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Abstract—Demand for renewable energy is escalating in the
present world where power generation through generating
vortex which is the whirling mass of fluid plays a crucial role in
being harmless for the environment. This study is composed of
analyzing different structures of vortex chamber by
implementing several conditions for extracting the finest vortex
generation that will be efficient enough to move the runner
blades for the production of electricity. Two different
geometries of vortex chamber of different diameters along with
channel with a contraction section are carried out for simulation
through ANSYS CFD after modeling in CAD for the
comparison for most befitting vortex generation is obtained by
differentiating through pressure, velocity, swirling strength, and
from different diameters of the vortex chamber.

Index Terms— Vorticity, vortex, computational fluid
dynamics (CFD), swirling strength, pressure, velocity

I. INTRODUCTION

YDRO-POWER which is one of the major vital sources

of renewable energy bears a great impact in the field of
power generation. As vorticity is an advantageous medium
for harnessing the power and for being spotless by moving
the flow of water in a circular motion, micro-hydropower
plants are constructed in such areas where the low head of
water is available. Some of the investigations have gone
through regarding gravitational water vortex power
generation. For Example, Wanchat and Suntivarakorn (2011)
reveal the most beneficial layout for a gravitational water
vortex pool in a cylindrically shaped reservoir with an outlet
at the center of the bottom. Comparably, Li et al., Mih, and
Chen et al. described the relation of inverse proportionality
between tangential wvelocity and water vortex radius.
Mulligan and Casserly also explained that the most favorable
strength of vorticity for low to high head sites where the
diameter of the basin outlet section to the diameter to the
basin ratio ranges from 14 to 18% [1]. As several types of
research have been carried out by comparing
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vorticity by changing multiple dimensions of the vortex
chamber, this study will be the comparison of two vortex
chamber geometries undergoing through various conditions
employing simulation from where the best vorticity can be
picked up observing the effects of pressure, velocity, and
swirling strength which has enough capability for power
generation by changing the conditions of height and the
diameter of the chamber.

Il. METHODOLOGY

A. Description of Designed Model

Two different structure of vortex chamber has been
designed for analyzing the vorticity. The design includes two
vortex chambers having two different chamber diameters and
heights with outlets attached with respective channels having
a section where contraction has been made. The major change
in design was brought in the diameter and the height of the
vortex chamber for the second model by keeping the rest of
the geometries the same.

Fig 1 3D CAD Model for Case-I

Fig 2 3D CAD Model for Case-II

Fig 1 and Fig 2 illustrates the designed model for Case-1 and
Case-11 along with the coordinates where the origin point was
set at the bottom center for Case-I and from the origin point
0.5m extra portion was extruded for Case-II
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TABLE |
VALUES OF TWO GEOMETRIES

Section of Vortex Model for Model for Case-
Chamber Case-1 Il Value (m)
Value (m)
Chamber Diameter 1 15
Chamber Height 1 15
Channel Inlet Height 0.4 0.4
Channel Inlet Width 0.5 0.5
Diameter of the 0.15 0.15
Outlet

B. Governing Equations and Mathematical Modeling

For acquiring the vorticity, the governing equations which
could be viscous, incompressible, steady, and as well as a
turbulent flow that can be contended as the continuity
equation and also the Navier Stokes equation related to the
coordinates of a cylinder which is placed as [2][3]
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As it is very difficult to crack through the above equations
analytically, ANSYS CFD Fluent was used for the solution
of the given equations [4].

C. Numerical Analysis

The meshing of the two models has been done as fine as
possible. The models were meshed with Tetrahedrons with an
element number of 507476 for Case-1 and 506886 for Case-
Il respectively with an aspect ratio of 1.94 and skewness of
0.27 for both cases.

Fig 3 Meshing Model for Case-I
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Fig 4 Meshing Model for Case-II

The pressure loss coefficient that specifies pressure loss of a
certain system or of a part of a system has been calculated for
both of the cases where the value of the finest mesh has been
found 1.38 for Case-1 and 0.93 for Case-Il. The range of
asymptotic convergence for Case-1 was obtained 1.04 with an
error of 0.11 and for Case-1l the asymptotic convergence
range was 1.02 with an error of 0.13 that reveals the solutions
are competent within the range of asymptotic convergence
[5]
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Fig 5 Pressure Loss Coefficient Versus Number of the Cells for Case-I
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The simulation was executed using the SIMPLE method. The
water flow was let to be run at a steady state by taking the
viscous model of k-epsilon at a standard model. The
incoming velocity from the channel that is the inlet was taken
velocity inlet at 1.8 m/s and outlet as pressure outlet taking
the gauge pressure at 0 Pa. 5000 iterations were set at residual
convergence condition of 1e-4 for both cases.
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I1l. RESULTS AND DISCUSSIONS

A. Velocity Streamlines

Fig 7 and Fig 8 show the velocity stream paths of the
vortex chamber for Case-1 and Case-1l where the flow of
water gets into the vortex chamber from the channel by
getting contracted at the contraction section. The streamlines
of water circulating spirally inside the chamber and drives out
through the outlet section. Between the two cases, Case-I has
acquired more velocity in the vortex chamber compared to
Case-11 as the radial flow of water gains more velocity for
Case-I for having less height and diameter concerning Case-
I1 where the color scale indicates the magnitude of velocity.
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Fig 7 Velocity Streamlines for Case-I

Veloci ANSYS
Streamline 1 ceotmic

! 2.676e+01

2.007e+01

1.338e+01

6.690e+00

0.000e+00
[m s*1]

Fig 8 Velocity Streamlines for Case-I1

B. Effect on Velocity

In Fig 9 and Fig 10, the velocity contours of the two
vortex chambers are shown from where the velocity inside
the chamber except the core formation of air for Case-I is
more than the velocity inside the chamber for Case-Il. The
angle 0° at the XY plane section represents the plane that has
been taken from the neutral position.
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Fig 9 Velocity Contours at XY Plane in 0° for Case-I
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Fig 10 Velocity Contours at XY Plane in 0° for Case-I|

From Fig 11 it has been understandably spotted that the
amount of increased velocity is more for Case-1 than Case-11
where it has been observed that there is a slight change of
velocity from 75% to 25% of the height of the chamber as
there is no sudden change of geometry between those heights.
After that, velocity suddenly rises due to the sudden
contraction at the bottommost position of the vortex chamber.
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Fig 11 Velocity Curve of Vortex Chamber over Various Positions

C. Effect on Pressure

Pressure can be related inversely proportional to the
velocity. By observing from Fig 13 to Fig 21, the contours
of pressure at different spots for Case-I and Case-Il which
are shown bear changes in the formation of the core of
vortex by the impact of pressure along with its position by
taking the plane of the ZX section at different heights
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Fig 21 Pressure Contours at 0% height from the bottom of Case-I1

From different models of the chamber that gives rise to
vorticity which is considered as Case-1 and Case-ll, the
pressure drop at the center of the vortex chamber for Case-I
gradually decreases faster than Case-11 while the flow moves
towards the bottom of the chamber for vortex formation as
because velocity for Case-l is greater compared to Case-l1 at
the bottom section. As the flow of water could not acquire
high velocity while moving radially towards the outlet section
for being large in diameter and height for the same inlet
velocity, the pressure drop slows down for Case-11 compared
to Case-1. Fig 22 and Fig 23 shows the pressure drop of total
pressure and static pressure at the center of the vortex
chamber for Case-l and Case-Il at the bottom region due to
sudden contraction for the outlet section where the top and
bottom positions of the vortex chamber for Case-I were set at
0.8m and Om and as for the Case-Il, the top and bottom
position were set at 0.8m and -0.5m respectively.
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Fig 22 Pressure Curve for Case-I
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Fig 23 Pressure Curve for Case-11

D. Effect of Swirling Strength and Velocity at Vortex
Core

The strength of swirl is an efficient vortex indicator in
the turbulence of the wall where higher swirling strength
leads to early vortex formation [6]. In Fig 24 and Fig 25 the
strengths of the swirl of the two models are shown where
the strength of Case-l is pretty higher than that of Case-II.
As the diameter and height are greater in Case-Il, the
strength in Case-1l lags as the circulation of water per unit
area is slower compared to Case-l. Maximum swirling
strength was found 30.865s? and 8.51s* for Case-1 and
Case-Il respectively.
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Fig 24 Swirling Strength for Case-I
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Fig 25 Swirling Strength for Case-I|
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Formation of the core of the vortex takes place due to the
reason for low pressure at the bottom of the vortex chamber.
[7]. The vortex core formation is less in Case-I than Case-11
illustrated in Fig 26 and Fig 27 due to the change in diameter
and height between the geometries. The velocity at the vortex
core wall in Case-1 is greater than Case-11 for the same inlet
flow ascribed to the swirling strength of the vortex formation.
Having a larger vortex core in Case-Il the strength of swirl
compared to Case-l is less for not gaining the velocity of flow
inside the chamber that can be noted down from the velocity
at air-core formation where Case-l acquires the velocity of
25.1027m/s and Case-I1 acquires the velocity of 23.2634m/s.
Hence the formation of a vortex in Case-11 has been found
weaker compared to Case-I.
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Fig 26 Velocity at Vortex-Core Formation for Case-I
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Fig 27 Velocity at Vortex-Core Formation for Case-II

IV. CONCLUSION

Comparison between two different dimensions of vortex
chamber was carried out in this study to observe the best
vortex formation from one of the geometry. Differentiation
was made concerning velocity, pressure, swirling strength,
and as well as the velocity at the vortex core formation by
keeping the same aspect ratio of different dimensions where
it was found that the vortex strength in Case-I is stronger than
Case-11. By going through several conditions, hence the inlet
velocity was the same for both cases with identical outlet
section, the velocity of water for Case-11 slows down at the
near walls of the vortex chamber for being large in diameter
and height as the circulation of water is slower than
decelerates the drop of pressure and weakens the swirling
strength which results in a weak vortex formation. By taking
the same aspect ratio of different parameters for both Case-I
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and Case-11 and from comparing both of the geometry, it has
been observed that the aspect ratio of Case-I is suitable for
strong vortex generation due to the high circulation of water
flow in the vortex chamber within certain inlet velocity. This
comparison study will help in selecting the suitable vortex
chamber for best vortex generation according to the incoming
flow of water practically where the micro-hydro power plant
can be placed for extracting the energy of water and
converting it for the generation of electricity.
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