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Contribution to Improving the Performance of a Wind
Turbine Using Natural Convection

M. Kriraa1,2, M.EL Alami1 and M. Abouricha1

Abstract: Natural Convection in a vertical channel with internal objects is en-
countered in several technological applications, among them particular interest of
heat dissipation from electronic circuits, refrigerators, heat exchangers, nuclear re-
actors fuel elements, dry cooling towers, home ventilation, etc. This numerical
study deals with the study of natural convection in a vertical convergent channel
with a circular block. The considered parameters are 104 ≤ Ra ≤ 106, Prandtl
number Pr = 0.71, channel height 10 ≤ A ≤ 30, inclination angle of the channel
ϕ = 0,2.860,5.740. The size block conductivity and the block radius are assumed
to be constant Λ = 100, R = 0,1 respectively. The Nusselt number and the mass
flow rate are correlated with Rayleigh number. Further, the maximum kinetic en-
ergy (∆Vmax) is also evaluated.
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Nomenclature

A dimensionless channel height(H/bmin)
bmax inlet opening width
bmin outlet opening width
H channel height
q heat flux imposed on the channel plates
M mass flow rate
n normal coordinate
Nu mean Nusselt number (Case 1)
Pr Prandtl number (Pr = υ/α)
r block radius
R dimensionless block radius (r/bmin) = 0.1
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Ra Rayleigh number (Ra = gβqb4
min/(λ f αυ))

T temperature of fluid
Tc fluid temperature at the inlet, and on the block
θ dimensionless temperature of fluid=(λr(T −Tc/q bmin)
u,v velocities in x and y directions
U,V dimensionless velocities in x and y directions =(u,v)bmin/α

x,y cartesian coordinates
X ,Y dimensionless Cartesian coordinates = (x,y)/bmin

α thermal diffusivity
β volumetric coefficient of thermal expansion
λ f thermal conductivity of fluid
Λ thermal dimensionless conductivity of the block (λ/λ f )
υ cinematic viscosity of fluid
ρ fluid density
ϕ channel plate inclination angle
Ψ dimensionless stream function

Subscripts

c cold
h hot
max maximum
min minimum
f fluid

1 Introduction

When it is shining, the wind strongly decreases, so the wind power gets very weak.
We believe, there is a possibility to fix this well-known problem affecting wind
turbines by modifying slightly the related convergent channel with a secondary tur-
bine at the outlet. Plates of the channel are heated by solar radiation. Accordingly,
in this study, we will show how it is possible to enhance the wind system efficiency
by using natural convective flows.

In many applications it is advantageous to employ natural convection, since it is
cheap, maintenance and noise free, and reliable, Peterson and Ortega (1990). The
more frequently investigated configurations are the open cavities, Showole and
Tarasuk (1993), Arid et al. (2012), horizontal channels, Lappa (2011), Compo et
al. (1999), Rana et al. (2013) and vertical channels, Bilgen et al. (1995), Inclined
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triangular, Mahmoudi et al (2013). Many kinds of thermal wall conditions are pro-
posed to yield approximate conditions in the prediction of thermal performance of
such configurations. Along the same lines, a numerical study of natural convection
was conducted by Penot et al (2000). The authors considered a vertical channel
which simulates a chimney placed in a closed and differentially heated cavity. The
chimney walls capped isotherms. Natural convection in an asymmetrically heated
channel with unheated extensions has been investigated experimentally by Manca
et al. (2002). Average Nusselt number and maximum dimensionless temperature
correlate to the Rayleigh number. A numerical investigation of free convection in a
vertical isothermal channel was carried out by Desrayaud and Fichera (2002). Two
rectangular blocks are symmetrically mounted on the channel surfaces. An exper-
imental and numerical investigation of the effect of the position of wall mounted
rectangular blocks on the heat transfer, taking into account the angular displace-
ment of the block, was conducted by Bilen et al. (2001), Mahrouche et al. (2013).
The experiments were conducted in a rectangular horizontal channel. Murakami
and Mikic (2003), presented an optimisation study using a method of determin-
ing optimum values of the channel diameter, flow rate and number of channels for
minimum pressure drop.

Among the most recent numerical studies of natural convection flows in a vertical
channel there is one conducted by Wu-Shung et al. (2009). The particularity of
this work is working with a large temperature difference between the heat source
placed in the middle of one wall of the channel and the outside air temperature (Th =
606K and 594K), while that of the surrounding medium was almost equal to 298K.
The Boussinesq approximation was no longer valid and it was not used in this
case. In their results, the authors present a correlation of average Nusselt number
based on the Rayleigh number. This correlation is similar to that encountered in the
literature.

To our knowledge, there are no studies on the convergent channel containing an
obstacle placed somewhere in the channel. However this configuration has in our
opinion, many industrial applications. This makes our work original and important.

The paper is organized as follows. First, the studied configuration and the govern-
ing equations are introduced. Second, the numerical solution procedure for the full
Navier-Stokes elliptic equations is also exposed. Later, in the last section of dis-
cussing the results, we explained validation of numerical results, the influence of
Rayleigh number, channel height, converging angle, and a generalized correlation
for kinetic energy, the average Nusselt number and mass flow rate.
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2 Physical problem and governing equations

The physical domain under investigation is shown in Figure 1. It consists of two
nonparallel plates with the block circular heat conducteur. Both plates are heated at
uniform heat flux. The imbalance between the temperature of the ambient air and
the temperature of the heated plates are drawn an air flow into the channel. The
flow in the channel is assumed to be two-dimensional, laminar, incompressible.
All thermophysical properties of the fluid are kept to be constant, except for the
dependence of the density on the temperature (Boussinesq approximation), which
gives rise to buoyancy forces. The convergent plates have a length H, the sections
at the entrance bmax and exit bmax. Hence, the aspect ratio of the channel is h/bmin.
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Figure 1: Sketch of the configuration and boundary conditions

The following variables and quantities are used for non-dimensional the governing
equations and boundary conditions.

X =
x

bmin
, Y =

y
bmin

,
−→
V =

−→v .bmin

α
, t =

t.α
b2

min
,
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θ =
λr(T −Tr)

qbmin
, PM =

(P+ρ g y)b2
min

ρα2

then the non-dimensional system of governing equations to be solved can be ex-
pressed as:

∂U
∂X

+
∂V
∂Y

= 0 (1)

∂U
∂ t

+U
∂U
∂X

+V
∂U
∂Y

=− ∂P
∂X

+Pr(
∂ 2U
∂X2 +

∂ 2U
∂Y 2 ) (2)

∂V
∂ t

+U
∂V
∂X

+V
∂V
∂Y

=−∂P
∂Y

+Pr(
∂ 2V
∂X2 +

∂ 2V
∂Y 2 )+PrRa θ (3)

∂θ

∂ t
+U

∂θ

∂X
+V

∂θ

∂Y
=

∂ 2θ

∂X2 +
∂ 2θ

∂Y 2 (4)

the two dimensionless numbers appearing in the governing equations are:

-the Rayleigh number

Ra =
gβqb4

min

λrνα

-the Prandtl number

Pr =
ν

α

The imposed boundary conditions, in terms of pressure and velocity, are similar to
those of the natural convection flow in a vertical channel (thermo− siphon), Penot
and Dalbert (1983) and Chappidi and Eno (1990):

- At the inlet opening:

P =− M2

2bmax
, θ =U = 0, V =

M
bmax

- At the outlet opening:
θ and V are extrapolated by adopting similar processes as shown in references
Tomimura and Fujii (1988),Najam et al (2004), El Alami et al(2008), and Tmartnhad
et al (2008).

P =U = 0,
∂ 2θ

∂Y 2 =
∂ 2V
∂Y 2 = 0

- On the channel plates: q = 1 , U =V = 0
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The mean Nusselt number over one active wall of the convergent channel:

Nu =
1
A

∫
paroi

1
θ

dX (5)

The mass flow rate is a fundamental unknown of this problem:

M =
∫

bmin

V dX |Y=A (6)

3 Numerical method

The governing equations of the problem were solved numerically using the control
volume method of Patankar (1980). The QUICK scheme developed by Lionard
(1979) was used for convective terms discretization Choukairy (2012), Maougal
(2013) . The final discretized forms of the equations (1-4) were solved by using the
SIMPLEC algorithm. Time steps considered ranging between 10−4 and 10−5. The
accuracy of the numerical model was verified by comparing our results with those
obtained by De Val Devis (1983) and Le Queré (1985) for natural convection in
differential heated cavity, Table 1, and then with the results obtained by Desrayaud
and Fichera (2002) in a vertical channel with two ribs symmetrically placed on the
channel walls, Table 2. We note good agreement in Ψmax and M terms. When the
steady state is reached, all the energy furnished by the hot walls to the fluid must
leave the openings the channel through . This energy balance was verified by less
than 5% in all cases considered here.
Note that the mass flow rate was rigorously equal to Ψmax. The maximum devia-
tion between M and Ψmax which was equal to 0.7%, Table 2, confirm against the
accuracy of our numerical code.

Table 1: Comparison of our results and those of De Val Davis (1983) and Le Queré
and De Roquefort (1985).

Ra De Val Davis
(1983)

Le Queré and De
Roquefort (1985)

Present study Maximum
deviation

104 Ψmax = 5.0980 ———— Ψmax = 5.035 1.2%
105 Ψmax = 9.6670 ———— Ψmax = 9.725 0.6%
106 Ψmax = 17.113 Ψmax = 16.811 Ψmax = 17.152 2%
107 ———— Ψmax = 30.170 Ψmax = 30.077 0.3%

On the experimental study of flows natural convection in a converging channel with
block that was by Bianco et al (2007) Figure 2.
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Table 2: comparison of our results and those of Desrayaud and Fichera (2002).

Ra = 105 (A = 5) Desrayaud and
Fichera (2002)

Present study Maximum
deviation

Ψmax 151.51 152.85 0.9%
M 148.27 151.72 2.2%

Maximum deviation
between M and Ψmax

2.3% 0.7%

x θ g 

Phenolic fiberboard  
plates 

Polystyrene 

L 

Polystyrene 

F
lo

w
 d

ir
ec

ti
on

 

3.
2 

m
m

 

 W 

   
y 

 

Copper 

  

  

maxb

minb

������� ���������������������

Figure 2: Experimental scheme designe by bianco and Manca (2007)

To validate any numerical model, the best scenario used is to compare the numer-
ical results with those obtained experimentally in the same conditions applied. To
achieve this goal, we chose the configuration studied Figure 2 since it is very close
to our study. thus, the work we have done represents several numerical simula-
tions respecting the design parameters used in the experimental part of Bianco et
al. (2007)(inclination, aspect ratio and the Rayleigh range).

The average Nusselt number calculating along the heated wall of the channel was
linear in logarithmic coordinates for the three angle values, and in the range con-
sidered Rayleigh number.

correlation giving the variation of the Nusselt according Rayleigh number is given
and compared with that of Bianco (2007) (Figure 3).

In Figure 3, the dashed curve represents the correlation of Nusselt according to
Rayleigh of the study Bianco (2007). The solid curve represents our Nusselt cor-



450 Copyright © 2014 Tech Science Press FDMP, vol.10, no.4, pp.443-464, 2014

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

maxbNu  

1E+4 1E+5 1E+6 1E+7 1E+8
0

1

10

100

maxbRa
 

        
o0=ϕ  

       
o86.2=ϕ  

    
o74.5=ϕ  

23.0
maxmax 22.0 bb RaNu =  

24.0
maxmax 20.0 bb RaNu =  

962032.02 =r  

ours  résultats 

Nicola et al [8]  

Figure 3: Comparison of numerical Nusselt number (our calculations) and experi-
mental ( Bianco et al (2007) )

relation based on the Rayleigh number for three values of the angle ϕ = 0◦,ϕ =
2.86◦,ϕ = 5.74◦. We note that there is a very good agreement between our results
and those of Bianco (2007).

the maximum difference between the obtained correlation curves and points of nu-
merical calculation is ϕ = 5.74◦ and 3.105 ≤ Ra≤ 5.106 The same difference was
founded by Nicola et al. (2007), which validates our fairly numeric code.

The following grid sizes: 80× 200; 120× 240 and 120× 400 are used for the
simulations respectively for A = 10, 20 and 30. A typical grid pattern for an aspect
ratio of 10 is chown in figure 4.

4 Results and discussion

The heat transfer rate across the hot walls and the flow and temperature fields
are examined for the Rayleigh number (104 ≤ Ra ≤ 106); channel height A =
10, 20, 30; channel plate inclination angle 0 ≤ ϕ ≤ 5.740 and other parameters
of the problem (R = 0.1, Pr = 0.71, Λ = 100).
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�
Figure 4: A typical grid pattern for an aspect ratio of 10
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The particularity of this problem is the appearance of different solutions when vary-
ing Ra. The flow structure is composed of the open lines, which represent the as-
pired air by natural convection (thermal drawing), and closed cells which are due
to the re-circulating movement inside the aspired of fresh air. The results of each
of the runs 104,105 and 106 were checked in great detail to determine precisely the
flow structure, thermal field and maximum air speed deviation introduced by the
block existence.

4.1 Streamlines and isotherms

Useful information on velocity and temperature patterns in the channel for different
control parameters, are given by the stream function and thermal fields presented
in this section. Results are presented in two principal paragraphs: channel without
block (only the case of A = 10 is presented) and channel with block at the outlet.

4.1.1 Channel without block: Case 1

The case of the channel without a block is not the objective of our work. So
we present it in this section for A = 10, especially to give a comparison of the
channel with block and to underline the effect the wall inclination angle. For
ϕ = 0 and Ra = 104, fig.5-a, isotherms (on the left) which are not much dis-
torted in the major part of the channel, show that the thermal drawing (buoy-
ancy) is weak. Streamlines (on the right) are practically parallel to the channel
planes. This solution is a thermo− siphon type. The increase of Rayleigh num-
ber leads to an important jet of fresh air in the channel as reflected by the strong
distortion of the isotherms and the high values of the stream function, fig.5-b, for
Ra = 105:|Ψmax|Ra=105 = 38.78 > |Ψmax|Ra=104 = 13.11. This phenomenon is ac-
centuated with Rayleigh number, as shown in fig. 5-c, for Ra = 106. In this case,
|Ψmax|Ra=106 = 112. Isotherms are too tight along the channel plates and present
a good heat exchange through them. The channel is full by the open stream-
lines which are parallel to the hot walls, and the problem solution is always a
thermo− siphon kind.

For ϕ = 2.86◦, figs.6-a, b, c, we present the flow structure and the thermal field.
In the range of the low Ra values, we have raised the same solution that in the
other case. The streamlines are not parallel, because of the channel convergence,
but the solution is a thermo− siphon kind and |Ψmax|ϕ=0 = |Ψmax|ϕ=2.860 = 13.12.
fig.6-a, for Ra = 104. In figs.6-b and 6-c, we notice two mainly modifications in
the flow structure. For Ra = 105, the streamlines show that, the boundary layer
flow begins to be developed, especially in the lower part of the channel. Increas-
ing Ra, advantageously, the streamlines and isotherms become tighter near the
channel walls and show that the major part of fresh air jet passes close them,
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a)Ra = 104 b)Ra = 105 c)Ra = 106

Figure 5: flow structure and isotherms, A = 10, ϕ = 0, case 1.

fig.6-c, Ra = 106. Note that the thermal drawing, and so, fresh air aspiration is
shortly affected by the wall inclination: compared to the case 1, the maximum of
stream function is reduced for the same Rayleigh number value. For example, for
Ra = 105,|Ψmax|ϕ=2.860 = 36.84 < |Ψmax|ϕ=0 = 38.78. In fig. 6-c, Ra = 106, we
note that the isotherms are more tight near the hot walls than those of the case 1
(fig. 5-c). These isotherms show a slightly dissymmetric of the problem solution in
the upper zone of the channel.

a)Ra = 104 b)Ra = 105 c)Ra = 106

Figure 6: flow structure and isotherms, A = 10, ϕ = 2.860, case 1.



454 Copyright © 2014 Tech Science Press FDMP, vol.10, no.4, pp.443-464, 2014

In figs.7-a,b,c, have presented the problem solutions for ϕ = 5.740. For Ra = 104,
there is a considerable change in the flow structure essentially in the lower zone
of the channel: streamlines show the appearance of a re-circulating cell near the
channel inlet. This flow re-circulating causes oscillations of the flow as can be seen
on the corresponding isotherms in this zone, fig.7-a. For moderate and high Ra
values, the re-circulating cell moves upward toward the middle of the channel, and
it size increases as indicated in fig. 7-b and 7-c, for Ra = 105 and 106, respectively.
The corresponding isotherms are too tight near the channel planes and present a
minimum on the channel revolution axe. The separated boundary layer flow is
installed and the problem solution, in these figures, is the chimney effect kind. One
can notice, in fig. 7-c, that the streamlines present a slight asymmetry at the inlet
zone. This phenomenon is not detected in previous cases. It is therefore, probably,
caused by the increase of the inclination channel walls.

a)Ra = 104 b)Ra = 105 c)Ra = 106

Figure 7: flow structure and isotherms, A = 10, ϕ = 5.740, case 1.

4.1.2 Channel with block: Case 2

Note that in this section, we have not studied the case of ϕ = 5.740, because the
width of the opening becomes smaller than the diameter of the block.

Generally, the block introduction has not changed too much the flow structure and
the thermal field. It has, however, a limited effect in the vicinity of the block.

For A = 10 and ϕ = 0, the main point should be noted is the reduction of the
buoyancy and the power of the jet caused by the obstacle existence, figs.8-a,b,c.
To highlight this fact, compare these figures with those in paragraph 4.1.1, for
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the same values of the control parameters (channel without block). For exam-
ple for Ra = 104, we can notice the decrease of |Ψmax| value when introducing
the block:|Ψmax|with bloc = 9.71 < |Ψmax|without bloc = 13.11. Note, also, that the
isotherm value 0.37 (located lower than in the case without block), is placed down
by 0.30 in the case 1. The same remark can be made if we compare figs. 5-b,c to
those of the case 1.

a)Ra = 104 b)Ra = 105 c)Ra = 106

Figure 8: flow structure and isotherms, A = 10, ϕ = 0, case 2.

In the convergent channel, ϕ = 2.860 figs.9-a,b,c, the major remark is the absence
of the re-circulating cell for Ra = 105, fig. 9-b, and so there is no chimney effect for
this Ra value, contrary to the case of the channel without block, fig.6-b. For Ra =
106 fig.9-c, the re-circulating cell appears again in the middle of the channel with a
weak size, compared to the case 1. Note that the problem solution is symmetric.

To study the effect of the channel height, we varied A in the range 10 ≤ A ≤ 30.
We present for example the case of A = 20 in figs. 10-a,b,c, to discuss this pa-
rameter effect on the flow structure and thermal field. So, to highlight the effect of
increasing A compare for example, figs.9. and 10. The first trivial remark it should
be emphasized and is that the |Ψmax| values are much increased by the increase of
A: |Ψmax|A=10 = 10.1 < |Ψmax|A=20 = 16.60, fig.10-a. We deduce that the increase
of A significantly improves the buoyancy in the channel. Note, also, that the zone
of convective cell development in the channel becomes very important in the case
of A = 20. The cell appears earlier at Ra = 105, unlike the case of A = 10, and
the development of the flow kind of separated boundary layers has already begun
in the lower zone of the canal, fig.10-b. In the case of Ra = 106, fig.10-c, the cell
occupies the major part of the channel and the chimney effect is important along the
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hot walls, which improves the heat exchange through these planes.

a)Ra = 104 b)Ra = 105 c)Ra = 106

Figure 9: flow structure and isotherms, A = 10, ϕ = 2.860, case 2.

a)Ra = 104 b)Ra = 105 c)Ra = 106

Figure 10: flow structure and isotherms, A = 20, ϕ = 2.860, case 2.

4.2 Quantitative study of the problem

4.2.1 Kinetic energy of the flow

To get an idea about the energy of the convective flow can be transmitted to the
turbine (simulated by the block), we evaluated the maximum difference between
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velocities at the channel outlet with and without block

∆Vmax = sup[(Vwithout block−Vwith block)Y=A]

This gap variation with Rayleigh number, for various values of the channel height
A, is shown in fig 11. First, we note that ∆Vmax increases as a power law function
(linear in logarithmic scale) of Ra for each value of A. Note then that ∆Vmax in-
creases with A dramatically. Each time we vary the height of the channel from
A to A + 5, ∆Vmax increases by 50%, practically. For example, for Ra = 105,
∆Vmax ≈ 107, that for A = 15 (for the same Ra value) is ∆Vmax ≈ 152 and that
for A = 20 is ∆Vmax ≈ 221. So, more we increase the height of the channel, more
we gain in kinetic energy may be converted into electrical one. We note with great
interest, that ∆Vmax variation in Rayleigh number, was correlated for each value of
A and that the lines representing these correlations (logarithmic scale) are practi-
cally parallel with a slight variation of gaps between ∆Vmax curves in the range of
high Ra number. These correlations are obtained with errors do not exceed 6%.
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Figure 11: ∆Vmax variation with Ra for different values of A

4.2.2 Heat transfer and masse flow rate

In this kind of geometries, and for the range of Rayleigh number chosen in this
work, it has been found that it is more appropriate to use the minimum inter-plate
spacing, according to the study conducted by Kim et al. (2000). As it has more
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shown in the previous studies, a very good agreement with correlations for vertical
parallel channels is reached if the results for the average Nusselt number versus
Ra obtained are based on the opening at the top of the channel, bmin. This outlet
opening means the physical exit section for the flow of fluid. Considering this
remark, we conducted two ways to study heat transfer in terms of Nusselt number
in the channel. It is initially to study the Nusselt number variation with Ra, for
different values of the angle of the hot walls inclination. The results of this study
are compared to the case of the channel without block. In the second procedure, we
studied the variations of Nu as a function of Ra for different heights of the channel
with block(case 2).

In the first hand, the mean Nusselt number variation with Ra, for different values
of ϕ is presented in fig. 12. Generally, the Nusselt number increases, linearly in
logarithm scales, with Ra. We have graphed Nu in the channel with and without the
block versus Ra, in order to give a comparison of the two cases and to underline the
effect of the block on heat transfer. Note that Nu(case1) is greater than Nu(case2).
The gap between these curves decreases gradually with Ra. because the chimney
effect is developed at high values of Ra, especially in the case 2: the major part of
the flow pass close the walls and so the block effect on the heat exchange through
the channel becomes limited as mentioned in the last paragraph. The maximum gap
between the curves is observed at Ra = 104 and is equal to (Nu(case1)−Nu(case2))max

Nu(case1) ≈
22% . Note that in the case of the channel with the block, Nu variations with Ra
for the two values of ϕ are practically identical and can be represented by the same
curve. The Nu correlations proposed.

These correlations are obtained with a maximum deviation less than 6%.

In the other hand, we studied the heat exchange, in the Nusselt number term, with
Ra for different values of the channel height, using the equation (5). The results
of this study are shown in the fig 13. Contrary expected, the increase in the height
of the channel leads to a considerable decrease of the Nusselt number, as shown in
this figure, since the curve for A = 10 is above that of A = 20 which is over of that
of A = 30. The study of the channel height effect on heat transfer in a convergent
vertical channel has not studied yet, to our knowledge, and so we could not do a
comparison. However, we can explain the decrease of Nu with more reduction of
the width of the opening, which already contains the block. This reduction of bmin,
caused by the inclination of the walls, when A increases, leading to a confinement
of the flow, which penalizes the heat transfer in the channel. Note that in this case
also, we propose correlations for Nu as a function of Ra for various values of A.

In table. 3 ,we present a comparison of our correlations and those of the literature
in vertical smooth or ribbed channels.
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Figure 12: Nusselt variation with Ra for different angle inclination values, cases 1
and 2

Table 3: Comparison of our correlations with thoses of the literature

Kwak and
Song(1998)

Acharya and
Mehrotra (1993)

Tanda (1997) Our
correlations

Nu = αRaβ Nubmin = 0.41Gr0.25

(Smouth channel)
———– Nubmin =

0.13Ra0.276
bmin

With 0.4≤ α ≤ 0.46
and 0.28≤ β ≤ 0.3

Nu = 0.36Gr0.25

(Ribbed channel)
Nu =

0.41Ra0.25
Nubmin =

0.08Ra0.300
bmin

4.2.3 Mass flow rate

The rate of induced mass flow is this other outcome of the problem. In fig. 14, we
present M (eq.6) with Ra for different values of ϕ . As for the heat transfer, the mass
flow variation is governed by a power law (linear log-log) function of Rayleigh
number. In addition, it also decreases when more inclined walls of the channel
because the outflow opening becomes smaller with increasing the inclination of
the walls. A correlation equation based on the numerical results of this work are
derived for different values of ϕ .
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Figure 13: Nusselt variation with Ra, for different channel height values, case 2
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Figure 14: Mass flow rate variation with Ra for different values of ϕ

5 Conclusion

The main scope of this work was the identification of the conditions which may
improve the performance of a wind turbine.
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For this, we tried to assess the performances of a method to convert the kinetic
energy of natural convection into electricity through a secondary turbine (simulated
by a circular block) placed at the outlet of a convergent channel.

The numerical study, based on the finite volume method, enabled us to derive a set
of conclusions which are summarized as follows:

• The inclination of the walls can lead to a reduction in power costs of the air
stream (flow) and consequently a decrease in the Nusselt number and mass
flow rate in the channel.

• One of the most important results of this study is that the kinetic energy of the
flow in terms of ∆Vmax increases considerably with the heating of the channel
walls and its height. This allowed to properly size the system of wind power
in order to improve its performance.

• Best correlations of results obtained for an average Nusselt number, ∆Vmax

the wall and the induced mass flow rate, were obtained by using the Rayleigh
number based on the minimum inter-plate spacing.
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