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Abstract : For a hydro turbine electricity generation system in river or bay, a venturi system could be
applied to accelerate flow speed at the inlet of the turbine system in a flow field. In this study, a steady
flow simulation was conducted to understand the effect of venturi system on the acceleration of current
speed at the inlet of a hydro turbine system. According to the continuity equation, the flow speed is
inversely proportional to the cross-section area in a conduit flow; however, it would be different in an open
region because the venturi system would be an obstruction in the flow region.

As the throat area is 1/5 of the inlet area of the venturi, the flow velocity is accelerated up to 2.1 times
of the inlet velocity. It is understood that the venturi system placed in an open flow region gives resistance
to the upcoming flow and disperses the flow energy around the venturi system. The result of the study
should be very important information for an optimum design of a hydro turbine electricity generation
system.
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1. Introduction
Due to global warming and limitation of clued
oil problem people has been seriously studied to
One of the
renewable energy sources can be obtained from

have a solution. representative

ocean and those are the current energy, wave

energy, coastal wind power energy and et al.
Among them, the current energy is less affected by
the weather condition in nature but the energy
conversion efficiency is low when current speed
slow in a current electricity generation station.
Because of this reason, a venturi system can be
applied to accelerate the current flow in low speed

to have higher efficiency of current electricity

generation system.

In this numerical study, an acceleration effect of
a venturi system that would be applied to a hydro
electricity generation system in a open-channel was
studied. Two main design parameters; area ratio
(Ra) and blockage ratio (Rg), were incorporated to
their
acceleration at the inlet of the electricity generation
system.

understand effects on the flow speed

2. Geometry of the Open-channel and
Venturi System for Numerical Study
Figure 1 shows configuration and its dimension

of the model open-channel to see the effect of the
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model venturi system installed in it. The length and
depth of the channel were fixed to 600m and 10m
respectively but the width was varied from 15m to
110m to see the blockage effect of the model
venturi system (the width is fixed 10m.) in the
flow field.

Figure 2 is the
open-channel with the model venturi system placed
the wall-side and 100m downstream from the inlet.
The length and width of the model venturi-system
were fixed to 50m and 10m respectively but the
throat width of the venturi was varied from 2m to
6m to understand the acceleration effect of the flow

top view of the model

in the throat.
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Figure 1: Physical domain of the model flow field
: 500m(L)*x70m(W)x10m(D)
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Figure 2: Top view of the model open-channel with the
model venturi system (Model-1) installed in the middle
and on the wall side of the flow field

The flow field is extended 450m backward from
the exit of the wventuri system to have fully

developed flow in the numerical domain.

3. Numerical Scheme and Its
Condition
In this numerical study, a venturi system has
been tested to understand the availability of the
system to speedup the flow velocity in a flow field.

3.1 Important Geometry Variables of the Model Venturi
System
Area ratio (Ra) and blockage ratio (Rg) are the
two main parameters in this study to see their
effects on the acceleration of the flow in the throat
of the model venturi system.
- Area Ratio(Ra) : Ra = At/ Ay
- Blockage Ratio(Rg) : Re = Ay / A
As shown in Table 1, the area ratio was varied
from 0.2 to 0.6 in 3 steps and the blockage ratio
(Rs) was varied from 4.6% to 33.3% in 6 steps
with Model-3 (Ra=0.2).

Table 1: Important geometry variables of the
model venturi system

(unit: m)
Model Area Blockage
geometry | ratio(Ra) ratio(Rg)
a-we-a
Model-1 0.6
2-6-2
a-we-a
Model-2 0.4 7.1 ~ 34%
3-4-3 0
a-We-a
Model-3 0.2
4-2-4
A1=hVXWx, Av = hy x W,
Ain = hin X Win
a W |
|- _— _— (hv - 5m)
h (hin = 10m)
v
Remarks h'"[ - a = 2-am
Wy I w; = 2~6m
L ———~ W, = 10m
Win " Wip =15~110m
(Front view of the model open-channel
with the venturi system placed on the
wall-side)
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3.2 Numerical Scheme of Flow Analysis

In this study, FVM (Finite Volume Method) [1]
scheme employed to
phenomenon around a model venturi system in the

was simulate  flow
open-channel. The water flow field in the control

volume is reasonably assumed to be,

- Full 3D flow,

- Turbulent flow,

- Incompressible flow,
- Steady state flow.

The general-purpose CFD code, PHOENICS [2]
(ver. 2009) was used for a numerical calculation of
the turbulent incompressible field.
3-dimensional Navier-Stokes equations [3] were
solved with standard (k-€) turbulent model [4].
Since the process was assumed as steady state and
adiabatic process,

flow

the energy equation was not
required to be solved in the numerical calculation.
The laminar no-slip condition near solid boundary
was modeled by the logarithmic law. Time
differencing has been fully implicit backward while
advection terms are hybrid differenced. Conjugate
gradient technique for corrections in
transport equations has been incorporated and
'SIMPLE' algorithm [4] has been employed for the

velocity and pressure coupling in this application.

pressure

For the convergence of the numerical solution, the
iteration was continued until the residual fraction
was below 1x10™.

3.3 Governing Equations

The basic equations of fluid dynamics in the
control volume are based on Navier-Stokes
equations [3] that are comprised of equations for

conservation of mass and momentum and given as,

(1) Continuity equation

ou;, dU; au,
—+ +—=0
o oy a 1)

(2) Momentum equation

A ~ A ou o
N, 0 yyyotP, 0[O ) ol
ot 0x; pOX  OX; ox; O

@)
(3) Standard k-e turbulent model

- Turbulent kinetic energy equation

A PN VI T L Y
OX; OX; o\ ) OX; 3)

- Energy dissipation equation

0 0 v, | O¢ &
8><,(U’g)=ax[[v+ ‘Jax}rk(ch_C”zg)

]

U, U, 2
—Uiuj :Vt[m+&]_3k5ij

]
— U, 2
G=-uu;— v, =C LS
X “ g (4)

&

where

(C,=009 C,=192 C,=144 ¢, =10 o, =10)

3.4 Numerical Grid of Physical Model and Its Conditions

The CAD-to-CFD method (CHAM, 2009) [2] in
conjunction  with  orthogonal grids [5] was
incorporated for the numerical grid generation in the
physical domain in this study. First, a 3-dimensional
geometry of the model channel and venturi were
modeled by Pro-Engineers, a 3-dimensional CAD
software and transferred the models into to the
numerical domain to generate the numerical grids in

the rectangular coordinate system.

Front View

Figure 3: A typical 3-D numerical grad of the
open channel with the model venturi (Model-1)
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Figure 3 shows a typical numerical domain with

the model with a model venturi
(Model-1)
The optimum grid size of the 3-D model was
decided to (131x26x38) from the prior validation

test of numerical grid.

open-channel
incorporated for this numerical study.

(Boundary and Initial Conditions)

(1) Velocity boundary condition at the inlet of
the control volume; Vi, = 0.5~4.0m/s

(2) Constant pressure boundary condition at the
exit of the control volume

(3) No-slip condition on the surface of the
model channel and venturi system

(4) Potential flow conditions on the open surface
of the control volume; top and bottom sides of the
channel

4. Results and Discussion
In this numerical study, the effect of venturi
system for the acceleration of flow speed of water
at the venturi throat was studied with the change of
the area ratio (Ra) and blockage ratio (Rg) of the
flow system. The simulation results were analyzed
such as,

- Variation of Flow Speed (Vi at Throat of the
Model Venturi with Area Ratio (Ra)

- Variation of Flow Speed (Vi) at Throat of the
Model Venturi with Blockage Ratio (Rg)

- Variation of Flow Speed (Vi) at Throat of the
Model Venturi with Location of the Model
Venturi

4.1 Flow Characteristics in the Flow Field with RA and
RB

(1) Effect of the Area Ratio (Ra) on the Throat
Velocity (VY)

The throat velocity (Vi) and the
characteristics around the model venturi system with
the change of throat area (A;) were analyzed at
Re=7.1%.

flow

As shown in Figure 4, the throat velocity (Vi)
increases as the throat area decreases but the
recirculation zone increases as well at the exit of
the venturi because the flow resistance increases
with the

separation point moves forward due to viscosity

thickness of venturi wall and the
effect on the wall. The recirculation zone will have
strong resistance on the exit flow in the system.

(2) Effect of the Blockage Ratio (Rs) on the
Throat Velocity (Vi)

Figure 5 shows the effect of Rg on the V; at the
constant Ra (=2.0). As the Rg increases, the Vi
increases as well because the momentum energy
passing through the throat

However, the separation position does not change

increases as well.

much in all cases. It means that the flow pattern

depends more on the convergent-divergent shape of
the venturi system not on the momentum energy
level passing through the venturi system.
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Figure 4: Variation of water flow speed at the
throat with the throat width at constant blockage
ratio (Rg= 7.1%) : Vin = 2.0m/s.
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Figure 5: Variation of the water flow speed at
the throat with the blockage ratio at constant
area ratio (Ra=0.2) and Vi,=2.0m/s

Model-3 Rg=33.3%

4.2 Variation of Throat Velocity (Vi) with Inlet Flow
Velocity(Vin)

Figure 6 shows variation of throat velocity (Vi)
with inlet velocity (Vi) at each different area ratio
(Ra). As shown in the figure, the throat velocity is
higher as the area ratio is lower. It means that the
throat velocity is faster as the flow passes through
smaller area. This analytical result will be very
important information for the optimum design of
hydro electricity generation system.
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Figure 6: Variation of the velocity ratio (V#/Vi)
with inlet velocity (Vi) at Rg=7.1%

1.90
:&85 —+— Stream Edge

- 1.80 —=— Middle stream | |
>
£ 170
<
= \\1%
% 1.60
o
g
=)

1.50
£ e 1.48
o
=)
E 1.40
@
>

1.30

1.20

0 0.2 0.4 0.6 0.8

Area Ratio(Ra) of Venturi

Figure 7: Variation of the velocity ratio (V/Vi)
with area ratio (Ra) at Rg=7.1%

Figure 7 shows the variation of the velocity ratio
(V/Vi) with area ratio (Ra) at Re=7.1% and the
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effect of location where the venturi system is
placed in the channel. As shown in the figure, the
smaller the area ratio is, the higher the velocity
increased ratio. The throat velocity is 1.85 times
increases as the throat area is reduced 1/5 of the
inlet area of the venturi system. For the effect of
the location of the venturi system, when the system
is placed at the wall side of the channel, the throat
velocity is a bit higher than at the center of the
channel. It is due to the flow energy dissipation in

the flow field.
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Figure 8: Variation of velocity ratio(V+/Vi) with the
blockage ratio(Rg) at Ra=0.2

Figure 8 shows the variation of velocity ratio
with the blockage ratio (Rg). As the blockage is
increasing, the throat velocity (Vi) increases as
well. When the blockage ratio is 30%, the throat

velocity increases up to twice of the inlet velocity.

5. Conclusions
In this an effect of venturi

installed at the

study, system

inlet of a current electricity
generation system to maximize the efficiency of the
electricity generation system has been studied. The
important design parameters of the venturi system
are the area ratio (Ra) and blockage ratio (Rg) of
the venturi system. An effect of location of the
venturi was also

system in the open-channel

analyzed to understand the velocity acceleration
effect in the throat. The following results would be
very valuable information for the optimum design
of venturi system installed at the inlet of hydro
power generation system in future.

(1) The Relationship between Throat Flow
Velocity (Vi) and Area Ratio (Ra) of the Venturi
System

The continuity equation can not be applied to
the venturi throat in an open-channel to evaluate
the flow velocity at the throat of a venturi system.
It was found that the is not

inversely proportional to the throat area; however,

throat velocity

Eq. (5) is a valuable analytical equation to estimate
throat velocity of a venturi system with the inlet
stream velocity (Vin).

(V/Vin) = 0.375RA%-1.225RA+2.08 (5)

(2) The Relationship between Throat Flow
Velocity (Vi and Blockage Ratio (Rg) of the
Venturi System

Blockage ratio (Rs) is another important
parameter affecting to throat velocity (Vi of the
venturi system in a open-channel flow. As blockage
ratio (Rg) increases, the throat velocity increases as
well. Eq. (6) is an analytical equation from the
numerical  simulation

showing the relationship

between blockage (Rg) and the velocity ratio
(VdVin). It is also very important information for
the optimum design of the inlet venturi system of

hydro electricity generation system.
(Vi/Vir) = 0.0001Rg* + 0.0063Rg + 1.7948  (6)

(3) An Effect of the Location of the Venturi
System in the Flow Field.

The
open-channel flow field does not have serious effect

location of the wventuri system in a

on the throat velocity of a venturi system.
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