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Abstract

One of the most important components of fluid transmission systems is a
control valve located in the pipelines of oil, gas, etc. The primary purpose
of this valve is to control the rate of fluid flow passing through it under
pressure changes and the most important issue is to investigate the flow’s
characteristics in order to achieve a proper geometry to control the flow rate
and pressure as desired. The valves used in pipelines add to the overall head
loss of the system. Therefore, valves with proper geometry can reduce these
minor losses and finally decrease total energy losses. In this paper, a globe
control valve is modeled and then numerically investigated to extract its
functional relation, which relates pressure ratio to inlet Reynolds number, and
estimate its loss coefficient at the valve’s different opening states which have
not been addressed completely before and can be beneficial for the selection
and usage of globe valves under certain conditions. According to the results, it
is found that pressure ratio and loss coefficient are functions of inlet velocity
and the valve’s opening state’s percentage, which are directly related to the
valve’s geometry. When the valve opens, the rate of change in pressure ratio
and loss coefficient are very sharp. Gradually, this rate decreases and the
results tend to the final value at the valve’s fully opened state.

European Journal of Computational Mechanics, Vol. 29_4-6, 549-576.
doi: 10.13052/ejcm1779-7179.294610
© 2021 River Publishers



550 S. Rezaey

Keywords: Fluid, globe valve, computational fluid dynamics (CFD), pres-
sure, loss coefficient.

1 Introduction

Control valves are types of industrial valves that are widely used in various
industrial fields such as oil and gas industries, power plants, petrochemi-
cals, and water transmission systems. These types of valves can be opened
or closed by the command of the controller. These valves are used to
control pressure, temperature, flow rate, or height of liquids. The force
required to open and close the valve in the control valves can be electrically,
hydraulically, or pneumatically.

These valves come in many different types, including globe, ball, but-
terfly, and plug valves. Globe valve, also called a spherical valve, is used
to adjust the flow rate and pressure of the fluid passing through it. In these
valves, fluids outlet pressure is relevant to the number of rounds of the valve’s
handles. Globe valve is such a linear valve that is shaped like a disk. The end
of this valve is made like a sphere or cone, and by placing on a seating ring
can make the path fully opened, fully closed, or opened to a certain extent.
For this reason, the globe valve is used in transmission lines along with other
valves.

Globe Valves are usually made of metallic alloys or metal. A plug is
the main part of a globe valve which is generally made of steel, grey iron,
or ductile iron. Also, packing is usually produced from graphite, rubber, or
PTFE. Figure 1 gives an overview of a globe valve.

Packing
Body-bonnet
connection

Figure 1 Schematic of a globe valve.
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The geometry of a valve has a direct effect on the fluid flowing through
it. If the geometry of the designed valve is inadequate, this will increase the
losses and thus reduce the efficiency of the fluid transmission path. Therefore,
designing an optimal geometry that avoids energy loss and severe pressure
drop can be an attractive concern for mechanical engineers. Specifically,
about a globe valve, this clever design requires sufficient knowledge of how
fluid passes through it. In the present paper, a globe valve is modeled and then
numerically investigated to derive its functional relation and estimate its loss
coefficient to detect how fluid passes through it.

Despite control valves have a significant effect in a control loop, little
study has been done on them. For calculating flow and pressure relations, The
Crane Company’s technical paper [1] attempted to analyze losses through
valves and expressed analytical data for fully opened valves. Davis, J.A.,
and Stewart, M. [2, 3] used both numerical and experimental methods for
analyzing a globe control valve and showed that simplified CFD analysis is
useful. The study showed that the flow coefficient at the valve’s different
opening states could be predicted. Lin et al. [4] studied the cone angle of a
globe control valve and found that the valve’s opening state affects the cone
angle. Long and Guan [5] studied an angle-seat valve experimentally and
expressed a method for obtaining the valve flow coefficient and resistance
coefficient. They assumed air as the working fluid and expressed the valve
flow coefficient and resistance coefficient. Chern and Wang [6] studied a
ball valve and investigated the effect of V-port on the performance of the
valve with both numerical and experimental methods. They indicated that
however, V-ports increase the pressure loss, they relate the flow rate to the
valve’s opening state and make the ball valve to be linearly controllable. Del
Toro et al. [7] analyzed a butterfly valve and investigated its loss coefficient
and flow coefficient at different opening states under different flow condi-
tions with a numerical method. Their results showed that CFD can greatly
simulate the valve performance factor at 30 to 60 degrees opening states.
Md. Farhadul Haque et al. [8] Studied plastic ball valves and determined
minor head loss of the valve for different fluid inlet velocities experimentally.
They showed that as the Re number increases, the minor loss coefficient
decrease. Tabrizi et al. [9] developed a finite volume-based code and sim-
ulated a ball valve’s performance at different opening states. They found that
the valve’s opening state has a great effect on the valve’s performance. S.
F. Moujaes et al. [10] developed a three-dimensional computational fluid
dynamics model to simulate fluid flow in a flanged ball valve at different
opening states. They used the simulation to calculate the loss coefficient and
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the flow coefficient of the modeled valve. Results showed that the simulations
agreed with recent experimental results and indicated that the flow coefficient
increases as the valve’s opening state changes from a fully closed to a fully
opened state. Cui et al. [11] studied the flow characteristics in a ball valve.
The main purpose of this work was to investigate the flow characteristics
of the modeled valve during the opening and closing process. They found
that if the opening or closing time increases, the results tend to steady state
condition. V. G. Fester et al. [12] investigated the loss coefficient for five
types of diaphragm valves for Newtonian and non-Newtonian fluids and
also various inlet Re numbers. They showed that the valve’s diameter had
a great influence on the loss coefficient. Takeyoshi et al. [13] investigated the
performance of a butterfly valve and developed a theoretical loss coefficient
formula and predicted cavitation stages using the formulated loss coefficient.
Qian J.-Y. et al. [14] simulated a pilot-control globe valve by CFD method.
They analyzed three different opening processes and found the best design
for the valve and also investigated the relationship between inlet pressure and
the valve’s opening state. Jin Z.-J. et al. [15] used CFD method to analyze
pressure drop and minor loss of a pilot-control globe valve at different inlet
velocities. They found that the valve diameters affect the loss coefficient and
the pressure drop. Also, they suggested an expression for the pressure drop
of the modeled valve. Lee, J. H. et al. [16] investigated the flow coefficient
for a pan check valve by using computational fluid dynamic analysis and
calculated head loss at different inlet velocities at the optimum design. They
realized that the length of the supporting beam had a great influence on the
fluid performance and also predicted the optimum length for the supporting
beam. Song, X. et al. [17] modeled and investigated a butterfly valve by using
numerical simulation. Their results showed that this valve works well in 3 m/s
inlet velocity. Xinbei, Lv. et al. [18] studied servo valves and predicted the
vibration characteristics of them. Their results indicated that in servo valves,
the spring tube has a great influence on the dynamic response of the system.
Also, further studies [19, 20] were done on the vibrational frequencies of
different systems to model the dynamical behavior and stability regions of
the systems under various environmental changes. Kerboua, Y. et al. [21]
developed a computational model and investigated the dynamic behavior of
coupled fluid-structure systems. Also, they checked out the effect of physical
parameters on the dynamic behavior of the modeled system. They showed
that the developed approach can be used for various plate and shell structures.
Ghazanfari, V. et al. [22] used an Implicit Coupled Density-Based solver in
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OpenFOAM to simulate flow over a 2-D cylinder and found that the solver
has a good accuracy.

Two crucial factors in valves are fluids velocity and the valve’s loss
coefficient. Having enough information about these factors can lead us to
design the best geometry for valves and finally reduce energy losses. In
this paper, the main objective is to find a relationship between inlet velocity
(Rejy) and pressure ratio (Poy/Pin). This relation can be a functional relation
for the modeled globe valve. Moreover, estimating the loss coefficient at
different opening states can be useful in piping systems. First of all, a three-
dimensional model is designed and analyzed. Finally, it is seen that the results
generally agree with those mentioned above.

2 Theory
2.1 General Characteristics of Internal Flow

For internal flow, the most important dimensionless parameter is the Reynolds
number D
7
This dimensionless number indicates whether a flow will be laminar or
turbulent. The Flow will generally be laminar for Re < 2300 and turbulent
for larger values. The flow in a pipe with a constant diameter will be laminar
or turbulent, depending on the value of the average velocity w. For laminar
flow, dimensional flow analysis is used to determine the frictional loss in
incompressible, steady, and extended fluid flow. Assume that the pressure
drop is a function of the average velocity of the fluid flow, u, the pipe length,
L, the diameter of the pipe, D, and the fluid viscosity, p. The fluid specific
weight and the density have not been assumed as parameters because for
laminar flows they have not important effects on the pressure drop. Therefore,
there isn’t any presence of mass times acceleration and a component of
weight in the following equations. Thus, Ap = f(u, D, L, 1). According to
the dimensional analysis results, this flow can be expressed by the following

dimensionless group:
DAp L
= —_— 2
¢ < D) 2)

Re

Jin
The Equation 2 can be true only if:

L L
¢ <D> =05 3)
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where C is a constant. By theoretical or experimental analysis, one can
determine the value of C. For example, for a round pipe, C = 32. It can
be useful to express a process by dimensionless quantities. For this purpose,
and by substituting Equation (3) into Equation 2, the pressure drop for such
flow can be written as Ap = 321‘55“. By dividing both sides by the dynamic
pressure, the dimensionless form of pressure drop will be obtained as follows:

L pu?
Ap= fF=" 4
P=Ip2 ©@
where f is termed the friction factor. Therefore, for laminar fully developed

pipe flow, the friction factor is expressed as:

64
I'=Re

The same method can be used for turbulent flow. For a horizontal and round
pipe of diameter D and for incompressible and steady turbulent flow, the
pressure drop can be written as Ap = f(u, D, L, e, i, p) where w is the fluid
flow’s average velocity, L is the length of pipe, and € is a measure of the
roughness. It is obvious that Ap depends on u, D, and L. Also, because of
the effect of shear stress on the pressure drop, the dependence of Ap on the
fluid properties p and p should be taken into count. Hence, this flow can be
expressed in terms of the following dimensionless group:

Ap L (puD 5>

&)

gou? D

—_—, = 6

D (6)
As it is seen there are two differences between the results of pressure drop in
laminar and turbulent flows. First, the Reynolds number, Re, and the relative
roughness, 7, are present in the turbulent flow which wasn’t taken into count
. . . . 2 .
in laminar flow. And second, in turbulent flow, the dynamic pressure, %5, is
used to make the pressure dimensionless, but in laminar flow, viscous shear
stress, 5, was used. Finally, Equation 4 will be obtained by using the friction
coefficient definition. However, in turbulent flow, the coefficient of friction is

defined as: 5
_(puD €
f=9 ( = D) )

For turbulent flow, the dependence of the friction factor on the relative
roughness and the Reynolds number is complicated and can’t be computed
easily. The results which are used in fluid mechanics are almost experimental
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Table 1 Equivalent roughness for new pipes [23]
Equivalent Roughness, €

Pipe Feet Millimetres
Riveted steel 0.003-0.03 0.9-9
Concrete 0.001-0.01 0.3-3.0
Wood stave 0.0006-0.003 0.18-0.9
Cast iron 0.00085 0.26
Galvanized iron 0.0005 0.15
Commercial steel (wrought iron) 0.0005 0.045
Drawn tubing 0.000005 0.0015
Plastic, glass 0.0 (smooth) 0.0 (smooth)

which was were carried out by J. Nikuradse in 1933. L. F. Moody along with
C. E Colebrook, associated the Nikuradse data with the relative roughness
of pipe materials in a chart which is called Moody chart [23]. L. F. Moody
and C. F. Colebrook results for different pipes roughness values are seen in
Table 1.

The Moody chart indicates the dependence of f on the relative roughness
and the Reynolds number. The nonlaminar part of the Moody chart can be
expressed by the following equation [23]:

— =—2lo <€/D+ 2'51)
I %\ 37 T ReyT

®)

2.2 Minor Loss

Most pipe systems in addition to straight pipes have some additional compo-
nents such as valves and bends which increase the overall head loss of the
system. These additional losses are called minor losses. The head loss that
occurs when the fluid passes through a valve is one of these important minor
losses. A valve can control the flow rate by changing its geometry. When a
valve’s plug moves from the fully closed position to the fully opened position,
the flow rate increases, and this change in the valve’s geometry can affect the
flow pattern. Therefore, according to the vast use of valves in pipe systems,
the head loss through a valve is an important part of the pipe systems losses.
In fact, when a valve is fully closed, the resistance against the flow is infinite.
It can be very beneficial to describe these minor losses with a coefficient. This
coefficient is called the loss coefficient, K, and is expressed as follows:
hr Ap

Kp = = 9
L= W22 Lou? ©))
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Minor losses may be expressed in terms of the equivalent length, L., of
pipe that would have the same head loss for the same discharge flow rate.
This relationship can be found by setting the Equations 4 and 9 equal to each
other. This terminology yields the following equation.

K;D
Leg = ;

The equivalent length of piping that will cause the same head loss as a

particular component can be determined by multiplying the value of LE‘Z for

that component by the diameter of the pipe. The higher the value of Ll;q , the

longer the equivalent length of pipe.

(10)

3 Numerical Method
3.1 Physical Model

The purpose of this paper is to investigate the flow of water through a
wrought-iron plate valve. For this purpose, SolidWorks is used to generate
a globe valve model. The geometry of the valve designed by SolidWorks is
Shown in Figure 2. The fluid flow passes through the inner part of the valve.
Therefore, in order to simplify the flow analysis, parts of the valve that are
not in contact with the fluid are removed, and the final simplified geometry is
given in Figure 3.

Figure 2 SolidWorks model of the globe valve.
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Figure 3 Cross section of simplified geometry of the globe valve (Dimensions are in mm.)

3.2 Numerical Model

Fluid flow through the globe valve is simulated, and water (properties under
25°C are taken to be analysed.) is considered as the working fluid in this thesis
and assumed to be incompressible fluid. Reynold’s number in this study is
larger than 4000. Therefore, the flow inside the globe valve is turbulent. The
governing equations are as below:
Continuity:
op 0
ot 6.%'1

(pus) = 0,i=1,2,3 (1)

Momentum:

A pu; _—_ ) = —— 4+ — T 12
8t (pUZ) + aﬂfj (puzu]) 8931 + 81‘]' |:'u <al‘] + Bl‘l> Tl]:| ( )
Where u represents average velocity and 7;; represents Reynolds stress.
Assuming the flow to be incompressible and at steady state, the equations
can be expressed as:

0
oP
Er (puju; — 75) = ~on (14)
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For solving the fluid flow inside the valve, the RNG k—¢ [24] model is used.
Velocity inlet and outflow are set as boundary conditions for the inlet and the
outlet and for wall boundary condition, standard wall function with no-slip
is chosen. The SIMPLE coupling method and second-order upwind scheme
under steady solutions are chosen. In this scheme, higher-order precision at
the boundaries of the element is obtained by solving the Taylor center series
expansion around the gravity center of the element.

4 Results and Discussion
4.1 Grid Study and Validation

As shown in Figure 4, the hybrid grid is used for meshing the geometry. In
order to reduce the cost of the numerical solution while converging the results
and achieve mesh independence, the geometry of the valve has meshed with
54500 nodes that is the least possible number of total nodes, which makes the
results converge.

According to Polish standard PN-M-34034:1976, the value of pressure
loss coefficient for a straight fully opened globe valve is 8, while other
sources e.g. fitting producers or hydraulics textbooks, present lower or higher
values 3 to 9.5 [1]. For a fully opened globe valve, the value of the loss
coefficient presented in Fundamentals of Fluid Mechanics (B. R. Manson,
2014, page 439, Table 8.2) is reported 10. In the present work, the value of
pressure loss coefficient at a fully opened state and for inlet velocity 1 m/s
is obtained 8.951. It is seen that the presented calculated value of pressure
loss coefficient for the globe valve is at a good accuracy and is comparable
with those reported in handbooks. Also, in Ref. [1], it is expressed that the
presented calculated values of pressure loss coefficients for globe valve at 33,

Figure 4 The computational mesh of simplified geometry of the valve.
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Figure 5 Validation of the numerical results.

66, and 100 opening percentage are higher than values available in common.
Figure 5 shows a comparison of the results of the present work and the data
of Ref. [1]. It is obvious that the current predicted results match them.

4.2 Functional Relation

In this case, the control valve is assumed fully opened. Assuming a flow
rate of 1 m/s in the positive direction of the Z-axis at the input, the velocity
magnitude contours is shown in Figure 6.

As shown in Figure 6, the velocity magnitude increases as the fluid pass
through the valve’s duct due to the reduction in cross-section area. The onset
of the acceleration process is after the fluid hits the lower part of the valve’s
body. It is known that the flow rate and the cross-section area of the valve
at the inlet and outlet are the same, so the average flow rate at the inlet and
outlet of the valve will not change. However, velocity vectors in the X, Y, and
Z directions will change due to changes in the geometry. The facet average
velocity magnitude at the valve’s outlet is obtained V,,; = 1.121 m/s. As
predicted, it is observed that the velocity magnitude at the outlet is increased
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Figure 6 Velocity magnitude (m/s) contours in the middle of the valve at a fully opened state
for the inlet velocity 1 m/s.

relative to the input. The Reynolds numbers at the inlet and the outlet of the
valve using the Equation 1 are Re;;, = 49810.379 and Re,,: = 55837.435.
As it is seen, the Reynolds number has increased at the outlet. The Reynolds
number at both inlet and outlet is larger than the critical Reynolds number
(2300), so the flow is turbulent. In many practical cases, the Reynolds number
is larger than the critical Reynolds number and because of this, inertia
effects have more influence on the flow characteristics than viscous effects.
This is mostly because of the path geometry. In a path with variable areas,
the fluid flow accelerates and decelerates many times and this causes that
inertia effects dominate the flow characteristics. Therefore, head losses and
pressure drops are associated directly with the dynamic pressure. Also, it
can be concluded that in a fully developed pipe flow with a large Reynolds
number, the Reynolds number doesn’t affect the friction factor. The same
reasoning can be expressed for flow through pipe components such as valves.
Thus, the loss coefficients for valves are a function of the geometry only,
K1, = ¢(geometry). Therefore, in order to calculate the loss coefficient, it is
necessary to analyze the pressure distribution inside the valve. The absolute
pressure contours on the plate, passing through the middle of the globe valve
is shown in Figure 7.

As shown in Figure 7, the flow’s pressure drops after passing through the
valve duct. According to the Bernoulli equation, the pressure will decrease
by increasing the fluid velocity. It is clear that when the fluid passes through
the valve’s seat, its velocity will increase because of a reduction in the
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Figure 7 Absolute pressure (pascal) contours in the middle of the valve at a fully opened
state for the inlet velocity 1 m/s.

passing area. This reduction in pressure can cause the pressure in the liquid to
decrease to its vapor pressure. In such situations, the liquid starts to boil, and
then vapor bubbles form. These bubbles move with the flow and when the
pressure increases, they collapse. If this phenomenon occurs near a physical
body, it can hurt the body over a period of time. The vapor pressure at
20°¢c is 2.338e+3 Pa, and the lowest pressure in the fully opened valve
state is 8.989e+4 Pa. Therefore, cavitation will not occur inside the valve.
This consideration is an important point in mechanical designs, especially in
valves.

The facet average absolute pressure value at the inlet and the outlet is
P, = 101326.93 Pa and P,,;; = 89891.49 Pa. To calculate K, an average
velocity value of the whole valve is needed. By utilizing a numerical solution,
the average velocity along the valve is obtained V' = 1.601 m/s. By using the
Equation 9, K1 = 8.951. Now, to derive the valve’s functional relation, by
changing the inlet velocity from O to 2.5 m/s, the values of the inlet and the
outlet pressure and valve’s loss coefficient at each velocity are calculated. The
results are shown in Table 2.

In order to derive the valve’s dimensionless functional relation, a relation
that relates pressure ratio to inlet Reynolds number, it is necessary to plot the
pressure ratio in terms of the inlet velocity. This relation can be very useful
in choosing the best valve in a pipeline according to the valve’s inlet pressure
and inlet velocity. This diagram is shown in Figure 8.
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Table 2 Results for different input velocities at fully opened valve state

Inlet velocity  Inlet pressure ~ Outlet pressure  Pressure Loss
(m/s) (kpa) (kpa) ratio coefficient
0 101.3 101.3 1 0
0.5 101.3 95.42 0.942 8.793
1 101.3 89.89 0.887 8.951
1.5 101.3 87.43 0.863 8.911
2 101.3 85.18 0.841 8.796
2.5 101.3 83.3 0.822 8.791
3 101.3 82.59 0.815 8.767
4 101.3 80.2 0.792 8.778
5 101.3 79.13 0.781 8.764
1
0.9 \‘\
08 .|
0.7
2 i
= 0.6
~ L
% 0.5
£ 04
Ay 3
0.3
0.2
0.1
0 ) 1 ) ] L) 1 1 1 1

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Inlet Velocity (m/s)

Figure 8 Pressure ratio Vs inlet velocity (m/s) at a fully opened state.

By fitting a second-order polynomial for this diagram, the dimensionless
relationship between the pressure ratio and the inlet Reynolds number with a
high approximation is obtained as below:

P, out
P

=4 x 107?Re?, — 2 x 10" °Re;, + 0.9876 (15)

Equation 15 describes the functional relation of the globe valve in the
fully opened mode for water flow at different speeds. In this equation, the
input pressure is known and equal to the atmosphere’s pressure. Therefore,
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by having the flow rate at the inlet, the outlet’s average pressure can be
determined.

4.3 Loss Coefficient

The velocity magnitude and absolute pressure contours at different opening
states are given in Figure 9, and Table 3 shows outlet pressure, pressure ratio,
and loss coefficient for the fluid flow with 1 m/s inlet velocity and at valve’s
different opening states.

It would be better to show the extracted results in charts. Figures 10 shows
the pressure ratio and loss coefficient in terms of the globe valve’s opening
percentage. As it is seen in Figures 10(a) and 10(b), when the valve opens, the
rate of change in pressure ratio and loss coefficient are very sharp and change
quickly. Gradually, this rate decreases and the results tend to the final value
at valves fully opened state. This is quite true because when the valve opens,
the valve’s plug has a significant effect on the fluid’s flow. And finally, when
the valve is fully opened, the valve’s plug is placed at the highest point of the
valve, and as a result, its effect on the flow is less than before. Therefore, the
impact of the valve’s geometry on the flow is an important part of analyzing
the flow’s behavior inside it and should be taken into account.

One way to determine whether the results in a particular case are correct
or not is to extract the results in several cases and compare them with that
particular case. Results for inlet velocity 2, 3, 4, and 5 m/s at different opening
states are listed in Table 4.

Pressure ratio Vs opening percentage for different inlet velocities is
shown in Figure 11. As itis seen in Figure 11, the general trend of the chart at
all inlet velocities is the same. In this way, at first, the process of changing the

Table 3 Results for inlet velocity 1 m/s at different opening states

Opening Inlet pressure ~ Outlet pressure  Pressure Loss
percentage (kpa) (kpa) ratio coefficient
0 101.3 0 0 00

5 101.3 3.829 0.038 682.3
10 101.3 9.895 0.098 163.4
15 101.3 21.12 0.208 73.41
20 101.3 4142 0.409 39.1

25 101.3 67.09 0.662 25.5
50 101.3 84.91 0.839 13.35
75 101.3 88.84 0.877 10.14

100 101.3 89.89 0.887 8.951
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a) 10% Open

Figure 9 (Continued)
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b) 15% Open

¢) 20% Open

Figure 9 (Continued)
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d) 25% Open

Figure 9 (Continued)
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e) 50% Open

f) 75% Open

Figure 9 (Continued)
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g) 100% Open

Figure 9 Velocity (left) and pressure (right) contours at different opening states for inlet
velocity 1 m/s.

pressure ratio is very sharp, and gradually the pressure ratio tends to the final
value at the valve fully opening state. In addition, in each opening percentage,
the pressure ratio decreases as the inlet velocity increases.

Figure 12 shows loss coefficient Vs opening percentage for inlet velocity
1, 2, 3, 4, and 5 m/s. It is clear that for different inlet velocities, the loss
coefficient decreases sharply when the valve opens and then tends to the final
value. Also, at each opening percentage, the value of the loss coefficient for
different inlet velocities are almost equal to each other.



Numerical Investigation of a Globe Control Valve and Estimating 569

0.9

Pressure ratio
=] = o o o o
w E=% w (0] ~ [+

o
)

0.1

U ¥ Ll L L L] L] L] ' L

0 110 20 30 40 50 60 70 80 90 100
Opening percentage

a

700

600

500

-y
(=]
o

w
[=)
(=]

Loss coefficient

200

100

0 Ll 1 1 I I 1 L L 1
0 10 20 30 40 50 60 70 B0 90 100
Opening percentage
b

Figure 10 (a) Pressure ratio and (b) loss coefficient Vs opening percentage for inlet velocity
1 m/s.
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Figure 13 Pressure ratio Vs inlet velocity (m/s) at different opening valve states.

Pressure ratio Vs inlet velocity at different opening valve states is indi-
cated in Figure 13. According to Figure 13, it can be seen that the pressure
ratio at each opening percentage decreases by increasing the inlet velocity.
This reduction is also obvious in Figure 11. By increasing the inlet velocity,
the rate of this reduction decreases. This means that the pressure ratio at high
inlet velocities is independent of the inlet velocity changes. In addition, by
changing the valve’s position from a fully closed to a fully opened state,
the value of pressure ratio increases from 0.05 to almost 0.9 at each inlet
velocities.

5 Conclusion

In the present paper, a 3-D globe valve is modeled and then simulated to
extract its functional relation and estimate its loss coefficient by numerical
solution in order to obtain the functions of the flow through the valve accord-
ing to pressure and the valve’s opening state by using the results and also
estimate its loss coefficient at different valve’s opening states which were not
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covered comprehensively in previous articles. It is clearly observed that the
valve’s geometry has a direct impact on the fluid characteristics which passes
through it. The important parts of a valve which have the most influence on
the fluid flow are the plug and the seat. According to the obtained results,

1. The globe valve’s loss coefficient at different opening states is estimated
which can be very useful for the selection and usage of globe valves
under certain conditions.

2. Pressure ratio and loss coefficient are functions of the valve’s opening
percentage and inlet velocity. When the valve opens, the rate of change
in outlet velocity, pressure, and loss coefficient is very sharp. The value
of outlet velocity and pressure increases at a sharp rate, and the loss
coefficient decreases sharply. After the valve is approximately 20%
open, the rate of these changes decreases, and the results approximately
tend to the final value at a fully opened state.

3. Another important point is that the outlet pressure is a function of inlet
velocity and decreases when the inlet velocity increases. This makes it
possible to estimate the outlet pressure at a very good approximation by
having the fluid flow rate at the inlet of the valve.

Also, further studies can be done in this field. In the present work,
a simplified model of a globe valve was investigated. By improving the
geometric model of the globe valve, better numerical results can be achieved.
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