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ABSTRACT

In this study, we are interested to the turbulent mixed convection in a ventilated enclosure. A heat source is
placed at the middle of the enclosure that’s equipped with two openings; one is located at the lower left
corner and the other located in the upper right corner. The width of the opening "h" represents 1/5 of the side
of the cavity. The walls of the cavity are maintained adiabatic. The temperature of the heat source Th is higher
than the room temperature. The width of the heat source "D" is equal to the opening width "h" (D = h). The
governing equations of turbulent mixed flow convection in the cavity are solved using finite volumes method.
A model k-g of two-equation was used for closure the equations of turbulent regimes. The Grashof number is
set constant (Gr = 10°) and the Reynolds number (Re) varied such that the Richardson number (Ri) takes the
values : 0.01, 0.05, 0.1, 1, 2, 5, 10, 20 and 30 (Ri = Gr / Re?). The effects of flow thermal, dynamic
parameters, the geometry and heat source dimensions are presented and discussed.

Keywords: Mixed convection, Ventilated enclosure, Heat source, k- ¢ standard turbulence model.

1. INTRODUCTION

The heat dissipation has a great importance in industrial
systems. Improper or inadequate heat removal has negative
effects on the functioning of the system and its lifetime.
Convection in rectangular spaces is a subject of investigation
of great importance, given its presence in various industrial
applications such as cooling of electronic components, the
heat losses in solar collectors and ventilation. The laminar
forced or natural convection is limited because of the
Reynolds number or Grashof/Rayleigh that should not exceed
a certain threshold. A search of the literature has shown that
there has been little work into mixed convective heat transfer
from the heated surfaces of ventilated rooms or enclosures.
Analysis of above phenomena incorporating a heat
conducting solid cylinder extends its usability to many other
practical situations, such as any projections on a motherboard
of a computer and a conductive material in an inert
atmosphere inside a furnace with a constant flow of gas from
outside constitute practical application for the present study.
Barakos and Mitsoulis, 1994 [1] presented the benchmark
problem of natural convection in a square cavity. Their
computations have been performed for both laminar and
turbulent flows for a series of Rayleigh numbers reaching
values up to 10'°. The k-¢ model is used for turbulent
modeling with and without logarithmic wall functions. Hsieh
and Lien, 2003 [2] find that the average Nusselt number is
still under predicted suggesting that more advanced
turbulence models, such as second moment closure in
conjunction with improved low-Re functions in the e-equation
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to avoid relaminarization are required here. Bhoite et al.,
2005][3] studied the mixed convection flow and heat transfer
in a shallow enclosure with a series of block-like heat
generating components. The flow and temperature
distributions are taken to be two-dimensional. Regions with
the same velocity and temperature distributions can be
identified assuming repeated placement of the blocks and
fluid entry and exit openings at regular distances, neglecting
end wall effects. The results show that a higher Reynolds
numbers tend to create a recirculation region of increasing
strength at the core region and that the effect of buoyancy
becomes insignificant beyond a Reynolds number of typically
600. Saha et al., 2006 [4] studied numerically the combined
of free convection and forced convection from a flush-
mounted uniform heat source on the bottom of a horizontal
rectangular enclosure with side openings. The computational
results indicate that the heat transfer coefficient is strongly
affected by Reynolds number and Richardson number.
Rahman et al, 2008 [5] investigated the steady laminar mixed
convection flow inside a vented square cavity with a heat
conducting horizontal solid circular cylinder placed at the
center of the cavity. The phenomenon inside the cavity for the
case of with and without cylinder is analyzed through
streamline and isotherm patterns. They found that the
streamlines, isotherms, average Nusselt number at the heated
surface, average temperature of the fluid in the cavity and
dimensionless temperature at the cylinder center strongly
depend on the Richardson number as well as the diameter of
the cylinder. Madadi and Balaji, 2008 [6], in their study
BAYESIAN regularization neural network trained with



sufficient number of data samples evaluated from a finite
volume solver is used as a forward model for cost function
evaluation in the Micro genetic Algorithm optimization of the
location of multiple discrete heat sources in a ventilated
cavity. From the sensitivity analysis, it has been observed that
as the Reynolds number is increased for the optimal
distribution, the maximum temperature Tmax falls slowly while
the maximum pressure drop increases rapidly indicating that
pressure drop is a stronger constraint in the design of thermal
systems rather than heat transfer. Saha et al., 2009 [7] studied
the laminar double-diffusive mixed convection in a two-
dimensional vented square cavity with discrete heat and
contaminant sources applied on the bottom wall. The results
indicate that the average Nusselt and Sherwood numbers on
the heat and contaminant sources strongly depend on the
positioning of the exit opening. The same result is fund for
octagonal vertical channel by Parvin and Nasrin, 2012[8].
Sheremet and Shishkin, 2012 [9] studied the time dependent
regimes of heat and mass transfer in a ventilated rectangular
cavity with heat-conducting walls of finite thickness in the
presence of a heat-generating element of constant temperature
with account of the radiative heat transfer in the Rosseland
approximation. They show that the thermal radiation which
decreases the optical thickness of the medium, causes the
intensity of the heat exchange at the surface of the solid walls
to decrease because the thermal head decreases in this case.
Andreozzi et al., 2013 [10] presented the numerical
investigation of mixed convection in air due to the interaction
between a buoyancy flow and the flow induced by a moving
plate in a vertical channel. They proposed a correlation
between Nusselt number and Reynolds and Richardson
numbers in the range from natural convection to forced
convection for a large aspect ratio of the channel. Bouaraour
and Boudebous, 2015 [11] investigated the mixed turbulent
convection in a vented cavity. The obtained results show that
the variation of the average Nusselt number versus
Richardson number shows that heat transfer is suddenly
decreased when the forced convection is dominant. However,
at the higher range of Richardson number, the heat transfer
characteristics change indicating a linear decreasing of the
average Nusselt number. A recent experimental and numerical
result of mixed convection in a ventilated cavity is presented
by Rodriguez et al., 2015 [12]. The results were obtained for
a 1 mx1 mx1 m cavity. The inlet and outlet dimensions were
of 0.08 m x 0.08 m, and the air velocity at the inlet was set to
0.1 and 0.5 m/s. The left wall receives a uniform and constant
heat flux whereas the right wall was maintained at a constant
temperature. Experimental and numerical results of
temperature profiles and heat transfer coefficients are
presented and compared. The results showed that the
variation of the Rayleigh number increases about 1% the
percentage differences between experimental and numerical
values. Ajmera and Mathur 2015 [13] studied the effect of
different ventilation arrangements in a rectangular enclosure
subjected to combined free and forced convection. A heat
source is flush mounted at the bottom of the enclosure. They
observed that increasing the number of ventilation ports
complicates the flow structure inside the enclosure and hence
a justified provision of exit openings should be provided.
Also, the average heat source surface temperatures in the case
of three ventilation ports are higher than the case of two
ventilation ports beyond the Ri values of 2.0.

The purpose of this work is to study the turbulent mixed
convection in enclosure containing a heat source at the
middle. The effect of the size of the source (D = 0.5h, h, 2h,
3h and 5h) and the shape of the heat source (square or
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circular) were examined. The effect of varying the size of the
openings was also considered (h = L/10, L/4, L/3) in this
study.

2. PROBLEM STATEMENT AND MATHEMATICAL
FORMULATION

A side of the enclosure having two small openings are
considered, one located at the lower left corner and the other
at the upper right corner. The two openings have the same
width “h” which is equal to L/5 (L is the length of the
adiabatic enclosure). The heat source (square or circular) is
placed at the middle of the enclosure and have the
dimension/diameter equal D. In this work we will examine the
case of the turbulent mixed convection with a heat source
(Fig.1). So the following assumptions have been made: the
fluid is incompressible and Newtonian, the Boussinesq
approximation is valid, the two dimesionel flow is considred
and the k-¢ model of two-equation was used for closure the
equations in turbulent regimes. By introducing the following

dimensionless variables and parameters, x y - %Y
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Figure 1. Physical problem with boundary conditions
The dimensionless governing equations take the following
forms:
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The obtained dimensionless numbers are: Re=

for Reynolds Number, Pr=% , for Prandtl number,

aBlt, —t,)0°
V2

Richardson Number. The boundary conditions are given as:

. G
Gr= for Grashof Number, RI:R—EZ for

At X=0and0<Y <02:U=1,V=T=0 (7a)
oT

At X=0and0.2<Y <1:U=V =0 and 8_X:0 (7b)
oT

At X =1and0<Y <0.8: U=V =0and &:O (7c)

At X =1and0.8<Y <1: N _N_or_ (7e)

X X X

oT

At 0<X<LandY =0: U=V =0and — >y =0 (71)
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el

At 0<X <LandY =1: U=V =0and 6_Y: (71)
04<X<06,Y

At the heat source: and U=V =0T =1 (79)
X,04<Y<0.6

3. NUMERICAL METHOD

The governing equations (Eqgs.1-6) associated with the
boundary conditions (Egs. 7a-g) for the present work are
solved numerically using the finite volume method. The
Second Order Upwind scheme is used for both the convective
and diffusive terms [14-15]. The control volume integration is
the key step of the discretization procedure that distinguishes
it from other CFD techniques. In this work we have used the

commercial software Fluent ANSIS 14. To show the effect of
the grid spacing on the numerical solution, we have examined
four different grid sizes: 102 %102, 122 %122, 142 <142 and
162 = 162. So, the computational domain changes between
10404 and 26244 cells. Calcagni et al. 2005 [16] used a mesh
with 2500 cells to 26000 cells. The table 1 shows the flow
parameter (Umax, Vimaxand Nuayg), for each mesh. It can be see
no appreciable changes in the flow parameter for the three
fines mesh. For reasons of compromise precision/time
computing the grid 142>142 was adopted in all computations.

To establish the accuracy of the obtained numerical results,
we have made a comparison of the isothermal lines in the
cavity with those obtained by Calcagni et al. 2005 [16]. For
that we kept the same conditions as these authors for different
values of and Ra; = 0.2 for Ra = 1.899%10%, n= 0.4 for

Ra = 1.86x10° and 7= 0.8 for Ra = 1.836><105(7 is the area

ratio of source/bottom surface of the enclosure). Figure 2;
indicate a good agreement with these results and this allows
validating our numerical procedure.

(b)

Experimental results of Calcagni et al., 2005 [16]

Figure 2. Comparison of our results with those experimental
data (Calcagni et al., 2005 [16]): Isothermal lines in the cavity
for three cases: 7 = 0.2 and Ra = 1.899x%10° (left), = 0.4

and Ra = 1.86>10° (middle) and n = 0.8 and Ra = 1.836x%10°
(right).



Table 1. Flow Parameter: Umax, Vimax and Nuayg for different
grid size (Gr = 10% Re = 105 and Ri = 0.1)

Grid size Unmax Vmax NUavg

102102 1,02 0,8566 8,3102
122122 1,032 0,79 6,9043
142x142 1,048 0,7965 6,1899
162x%162 1,092 0,779 5,4503

4. RESULTS AND DISCUSSION

Currently, in ventilated enclosure in the presence of a heat
source, the flow into the system is strongly depended to the
Reynolds number (mixed convection). From a critical value
of this parameters, the flow changes from laminar to turbulent
regimes. The fluid is then animated random eddies. It is
stirred in all directions and there is more stratified flow. To
clarify the study of turbulent mixed convection in the
presence of a heat source, we present below two geometric
forms of the heat source: square and circular with different
dimensions.

4.1 Square heat source

In the studied problem to retain the flow regime as
turbulent we set the Grashof number at 10°, the Reynolds
number is based on the width of the inlet opening and the
flow velocity of the inlet air, and takes different values so that
the Richardson number, indicating the importance of the type
of natural or forced convection, takes the following values: Ri
= 0.01, 0.05, 0.1, 1, 2, 5, 10, 20 and 30. Figures 3a-i
represents the paths of some fluid particles for different Ri
inside the cavity containing the square heat source.

(g)Ri=10 (h) Ri = 20 (i) Ri = 30
Figure 3. Paths of some fluid particles in the cavity

containing a square heat source, for different Richardson
number (Ri =0.01, 0.05, 0.1, 1, 2, 5, 10, 20 and 30).
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From the analysis of the results of Figures 3a-i paths of
some fluid particles in the cavity, we can note that the
resulting mode is characterized by a vortex structure that
changes with the increase of Ri. For Ri = 0.01, we can see the
formation of two vortices (Fig. 3a): one, the largest, is in
elongated form in the left. It rotates counter clockwise. And
another, smaller one is to the right (lower right corner), and
rotates clockwise. When the Ri is gradually increasing, the
size of the vortex which rotates in the counter clockwise
direction becomes greater; and therefore, the size of which
rotates clockwise is reduced considerably. From Ri = 10,
wherein the natural convection becomes predominant, the left
vortex size becomes larger. Figures 4a-b, represent the profile
of the dimensionless velocity component U according to Y (X
= 0.5); and V according to X (Y = 0.5), for different Ri. We
find that the maximum magnitude of velocity Umax and Vimax
correspond to the value of Ri = 30; or the reduction of this
latter induces the decrease in the velocity magnitude. Also,
for Ri = 0.1 the change in the velocity field is very low in
comparison with other values of Ri. Figure 4-c shows the
profiles of the dimensionless temperature at the middle of the
cavity for different Ri. It’s clear that the increase of Ri
increase the temperature at the neighboring of the two
opening. It is notified that the profile is discontinued at the
place of heat source (temperature is maximal, 6 = 1).

Figures 5a-i, represent the isothermal line for different Ri.
We find that the high temperatures are located in the near
areas of the walls of the heat source that correspond to the
thickness of the thermal layers that are largely influenced by
Ri. Also, away from the hot walls, the temperature gradients
are low. For low values of Ri we see the presence of the
thermal stratification in the right and upper walls of the heat
source due to the effect of the air stream through the cavity to
the outlet by increasing of Ri. The stratification in question of
the right wall has disappeared, usually occurring in the upper
wall of the heat source due to increased buoyancy forces. We
note also that the thermal stratification begins to appear for
large values of Ri in both cases the predominant natural or
forced convection:

. For the predominant forced convection, the
thermal stratification occurs if 0.05<Ri<5 (Fig.5a-f).

. For the predominant natural convection, the
thermal stratification occurs if 20<Ri<30 (Fig.5h-i).

. If we compare the Figs.5a-i, we can note that
when Ri increases, the isothermal approach each other in the
area near the hot walls of the heat source. In other words, the
temperature gradient becomes higher near the heated walls.
This last result on the isotherms is valid for two cases of
predominant natural or forced convection.

0.8 |~

0.6 |-

04

02

-40




Figure 4. Profiles of dimensionless velocity components (a)
horizontal component, (b) vertical component, and (c) profile
of dimensionless temperature according to the Richardson
number at the middle of the cavity

(h) Ri = 20 (i) Ri = 30

(@) Ri = 10

Figure 5. Isothermal lines in the cavity containing a square
heat source, according to Ri.

4.1.1 Effect of heat source dimensions (D)

Figures 6a-e show the paths of some fluid particles in the
cavity containing a square heat source according to their
dimensions (D) for Ri = 0.1. The dimension of the square heat
source D is varying in according to the length of opening
cavity h: D = 0.5h, h, 1.5h, 2h and 3h. We can see that for D
= 3h, there is a large flow along the bottom wall which
extends along the right vertical wall to the exit. A more
decreases in heat source dimension D provide a low flow of
the forced convection. For the case of D = 0.1h we see the
great cell of natural convection. So, we conclude that the
increase of the heat source dimension D provide the
dominance of the forced convection. Therefore a good
ventilation of the cavity.

(e) D = 3h

v 0.2 0.4 B

(d) D = 2h

Figure 6. Paths of some fluid particles in the cavity
containing a square heat source according to the dimensions
of square heat source (D), for Ri = 0.1.

4.1.2 Effect of dimension of inlet/outlet air flow

To study the influence of the variation of the inlet opening
and the air outlet of the cavity (h) on the thermal and fluid
dynamic parameters, it’s sound to choose arbitrary the values
of h depending to the side of the cavity: h=_L /3, h=L /4 and
h =L /10. Figures 7a-c, show the path of some fluid particles
in the cavity for three preceding values of h while Ri takes the
following values : 0.1, 5 and 30. For Ri = 0.1, where the
forced convection is dominant. It can be see a large air jet
form h = L/10 which tends to pass through the cavity to the
outlet. For Ri = 5 (mixed convection) and for Ri = 30
(dominant natural convection). Therefore, the dimension of
the inlet/outlet air flow can be changing the flow regimes
when this dimension increased.

h=1/10 h=1/4 h=1/3
(8) Ri=0.1



(c) Ri =30

Figure 7. Effect of varying of the opening of the inlet and
outlet of the cavity (h), containing a square heat source, for
(@ Ri=0.1(b) Ri=5and (c) Ri=30

4.2 Circular heat source

To study the influence of heat source shape on the thermal
and fluid dynamic parameters we have chosen a circular shape
of the heat source of diameter “d”. For an objective
comparison between the two sources of geometric shapes
(square/circular), we keep the same parameters already
studied for a square heat source such as: Prandtl number equal
to 0.71, Grashof number is set to 10° and Richardson Number
takes the following values : 0.01, 0.05, 0.1, 1, 2, 5, 10, 20 and
30. The flow in the cavity is governed by the presence of a
vortex air stream which passes through the cavity of the lower
left corner to the upper right corner (Figs. 8a-i). For Ri =
0.01, there is a simple structure of the trajectories of fluid
particles reflecting a pure and fast ventilation. Also, the
formation of a great vortex playwright the circular source (see
Fig.8a). For 0.01 <Ri<1, the formation of a single vortex,
which occupies the entire cavity and increases with the
increase of Ri, along with the disappearance of the air jet is
noted. For 2<Ri <10, in this zone, it is noted the presence of
the vortex air stream and which change with increasing Ri.
For Ri = 2, we note the presence of three vortexes. For both
the greatest, one occupies the entire cavity and the other
smaller is located above the heat source near the hot wall. The
two vortexes are rotating in the counter clockwise direction.
These two together two cells which have the same direction of
rotation. According to this movement, so the door cold air
turbulence away nears the hot wall, and the other two are
similar in size and are located one in the upper left corner and
the other in the lower right corner. These two small vortexes
rotate clockwise. When the Richardson number increases (Ri
= 5) the size of the vortex which rotate counter clockwise
increases, and accordingly the size of those which rotate
clockwise decreases considerably. If we increase the
Richardson number (Ri = 10), we see the appearance of the
last two small vortex rotating clockwise. The existence of the
air jet and the vortex unstable within this area indicates the
development of the mixed convection (the effect of the forced
or natural convection does not predominate). When the
Richardson number (Ri = 20) wherein the natural convection
is predominant, a large recirculation zone occupies the cavity.

The contours of the pressure around the circular heat
source (Figs.9a-i) show that the decreasing of the drop

451

pressure has been registered at the place of the dominating
natural convection (blue area on Fig.9b, 9c, 9d, 9h and 9i).
This in accordance with the velocity field indicated in the
Figures 8a-i. So, that the pressure drop is a stronger constraint
in the design of thermal systems rather than heat transfer. This
results in good agreement with those of Madadi and Balaji
2008 [6].

(g) Ri =10 (h) Ri = 20 (i) Ri = 30
Figure 8. Paths of some fluid particles in the cavity

containing a circular heat source (D = 0.5h) according to Ri.

(g) Ri = 10 (h) Ri = 20 (i) Ri = 30
Figure 9. Pressure contours in the cavity containing a circular
heat source (D = 0.5h) according to the Ri.

Figure 10a shows the dimensionless temperature profiles
along Y = 0.5. The results are almost like those of the heat



source square where we see values corresponding to the
temperature of both left and right of the hot heat source. Thus,
we see two weak values, the middle of the cavity which
corresponds to the two ends of the enclosure. For the case of
the circular source the following results are obtained: For low
values of Ri where the forced convection is dominant, there is
a sudden drop in temperature. This is due to significant
presence of the air in the area where the speed of passage of
the particles is higher jet. This causes a significant drop in
temperature. And for the other two areas of mixed convection
and natural convection of predominantly the two lower values
corresponding to the two ends of the cavity are the same,
because of the disappearance of the material flow and the
presence of a large structure vortex occupying the entire
cavity. The characteristics of turbulence are represented by
the turbulent kinetic energy dissipation rate and turbulent
viscosity (Figs. 10b-c). It is notified that the larger maximum
of the turbulent Kinetic energy values and the rate of
dissipation of turbulence Richardson numbers correspond to
the following: Ri = 0.1, Ri = 1, Ri = 20 and Ri = 30, where
the presence of flow is high (the air jet is composed of
parallel flow lines see Figures 8a-i). The maximum values of
the turbulent kinetic energy correspond the following: Ri =
0.01, 0.05, 2, 5, 10 and where the air stream is reduced or
eliminated. This result is due to the turbulence intensity that is
measured by the turbulent kinetic energy dissipation rate and
decreased by the presence of air jet lines of regular current.
And consequently, a decrease in the turbulent kinetic energy
should be noted. According to the turbulence model k-¢
standard adopted in this study, the turbulent viscosity is

2
defined by equation =pcﬂ[k?] . For Ri where the air flow is

apparent, we see that large values are close to the air outlet in
the upper right part of the cavity. This is due to the effect of
blocking the flow through the upper horizontal wall which
leads to secondary recirculation near the outlet. Therefore, the
increase of turbulent kinetic energy. Variation there of
influences the eddy viscosity for the two are proportional. By
increasing Ri (Ri = 20 and Ri = 30), the maximal approach
increasingly to the hot wall of the heat source, following the
increase in temperature. This is justified by the increase in
viscosity with increasing temperature for the gas; unlike
liquids. Creating secondary movements in this case is due not
only to the effect of locking, but also to the Coanda effect,
which occurs when the speed is very high. Away from the hot
wall, the turbulent viscosity is low especially for great Ri.

To study the influence of the dimensions of the circular
heat source on the thermal and fluid dynamic parameters we
chose arbitrary the values of the following dimension: d = 0,
0.5h, h, 1.5h, and the selected Ri = 2. Figures 11a-d, represent
the paths of some fluid particles in the cavity for different size
of the circular heat source. For D = 0, the flow forms a large
vortex structure which occupies the entire volume of the
cavity. For D = 0.5h, we notice the presence of a large jet of
air that tends to cross the cavity to the exit. Thus the
formation of two vortexes: Firstly, the smallest is the lower
right corner and rotates clockwise; and the second larger is
above the heat source and to the left of the air stream. It
rotates counter clockwise. For d = h, the small vortex
disappears, and the air stream spreads along the two right and
lower horizontal walls vertical to the exit. From D = 1.5h, the
flow forms a large vortex structure that occupies the entire
volume of the cavity.
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Figure 10. Profiles of the dimensionless temperature T (a),
turbulent dissipation rate (b), and turbulent kinetic energy (c),
for different Ri
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Figure 11. Path of some fluid particles in the cavity
containing a circular heat source according to the size of
circular heat source (Ri = 2)



4.3 Comparison between circular/square heat sources

The average heat transfer through on the hot wall was
evaluated by the local Nusselt number. The Figure 12a shows
the variation of the local Nusselt number on the upper
horizontal wall of the square heat source according to the
Richardson number Ri. This figure contains three distinct
areas. For Ri = 0.1 to Ri = 1 where the forced convection is
dominant the sudden drop in the local Nusselt is registered in
the second middle of the enclosure x > 0.5. This can be
explaining by the presence of the high ventilation in this part
as we shown in Figures 6a-e, and significant fluctuations are
remarkable where convection is mixed. From Ri = 10 the
local Nusselt number decreases almost linearly with the
increase of Ri where the natural convection is dominant.

The Figure 12b shows the local Nusselt number according
to Richardson number of the upper semicircle of the circular
heat source. According to the Table 2 below, we conclude
that the heat transfer wall at the level of the active depends
strongly on the geometry of the wall.
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Figure 12. Profiles of the local Nusselt number for both
cases: square heat source (a), and circular heat source (b),
according to the Richardson number Ri

Table 2. Average Nusselt Number for both sources circular/
square according to the Richardson number Ri

Ri 001 005 01 1 5 10 20 30

Nuag Square 982 1382 1451 1023 1143 1237 1061 1118
source

Nuag circular 1011 1890 1983 2399 1914 2164 3299 3560
source

If we compare the values of the two cases of Nuayg Of heat
source for each value of Ri, we find that the circular form is
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better than square regarding the heat transfer rate. So, this
leads to a circular shape better cooling of electronic
components.

5. CONCLUSION

The turbulent mixed convection in a ventilated enclosure
has been carried out. The influence of the geometry and
dimensions of the heat source on the thermal and fluid
dynamic parameters circular/square was studied. The analyses
of the obtained results show that:

. The ranges of variation of the convection mode
(forced, natural or mixed) according to the Richardson
number Ri are different for two geometric shapes heat source
square/circular and their dimensions.

- For the circular heat source:

0.01<Ri<1: forced convection is predominant.

2 < Ri £10: mixed convection (The effect of forced or
natural convection does not predominate).

Ri > 20, natural convection is predominant.

- For the square heat source:

0.01<Ri<1: forced convection is predominant.

2 <Ri<10: natural convection is predominant.

The range of the mixed convection between the two
previous tracks is not well defined.

e Thermal and dynamic parameters of the fluid in the
cavity are highly dependent to the dimension and the
geometry of the heat source.

e A better cooling of the heat source is obtained for the
circular shape.

. The flow structure and the heat transfer rate is highly
dependent to the convective system and the size of the heat
source.
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NOMONCLATURE

D Dimension/diameter of the heat source (m).

Gr  Grashof Number

g Gravitational acceleration (m s?)

K Turbulent dissipation rate

h Length of opening cavity

H Dimensionless ratio.

L Length of cavity

Nu Nusselt number

p Pressure (Pa)

P Dimensionless pressure

Pr Prandtl number

Ra  Rayleigh number

Re  Reynolds Number

Ri Richardson Number

t Temperature (K)

T Dimensionless temperature

u,v  Velocity components (m s?).

U, V Dimensionless velocity components

X,y

Coordinates (m)

X,Y Dimensionless coordinates

Greek symbols

<
SO <EPeR

Thermal diffusivity (m? s1)

Thermal expansion coefficient (K1)

Dynamic viscosity (kg m? s?)

Kinematic viscosity (m? s'1)

Density (kg. m™)

Avrea ratio of source/bottom surface of enclosure.

Subscripts

Avg average value
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