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ABSTRACT: This numerical analysis is performed to investigate the performance of mixed convection in a
vertically oriented air-cooled square cavity. One inlet/outlet placement conﬁguration, when both the inlet and
the outlet ports are located at the same bottom side, is considered. The numerical approach is based on the ﬁnite
volume method integrated in an in-house formulated FORTRAN code to computationally solve the twodimensional Naiver Stock and energy equations with corresponding boundary conditions. The eﬀect of aiding
buoyancy on the ﬂow ﬁeld in a vertical downward laminar jet is examined for Richardson number (0 ≤ Ri ≤ 5)
and Reynolds number (25 ≤ Re ≤ 100), with constant physical properties. The results indicate that the increase
in Reynolds number increases signiﬁcantly the average Nussle number; however, the increase in Richardson
number slightly aﬀect the amount of heat removal from the cavity. The fundamental nature of the resulting
interaction between the buoyancy driven ﬂow and the forced external ﬂow demonstrated by the patterns of the
streamlines and isotherms. Importantly, it is found that the placement conﬁguration considered provides
unfavorable ﬂow and thermal distributions, and is not beneﬁcial for heat elimination, for most of
Reynolds and Richardson values.
KEYWORDS: Mixed convection; laminar ﬂow; Cavity; Assisting ﬂows
INTRODUCTION
One of the most common important applications of ﬂuid ﬂow and heat transfer due to the combined eﬀect of
natural and forced convection is in the design of cooling equipment such as computers. In such systems, the
heat source is usually located within a cavity and the interaction between the buoyancy- induced ﬂow induced
by the heat source and the forced external cooling ﬂow could generate sophisticated ﬂows. The considerable
eﬀort in the literature has been dedicated to the problem of mixed convection in horizontally oriented ventilated
cavities, for example in the works of [1–10]. Papanicolaou and Jaluria [1] examined mixed convection in a
square cavity for variant outlet arrangements and diﬀerent heat source ﬁnite-sizes. They stated that the better
cooling performance could be obtained when the inlet vent and the heat source are placed on the same vertical
wall of cavity with higher placement for the source. Papanicolaou and Jaluria [2] displayed results of periodic
mixed convective ﬂows in an air-ﬁlled cavity induced by localized heat source. The results showed that the
interaction between the buoyancy driven ﬂow with the external forced ﬂow could become unsteady after a
critical value of Richardson number; thus, regular oscillatory behavior was found. Hsu et al. [4] tested mixed
convection in cavity partially divided by a vertical baﬄe protruding from the ceiling or the ﬂoor with a ﬁnitesize heat source. They investigated the inﬂuence of the height and place of the baﬄe and changing the locations
of the outlet port and the heat source. They found that the good cooling eﬀect might be gained by locating the
heat source close to the inlet port. Raji and Hasnaoui [5] investigated mixed convection in a cavity subjected to
a heat ﬂux of solar radiation from the vertical left wall and subjected to either assisting or opposing cold ﬂow.
Their results showed that the Bottom-Bottom cavity conﬁguration is considerably not good for heat removal, as
it generates high values of temperature in the cavity. Singh and Sharif [6] studied mixed convection in a
rectangular cavity of six various inlet and outlet ports conﬁgurations to ﬁnd the better one for an eﬃcient
cooling performance within the cavity. It was observed that the good cooling eﬃciency could be achieved when
the inlet port is located near the bottom of the vertical cold wall, whereas the outlet port is placed near the top
of the vertical hot wall. Zhao et al. [7] studied mixed in a multiple vented cavity with double inlet openings
placed near the tops of the vertical left and right walls and double outlet openings placed near the bottoms of
them. They analyzed the transition from the stable to chaotic ﬂow for various inlet ﬂow angles. The results
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showed that by increasing Richardson number, the steady ﬂow changes to a periodic oscillatory one, and then
to a non-periodic behavior for higher Richardson numbers. Sourtiji et al. [8] investigated the thermal and ﬂow
characteristics in a cavity with two ventilating ports for the mixed convection mode.
Pulsating velocities for a range of Reynolds and Strouhal numbers were imposed at the inlet port. It was
reported that the better thermal performance and the lowest mechanical power consumed could be gained at an
optimum Strouhal number between 0.5 and 1. Later, Selimefendigil and Oztop [9] studied the same problem of
Zhao et al. [7], but with a horizontal pulsating inlet ﬂow condition for a wide range of Grashof, Reynolds, and
Strouhal numbers for the aim of resolving the complicated interaction between the buoyancy force and the
inertial forces of the pulsatile ﬂow. Most recently, Doghmi et al. [10] investigated mixed convection in a threedimensional air-ventilated rectangular cavity of a Top-Bottom ﬂow conﬁguration for broad ranges of
Richardson and Reynolds numbers and for various sizes of inﬂow port. They presented the results of the rates
of heat transfer and the velocity proﬁles and found that the best choosing for the above- mentioned parameters
can strengthen the ﬂow and increase the amount of heat released considerably. In contrast, the problem of
mixed convection in a vertically directed cavity has received less attention. Sparrow and Samie [11]
examined mixed convection heat transfer inside a vertical cylindrical cavity. The ﬂuid penetrates the cavity
whether from the upper or the lower surface of the cavity cooling the cavity-heated walls; thereby the buoyancy
forces can be induced. It was indicated that when the ﬂuid ﬂow is vertically oriented, a small amount of heating
could cause a considerable reducing in the heat removal; nevertheless, high amount of heating leads to very
large amount of heat dissipation. However, when the ﬂuid ﬂow is vertically oriented, it is seen that the ﬂow
ﬁeld is generally unchanged and the heat transfer is not signiﬁcant. Oosthuizen and Paul [12] tested mixed
convective ﬂows in a vertical cavity with the vertical right wall being heated and the vertical left wall being
cooled, with other two horizontal walls being insulated. The ﬂuid enters and quits the cavity throughout the left
vertical wall and both of them have similar temperature. They found that the buoyancy forces can increase or
decrease the heat transfer rates depending on the ﬂow type whether assisting or opposing ﬂow, respectively.
Later, Bouhdjar et al. [13] studied numerically laminar transient mixed convection also in a vertical cylindrical
cavity. The inﬂuence of Richardson number and the position of the inlet outlet openings on the ﬂuid ﬂow were
investigated. It was revealed that the cylindrical conﬁguration could be the most eﬃcient arrangement used as a
thermal storage. Angirasa [14] checked numerically mixed convection in a vertical square cavity. The
complicated interaction between the forced ﬂow and the induced buoyancy forces for various Grashof and
Reynolds numbers was tested. It was found that for low heating, the heat transfer increases with Reynolds
number for both negative and positive buoyancies. However, for high heating, quite complex unstable ﬂows are
generated.
In this study, laminar mixed convective ﬂows in a vertically directed square cavity, where the vertical
left wall is heated at a constant temperature (Th ) and the remaining walls are insulated and both the inlet
and the outlet ports are positioned on the lower horizontal surface as shown in ﬁgure1, are numerically
analyzed. Mixed convection circumstances emerge owing to the delivery of a forced ﬂow within an inlet slot at
the left edge of the bottom horizontal wall, and exits through an outlet vent at the right edge of the same bottom
horizontal wall. The buoyancy eﬀects are induced due to the temperature diﬀerence between the hot wall and
the inlet ﬂow-stream (Tin), where Th > Tin. The inlet jet ﬂuid is assumed to have a uniform inlet velocity (vin).
The objective of the present study is to investigate the eﬀects of Reynolds and Richardson number
on the ﬂow ﬁeld and heat transfer characteristics
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Figure 1. The physical problem
Analysis
The ﬂow is assumed to be two-dimensional, steady, laminar, and incompressible. It is assumed that the density
variation is calculated for only in the body force expression. The other physical properties of ﬂuid are assumed
to be constant. The energy equation is developing by ignoring the viscous dissipation and the temperature
change owing to compression. Under these proceeding assumptions, the non-dimensional form of the
governing conservation equations of mass, momentum, and energy can be expressed as:
Continuity equation
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Where, (u), (v) are the dimensionless horizontal and vertical velocity components along (x) and (y) directions,
and (T) and (p) are the dimensionless temperature and pressure. The governing parameters, the Reynolds
number (Re), the Grashof number (Gr), the Richardson number (Ri), and the Prandtl number (P r), are deﬁned
as:
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Where, (α), (ν) and (ρ) are the thermal diﬀusivity, kinematic viscosity and density of ﬂuid, and (g) and (β) are
the gravitational acceleration and the volumetric expansion coeﬃcient. The Prandtl number is ﬁxed at 0.7
representing air ﬂow. The non-dimensional boundary conditions for the velocity and temperature at the inlet
slot , the outlet vent, and the impermeable isothermal and adiabatic walls are stated as:
𝑢𝑖𝑛 = 0,

𝑣𝑖𝑛 = 1 𝑎𝑛𝑑 𝑇𝑖𝑛 = 0 𝑎𝑡 𝑡ℎ𝑒 𝑖𝑛𝑙𝑒𝑡,
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u=v=0 and ∂T/∂x=0 at the adiabatic vertical right wall,
u=v=0 and ∂T/∂y=0 at the adiabatic horizantal walls,
The rates of heat transfer can be calculated by means of the following non- dimensional groups, i.e.,
the local Nussle number (NuL ) and the average Nus-Selt number (Nuav ), and deﬁned as:
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Where h is the local coeﬃcient of the convective heat transfer described in Newton’s law of cooling, and n is
the direction perpendicular on the vertical left wall.
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Numerical Procedure
The ﬁnite volume method described by Patankar [15] was integrated in an in house
formulated FORTRAN program to computationally discretize and solve the dimensionless equations 1-4. The
computational domain is subdivided wholly into non-uniform ﬁnite volumes as shown in ﬁgure 2, each of
which surrounds a ﬁctional grid node. The scalar variables such as temperature and pressure are calculated at
the grid nodes, whereas the velocities are selected to depend on the control volume faces, where they are
employed for the computations of mass ﬂow rate. The set of governing diﬀerential equations 1-4 is then.

Figure 2. The computational grid chosen.
Integrated over each control volume to yield the upwind ﬁnite diﬀerence equations detailed in Ferziger and
Peric [16]. The SIMPLE algorithm outlined by Patankar [15] and Van Doormaal and Raithby [17] is used to
couple the continuity and momentum approximated equations. Then, the alternating direction implicit
technique is employed to solve these diﬀerencing equations through the full control volumes employing an
iterative technique for calculating the dependent variables at the grid points. To ease tracking the convergence
of the computational solution, the evaluated local and average Nussle numbers NuL and Nuav are monitored as
accuracy indication. The value of convergence criteria taken in the current study is less than (10−5 ).
Preliminary results from the present numerical case were acquired for 170 x 170, 204 x 204, and
238 x 238 computational grids to check the solution grid independence for many smallest and largest values of
the main parameters. The grid size domain 204 x 204 was selected to be relevant for the existing investigation
as it enables a proper adjustment between the accuracy of the acquired results and the computational cost with a
highest deviation at less than 1.0%. The in-house numerical code was veriﬁed using numerical results of
Angirasa [14] for mixed convection in a vented enclosure heated from the vertical left side. Figure 3 display the
considered comparison for the variation of local Nussle number NuL between the two numerical results and it
can be noted that this comparison is good.
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Figure 3. Veriﬁcation of the current in-house code
RESULTS AND DISCUSSION
Numerical analysis has been conducted for broad ranges of governing parameters: Reynolds number (Re = 25 100) and Richardson number (Ri = 0 - 5) for Prandtl number (Pr = 0.7) and one size (S/L = 0.2) and ﬁxed
locations of inlet and outlet ports. Particular eﬀorts have been concentrated on the eﬀect of the eﬀect of heating
on the ﬂuid ﬂow and heat transfer inside the cavity at diﬀerent intensities of inlet forced ﬂow. Figure 4
demonstrates the variation of the average Nussle number Nuav with the mixed convection parameter namely,
Richardson number Ri = Gr/Re2 , for Re = 25, 50, 75 and 100. In general, one can see that the forced ﬂow
augments the heat transfer rates for the entire heating conditions. Thus, Nuav increases with an increase in
Reynolds number for all similar values of Richardson number. In addition, the ﬁgure show that the eﬀect of
Reynolds number becomes more signiﬁcant for higher Richardson numbers. In addition, the inﬂuence of
heating is shown to be slight at lower Reynolds numbers. For example, there is merely a minor diﬀerence in the
rates of heat disposal Nuav with Richardson number at Re = 25 and 50. However, as Reynolds number
increases, the eﬀect of increasing Richardson number becomes considerable to increase the rates of heat
transfer. This indicates to that as the buoyancy forces are signiﬁcant, the positive temperature potential (positive
buoyancy) assists the forced ﬂow eﬀect producing an aiding mixed convection and a considerable enhancement
in the heat transfer. Hence, the forced ﬂow and the buoyancy-induced ﬂow assist each other in enhancing the
heat transfer rate.

Figure 4. Variation of average Nusselt number with Richardson number for diﬀerent Reynolds numbers
To investigate the behavior of heat transfer thoroughly, the distributions of local Nussle number NuL along the
hot wall are plotted at diﬀerent values of Richardson number in ﬁgures 5 - 8 for Re = 25, 50, 75 and 100 ,
respectively. One can see that the temperature levels in the ﬂuid to be not uniform at diﬀerent vertical positions
along the left hot wall, showing a steep proﬁles for the NuL plots. It is also seen that for the whole ranges of
Richardson and Reynolds numbers studied here, the wall temperature gradients are much higher at the lower
edge of the hot wall (at y ≈ 0.1) in the vicinity of the inlet port and become shallower toward the top edge (at y
≈ 1). This can be expected due to the combined eﬀect of the mixed convection, therefore the local heat transfer
close the entrance area is considerably greater, which decreases when moving upwards to the dead zone near
the cavity ceiling. The results predict higher temperature levels in the ﬂuid along the hot wall leading to higher
rates of heat transfer for higher Reynolds and Richardson numbers.
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Figure 6. Distributions of NuL along the heated wall at Re = 50 and variant Richardson numbers.

Figure 7. Distributions of NuLalong the heated wall at Re = 75 and variant Richardson numbers.

Figure 8. Distributions of NuL along the heated wall at Re = 100 and variant Richardson numbers
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The streamlines and isotherms patterns for non-buoyant (Ri = 0) and buoy- ant (Ri > 0) are shown in
ﬁgures 9 - 12 for Reynolds numbers of Re = 25, 50, 75, and 100, respectively. The eﬀect of heating on
the ﬂow and thermal ﬁelds are presented for their diﬀerent Reynolds numbers. From each ﬁgure at Ri = 0, a
secondary cells are seen to form at the upper left and right corners, which disappear in size as Richardson
number is increased. It is also seen that these secondary cells grows in size as Reynolds number is increased. In
addition, another cell develops in the bottom close to the inlet opening at the left side, which is clearly to be
visible at Re ≥ 50, and begins vanishing as Richardson number is increased. The physics of the ﬂow displayed
the ﬁgures 9 - 12 is interesting and depending on the ﬂuid jet and the wall temperature. Thus, for non-buoyant
ﬂow Ri = 0, the inlet ﬂuid is cold and fall down immediately after the entering towards the outlet opening,
making bypass and helping to form the upper left and right corner cells. However, the increase in the heating
eﬀect warms up the inlet jet, and the positive buoyancy forces accelerate the ﬂuid near the left hot wall upward
and the corner cells completely disappear after destroying the countertop in these top corner. The corresponding
isotherms for these cases illustrate these isoclines are parallel to the vertical hot left wall and become curves
around the borders as the forced ﬂow increases. In addition, the increase in Richardson number causes a
condensation of the convective ﬂow during the enclosure where the isoclines are basically curved and it can be
seen that there is a fabrication of temperature stratiﬁcation region in central portion of the enclosure. The
inﬂuence of buoyancy forces represented by Richardson number on the horizontal and vertical velocities and
the temperature distributions along the x-axis and at the middle vertical distance y = 0.5 are presented in ﬁgures
13 - 15, respectively, and at diﬀerent Reynolds numbers. As shown in ﬁgure 13 that the values of the u-velocity
component approach to 0 at the vicinity of the left and right edges for all magnitudes of Richardson numbers.
The summit values are nearly at the mid of the cavity. These summits increase and shift towards the right as
Richardson number increases. This is more visible and clear for higher Reynolds numbers. It can be also seen
that the behavior of the u-velocity component with Richardson number in the right part of the cavity is very
diﬀerent form that in left part at higher Reynolds numbers. It is highly aﬀected and increases considerably with
an increase in Richardson number. Indeed, this can be attributed to the intensity of the mixed convective ﬂow.
For all Reynolds and Richardson numbers, the u-velocity component does not have negative values. This
indicates that there are no recirculating zones along this line in the middle of the cavity.
(a) Ri= 0.0

(b) Ri= 1.0
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(c) Ri= 2.5

(d) Ri= 5.0

Figure 9. Streamline and isotherm patterns for mixed convective ﬂow at diﬀerent Richardson number (a) Ri=0,
(b) Ri=1.0, (c) Ri=2.5, and (d) Ri=5.0 and at Reynolds number Re=25.
(a) Ri= 0.0
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(b) Ri=1.0

(c) Ri=2.5

(d) Ri=5.0
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Figure 10. Streamline and isotherm patterns for mixed convective ﬂow at diﬀerent Richardson number (a)
Ri=0, (b) Ri=1.0, (c) Ri=2.5, and (d) Ri=5.0 and at Reynolds number Re=50.
(a) Ri=0.0

(b) Ri=1.0

(c) Ri=2.5
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(d) Ri=5.0

Figure 11. Streamline and isotherm patterns for mixed convective ﬂow at diﬀerent Richardson number (a)
Ri=0, (b) Ri=1.0, (c) Ri=2.5, and (d) Ri=5.0 and at Reynolds number Re=75.
(a) Ri=0.0

(b) Ri=1.0
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(c) Ri=2.5

(d) Ri=5.0

Figure 12. Streamline and isotherm patterns for mixed convective ﬂow at diﬀerent Richardson number (a)
Ri=0, (b) Ri=1.0, (c) Ri=2.5, and (d) Ri=5.0 and at Reynolds number Re=100.
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Figure 13. Horizontal velocity distribution along the x=axis at y = 0.5 for diﬀerent Reynolds and Richardson
numbers
The dimensionless proﬁles of v-velocity component in ﬁgure 14 illustrate that both absolute magnitudes of the
velocity component increase as Richardson number is increased. This is because that the strengthening of the
buoyant ﬂow ﬁeld at higher Richardson numbers. The v-velocity component proﬁles show positive values in
the left portion of the cavity meaning that the movement of the ﬂuid ﬂow is steering up and negative values in
the right portion of the cavity meaning that the ﬂuid is falling down. This leads results in the primary
recirculating nature of the ﬂow structure within the cavity. It is shown that this primary recirculation has a
center coincides with the cavity center at low Richardson number. However, the primary recirculation center
moves towards the vertical left heated wall as Richardson number increases due to the buoyancy eﬀects that
considerably impact the v-velocity to be much steeper close the hot wall.
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Figure 14. Vertical velocity distribution along the x=axis at y = 0.5 for diﬀerent Reynolds and Richardson
numbers
The temperature proﬁles along the central horizontal line form the vertical left isothermally heated wall to the
vertical right adiabatic walls are given in ﬁgure 15. The results predict higher levels of temperature in the ﬂuid
near the isothermal left wall. The temperature levels are then relatively lesser and uniform at the remaining
horizontal positions, except the area next to the jet slot, where a clear separation between the upward and
downward ﬂows is indicated by means of a trench in the proﬁle.

Figure 15. Temperature distribution along the x=axis at y = 0.5 for diﬀerent Reynolds and Richardson numbers
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CONCLUSION
The problem of an upward air jet in a square cavity delivered form the bot- tom left corner, cooling the vertical
left isothermal wall, and discharged from the other bottom right corner, was investigated numerically for wide
ranges of Reynolds and Richardson numbers. The numerical approach is relying on the ﬁnite volume method
integrated in an in-house developed FORTRAN program to computationally discrete and solves the twodimensional partial diﬀerential equations of Naiver-Stock and standard energy with corresponding boundary
conditions. The results show that the forced ﬂow and the buoyancy eﬀects have substantial impacts on the ﬂow
and thermal patterns and the heat-transfer rates. Thus, it is shown that as Reynolds number is increased the heat
transfer rates enhance for all Richardson number. The eﬀect of Reynolds number becomes more considerable
for higher heating eﬀects due to the positive assisting buoyancy forces. It is also shown that the eﬀect of
Richardson number is almost negligible for low Reynolds numbers Re ≤ 50. However, for higher Reynolds
numbers, the inﬂuence of Richardson number becomes rather slightly meaningful to augment the rates of heat
transfer. Indeed, this is an indication to that this ﬂow conﬁguration is not beneﬁcial for heat removal. Regarding
of the ﬂow and thermal characteristics, it is found that the inﬂuence of strengthening the cooled jet at low
heating eﬀect is to enhance the top left and right corner eddies and the bottom eddy close to the inlet port, and
weaken the primary recirculation within the cavity. In addition, when Richardson number is increased, the
interior warming ﬂuid accelerates vertically near the heat source giving rise to the primary recirculating ﬂow
motion and removing the secondary cells.
NOMENCLATURE
Gr Grashof No.
h Coeﬃcient of local convective heat transfer.
L Height of enclosure.
n
Normal direction.
Nuav Average Nusselt No.
NuL Local Nussle No.
p Non-dimensional pressure
Pr Prandtl No.
Re Reynolds No.
Ri
Richardson No.
S
Height of enclosure inlet and outlet ports.
T
Non-dimensional temperature.
u
Non-dimensional horizontal velocity.
v
Non-dimensional vertical velocity.
x, y Non-dimensional Cartesian coordinates.
Greek symbols
β Coeﬃcient of the volumetric expansion.
ρ Fluid density.
ν Fluid kinematic viscosity.
Subscripts
h hot.
in inlet condition.
REFERENCES
[1] E. Papanicolaou, Y. Jaluria, “Mixed convection from an isolated heat source in a rectangular enclosure”,
Numerical Heat Transfer, Part A, vol. 18, pp. 427– 461, 1990.
[2] E. Papanicolaou, Y. Jaluria, “Transition to a periodic regime in mixed convection in a square cavity”,
Journal of Fluid Mechanics, vol. 239, pp. 489– 509, 1992.
[3] E. Papanicolaou, Y. Jaluria, “Mixed convection from a localised heat source in a cavity with conducting

37

Cooling of a Vertically Oriented Air-Ventilated Square Cavity

walls: A numerical study”, Numerical Heat Transfer, Part A, vol. 23, pp. 463–484, 1993.
[4] T. Hsu, P. Hsu, S. How, “Mixed convection in a partially divided rectangular enclosure”, Numerical
Heat Transfer, Part A, vol. 31, pp. 655–683, 1997.
[5] A. Raji, M. Hasnaoui, “Mixed convection heat transfer in a rectangular cavity ventilated and heated from
side”, Numerical Heat Transfer, Part A, vol. 33, pp. 533–548, 1998.
[6] S. Singh, M. A. R. Sharif, “Mixed convective cooling of a rectangular cavity with inlet and exit
openings on diﬀerentially heated side walls”, Numerical Heat Transfer, Part A, vol. 44, pp. 233–
253, 2003.
[7] M. Zhao, M. Yang, M. Lu, Y. Zhang, “Evolution to chaotic mixed convection in a multiple ventilated
cavity”, International Journal of Thermal Sciences, vol. 50, pp. 2464–2472, 2011.
[8] E. Sourtiji, S. Hosseinizadeh, M. GorjiBandpy, D. Ganji, “Heat transfer enhancement of mixed convection
in a square cavity with inlet and outlet ports due to oscillation of incoming ﬂow”, International
Communications in Heat and Mass Transfer, vol. 8, pp. 806–814, 2011.
[9] F.
Selimefendigil,
H.
F.
Oztop,
“Numerical
investigation
and
dynamical
analysis of mixed convection in a vented cavity with pulsating ﬂow”, Computers and Fluids, vol.
91, pp. 57–67, 2014.
[10] H. Doghmi, B. Abourida, L. Belarche, M. Sannad, M. Ouzaouit, “Eﬀect of the inlet opening on mixed
convection inside A 3-D ventilated cavity”, Thermal Science, vol. 22, pp. 2413–2424, 2018.
[11] E. M. Sparrow, F. Samie, “Interaction between a stream which passes through an enclosure and
natural convection within the enclosure”, International Journal of Heat and Mass Transfer, vol.
25, pp. 1489–1502, 1982.
[12] P. H. Oosthuizen, J. T. Paul, “Mixed convection heat transfer in a cavity, in: Fundamentals of forced
and mixed convection”, The 23rd National Heat Transfer Conference, Denver, Colprado, vol. 42,
pp. 159–169, 1985.
[13] A. Bouhdjar, A. Benkhelifa, A. Harhad, “Numerical study of transient mixed convection in a cylindrical
cavity”, Numer Heat Transfer, Part A, vol. 31, pp. 305–324, 1997.
[14] D. Angirasa, “Mixed convection in a vented enclosure with an isothermal vertical surface”,
Fluid Dynamics Research, vol. 26, pp. 219–233, 2000.
[15] S. V. Patankar, “Numerical
Corporation”, New York, 1980.

heat

[16] J. H. Ferziger,
Berlin, 1997.

“Computational

M.

Peric,

transfer

and

ﬂuid

Methods

ﬂow,
for

Hemisphere

Fluid

Publishing

Dynamics”, Springer,

[17] J. P. Van Doormaal, G. D. Raithby, “Enhancement of the SIMPLE Method for Predicting
Incompressible Fluid Flows”, Numerical Heat Transfer, vol. 7, pp. 147–163, 1984.

38

