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ABSTRACT

Various obstruction type flow measuring devices are being used in the industries and
V-cone flowmeter is one of them. Many researchers have investigated and evaluated the
performance of the V-cone flowmeter but very limited literature is available may be due to
commercial use. There are many dynamical and geometrical parameters whose effect on the
performance of the V-cone flowmeter may or may not have been investigated but is not
available in the open literature. In the current research work, the effect of some of these
parameters has been investigated both experimentally and computationally. First, the
performance of a V-cone flowmeter with rear support is evaluated experimentally to
establish the effect of vertex angle for two specific 'B' values i.e. 0.62 and 0.72 in the flow
range of 3028 < Re < 81877. It has been found that for a given vertex angle, coefficient of
discharge (Cq) is nearly independent of 'B' value. For a given 'B' value the coefficient of
discharge decreases with vertex angle. The effect of downstream pressure tap location on
the performance of V-cone flowmeter has also been investigated experimentally. The
downstream pressure tap between 0.4D and 0.5D distance could be an alternative position
for pressure differential to the base pressure generally used. PIV, a non-intrusive tool has
been used for measuring velocity and turbulent intensity and visualization of the 2D vector
field for the cone configuration of f=0.62 and vertex angle 30° at the flow Reynolds number
of 3028, 6057, 52755 and 74488.

In the concomitant numerical studies, the effect of boundary layer thickness on the
performance of V-cone flow meter is studied using the Fluent CFD software. The shear
stress transport k-0 (SST k-w) turbulence model has been chosen for these numerical
simulations after validation. Two V-cone flowmeters with different beta ratios (B) viz., 0.6

and 0.7 with fixed vertex angle (¢) of 60° have been studied and analyzed for Reynolds
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numbers (Re) ranging from 500 to 5,00,000. The results apparently show that the upstream
boundary layer thickness has very little effect on the performance of the flowmeter. In real
situation, to have uniform velocity profile at 5D upstream is impractical. A thorough study
has been carried out to establish the effect of vertex angle for three cone configurations
namely without support (ideal condition) and with front and rear support on the performance
of V-Cone flowmeter for a fixed beta ratio (B) of 0.6. The vertex angle has been optimized
on the basis of coefficient of discharge (C4) and the amount of predicted uncertainty (Ucq) in
measurements within the range of Reynolds numbers investigated (Re) 10° to 10°. It is
revealed that vertex angle of 75° is the appropriate vertex angle as it provides consistent
results over the wide range of Reynolds number starting from laminar flow. The results also
show that front support has negligible effect whereas rear support has significant effect on
the performance of the flowmeter. The effect of cone vertex tip radius is seen to be
negligible. The location of downstream pressure tapping point has also been studied and it is
seen that 0.4D location gives consistent results.

The effect of providing a curved surface (the radius of curvature (R)) at the base of
the cone element has been investigated by considering radii of curvature of 20 mm
(hemispherical, R/d= 0.5), 22 mm(R/d= 0.55) 25 mm (R/d= 0.625) and 27.62 mm (R/d=
0.6905) in order to gradually reduce the arc length while keeping the chord length constant.
In addition a semi-elliptical based cone with 20 mm semi-major axis and 10 mm semi-minor
axis has also been investigated. The study shows that introducing curve surface of R/d
ratio=0.55 at the base of the cone increases the mean C4 value by 8 % without significant
changes in the accuracy of the flowmeter.

The effect of lateral and angular off-set of the cone axis in the horizontal and vertical

planes on the performance of the V-cone flowmeter has also been studied. It is observed that
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angular off-set of the cone axis either in the vertical or horizontal plane has insignificant
effect but the lateral off-set has significant effect. The deviations are of the order of 3%.

The selected turbulence model has been used to predict the performance of the rear
supported V-cone flowmeter and it is seen that the predictions match reasonably well with
in-house experimental data. In addition, higher value of discharge coefficient is obtained
with rear supported V-cone flowmeter. Discharge coefficient (Cq) increases linearly with
Reynolds number in the lower range unlike the oscillating nature seen with front or without

supported V-cone flowmeter except for vertex angle of 75°.
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Radius of curvature (mm)
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Upstream pressure (Pa)
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Differential pressure = P;-P; (Pa)
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Coefficient of discharge
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Body force per unit volume
Mass flow rate (kg/s)
Gravitational acceleration (m/s?)
Turbulent kinetic energy (m”/s?)

Vertex angle (°)
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Equivalent diameter ratio = /1- —
D
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Specific turbulence dissipation rate (1/s)
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Dissipation of ® due to turbulence

User defined source terms for k and w equation
Cross-diffusion term.

Friction factor

Friction velocity = %«
P
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Tensorial notations
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