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Abstract: Globe valves are one of the most popular industrial
valves used in process control applications. The main reason for
their use in finite control element is due to their good throttling
characteristics and low seat leakage with relatively high pressure
drop thereby increasing the overall efficiency of the process. Hence
it is very essential to study the inherent flow characteristics of the
valve and to determine the best trim shapes for each application
purpose. Using a Computational Fluid Dynamics code it is easier
to understand such complex flows inside the valve. In this work a
standardized globe valve is modeled and a CFD analysis of valve is
done for three different trim shapes. Additionally, keeping the
pressure drop and inlet flow-area constant and noting the change
in other flow parameters for different valve opening positions the
flow capability of the valve was found in each case.
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I. INTRODUCTION
The control valves are mechanically operated devices that
control flow parameters of the fluid flowing through the pipes.
There are numerous industrial valves like Gate, globe,
butterfly, ball, disc check valves, etc. each having their own
specific characteristics and advantages over others for
different flow applications. The process industries where
frequent controlling of fluid flow, pressure, temperature and
level is required make use of the globe valves owing to various
advantages it possess over others. Globe valves show good
throttling characteristics with very minimal seat leakage even
for a very high pressure drop. Shorter stroke length (in
comparison with gate valves) and easy assembly of parts are
some other advantages which gives globe valves an edge over
the others for flow control applications. The increasing
demand for automated control valves in process industries has
made a significant improvement in the designs of globe
valves. For better flow characteristics and optimum valve
sizing manufacturers have come up with changes in trim
shapes [1]. The CFD based analysis of a ball valve in presence
of cavitation was done to find out the changes in flow pattern
at different valve opening angles. As opening of valve
decreases a higher pressure drop is created which signifies the
role of valve opening in determining the flow characteristics
[2]. A numerical simulation of a globe valve with a pilot
control is carried out to study the behavior of flow pattern for
different conditions like closed, fluctuating, rapid opening of
the valves and also with varying spring stiffness and inlet
pressures in [3]. Another numerical analysis of three
dimensional incompressible turbulent flows through high
pressure drop control valves was carried out by using a CFD-
ACE code to develop anti-cavitation control valve used in
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LNG marine system in [4]. An automatic mechanically
operated safety valve was designed to cut water wastage and a
CFD analysis in ANSYS Fluent solver was done to determine
the flow parameters like pressure and velocity distribution for
different mass flow rates which was later verified with the
experimental results in [5]. A CFD analysis of a needle valve
for different valve openings was done to carry out the flow
coefficient calculations in [6]. A 3-D numerical simulation of
stop valves was conducted to observe the flow pattern and the
velocity-pressure distribution inside the valve along with
additional investigation on wake induced vibration of valve
and pipe system in [7]. A 2-inch globe valve was checked for
five different cage models and flow coefficient was noted for
each of them at full opening condition. The CFD and
experimental results were found to be in good agreement and
the cage with triangle shaped aperture proved to have the
maximum flow coefficient value [8].

Il. GLOBE CONTROL VALVE DESIGN AND
SELECTION

The most common globe valve uses a T-style body, which
allows the valve to be installed in a straight pipe with the top-
works or actuator perpendicular to the line and will be used to
explain the basic operation of a globe valve. Flow enters
through the inlet port to the center of the valve where the trim
is located. At this point, the flow must make a 90° turn to flow
through the seat, followed by another 90° turn before exiting
the valve through the outlet port [9]. The flow direction is
often specified by the manufacturer and it is important to
install the valve in the correct position on the pipe circuit. The
main parts of the globe valve assembly are the valve body,
trim, stem, cage and seat. New automatic control valves also
have Pneumatic actuator, positioner with flapper nozzle
assembly and other advanced features for accurate valve
opening conditions required for processes in industries. The
relationship between the valve opening and the flow
coefficient is important for the selection of valves. Different
trim shapes exhibit different flow characteristics and hence it
is required to study each of them to find the best for a
particular application.

One of the most important factors while valve selection and
sizing is Flow coefficient or CV factor of the valve. It is
defined as the number of US gallons of water per minute at
60F that will flow through a valve with a pressure drop of one
psi. Its value helps to quickly compare different valve’s flow
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capacities which in turn will help to select a properly sized
valve for a desired application. Using the relations available it
is possible to determine the pressure drop across the valve
which is another important parameter during valve selection
and sizing.
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Fig. 1 Valve characteristics curves

Trims are generally categorized into three types viz. quick
opening, linear and equal percentage. The valve characteristics
from valve handbook for three different trim shapes are shown
in figure 1. Mathematically the flow coefficient can be
expressed as

SG
C, = —
»= Q= V()
Where, Q = discharge in gpm
SG = Specific gravity of the fluid

AP = Pressure drop

I1l. PROBLEM DEFINITION AND OBJECTIVE

In this project, a work is presented on a 125NB two-way globe
valve to calculate flow coefficient for different trim types.
Basically, three trim shapes showing on-off, linear and equal
percentage characteristics of valves were modeled in
Solidworks and later used to do CFD analysis in Ansys Fluent
using each of them. The velocity and discharge were measured
at an interval of 10mm lift for a constant pressure drop of 5
bar. The inlet and outlet gauge pressure considered was 10 bar
and 5 bar respectively throughout all the iterations. The main
objective of this work was to analyze the flow characteristics
for different trim shapes using a CFD tool and then plot a
graph of Discharge vs. Valve opening. Moreover, it will
provide the idea of trim selection for various flow conditions
that are required in industry.

IV. MODELLING AND SIMULATION

Solid Modeling

A 125 NB class 300 globe valve along with different internal
parts and mainly the three different types of trim shapes were
modeled in Solid works. Individual assemblies were done for
each and for simplicity of flow analysis the stem and bush of
each plug was suppressed to avoid unnecessary complexity
during flow analysis.

Fig 2: Globe Valve body

V. COMPUTATIONAL FLUID DYNAMICS
For doing the flow analysis of this model, there is a
requirement of a CFD tool. It uses numerical methods and
algorithms to solve and analyze problems with fluid flow
using the governing equations and the boundary conditions
specified. For this work ANSY'S Fluent was used to model the
problem.

Methodology

The assembly file from CAD software was converted into
IGES and imported into design modeler. The fluid domain
created, took the shape of the entire void. The meshed volume
of fluid domain is as shown in Figure 3. The gap between the
trim surface and valve seat had a very fine mesh which was
necessary to capture accurately the flow through that narrow
region. The mesh statistics are given in the following table.

Domain Nodes Elements
Valve body 68526 36113
Fluid domain 28315 147015
Trim 13555 69540
Total 110396 552668

Fig 3: Fluid domain volume mesh

The CFD code used in Fluent is based on Finite Volume
technique wherein a complex geometry can be divided into
finite regions of control volume and the mass and momentum
conservation equations are applied to each control volume.
The governing equations for steady state flow condition of
incompressible fluid are as follows :

Continuity equation :

du Jdv Jw _

—+—4+—=0
6x+6y+62
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Momentum conservation equations:

Du op N 0%u N 0%u N 0%u
Ppe = P9x T 5 T\ Gx2 dy?  0z2

Dv 6p+ 62v+62v+62v
Pt =PIy~ 5, T H Gx2 T 9y2 T 922
Dw op N %w N %w N %w

Ppr = PIw " Gu TH B2 T9y2 T 522

In addition to the above Navier- Stokes equations, transport
equations for turbulent Kkinetic energy (k) and the rate of
dissipation of energy (e) were used to solve the problem. The
Realizable k-epsilon model accurately predicts the spreading
rate of both planar and round jets. It is also likely to provide
superior performance for flows involving rotation, strong
adverse pressure gradients, separation and recirculation.
Further, the default Standard wall treatment as recommended
for industrial flows was selected [10].

Transport equations:

9 k 0 k = G G -Y, S
at(p)+6xj(p uj)_a Gt Gy = LA

(pf) * oy (pfu,) [ ]-}-pClSE PCy(———

k+\/_)

€
+CleEC3eGb +Se

Where, the model constants are ¢, =19, o, =10, o, =
1.2 and C, = 1.44,

The fluid that was used in this problem is liquid water whose
properties were acquired from Fluent database. The boundary
conditions of pressure inlet of 10 bar (gauge) and pressure
outlet 5bar (gauge) were given input which gave the required
pressure drop of 5 bar as needed for the case. Appropriate
mesh interfaces were selected for different contact regions.
Initially it generated a lot of errors but after simplifying the
geometry and avoiding unnecessary components the problem
was resolved. Hence in the final analysis, the results were
obtained with the seat incorporated as the part of valve body.
Also the stem of the plug was omitted. Incorporating these

The first analysis was done for the lift of 20% valve opening
and later was solved for subsequent increase of 10mm upto the
maximum lift. Using area weighted average the velocity
magnitude at outlet for each interval was recorded.
Furthermore, the mass flow rate obtained was used to calculate
the KV and CV factor for each iteration for all the trim shapes.

Results for trim shape 1

Fig 4: Velocity contour for valve opening of trim 1 at 40%

. Outlet .
;_02; Velocity Discharge(m3/hr) Ky v
(m/s)
20 6 264.81 118.42 136.90
40 8.2 361.91 161.85 187.10
60 9.46 417.52 186.72 215.85
80 10.25 452.39 202.31 233.87
100 10.5 463.42 207.25 239.85

Table 1: Result table for trim shape 1

Results for trim shape 2

0 0100 0200 (m) L;
— '

Fig 5: Velocity contour for valve opening for trim 2 at 40%

changes made sure that the solution converged for a much Outlet )
lesser number of iterations thereby reducing computing time Lift Velocity Discharge(m3/hr) Ky v
with no significant effect on the results. (%) (m/s)

. . . 20 5.18 225.09 100.66 | 116.36
Finally, the _pressure velocny. coup_llpg method used was 20 56 24716 11053 12777
SIMPLE which stands for Semi-Implicit Method for Pressure 5 o1 26922 12040 13918
Linked Equations. It is widely used to solve the Navier-Stokes ' - - '
equations and extensively used by many researchers to solve 8 6.7 29571 13224 15287
different kinds of fluid flow and heat transfer problems. For 100 8.61 380.01 169.94 | 196.45
higher accuracy, second order upwind scheme of spatial )
discretization was selected for pressure, momentum and k and Table 2: Result table for trim shape 2
epsilon equations at cell centroid. The Residual monitors for
equations were set for convergence criteria of 1*e-4.

VI. SIMULATION RESULTS
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Results for trim shape 3

Fig 7: Velocity contour for valve opening of trim3 at 40%

Outlet

:-;t) Velocity Discharge(m3/hr) Ky o
0 (m/s)
20 7.21 318.22 142.31 164.51
40 8.26 380.01 169.94 196.45
60 9.36 413.11 184.74 213.57
80 9.93 438.27 196.00 226.57
100 9.96 439.59 196.59 227.26
Table 3: Result table for trim shape 3
VIl. COMPARISON OF RESULTS
500
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Fig 8: Graph of flow Vs percent valve opening

For trim shape 1, the rate of increase in flow rate is directly
proportional to the opening of the valve. Hence it can be used
where linear valve characteristics are required. A typical
application for such characteristics can be process where
constant pressure drop is expected for different flow rates.

The curve for trim shape 3 shows an initial rapid increase in
the flow for less percentage of valve openings. After 50%
valve opening there is very slight change in the flow with
increase in lift. Thus valves with this type of trims installed
tend to show a fast opening characteristic. They find their use
in On-off control applications.

Lift (%) Change(%) Disc“ffg““’ Change(%)
20 225.096
20 9.80
40 2471616
20 8.92
60 269.2296
20 9.83
80 295.7112

Table 4: Equal percentage change in flow rate

From table 4 it can be inferred that trim shape 2 shows an
equal percentage characteristics. For each 20% change in the
opening of the valve there is approximately 10% of the change
in flow rate. Additionally, from graph it is noted that valves
with parabolic trim shapes are slow opening valves i.e. they
show a very less change in flow rates for initial increase in
lift. Owing to this fact such trims can be used for low flow
rate applications and where control output stability is of prime
importance.

VIII. CONCLUSION

In this work, flow coefficient, CV, one of the important factor
for valve sizing was determined for different trim shapes using
a commercial CFD code. The flow coefficient and discharge
was calculated for each trim shape for different valve opening
stages which on comparison showed the classic trends of flow
pattern for linear, fast opening and equal percentage
characteristics of a globe valve. Furthermore, it also showed
that trim shape with equal percentage characteristics have
tendency of low flow rates at the start and overall has less
discharge capacity for same lift as compared to valve with
linear characteristics. This work also shows that CFD
techniques can be implied for checking various valve flow
characteristics performing a lot of virtual iterations thereby
providing improvement in the accurate designing of valve
trims for specific requirements.
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