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Numerical Analysis of Flow Characteristics in the Wells
Turbine for Wave Power Conversion

Hyeong-Gu Lee, Jeong-Hwan Kim, , Yeon-Won Lee

Key Words: Wells Turbine( 9=E]%]), Wave Power Conversion( #8¥-3), Natural Energy(AF9114]), Ocean
Energy(3§%eliid=)), Fluid Machinery(-+#717)), Angle of Attack( §2}), Steady Flow( 84H)

ABSTRACT

The aerodynamics of the Wells turbine has been studied using a 3-dimensional, unstructured mesh flow
solver for the Reynolds-averaged Navier-Stokes equations. The basic feature of the Wells turbine is that
even though the cyclic airflow produces oscillating axial forces on the airfoil blades, the tangential force on
the rotor is always in the same direction. Geometry used to define the 3-dimensional numerical grid is based
upon that of an experimental test rig. The 3-dimensional Wells turbine model, consisting of approximate
220000 cells is tested at four axial flow rates. In the calculations the angle of attack has been varied
between 10" and 30" of blades. Representative results from each case are presented graphically and analyzed.
It is concluded that this method holds much promise for future development of Wells turbines.

1. Introduction power change and installation problem of a great

power plant on the sea for the purpose of wave
Much attention in recent years has been focused

on the availability of natural or renewable energy

energy generation, but we expect that in the
beginning of year 2000 it is possible to generate

because of environmental damage and for the
purpose of energy replacement. Many ocean energies
such as wave, tide, wind and solar energy etc.
especially potential wave power and
economic. A number of prototype wave power plants
have already been in operation in Japan, England
and Norway, which have plenty ofwave power

sources. There are technical difficulties such as
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great wave power.

The fixed prototype of wave power plant was
operated in Kaimei, Japan(240 KW power) and
JAMSTEC proceeded to install a buoyancy type of
wave power plant(540 KW power). A wave power
plant is being driven in Queen's university of
Belfast, United Kingdom(75 KW power).

Wave power plants in Norway and Denmark are
going to be constructed” And wave energy is very
attractive of
geographic characteristics of the Republic of Korea

natural energy in consideration

which has long coastlines.
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Fig. 1 Schematic of Wells turbine

Wells turbine is a self-rectifying air turbine,
which is most widely used and one of the most
successful method of achieving wave power with
use of the principle of an OWC(oscillating water
colurnn.”’

This ells turbine consists of uncambered airfoil
blades with constant solidity around the axis as
shown in Fig. 1.

Since the turbine is symmetric about its central
plane and blades are set normal to the axis of
rotation, it is capable of uni-directional rotation,
while operating in a bi-directional airflow. The
investigation through numerical simulations of a
Wells turbine dependent upon angles of attack is
presented by Suzuki” In Suzuki's paper numerical
simulation is performed under the conditions of the
laminar flow and 19° and 30" angles of attack. In
our paper it is accomplished under the conditions of
the turbulence flow and angles of attack between 1
0° and 30° .We examined the flow characteristics
dependent upon various angles of attack. in this
paper we tried to make "flow model” of several
experimental data in the Wells turbine with use of
CFD code. It was very difficult for us to model this

work due to Wells turbine’s ' peculiar geometry
which has complex flow patterns and demands very
fine grid generation. First we have analyzed
2-dimensional, steady and incompressible airflow
around an uncambered blade in the test rig of the
Wells turbine, and them we have modelled and

calculated 3-dimensional Wells turbine’s geometry.

2.Computational conditions

2.1 Numerical analysis code

We have chosen FLUENTY as a CFD-code,
because it has a
capability regardless of complex geometry.

The continuity and momentum equations are
discretized with a FVM(Finite Volume Method) and
solved with the SIMPLE algorithm 10. Grids are
generated in a single block.

large number of modelling

2.2 Computational conditions of 3-D Wells
turbine

Our computation model is based on the Wells
turbine’s experimental data of Suzuki® The Wells
turbine which has 8 airfoil blades with high solidity
of 072 and tip clearance of Z mm is set in a
cylindrical duct. Air in chamber is sucked from a
bell-shaped suction port and delivered through a
turbine to the outlet. A number of simplifications
were made on the generation of 3-D grid. Due to
the rotationally cyclic nature of the turbine geometry
and of the expected flow patterns, the region around
one blade only was modelled and cyclic boundary
conditions were applied (Fig. 2). It was calculated in
comparison of many cases with angles of attack
between 10° and 30" at constant flow rates. Fig. 3
shows grid distributions on the blade surface and
around the surface. We has used unstructured mixed
grids which consist of triangular meshed around the
blade and rectangular meshed on the blade surface.

And the number of grids consists of 220,000

-326-



Fig. 2 Computational Domain
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Fig. 3 3-Dimensional Grid of a Wells Turbine

meshes and the number of grids on the blade
surface are 9800. A RNG k- emodel as turbulent
model is used and a QUICK scheme applied.

3. Analysis results and consideration

Figures 4 to 6 show the flow characteristics such
as velocity vectors, streamlines and pressure
distribution in the suction side under conditions of
z=8 (number of blade), s=0.72 (solidity) and t=2mm
(tip clearance) at angles of attack between 10° and
30° . Fig. 7 shows axial velocity vectors and
uniform velocity distributions on the  projected
surface in the mid-chord plane of a blade.

Fig. 8 shows relative velocity on a grid plane of
constant radius. Fig. 4 and Fig. 5 show that
separation points move forward from the ftrailing
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(b) angle of attack=20"

{c) angle of attack=25"

(d) angle of attack=30"

Fig. 4 Velocity vector on suction side



() angle of attack=30°

Fig. 5 Streamiines flowing over suction side

(¢} angle of altack=30"

Fig. 6 Static pressure distributions on suction side

edge to the leading edge in the increasing process
of angles of attack.

It is observed that the flow direction from the
leading edge to the trailing edge starts o reverse
and stall occurs from an angle of attack of 25° . It
is apparent as shown in Fig. 6 due to these
pressure distributions.

In consideration of these pressure distributions
the minimum pressure is observed near the tip of a
leading edge at a lower angle of attack, but the
minimum pressure point moves to the hub as the
angles of attack increases. And at a 307 of angle of
attack vortex is chserved in the central region over
the suction side.

Fig. 7 shows velocity wvectors and uniform
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Fig. 7 Velocity vectors and x-direction distributions projected
onto a meridional grid plane
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Just beneath tip
{c) angle of attack=20°

Just beneath tip
{d) angle of atiack=30"

Fig. 8 Relative vectors contours on planes of constant
radius
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Fig. 9 Comparison of experimental and numerical pressure

drops across the turbine

velocity distribution on the mid~chord plane of a
blade. Also as an angle of attack increases, it is
shown that unstable flow field is apparent and
vortex near the casing of downstream of a blade
grows up and vortex at the tip edge is increasing.
Fig. 8 shows relative velocity vectors near the tip
on constant hub radius at angles of attack between
10° and 30° . First at 4=10° constant pressure
distributions near the hub are apparent, but from
4=15" vortex is observed to occur in the trailing
edge of a blade and at 4=30" vortex.

Because the velocity near tip is faster than near
hub, vortex is being generated in the trailing edge
of a blade from 4= 10° . And it is observed that the
magnitude of vortex is increasing and prevailing as
an angle of attack increases.

Fig. 9 shows the comparison between numerical
and experimental non-dimensional pressure drops
across the turbine by Warfield12), 19%4. At tip
clearance of 1% the numerical results are found to
be in good agreement with experimental data at
each flow rate:

Figures 10 to 12 show velocity vectors, static
pressure distributions and streamlines over suction
side for various tip clearances at constant axial
velocity and with rotational speed of 2,000 rpm of a
Wells turbine.

Seperation is apparent in the wide range near the
trailing edge of a blade and the radial flow
increased along the trailing edge due to the
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{o) tip clearance=6%

Fig. 10 Velocty vector on suction side

centrifugal force through rotation of a rotor as
show in Fig. 10 (a).

As tip clearances increase , highest rotational
speed is able to be apparent at blade tip, so that
separation moves f{o the traling edge due to
increased momenturn as seen in Fig. 10 {a) and {(c).

We can see this in the streamlines of Figll, and
due to this effect of tip flow, the pressure
distributions over tip are affected as shown in Fig.
12 {a)~{b). Fg. 13 shows the «coefficients of
pressure drops with various fip clearance. As tip
clearance increased, the coefficient of pressure drops
decreased generally, but they are almost constant
between 0% and 1% of tip clearance and they
decreased greatly from tip clearance of 2%. This
means that proper tip clearances are less than 1%

(¢} tip clearance=6%

Fig. 11 Steamlings flowing over suction side

in consideration of a turbine’s efficiency and we
defined the coefficient of non-dimensional pressure
drops as follows.

4. Conclusions

Through numerical analysis of flow characteristics
in a Wells turbine for wave power conversion with
the effects of angles of attack we have concluded as
follows.
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leading edge. And at 4=30" very large vortex
occurs in the central part of a blade, so from
these results we need to develop a turbine
which can rotate very fast also at small flow
rates in order to control stall.

2) As tip clearance decreased, kinetic energy
decreased due ‘to viscous frictions near casing
and hub, so that the ranges of re—circulations
increased through inverse pressure gradient.

3) It is concluded that 0%<tip clearance<1% is
adequate in consideration of the efficiency and
flow characteristics of a turbine through
numerical simulation of a Wells turbine.
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