in bars

Flow rate ܳ௩ in Liter per minute

0.5

5.4 (9.001e-5  Ȁ࢙ࢋࢉ)

1

7.7 (1.283e-4 ݉ଷ Ȁ) ܿ݁ݏ

In this thesis, the investigation is done at the initial pressure of 0.5 bar so the
obtained result is validated with other two methods.
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6XPPDU\DQG'LVFXVVLRQV
The flow pattern in flow control valve can be shown in COMSOL
Multiphysics through steam lines by adding a 3D plot. These steam lines
show, where the fluid enters and comes out. As mentioned the flow type is
turbulent, in Figure 6.1 the flow is having irregular fluctuations. The Figure
6.1 is kept in horizontal mode for the better vision of streamlines.

Figure 6.1 Velocity Streamline profile.
The Figure 6.1 explains the various angles and directions of fluid flow in the
valve, the study this flow pattern is to make sure that flow is flowing around
the sphere. In the Figure 6.2 its shows how the steam lines of the fluid pass
through nozzles area and having higher velocity due to low area.
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Figure 6.2 Steam lines near nozzles.
The major pressure drop occurs in this region, where it is difficult to pass the
fluid from the nozzles due to the small orifice dimensions. The highest
velocity of the valve can be seen in Figure 6.2, the maximum velocity of
fluid in the valve is 7.1 m/sec and it is located quite after the fluid passing
through the orifice plate.

46

Figure 6.3 Pressure drop near nozzles.
In the Figure 6.3, pressure drop near nozzles has shown clearly, the major
part of the pressure drop occurs in this region. The interior part of the figure
could show the perfect region and place of the pressure drop. Most of the
pressure is dropped while the fluid is passing around the sphere. This helps
to minimize the flow rate and keeps the pre-set flow to 5-6 LPM for the given
boundary conditions.

6.1 Validation
The comparison of fluid flow rate between numerical model, theoretical
model, and experimental results are done in this thesis. The measurement
scale of LPM (litre per minute) is used to measure the flow rate of flow
control valve.
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The comparison is done for the inlet pressure of 0.5 bar analysis in three
cases.
Table 6.1 Results for flow rate and flow velocity at 0.5 pressure bar.
Flow parameters

Numerical
model

Theoretical
model

Experimental
results

Flow rate in
LPM

5.38 LPM
(ͺǤͻͺൈ
ͳͲିହ ݉ଷ Ȁ)ܿ݁ݏ

5.22 LPM
(8.71ൈͳͲିହ ݉ଷ Ȁ
)ܿ݁ݏ

5.4 LPM
(9.001ൈ
ିହ ଷ
ͳͲ ݉ Ȁ)ܿ݁ݏ

Flow velocity at
notch

7.11 m/sec

6.9 m/sec

-

6.2 Discussions
This study shows the flow pattern of the FCV, as the fluid flow around the
sphere which is obtained from Computational fluid dynamics simulation.
The CFD simulation demonstrates the fluid flow velocity and pressure drop
in the valve, clearly explaining the areas of the high-velocity regions. It
determines the exact pressure distribution over the valve, as per the concept
of this valve to minimize the pressure levels through the ball check. Now,
through this simulation it is easy to identify the pressure effected region and
can further make changes in the dimensions to increase or decrease the flow
rate in the valve.
The concept of this type of simulation is more complicated and time taking
process, but through a proper understanding of the problem and knowledge
in the simulation tools can reduce the time and amount of effort on the work.
In this thesis, extracting the fluid domain from the CAD model made easier
to perform CFD analysis. Conferring to the results acquired, the simulation
and extracted model setup are good enough in the virtual reality.
The obtained CFD results are mentioned in the section 3.5 Results, the
velocity and pressure distribution of the turbulent flow are shown in the
Figure 3.20 and Figure 3.21 respectively. The plots and values gained in this
process are trustable, has the results shows that it quite possible to reduce the
fluid flow rate by implementing the ball check in the valve.
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A Theoretical model is applied to form a mathematical relation of Volumetric
flow rate (ܳ௩ ) to calculate the fluid flow in the valve by determining the area
of the orifice plate. The results in this section are shown in the Table 4.1,
calculations made in this method are by changing the initial pressure value
from 0.4 bar to 1 bar.
The experimental results are shown in Table 5.1 and it is performed by taking
two inlets pressure of 0.5 bar and 1 bar. This testing was done on the
manufactured flow control valve, which is the same valve investigating in
this thesis.
Cavitation number has been calculated for this valve, through the analysis
and literature study can declare that the cavitation will be caused in this FCV
due to the empty space in the body, and pressure drop a vapour bubbles will
be formed and collapsed. As the velocity of fluid flow is reaching 7.11 m/sec
in the nozzle area, due to the sudden increases of this velocity vapour bubbles
collapse in the absence of thermal effects.
The comparison of flow rate is done at the initial pressure of 0.5 bar between
numerical, theoretical and experimental models, which is shown in the Table
6.1. The results are compatible has the flow rate in numerical model is 5.38
LPM, where it is very close to the flow rate in experimental model which is
of 5.4 LPM. The investigation report can also conform that the flow rate in
theoretical model of 5.22 LPM is also well-matched with rest of the two
cases.
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&RQFOXVLRQVDQG)XWXUH:RUN
In this thesis, the study mainly includes the comparison of the flow rate in
numerical, theoretical and experimental models with initial pressure of 0.5
bar. The theoretical derivations, cavitation process, simulations and
experimental work are evaluated. The conclusions made from this work are
as follows:
x

Through the CFD simulations the perfect required design can be
investigated and helps to manufacture the correct model which saves
a lot of time and money.

x

Cavitation could possible to take place due to the empty space in the
solid body and high pressure recovery than the vapor pressure of the
valve.

x

From the investigation performed in this thesis it can conclude that
the flow control valve can obtain a pre-set flow of 5-6 LPM for the
initial pressure of 0.5 bar.

x

The study of flow pattern shows that the fluid flows around the sphere
and has the higher velocity near nozzles.

x

From now, it can confirm that use of Flow Control Valve is very
suitable for household water distribution instead of using Ferrule
valve.
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7.1 Future Work
Computational fluid dynamic analysis can be done by changing the different
dimension of the valve mainly the size of the nozzles and orifice plate can
give different flow rate values, which helps the water distribution department
to manage the required amount of flow.
x
x
x
x

6LPXODWLRQ RI FDYLWDWLRQ H[SODLQLQJ VWDWLF SUHVVXUH GLVWULEXWLRQ DQG
WXUEXOHQWNLQHWLFHQHUJ\DQGYROXPHIULFWLRQ
7KH VWXG\ RI UHVRQDQFH HIIHFW RQ WKH IORZ FRQWURO YDOYH GHYLFH WR
FDOFXODWHWKHQRLVHYLEUDWLRQVDQGGLVWXUEDQFHLQWKHYDOYH
6WUHVVDQDO\VLVFDQEHSHUIRUPHGRQWKHIORZFRQWUROYDOYHGHYLFHWR
PHQWLRQWKHFUDFNSURSDJDWLRQVRFFXULQWKHIXWXUH
6WXG\RIGLIIHUHQWPDWHULDOVFLHQFHFDQEHPDGHE\FKDQJLQJGLIIHUHQW
PDWHULDOWRPDQXIDFWXUHWKHIORZFRQWUROYDOYHWRUHGXFHWKHZHLJKW
DQGFRVW
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