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Abstract. Control valves are generally flow control equipment is utilized in a variety of sectors.
The authors' modeling and simulation studies of various control valves are reviewed in this study.
The findings of this research enable users to comprehend the flow pattern of a valve at various
flow rates, as well as identify approaches for improving the valve's function. A gate valve was
designed using Computational Fluid Dynamics (CFD) and CFD-powered software. The valve
coefficient (Cv), often known as the flow coefficient, is a commonly used valve parameter. This
paper presents the results of Flow Coefficient Analysis research.
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1. Introduction

A gate valve, also known as a sluice valve, is a type of valve that opens by lifting a
round or rectangular gate/wedge out of the way of the flowing fluid. Gate valves are
commonly used when a straight-line flow of fluid with minimal restriction is desired
because the sealing surfaces between the gate and seats are planar. Gate valves are
typically used to allow or prevent liquid flow, but they should not be used to regulate
flow unless specifically designed for that purpose. When used to regulate flow, the
majority of the flow change occurs near shutoff at a relatively high fluid velocity,
resulting in gate and seat wear and eventual leakage. Gate valves are widely used in
industry because of their ability to cut through liquids.

When fully open, a typical gate valve has no obstruction in the flow path, resulting
in very low friction loss. The majority of the flow change occurs at a relatively high
fluid velocity near shutoff, causing gate and seat wear as well as eventual leakage.
When used to regulate flow, the majority of the flow change occurs near shutoff at a
relatively high fluid velocity, resulting in gate and seat wear and eventual leakage. A
gate valve is a device that allows or prevents the flow of liquid. When fully open, a
typical gate valve has no obstruction in the flow path, resulting in very low friction loss.

Because of their ability to cut through liquids, gate valves are widely used in the
petroleum industry. When the gate valve is opened, the flow path is nonlinearly
widened.
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Figure 1. Gate Valve [4]
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The actuator (e.g., hand wheel or motor) is connected to the gate valve via a threaded stem, allowing it to be opened
and closed. The stem can be threaded in a variety of ways depending on which end is threaded. They are classified as
having a rising stem or not. When you turn on the valve, rising stems are attached to the gate, which you can raise and
lower at the same time, displaying a visual representation of the valve position. The actuator takes the form of a nut that
is rotated around the threaded stem to move it. Non-rising stem valves are threaded into the gate and are attached to and
rotate with the actuator. Because the gate's motion is buried inside the valve, they may have a pointer threaded onto the
upper end of the stem to indicate valve position. Non-rising stems, such as underground, are used when vertical space is
limited. The primary function of gate valves is isolation. In service, these valves are typically fully open or completely
closed. When the valve is fully open, the fluid or gas flows in a straight line through the valve path with little resistance.
Because precise control is impossible, flow regulation or throttling should not be used. Furthermore, partially opened
valves with high flow velocity can cause disc and seating surface erosion. Vibration can also cause the partially opened
valve disc to chatter. Specially designed low velocity throttling gate valves, such as guillotine gate valves for pulp
stock, are an exception.

1.1. CFD (Computational Fluid Dynamics)

CFD stands for Computational Fluid Dynamics an effective and powerful tool to simulate fluid flow and heat
transfer numerically. Researchers have created a variety of numerical approaches to use this resilient tool to simulate a
large selection of complex flows and heat transfer problems over the years. There are two types of methods that can be
used. major groups as “conventional methods” and “accelerated methods”

In the present contribution only, major methods are mentioned. Most CFD methods use either a Lagrangian or an
Eulerian approach to The Navier-Stokes equations must be solved. Aside from that, some methods use Boltzmann
equations rather than Navier-Stokes equations to solve problems.
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Figure 2. CFD Classification [4]

Traditional methods are the most frequently utilized, extremely accurate, and commonly employed in most
commercial software products. Traditional methods, on the contrary, are exceedingly slow in terms of calculation time,
making it nearly impossible to solve huge issues in a reasonable amount of time to use online. We conduct a literature
review of many available and popular advanced approaches that can provide moderate acceleration over conventional
methods in this study. After that, the Acceleration Methods are divided into two groups: Numerical Methods and
Hardware Techniques Advanced Numerical Methods and Hardware Techniques In most cases, hardware acceleration
techniques are employed in conjunction with both traditional and advanced numerical approaches. Mesh-based, mesh-
free, and hybrid numerical methods are the three types of advanced numerical methods. Figure 1 shows the literature
reviews on the popular advanced numerical methods utilized in this document. This short study will not be able to go
into the technical intricacies of each approach or conduct a comprehensive analysis of all the material available for each
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method. In this study, we evaluate the existing approaches other than standard methods for achieving real-time CFD,
describe their application, and list some basic and noteworthy literatures for multiphase flow, free surface flow, and
other related topics. Flow and heat transfer.

1.2 Methodology

This section highlights the research methodology for present study to explain research objectives and suitable
methodology to achieve those objectives. This project's goal is to research is to make analysis gate valve using ansys
and cfd analysis of flow through valve. This case study is carried for a Flow control valve. The various stages planned
for present research work are as follow.

Study of various flow control valve.

Collection of data for analysis of CFD.

Analytical Gate valve analysis for different openings.
Selection of Gate valve disc of different sizes.
Analytical analysis of CFD flow through control valve.

agrwbdE

1.3 Problem Statement

Flow measurement through different gate valve may change due to their shape and opening and hence comparison
of the work presented by different researches is important for their study. This study includes the comparative analysis
of gate valve; cage-type valve using the approach Computational Fluid Dynamics is a branch of computer science that
deals with the simulation of fluid (CFD) is a technique for simulating fluid dynamics.

1.4 Objectives of Project

1. To check fluid flow through valve.
2. To check velocity, pressure and mass flow rate through gate valve at different openings.
3. To determine the streamline of flow through different opening of gate valve and modified valve.

2. CFD Analysis for Flow through Gate valve
2.1. Analytical analysis

Numerical analysis is a branch of mathematics and computer science that develops analyses, and implements
algorithms for solving problems with continuous variables numerically. Such issues emerge in the natural sciences,
social sciences, engineering, medicine, and business, among other fields. Since the mid-20th century, the rising power
and availability of digital computers has led to a rise in the usage of realistic mathematical models in science and
engineering, necessitating increasingly sophisticated numerical analysis to solve these more detailed world models.
Numerical analysis is a formal academic field that includes everything from mathematical studies to computer
technology difficulties. Because of the increased availability of computers in the 1980s and 1990s, the new subject of
scientific computing, or computational science, arose. Numerical analysis, symbolic mathematical computations,
computer graphics, and other computer science fields are used to make it easier to set up, analyses, and interpret big
mathematical models of the real world.

Velocity calculation,

k
p= 998.2(—'3)& p = 0.001003(kg-m '-s ')
m

Boundary condition

V. L
R=0"_"-
7
Flow coefficient (Cv)
[ SG
Cy =Qy4/
%\ ap

As all the analysis is done by considering the fluid i.e. water so all the values are considered accordingly suitable for the
same.
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Table 3. Parametric Calculations [17]

Lift Disk Mass Flow Rate Flow Coefficient Q1 =Rate of Flow | Q =m/Sp. Gravity | AP = Pressure drop
(mm) (Kafs) (Cv) (m3/s) of the fluid (water) across the valve
10 0.1439 0.0038 0.0014129 1 0.0014
20 0.2257 0.0060 0.0002261 1 0.0014
30 0.3338 0.0081 0.0003344 1 0.0014
40 0.4195 0.0112 0.0004202 1 0.0014
50 0.5124 0.0133 0.0005133 1 0.0014
60 0.6893 0.0184 0.0006905 1 0.0014
70 0.7164 0.0189 0.0007177 1 0.0014

2.2. CFD Anaysis of Fluid (water) flow through Gate Valve
2.2.1 Velocity Contours on different openings

The velocity contour is the velocity field for that iteration in steady state. Data sampling can also be done on a
steady case where we may see some slight changes in the flow (you'll have poor convergence) which can then produce

' Flgure3 Velocr(y counters on different openlngs (10 20, 30, 40, 50, 60, &70mm) [17]

2.2.2 Fluid flow velocity
A longitudinal view of the gate valve model at various degrees of opening based on the 150 streamlines. The first
four models show models with an inlet velocity of 1.0 m-s—1 and the last four models with an inlet velocity of 1.5 m/s.

Figure 4. Fluid flow velocity [17]
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Table. 4. For each of the gate valve models, the maximum, minimum, and average flow velocities [m#s—1] are shown. [17]

Percentage of gate v=10m-=s-1 v=15m-=s-1
valve closure max min Avg max min Avg
[%e]
20 1.564 0.007 1.035 2.337 0.021 1.553
40 2.533 0.003 1.195 3.797 0.004 1.795
60 4415 0.004 1.594 6.633 0.003 2.390
80 10.585 0.002 2.780 15.884 0.004 4220

2.2.3 Relative pressure

Table 5 shows the maximum, minimum, and average relative pressures [Pa] for all gate valve submodels based on
the k- turbulent model. As the valve is closed, the maximum, lowest, and average relative pressure readings all rise
exponentially. A valve that is 80 percent closed has a relative pressure that is 75 times greater than a valve that is 20
percent closed. Consider the maximum and lowest pressures when dimensioning the valve as a function of pressure, as
these can cause the pipe to expand or twist, causing damage and breaking.

Table 5. View of maxumum, mimmum and average relative pressures [Pa] for each of the gate valve sub models. [17]

Percentage of gate valve v=10m-=s-1 v=15m-s-1
closure Max min Avg max min Avg
[%]
20 895 —1053 171 19.83 -2.501 355
40 1989 —2689 407 4. 433 —6.057 836
60 7223 —8209 1897 16.195 —18.347 4228
80 56 948 —46156 12 850 127.831 —103.401 25080
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Figure 5. Relative pressure distribution on transverse profiles of gate valve sub models with 80% valve closure and 1.0 mes—1 inflow
velocity [17]

2.3 Results
As per the analysis the rate of mass flow plots and Residual plots are occurred.

2.3.1 Residual Plots

The residuals are shown on one axis, and the independent variable is shown on the other. A linear regression model

is appropriate for the data if the dots in a residual plot are randomly distributed across the horizontal axis. Otherwise, a
nonlinear model is preferable.

63
Journal of Thermal and Fluid Science https://www.rame.org.in/jtfs



Prathamesh S. Indule

Residuals
10 mm m [—continuity 2020 R1
it ACADEMIC B ACADEMIC
y-velocity
1e+01 —:""'W“Y
——epsilon
1605 . —
0 50 100 150 200 250 300 350 400 450 500 0 5 100 150 200 250 300 350 400 450 500
Iterations lterations
Residuals 40 mm
30 mm ANSYS [ continuity s 2020 R1
[ i 402 - ik
16402 5 202081 scekcly 5 ACADEMIC
ACADEMIC
1e+01
1e+00 M ﬂ 1‘ ]
1601 \% I(IJ ‘ { \'N&M ) JW( ' \‘l
1e02 4
S | 1
1603 M - m— =P |
— N\ —
= NS
1e-04
1605 . .
08 Ao 0 50 100 150 200 250 300 350 400 450 500
0 50 100 150 200 250 0 30 400 450 500 Hsrations
Iterations
PSkiing 60 " Residuals |
i mm ANSYS o 70 mm
= continuity e 2020 R1 ~—continuity 2020 R1
B = ioewic  —xveloolly Pty
Yvoht y-velocity
- 2-velocity 1e+02 —— zvelocity
L K
—epsilon |e~o1- — apsilon
16400 Mmh ”
1001 o} ¥
1e-05 ¥
g ® “n 300 400 L) 800 0 20 40 60 8 100 120 140 160 180 200

Iterations lterations

Figure 6. Residual plot for the percentage of gate valve closure from 10 mm to 70 mm

2.2.2 Mass Flow Rate Plots

The mass flow rate is the mass of a liquid substance passing per unit time. In other words, the mass flow rate is
defined as the rate of movement of liquid pass through a unit area. The mass flow is directly proportional to the density,
velocity, and cross-sectional area of the liquid.
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Figure 7. Residual plot for the percentage of gate valve closure from 10 mm to 70 mm

3. CFD Analysis of flow through Cage type Valve
3.1 Physical Model of Valve

Control valves are essential components in many process industries, such as nuclear and thermal power plants, to
manage flow and pressure. Normally, the volume flow rate of control valves grows monotonously as the pressure drop
between the valve inlet and the valve outlet increases, but when the pressure drop is substantial, the volume flow rate of
control valves decreases. A choked flow emerges. Cavitation or flashing is the most common cause of blocked flow in
incompressible working fluids, which can lead to Valve vibration, loudness, or even valve rupture are all possible
outcomes.

The flow coefficient under various valve openings is shown by the flow characteristics curve. Is typically used as a
crucial indicator to identify whether a control valve is suited for a certain system and has good performance. Many
studies have been conducted on control valves' flow properties to date, with an emphasis on three aspects: the effects of
control valve construction, the effects of manufacturing method, and methods to directly compute the flow
characteristics. The computational fluid dynamics (CFD) method is the most used, and machine learning is also used to
speed up calculation times.
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Figure 8. Model of Valve [8]

Figure 9. 3D model of valve [8]
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Figure 10. Mesh model of valve [8]
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Figure 11. Valve opening % [8]

3.1.1 When the valve opening is 50% and the cage number is two, the pressure distributions are as follows.

Figure 12 shows when the valve is open 50% of the time and the cage number is two, pressure distributions are
shown in Figure 12. There is a substantial pressure decrease after water runs n cage-type control valves with valve cage
1 through the first valve cage; however, the pressure variation is not visible. This is due to the second cage's low
decompression ability, which is equivalent to a perforated plate that is fixed for cage cages 2 and 4. Figure 12 shows
that the pressure difference between the inner and outer cages is greatest in controls with cage 2 and lowest in those
with cage 1.

restre: 1E406  4E« 06 TEAOS  1E407  1.3E+ DY 166407 |

Valve cage | H
- '-—r

Valve cage 2

Valve cage 4

Figure 12. Pressure distributions [8]

3.1.2 When the valve is open 50% and the cage number is three, the pressure distributions are as follows.

Figure 13 shows the pressure distributions when the valve is 50% open and the cage number is three. A large
pressure drop occurs before and after the first valve cage in cage-type control valves with valve cage 1, but the pressure
fluctuation is minimal for the outer valve cage. Figure 13 also shows the decompression capability of cage- type control
valves increase with groove height.

67
Journal of Thermal and Fluid Science https://www.rame.org.in/jtfs



Prathamesh S. Indule
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Figure 13. Pressure distributions when valve is open 50% [8]

3.1.3 Pressure along a specific streamline in different cage type control valves.

Cage-type control valves with valve cages 2 and 4 have two distinct decompression processes when the cage
number is two, with pressure in valve cage 2 being higher. Cage number has little effect on pressure distribution, as
does groove height. Despite pressure changes within the valve cages, pressure distributions are nearly equal before and
after water flows into the valve cage.
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Figure 14. Pressure distributions [8]

3.2 When the cage number is two, velocity and streamlines in distinct cage-type control valves on the symmetry plane.

Figure 15 depicts the flow coefficients for various valve openings when the valve cage number is two. Figure 16
depicts the effects of the cage number on the flow coefficient in greater detail. Flow coefficient for cage-type control
valves with valve cage 4 obviously increases as cage number decreases.
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The flow coefficient of control valves is greatest with valve cage 1, and decreases as the cage humber increases. For
cage-type control valves with valve cages 3 and 4, the flow coefficient is medium and decreasing as the cage number or
groove height increases. Figure 16 shows flow characteristics for various valve cages.

Vabve cage | Vake cage 1

Valve cage 2 Valve cage 3

Vahve cage 4 Valve cage 4

| . \ B ’
Velocity. 10 30 S0 70 950 110 130 150 170 Velocity: 1M 30 50 70 90 110 130 150 170
Figure 15. Pressure distribution in cage 1, 2, 4 [8] Figure 16. Pressure distribution in cage 1, 3, 4 [8]
14 4 —— Valve cage 1 ) 14 4—=— Valve cage | N
1 —o—Valve cage 3 A J —‘:_ Valve cage 2
12 { —"— Valve cage 4 12 4= Valve cage 4
10+ 10+
8 . 8-
O O
6 6
4 4
24
2~ & T
1 Lﬂy&’%l/
0 0
R T T R o 20 4 6 8 100
0 20 40 60 80 100 = s
Valve opening/% Valve opening/%
Figure 17. Valve Opening [8] Figure 18. Valve Opening 2 [8]

4. Result and Discussion

Here all the calculations and graphical representation and various further results or outputs are mentioned above; so
we differentiate both the valves as per the given mathematical numeric expression and calculations as well as it
attributes respectively. So as per the given data mentioned above in the tables related (Pressure and Velocity) so we
done comparison between the two valves regarding to the pressure and velocity at the different opening and closing
parameters.

So, we analyzed in cage type valve which is not compatible for higher pressure drops and so it requires more space
to get more pressure drop. Therefore, its compatible lower space and more pressure drop.
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So, in gate type valve we analyzed that the decrease in pressure higher in comparison of cage type valve. And in
cage type valve the velocity drop is higher in comparison of gate type valve.
So, we can compare in pressure the gate type valve is best in performance and while in velocity the cage type valve is

best in performance as shown in graphical representation results.
30

B Cagevalvev=2.5
m-s—1

B Gate valve=1.0
m-s—1

25 +

Pressure /Pa
e S

-
o
I

. La

20

100

40 60 80
% of Opening and Closing Valves
Figure 19. Graphical representation of Pressure vs. % of opening & closing valve.

m Cage valve v=2.5m-s-1
14 - M Gate valve = 1.0 m-s—1

1 Cage valvev=5m-s—1

M Gate valve = 1.5 m-s—1

o
I

Velocity/m-sec

20 40 60 80 100
% of opening and closing valves
Figure 20. Graphical representation of Velocity vs. % of opening & closing valve

5. Conclusion

The commercial tools Ansys Fluent 19.1 and Ansys CFX 19.1 were used to do hydraulic study models of gate
valves in this paper. The analyses were carried out with a gate valve opening angle of 4° and inflow gate valve types
with velocities of 1.0 and 1.5 mes—1. Following the hydrodynamic research, it was discovered that all models,
especially at smaller opening degrees, Vortices in the area behind the gate valve are shown. The vortex's appearance
and travel down the pipe are readily visible on the pipe system's core longitudinal profiles. The greatest velocity that
occurs for a gate valve with a 40 percent closing degree and an intake flow velocity of 1.0 mes—1 is 2.53 mes—1, but it is
3.80 mes—1 for the same model with an inlet flow velocity of 1.5 mes—1. The investigation reveals that models with a
lower valve opening degree have the highest velocities, pressures, and other physical variables. In the studied models,
the physical quantities' maximum values occur primarily in or behind the valve. This research demonstrates that
hydrodynamic analysis may be applied to a variety of valve geometries. Correct numerical modeling using CFD
technology allows the generated results to be used to improve the valve's design and operation characteristics. This
paper introduces cage-type control valves with improved valve cages, which have the advantages of no dead zones in
the regulation process and are better suited to higher pressure drop settings. In terms of flow and cavitation, different
cage-type control valves with no dead zones in the regulation process are compared. The cage with a full groove in both
the circumferential and axial directions between two neighboring cages, the cage with a full groove but movable
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innermost cage, and two other types of upgraded cages are also studied. The flow coefficient tests are run first to check
that the numerical methods employed are correct, and then the flow and cavitation distributions are calculated using the
verified numerical methods.
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