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Abstract -The butterfly valve is one of the most widely
used valves in the industries. A butterfly valve is a flow
controlling device which is used in almost all piping
applications, which includes the transfer of fluids. The main
advantages of this valve are simple in design, low cost, ease
of operation, less coefficient of friction and most
importantly low-pressure drop in fully opened conditions.
The present study involves analysis of butterfly valve in
computational method using different operating conditions.
Analysis was carried out at different valve opening angles
such as 30°40°55°%75° and completely open (90°). The
study was carried out using CFD tool -Ansys- Fluent 18. In
the analysis it was observed that 30° open angle has more
pressure exerted on the valve when compared to the other
opening angle. It is also observed that co-efficient of friction
is more at 30° valve opening .

Key Words: Butterfly valve, Valve opening angle, CFD,
Fluent, Low-pressure drop.

1. INTRODUCTION

Butterfly valve is very important flow controlling device in
the field of fluid mechanics. Due to its good characteristics
such as low-pressure drop, simple in design, more
accurate than other devices and less cost.

Butterfly valve is widely used in industrial application
such as pipe industries, sewage ventilation, and air
conditioning system

Due to friction in the pipe major loss of the fluid flow
occurs, flow control system has major role in controlling
the losses. But due to variation of flow parameters loss of
the fluid occurs that can be controlled by suitable valve
system.

2.LITERATURE REVIEW

Chul Kyu Kim e,tal :An experimented was conducted to
understand the different flow characteristics of single,
double, triple eccentric and concentric inclined disc
butterfly valve. A detailed study was conducted to
understand the different characteristics of butterfly valve
like valve coefficient, relative valve flow coefficient and
valve loss coefficient and is compared between them. The
plot for coefficient are dissimilar when compared from a
conventional butterfly valve. It was found that the triple

eccentric and concentric inclined butterfly valve have less
flow coefficient when compared to single and double
eccentric butterfly valve. The study proves that the former
has high flow rate ability and hence can be used for flow
control whereas single or double eccentric butterfly valve
can be employed for ON-OFF regulation of larger flow
rates [1].

Farid Vakili-Tahami e,tal: An analysis was done on large
butterfly valves to calculate the hydrodynamic torque
effects, which is very important for the design and
application of the same. While most analysis of butterfly
valve is based on hydrostatic effects, hydrodynamic
torque effects were calculated using some empirical
formulas and methods under some standard like AWWA
C504. In this paper, different valve opening angles where
considered in different condition to calculate the
hydrodynamic torque wusing Computational Fluid
Dynamics (CFD). The study was also made to understand
the different effects of surface roughness, effects of disc
shape and its deformation and upstream/downstream
pressure variation [2].

Xue Guan Song e,tal: This paper deals with the
optimization of butterfly disc at 2D, which is performed by
characteristic function. Firstly, the customer problem is
identified and the flow pattern and pressure loss co
efficient for the valve of initial design is calculated using
fluid field analysis. Secondly, the model of the valve is
made based on finite element method and analysis is
conducted which includes structural and/or fluid analysis
to get the valve performance. Thirdly, mathematical
functions are used to optimize and examine the single and
multiple objectives of the valve. During validation, it is
evident that using mathematical function like orthogonal
array experiment reduces the number of computer
experiments and accurately predicts the optimum
condition [3].

Park Youngchul e,tal: In this paper, three dimensional
numerical analysis is done on a large butterfly valve of
diameter 1800 mm using commercial code CFX. The
different parameters like flow pattern, flow coefficient and
hydrodynamic torque coefficient is measured for various
opening angles with uniform velocity. The results proved
that there will be pressure drop and hydrodynamic torque
for inlet velocity of 3 m/s. The results suggest that a
bypass equipment should be employed in order to balance
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the pressure drop on both sides of the disc. As the opening
angle decreases, the dynamic torque and turbulence
increases. Hence these are not desirable for opening
angles less than 20° [4].

According to the literature reviewed, many
researchers have worked on Flow Through butterfly valve
experimentally as well as numerically to understand the
effect of geometrical parameters on the process of
expansion and also flow structure depends on valve
opening angle, so our work has been focused on different
valve opening angles, different velocities and different
turbulent model.

3. Materials and Methods

Extensive study of existing literature on experimental and
numerical analysis of expansion through Butterfly valve
has been done. Butterfly valve geometry, expansion ratios,
flow and boundary conditions have been drawn on the
basis of the literature survey. Creation of two-dimensional
geometry of the Butterfly valve and meshing is done on
Workbench of ANSYS 18®. Simulation of expansion is
carried on ANSYS FLUENT 18® software using different
levels of grid refinement and turbulent models. Grid
independence test was carried out for each of the cases to
select appropriate number of elements for the
computational domain. Validation of simulated results
with that of experimental is done and the numerical
approach, which resulted in acceptably proximate
predictions, is adopted for further study of the cases taken
in this work. Post processing features of ANSYS FLUENT
are used to generate static pressure, total pressure and
velocity contours and Mach number plots for all cases.
Parameters that are essential for detailed analysis of
expansion like flow exit velocity, pressure at exit are
obtained from post processor generated contours and
plots.

4. RESULT AND DISCUSION

Pressure
Contour 1

1.277e+001
1.13%+001
1.002e+001

ANSYS

R18.1

8.642e+000
7.266e+000
5.890e+000
4.514e4000
3.138e+000
1.761e+000
3,853¢-001

-9.908e-001
-2.367¢+000
-3.743e+000
-5.119e+000
-6.495¢+000
-1.872e+000
-.248e+000
-1.062e+001
+1.200e+001

(Pa)
0 0100 0200 () ¢
— —
0950 0150

Fig-1: Pressure contour of 30° valve opening angle for 0.5
m/s.
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The figure 1 shows pressure contour of 30° valve opening
angle for 0.5 m/s. from the pressure contour it is evident
that the pressure continuously decreases from inlet to
exit, at the valve edges the values becomes critical due to
change in the valve opening angle. The pressure values
changes from 12 Pa to 0.3 Pa, but at the valve area the
pressure value changes 8.64 Pa to 4.514 Pa.
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Fig-2: Velocity contour of 30° valve opening angle for
0.5 m/s.

Figure 2 shows that the flow velocity at inlet 0.5 m/s is
remaining constant till it approaches the valve, there is
some change in the velocity and reach zero at some
positions over the valve wall where stagnation regions
being formed. Due to the decrease in the flow area
between the pipe wall and the valve edges, the velocity
increases (red color) and reaches a value of 8.52 e+01
m/s. These high velocities causes vortex (or Vortices),
eddies and recirculation flow on the downstream surface
of the valve disc. The flow then exhibits some turbulence
with circulation till it regains its inlet value of 0.5 m/s. It
can be seen that the stagnation regions on the upstream
valve surface is near the leading edge.
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Fig-3: Presuure contour of 55° valve opening angle for 0.5
m/s.
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Figure 3 Shows Static pressure Contour for Velocity 0.5
m/s with valve opening angle 55°In this plot pressure
varies from 1.18e+03 to 1.5+9e-02.
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Fig-4: Velocity contour of 55° valve opening angle for 0.5
m/s.

Figure 4 shows that the flow velocity at inlet 0.5 m/s is
remaining constant till it approaches the valve, there is
some change in the velocity Due to the decrease in the
flow area between the pipe wall and the valve edges, the
velocity increases and reaches a value of 7.62 m/s.
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Fig.5: Presuure contour of 75° valve opening angle for 0.5
m/s.

Figure 5 Shows Static pressure Contour for Velocity 0.5
m/s with valve opening angle 75°In this plot pressure
varies from 6.42e+02 to 1.37+9e-02.
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Fig-6: Velocity contour of 75° valve opening angle for 0.5
m/s.

Figure 6 shows that the flow velocity at inlet 0.5
m/s is remaining constant till it approaches the valve,
there is some change in the velocity and reach zero at
some positions over the valve wall where stagnation
regions being formed. Due to the decrease in the flow area
between the pipe wall and the valve edges, the velocity
increases and reaches a value of 3.74 m/s.

3. CONCLUSIONS

a) Validation of numerical results show that even by
restricting the computational domain to exit of
the butterfly valve acceptable results can be
obtained.

b) From the pressure plot it is concluded that Static
pressure decreases continuously from inlet to
outlet for all valve opening angle.

c) From velocity contour it is conclude that velocity
increases with valve opening angle.

d) Among the turbulence models available in the
commercial software, k-€ model resulted in most
proximate results to that of experimental.
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