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Numerical Prediction of Cavitating

Turbulent Flow &

Valve Coefficients in a Ball Valve

Abstract:

Ball valves, uses ball shaped disk and
is a rotational motion valve. It is used
for on/off or throttling operations and
provides minimum resistance to flow.
Using numerical technique the valve
performance and its characteristics,
and flow through the valve was
studied. Numerical simulations were
performed using commercial code
FLUENT, to study the flow patterns
and to estimate the valve sizing
coefficient, torque coefficient and
cavitation index for investigation of
cavitating flows.
Simulations were
performed at different
pressure drops and for

varying percentage
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Coefficients.

1. Introduction

In a ball valve, as the ball move
radially across the seal, the opening
in the ball is exposed, which allow the
flow. It is also categorized as high-
valve. At

intermediate openings, there are two

pressure recovery
throttling ports in series. Hence the
system experiences double pressure
drop. Fig .1 shows operation of a ball
valve

The commercial code, STAR-CDTM,
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opening of the valve.
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was used to investigate fluid flows
through a ball valve and to estimate
the important coefficients [1]. Using
FLUENTTM, investigation of flow
around a V-sector ball valve was
performed [2]. A three dimensional
numerical analysis, was performed to
reveal the velocity field, pressure
distributions in a butterfly valve by
using FLUENTTM [3]. Using AVL-
FireTM, the flow containing the
bubbles in a ball valve was analyzed
[4]. To perform three dimensional
analysis, to estimate pressure drop,

flow coefficient and hydrodynamic
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Fig. 1: Operation of a ball valve
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describe the flow
and account for the
of
turbulence. Vapor

effects
0.00e+00
transport equation
governs the vapor
mass fraction 'f',
given by

%(pmf)+V(pm‘7vf)=V(7Vf)+Re—Rc

(5)
3000
Where Mixture density, 2500
velocity vector of
> 2000
vapor phase, 2
=effective exchange 2 B%®
coefficient, E
¢ 1000
vapor generation and 2
condensation rate terms, § 5%
derived from Rayleigh- £ g
Plesset equations and 1

limiting bubble size
consideration.

Working Fluid &
Boundary Condition:
For Single phase flow
analysis, water was
selected as working
fluid, with pressure
inlet and outlet as 0.00e+00
boundary conditions.
For multiphase flow
analysis, water, its
vapor and non-condensable gases
were used as working fluid, water
being primary phase and vapor being
secondary phase, with pressure inlet
and outlet as boundary conditions.
Convergence criteria, for single phase
flow was set to 10-3, whereas for
multiphase flow it was set to 10-5.

4. Results and Discussion

Simulations were performed at

Valves India : July - Sept. 2011 : 22

1.03e+01 2.07e+01 3.10e+01

20

1.50e

TORQUE COEFFICIENT Ct

30 40 50 60 70 80 9% 100

PERCENTAGE OPENING

01 3.00e-01 {.50e-01

different pressure drops and varying
percentage opening of valve. Fig.5
shows the velocity contour plot for
50 percent opening of valve. It was
found that as the valve opened, the
number and the region of vortex
decrease. It was also observed that
as flow passes the restriction velocity
changes accordingly, which affects
the static pressure. Flow separation
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Fig. 5: Velocity contour plot for 50 percent opening
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Fig. 6: (a) Graph of variation of valve sizing coefficient; (b)
Graph of variation of torque coefficient

7.50e-0]

Fig. 7: Volume fraction of vapor phase for 30 percent opening

region and vortices increases as valve
is closed.

Fig. 6(a) shows Valve Sizing
Coefficient graph. The experimental
value of Cv for 100 percent opening
is 3180 [8]. The value obtained from
simulation result for 100 percent
opening is 3086. Hence experimental
Cv values and numerically obtained
values can be compared for validation.
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Fig. 8: Cavitation index for 10 percent opening and varying

Hydrodynamic torque reduces with
pressure drop. As valve is closed
hydrodynamic torque increases to a
maximum value and then reduces.
Torque coefficient remains constant
even as pressure varies. As valve is
closed torque coefficient increases to
a maximum value and then reduces as
shown in Fig. 6(b). Figure .7 shows
contour plot of volume fraction of
vapor, which indicates the cavitating
zones. Fig. 8 shows graph of
cavitation index for 10 percent
opening and varying pressure drop,
which indicates case of flashing.

5. Conclusions

1. Valve sizing coefficient and Torque
coefficient depends on percentage
opening and not on the flow

conditions.

2. Maximum hydrodynamic torque
occurs at 60% opening, while

maximum torque coefficient occurs
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pressure drop

at 80% opening. Though maximum
torque coefficient is obtained at 80
percent of valve opening, it does not
mean that hydrodynamic torque is
maximum at the same percentage
opening.

3. Cavitation Index depends on
geometry as well on flow conditions.
As valve is closed pressure drop
across it increases, thus the
cavitation index decreases. Hence
valve operating at lower percentage
opening cavitate severely.

Nomenclature

Cv: Valve sizing Coefficient (m3/hr)
D: Nominal Diameter of Ball Valve (mm)

Q: Volume Flow Rate (m3/s)

S.G: Specific Gravity

T: Hydrodynamic Torque (N-m)
: Density (Kg/m3)
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