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Abstract: This work is dedicated to study numerically an inclined solar distiller subject of a moving cold wall. The cavity is
heated from left side and cooled from the right one. Constant and different concentrations are imposed in the two vertical sides
of the cavity, while the other walls are adiabatic and impermeable. The flow is considered laminar and caused by the
interaction of the thermal energy and the chemical species diffusions. Equations of concentration, energy and momentum are
formulated using vector potential-vorticity formulations in its three-dimensional form, then discretized by the finite volumes
method. The Rayleigh, Prandtl, Lewis numbers and buoyancy ratio are respectively fixed at Ra=105, Pr=0.7, Le=0.85 and
N=0.85. Reynolds number (Re) is varied along the study from 0 to 150. The angles for the cavity inclination under this
investigation are considered to be 0°, 30°, 45°, 60° and 90°. A particular interest to the flow structure and evolution of the heat
and transfer i highlight in this paper.
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1. Introduction
Improving the performance of a solar still remains a
concern for all designers and producers. In fact, solar
distillation is the best way to produce potable water from
brackish and underground water at low cost especially for the
arid and semi-arid regions. Such an improvement requires
optimization between technical performance and cost. In this
study, big interest is reserved to simulate heat and mass
transfer in an inclined cavity subject of a moving cold wall.
This case of configuration is widely used in many industrial
applications and needs more detailed information’s. Both
buoyancy-induced and lid-driven flows inside an enclosure
are often encountered in many engineering applications as
the nuclear reactors, lubricating grooves, coating and
industrial processes, float glass manufacturing and food
industries. Many researchers studied the double diffusive
convection in its two and three dimensional forms,
numerically and experimentally. Also, many authors are
interested to study the case of cavity with a moved wall.
In this work, we focus our interest to study numerically an
inclined solar distiller characterized by two verticals walls

subject of different and opposite gradients of temperature and
concentration. The hot wall warms up by the solar radiation
inducing the evaporation of a water film; the vapor thus
produced mixes with the air then condenses when it reaches
the cold wall. The cold wall (in which the condensation takes
place) is moved at a varied velocity and this via a
photovoltaic installation. The hot wall (in which the
evaporation of the brackish water occurs) is fixed and it is at
high concentration. In this study, big interest is reserved to
simulate heat and mass transfer through the solar distiller and
especially between the two vertical films of condensation and
evaporation. This case of configuration is widely used in
many industrial applications and needs more detailed
information’s. Both buoyancy-induced and lid-driven flows
inside an enclosure are often encountered in many
engineering applications as nuclear reactors, lubricating
grooves, coating, industrial processes, float glass
manufacturing and food industries. Many researchers studied
numerically and experimentally, the double diffusive
convection in two and three-dimensional configurations,.
Also, many authors were interested to study the case of
cavity with a moved wall.
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Gobin and Bennacer [1] studied numerically the double
diffusive natural convection in a two dimensional cavity
filled with a binary fluid and subject of horizontal
temperature and concentration gradients with cooperating
volume forces. They showed that for a high number of
Lewis, the thermal transfer goes down as the buoyancy ratio
increase. Lee and Hyun [2] and Hyun and Lee [3] have
reported numerical solutions for double-diffusive convection
in a rectangular enclosure with aiding and opposing
temperature and concentration gradients. Their solutions
were compared favorably with reported experimental results.
The performance of a solar distiller could be ameliorate by
many parameters such as depth of water, glass cover angle,
fabrication materials, temperature of water in the basin and
insulation thickness, etc. In fact, with the aim to maximize
the distillate productivity of the apparatus over current solar
stills, Naim et al [4] developed a single-stage solar
desalination spirally-wound module of original design that
makes use of both the latent heat of condensation of the
formed vapor and the sensible heat of the concentrated
solution, in preheating the incoming saline water. For the
solar desalination of brackish water, the most used
technology is the capillary film distiller which is composed
of identical cells of evaporation-condensation Bouchekima et
al. [5, 6 and 7]. Ben Snoussi et al. [8] studied this
configuration by simulating numerically the natural
convection in 2D rectangular cavities. Results show that the
flow, mass and thermal fields are strongly dependent on
Rayleigh number and aspect ratio. A recent detailed review
on active solar distillation procedures and modeling can be
found in the work of Sampathkumar et al. [9]. The threedimensional configuration wasn't widely studied numerically.
In fact, Bergeon and Knobloch [10] studied bifurcations in
the double diffusive convection in three dimensional cavity
subjected to horizontal temperature and concentration
gradients. They’ve proved that in certain conditions, the flow
is unstable and the rate is periodic. Indeed, the mechanism
responsible for these oscillations is identified and the
oscillations turned up to be an indirect consequence of the
presence of a bifurcation to the longitudinal structures of the
three dimensional flow which do not exists in a two
dimensional formulation. Sezai and Mohamad [11] have
demonstrated that, in case of a cube-shaped cavity, the
structure of the flow of the thermo-solutal natural convection,
in the opposite case for values of buoyancy number superior
to the unit, is purely three dimensional for certain values of
the used parameters such as the buoyancy forces, the thermal
Rayleigh and the Lewis numbers. The same configuration
was studied by Abidi et al. [12] but with heat and mass
diffusive horizontal walls. They mentioned that the effect of
the heat and mass diffusive walls is found to reduce the
transverse velocity for the thermal buoyancy-dominated
regime and to increase it considerably for the compositional
buoyancy-dominated regime.
Ghachem et al. [13] studied numerically the double
diffusive natural convection and entropy generation in threedimensional solar dryer with an aspect ratio equal to 2. They

found that the variation of the buoyancy ratio affects
significantly the isotherms distributions, iso-concentrations
and the flow structure. Particularly for N=1, the flow is
completely three-dimensional. Besides, they found that all
kinds of entropies generation present a minimum for N=1.
This result is due to the competition between thermal and
compositional forces. These entropies rise considerably when
N grows. On the one hand, the maximum of Bejan number is
found for N=1 witch indicated the domination of heat and
mass irreversibilities. Outside, friction irreversibilties are
largely dominant. On the other hand, distribution of Local
Nusselt numbers changes with changing buoyancy ratio and
take a complex structure for N=1. Lid-driven flow carries the
interest of many industrial applications such as electronic
cards cooling, crystal growth, building insulation high
performance, multi-screen structures used for nuclear
reactors, food processing, production of float glass, solar
collectors, oven drying, etc.
Many authors were interested to study the flow structure
behavior. Moallemi and Jang [14] conducted a numerical
investigation to analyze the effect of Prandtl number on the
flow structure and heat transfer in a bottom heated lid-driven
square cavity. These authors found that the influence of
buoyancy on the flow and heat transfer was more pronounced
for higher values of Pr, if Re and Gr were kept constant.
They found also that the natural convection effects were
always assisting the forced convection heat transfer, and the
extent of the contribution was a function of Pr and Ri. Sharif
[15] studied numerically the 2D laminar mixed convection in
a rectangular enclosure with an aspect ratio equal to 10 and
subject of a top moving hot wall. Computations are
performed for Rayleigh numbers ranging from 105 to 107
keeping the Reynolds number fixed at 408.21, thus
encompassing the dominating forced convection, mixed
convection, and dominating natural convection flow regimes.
The Prandtl number is taken as 6 representing water. The
author studied the effects of inclination of the cavity on the
flow and thermal fields for inclination angles ranging from 0°
to 30°. He found that the average Nusselt number increases
with cavity inclination. The author concluded that the
average Nusselt number increases mildly with cavity
inclination for the dominant forced convection case dictated
by Ri=0.1. In contrast, it increases much more rapidly with
inclination for the other dominant natural convection case
dictated by Ri=10. He found also that the local Nusselt
number at the heated moving lid starts with a high value and
decreases rapidly and monotonically to a small value towards
the right side. Numerical simulation of unsteady mixed
convection in a driven cavity using an externally excited
sliding lid has been studied by Khanafer et al. [16]. These
authors examined the fluid flow and heat transfer
characteristics in the range of Reynolds number, Grashof
number, and the dimensionless lid oscillation frequency (x)
such that: 102 ≤ Re ≤ 103, 102 ≤ Gr ≤ 105, and 0.1 ≤ x ≤ 5.
They found the energy transport process and drag force
behavior depending on the conduct of the velocity cycle
would either enhance or retard by the Reynolds number and
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Grashof number.
Oztop et al. [17] studied numerically the conjugate heat
transfer by mixed convection and conduction in lid-driven
enclosures with thick bottom wall. The enclosure is assumed
to be heated isothermally from the bottom. The temperature
of the top moving wall, which has constant speed, is lower
than that of the outside of bottom wall. Vertical walls of the
enclosure are adiabatic. Governing parameters are solved for
a wide range of Richardson numbers, ratio of height of
bottom wall to enclosure height and thermal conductivity
ratio. The fluid flow and heat transfer induced by the
combined effects of the driven lid and the buoyancy force
within rectangular enclosures were investigated by Waheed
[18]. Investigation for various Prandtl number, Richardson
number, and aspect ratio at a Reynolds number of 100 was
performed by this author. The results showed fluid flow and
energy distributions within the enclosures and heat flux on
the heated wall are enhanced by the increase in the
Richardson number. Sivakumar et al. [19] conducted analysis
of the mixed convection heat transfer in lid-driven cavities
with different lengths of the heating portion at different
locations. Results showed that the heat transfer rate is
enhanced on reducing the heating portion provided the
portion is at middle or top of the hot wall of the cavity.
Cheng [20] studied the flow and heat transfer in a 2-D square
cavity where the flow is induced by a shear force resulting
from the motion of the upper lid combined with buoyancy
force due to bottom heating. The two vertical walls of the
cavity are adiabatic while the top moving-wall and the
bottom wall are maintained isothermally but the temperature
of the bottom wall is higher than that of the top moving-wall.
A sudden drop of Nusselt number is observed by the author
at Re=713, 376, 248, 129, and 61 for Ri=0.5, 1, 2, 10, and
100, respectively, due to the change of flow and thermal
structures, heat transfer mechanism, and kinetic energy.
Cheng [14] concluded that there is no bifurcation that
occurred for the ranges of Re (10≤Re≤2200) and Pr
(Pr=0.01, 0.71, 6.0, and 50) studied when the flow is
dominated by the forced convection (Ri=0.01). However,
when Ri=1 and 10, the flows undergoes a bifurcation for
certain Reynolds number which is a function of the fluid
Prandtl number. Laminar mixed-convection in a lid-driven
square cavity having an isothermally heated square internal
blockage has been investigated numerically by Akand et al.
[21]. Central and eccentric placement of the blockage inside
the cavity is considered in this investigation. Authors found
that for any size of the blockage placed anywhere in the
cavity, the average Nusselt number does not change much
with increasing Richardson number until the Richardson
number approaches the value of the order of 1 due to
dominating forced convection. In other hand, when the
Richardson number is increased beyond 1 (Ri ≥ 1), the flow
regime is natural convection dominated and the Nu increases
monotonically with Ri. However, the scale of increase of the
Nu varies much with the blockage size.
Hajri et al. [22] studied numerically the steady and twodimensional double-diffusive natural convection in a
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triangular cavity. This configuration is encountered in
greenhouse solar stills where vertical temperature and
concentration gradients between the saline water and
transparent cover induce flows in a confined space. They
found that for small values of the buoyancy ratio and the
Lewis number, there is a little increase in the heat and mass
transfer over that due to conduction. For the higher values,
the convective mode dominates. Alvarado-Juárez et al. [23]
studied numerically a conjugate heat and mass transfer in a
solar still device. They studied the conservation of mass,
momentum, energy and concentration of water vapor
equations for laminar natural convection and surface thermal
radiation in an inclined cavity. The authors found that the
average convective Nusselt number and Sherwood number
increase about 25% and 15% respectively when surface
thermal radiation is considered, as a consequence, the total
Nusselt number increases about 175%. Also, they proved that
the Nusselt number increases as the tilted angle or Ra number
increases and decreases as the aspect ratio decreases. Indeed,
the distillate mass flow rate increases as the tilted, Rayleigh
number or aspect ratio increases.
Experiments and numerical simulation have been
performed by Mohamed and Viskanta [24] to investigate
natural and mixed convection in a shallow rectangular cavity
filled with liquid gallium. The cavity was heated from below
and cooled from above either in the absence or presence of
lid motion. The authors conducted experiments in a cavity
having aspect ratios of 10 and 5 in the longitudinal and spanwise directions, respectively. They have performed also a
three dimensional unsteady direct numerical simulations to
obtain improved understanding of the flow structure in the
cavity. The results show that lid motion has a significant
effect on the flow and thermal structures in the cavity. For
Richardson numbers less than unity, the effect of the lid
motion is to reorganize the flow and to make the flow
structure quasi-two-dimensional.
Ouertatani et al. [25] have investigated a three-dimensional
laminar mixed convection in a double lid-driven cubic cavity
filled with air (Pr=0.71) for suitable combinations of three
different Reynolds numbers and three different Richardson
numbers. They studied the effects of varying both Reynolds
and Richardson numbers on the resulting convection. Their
results show that when large Ri is united with low Re, two
primary vortex are observed circumscribed in the proximity
of the two moving lids and their intensity is slightly modified
when Ri decreased. When Ri is small and Re is large, threedimensionalities of the isotherm patterns are manifested.
Kolsi et al. [26] examined laminar mixed convection and
entropy generation in a cubic lid-driven cavity numerically.
In their study left side of cavity moved in y direction, and the
cavity was heated from left side and was cooled from right
while other surfaces were adiabatic. They found direction of
lid motion is an effective parameter on both entropy
generation and heat and fluid flow for low values of
Richardson number, but is irrelevant at high Richardson
number.
Hsiao [29] performed an analysis for heat and mass
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transfer of a steady laminar boundary-layer flow of an
electrically magnetic conducting fluid of second-grade
subject to suction and to a transverse uniform magnetic and
electric field past a semi-infinite stretching sheet. In this
work the author considered the mass transfer phenomena to a
coupled heat and mass transfer boundary-layer equations. Lin
and Hsiao [30] studied the energy conversion conjugate
conduction convection Ohmic mixed heat and mass transfer
of an incompressible viscoelastic fluid on thermal forming
stretching sheet using the similarity transformation method to
change the partial differential equations transform to a set of
nonlinear ordinary differential equations, and it has also been
used an implicit finite-difference method to solve the
system’s equations. The numerical calculating results for the
conjugate heat transfer energy conversion problem have been
carried out as function of several parameters
This numerical study investigates the heat and mass
transfer and the structure of flow induced by double diffusive
convection in a three-dimensional inclined solar distiller with
moving cold wall. The results are divided into three parts.
The first one is reserved to the study of a vertical cavity
subject of moved cold wall. The second part is devoted to
study the effect of the cavity inclination angle and Reynolds
numbers. This case is helpful to pick to major modifications
and effects of the heat and mass transfer and flow structure in
a solar distiller. Finally, a study of the variation of Nusselt
number is presented in order to localize the regions where the
maximum and minimum of heat exchange occurs.

2. Definition of the Physical Model
The geometry under consideration (figure 1) is a square
basic parallelepipedic enclosure (side L ), with aspect ratios
Ay=H/W=2 and Az=L/W=2. The vertical hot wall warms up
by the solar radiation inducing the evaporation of water film.
The vapor thus produced mixes with the air then condenses
when it reaches the cold moved wall. As it said above this
study is focused especially to the mixed part between the two
thin films. For this, the cavity is filled with an ideal binary
mixture of a solvent vapor and a non-condensable gas,
characterized by a number of Prandtl equal to 0.7 and a
number of Lewis equal to 0.85 (for more details see
Ghachem et al. [13]). Different temperatures and
concentrations are specified between the left ( T 'h , C 'h ) and
right vertical walls ( T 'C , C 'l ), and zero heat and mass
fluxes are imposed (Fig. 1). Right side moves in vertical

∂ω
+ ( ∇)ω − (ω.∇)
∂t

u.

u

∂T
+ u .∇T = ∇ 2T
∂t

ways. The flow is assumed to be laminar and the binary fluid
is assumed to be Newtonian and incompressible. The
physical properties of the fluid are supposed to be constant
and the Boussinesq approximation is adopted. Finally, the
Soret and Dufour effects are assumed to be negligible.

Figure 1. Physical models.

3. Governing Equations and Numerical
Solution
In order to eliminate the pressure term, which is delicate to
treat, the numerical method used in this work is based on the
vorticity vector potential Formalism (ψ − ω ) which are
respectively defined by the two following relations:

ω ' = ∇ × u ' and u ' = ∇×ψ '

The equation setting and numerical method are described
with more details in the article of Ghachem et al. [13]
After non-dimensionalizing the system of equations
controlling the phenomenon is:
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∂x x =0,1
00
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(7)

Local and average Sherwood is given as follows

D

The Richardson is defined as: Ri =

Gr

Ra

=
Re 2 Pr .Re 2
The control volume finite difference method is used to
discretize equations (2)-(5). The central-difference scheme
for treating convective terms and the fully implicit procedure
to discretize the temporal derivatives are retained. The grid is
uniform in all directions with additional nodes on boundaries.
The successive relaxation iterating scheme is used to solve
the resulting non-linear algebraic equations. The time step
10-4 and spatial mesh 51x101x101are retained to carry out all
numerical tests. The solution is considered acceptable when
the following convergence criterion is satisfied for each step
of time:
n
n −1
1,2,3 max ψ i −ψ i

∑
i

max ψ in

+ max Tin − Tin −1 ≤ 10 −5

(6)

Boundary conditions for considered model are given as
follows:
Temperature:
T = 1 at x = 0 , T = 0 for x = 1
∂T
= 0 on all walls (adiabatic).
∂n
Concentration
C = 1 at x = 0 , C = 0 for x = 1
∂C
= 0 on all walls (impermeable).
∂n
Vorticity
∂u
∂u
ω x = 0 , ω y = − 3 , ω z = 2 at x = 0 and 1
∂x
∂x
∂u3
∂u1
ωx =
, ωy = 0 , ωz = −
at y = 0 and 1
∂y
∂y
∂u 2
∂u
, ω y = 1 , ω z = 0 at z = 0 and 1
∂z
∂z
Vector potential

ωx = −

Sh =

11
∂C
, Shm = ∫ ∫ Sh.∂y.∂z
∂x x =0,1
00

4. Validation and Grid Dependency
Several girds were tested to perform the grid dependency.
Table.1 shows that a grid of size 51x51x51 is satisfying for
this study. Checks were conducted to validate the calculation
procedure by performing simulation for double-diffusive
convection flow in a vertical rectangular enclosure, which
combined horizontal temperature and concentration gradients
effects. For this, the validation of the present numerical
solution is done by making comparisons of the isotherm,
concentration, z-vector potential and streamlines contours of
the present work, with those of Nishimura et al. [27]. Figures
2 and 3 show the isotherms, isoconcentration, z-vector
potential and velocity projection in the XY-plan for N=0.8
and N=1.3. Our results are in good agreement with those of
Nishimura et al. [27]. It is noted that in the 3D configurations
the contours of the streamlines are not closed compared with
the 2D configurations. The code is also validated against the
results of Chamkha et al. [28] (Table 2) and a quasi-perfect
concordance is noticed.

T

∂ψ x
= ψ y = ψ z = 0 at x = 0 and 1
∂x
∂ψ y
ψx =
= ψ z = 0 at y = 0 and 1
∂y
∂ψ z
= 0 at z = 0 and 1
ψ x =ψ y =
∂z

Velocity
u1 = u2 = u3 = 0 at x=1, y=0, y=1, z=0 and z=1 u1 = u3 = 0
and u2 = Re.Pr at x=0
Local and average Nusselt is given as follows

(8)

C
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Table 1. Grid dependency for (Ra=105, Re=40, Le=0.85, Pr=0.7 and
N=0.85).
Grid

31x31x31
7.014

41x41x41
7.111

51x51x51
7.232

61x61x61
7.239

Table 2. Comparison between the present results and literature for (Ra=105,
Pr=1, Le=2 and N=1).
Ha
0
ψz and Velocity projection.
Figure 2. Plots of isotherms, isoconcentration, z-vector potential and
velocity projection in the XY-plan for N=0.8. (Prsent results (left) and those
of Nishimura et al. [27] (right)).

5
10
15
20

Authors
Present result (Chamkha et
al. [28])
Present result (Chamkha et
al. [28])
Present result (Chamkha et
al. [28])
Present result (Chamkha et
al. [28])
Present result (Chamkha et
al. [28])

3,358 (3,319)

4,078 (4,030)

3,247 (3,215)

3,948 (3,909)

3,093 (3,048)

3,853 (3,797)

2,905 (2,868)

3,792 (3,744)

2,539 (2,497)

3,714 (3,652)

5. Results and Discussions

T

The flow, heat and mass transfer characteristics are
governed by the dimensionless parameters Re, Gr, Le, Pr and
N. The Richardson number, Ri = Gr/Re2, measures the
importance of buoyancy-driven natural convection relative to
lid-driven forced convection. It may be noted that the
buoyancy force ratio, N, is fixed at -0.85 which characterizes
pure thermal regime. In this study, Prandtl and Lewis
numbers are fixed respectively at 0.7 and 0.85 corresponding
to air-vapor mixture properties.
5.1. Effect of the Variation of the Re for a Vertical Cavity

C

ψz and Velocity projection.
Figure 3. Plots of isotherms, isoconcentration, z-vector potential and
velocity projection in the XY-plan for N=1.3 (Present results (left) and those
of Nishimura et al. [27] (right)).

Figure 4 shows the variation of the flow structure when Re
is varied from 0 to 150. For Re=0, the flow is characterized
by one central cell turning in the clockwise. By increasing Re
(from 20 to 60), the central cell is divided into two vortex
which become more and more developed and stretched to the
down part of the moved wall. For Re=100, the left vortex
(near the hot wall) keeps its place however the other vortex is
moved parallel to the down part of the cold moved wall.
These vortexes become L-shaped. When Re reaches a value
of 150, the flow returns to a mono-cellular structure and the
vortex becomes closer to the down corner of the moved cold
wall.
Figures 5 and 6, show respectively the iso-surfaces of
temperature and concentration. The profiles iso-surfaces of
temperature and iso-surfaces concentration are similar due to
value of Lewis nimber which is near to 1. These iso-surfaces
present a horizontal stratification in terms of the increase of
Re number. Nevertheless, the stepper gradient of temperature
(or concentration) is more and more pronounced when the Re
number increase.
When the thermal (solutal) gradients are tighter, the heat
(mass) transfer is more intense. In the one hand, the
movement of the cold wall induces an acceleration of heat
and mass transfer. In the second hand, it provides more
homogeneous to heat and mass distribution throughout the
solar distiller.

International Journal of Fluid Mechanics & Thermal Sciences 2015; 1(3): 72-82

78

more linked and parallel to the fixed cold wall.

Figure 4. Velocity vector projection in the XY-plan for γ=0 and different Re.
Figure 8. Iso-surfaces of temperature for Re=0 and different (γ).

Figure 5. Iso-surfaces of temperature for γ=0 and different Re.
Figure 9. Iso-surfaces of concentrations for Re=0 and different (γ).

Figure 6. Iso-surfaces of concentrations for γ=0 and different Re.

5.2. Effect of the Inclination Angle
In this part, we present the effect of the inclination of the
cavity when the cold wall is moved. These results give an
idea about the evolution of heat and mass transfer all over the
cavity which will be helpful to promote the heat and mass
transfer in a solar distiller.
Case 1: Re=0
Figure 7, presents the flow structure for different
inclination angles. Vertical cavity (γ=0°) is taken as
reference. Increasing the angle of inclination keeps the flow
structure with one vortex. Thereof, is stretched to the left
diagonal of the cavity when the inclination angle is equal to
30°, almost centered in the middle for (γ=45° and 60°) and
slightly stretched to the right diagonal of the cavity when
(γ=75°). For (γ=90°), this central vortex is moved to the top
part of the cavity.

Figure 10. Velocity vector projection in the XY-plan for Re=100 and
different γ.

Case 2: Re=100
Figure 10 shows the projection velocity vectors in the
central plan for six inclination angles (0°, 20°, 45°, 60°, 75°
and 90°). The two vortex in L shaped, which appear for γ=0°,
start a gradually coalition by increasing the inclination angle.
In fact, the upper vortex shrinks in volume progressively
from γ=20° to γ=60° and disappears for γ=75° and 90°. For
this angle (γ=90°), the streamlines are more oriented towards
the moved wall while they were instead diverted to the
mobile wall for γ=20°.

Figure 11. Iso-surfaces of temperature for Re=100 and different (γ).

Figure 7. Velocity vector projection in the XY-plan for Re=0 and different γ.

Figures 8 and 9, show the iso-surfaces of temperature and
concentration for Re=0 and different inclination angles.
These figures show the maintaining of the vertical
stratification for an inclination equal to 0°, 30° and 45°.
When the inclination angle reaches a value of 60°, these isosurfaces show a distortion especially at the upper part of the
cavity. For these values of inclination angle, iso-surfaces are

Figure 12. Iso-surfaces of concentrations for Re=100 and different (γ).

Figures 11 and 12, present the iso-surfaces of temperature
and concentration for Re=100. As it was noted for Re=0,
when the inclination angle is low (γ=20°) iso-surfaces of
temperature and concentration keep a similar appearance
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which the case of γ=0° which is characterized by a vertical
stratification. By the increase of the inclination angle, these
iso-surfaces become more distorted and the thermal and
solutal gradient increase for γ=90°. The increasing of the
inclination angle modifies the flow structure from two vortex
to one cell for Re=100.
Case 3: Re=150
When γ=30°, a small vortex appears in the upper part of
the cavity (figure 13). The other vortex, which already
appears for γ=0°, still in the same position close to the moved
cold wall and this for the two inclination angle γ=30° and
45°. By increasing γ, the small vortex disappears
progressively (γ=60°) and the flow becomes mono-cellular
for γ=75° and 90°. For (γ=90°), streamlines are closer to the
cold moving wall with a little stretch to the top corner of it.
Figures 14 and 15, present the iso-surfaces of temperature
and concentration for Re=150 and different inclination
angles. The vertical stratification which appears for the
vertical cavity is largely affected by the inclination angle for
this case of study. In fact, when the inclination angle reaches
the value of 30°, the iso-surfaces are more deformed
especially in the upper part of the cavity. For γ=60° a
mushroom form began to appear and becomes more
developed for γ=90°.

Figure 13. Velocity vector projection in the XY-plan for Re=150 and
different γ.

Figure 14. Iso-surfaces of concentrations of temperature for Re=150 and
different (γ).

Figure 15. Iso-surfaces of concentrations for Re=150 and different (γ).

Figure 16. Local Nusselt Number at the hot wall for γ=0 and different Re.
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Figure 17. Local Nusselt Number at the cold wall for γ=0 and different Re.

Figure 18. Maximum of Nusselt numbers for different Re numbers.

5.3. Study of Heat Transfer
This part is interested to study the effect of the variation of
Reynolds numbers on the heat transfer distribution at hot and
cold walls for a vertical cavity. Figures 16 and 17, present the

Nusselt number contours respectively at the hot fixed wall
and the cold moving wall for different Re. First of all,
accelerating the cold wall induces an increase in values of the
Nusselt number. Furthermore, near the active walls a threedimensional character is visible by the deviation of the local
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Nusselt number contours. The increase of Re induces a large
modifications especially at the boundary.
When the cavity is vertical and the Re=0, local Nusselt
number at the two vertical sides are asymmetric. When the
cold wall is moved, contours of Nusselt numbers at the
moving wall are modified. When the Re increases, contours
at the cold wall, are more dispersed and are opened. However
at the hot fixed wall, same behaviors as initial is kept and
maximum appears near the down part and it is localized at a
punctual region. These maximum contours levels are similar
to two symmetric eyes which are intensified by the increase
of Re values. The maximum value of Nu riches 6.74 for
Re=150 however it is equal to 5.55 when Re=0 (up 17.65%).
For the behavior of the Nusselt numbers at the cold moved
wall, a great increase of Nu values are detected relative to the
increase of the Re numbers. In fact, this increase is equal to
55.52% from Re=0 to Re=150 (figure 18).

6. Conclusion
In this paper we studied numerically the three-dimensional
double diffusive natural convection in a solar distiller with a
moving cold wall. The Rayleigh number is fixed at Ra=105,
Pr=0.7, Le=0.85, N=0.85 and the effects of Reynolds number
is studied for opposed temperature and concentration
gradients. The major results found in this study are:
When the cavity is vertical we find that the movement
of the cold wall induces an acceleration of heat and
mass transfer and the heat and mass distribution
throughout the cavity became more homogeneous.
When the cavity is inclined, we note that the increasing
of the inclination angle modifies the flow structure from
two vortex to one cell when Re=100. Also, when the
Re=150, we note that for an inclination angle equal to
γ=60° a mushroom form began to appear and becomes
more developed for γ=90°.
The increase of the Nusselt number at the cold moved
wall improves the condensation however its increase at
the hot fixed wall improves the evaporation.

Ri
Sh
t
T
T 'c

Richardson number
Sherwood Number
dimensionless time (= t '.α / l 2 )
dimensionless temperature
cold temperature

T 'h

hot temperature

dimensionless velocity vector (= u.l / α )
W
enclosure width
Greek symbols
α
thermal diffusivity
βT
coefficient of thermal expansion
βC
coefficient of compositional expansion
γ
inclination angle of the cavity
µ
dynamic viscosity
ν
kinematic viscosity.

u

υ0
φ'
ψ
ω

Pr
Ra
Re

aspect ratios at Ay=H/W and Az =L/W
dimensionless species concentration
high species concentration
low species concentration
species diffusivity
Grashof number
cavity height
cavity side
Lewis number
buoyancy ratio
Average Nusselt Number
Prandtl number
Rayleigh number
Reynolds number

/l)

dissipation function
dimensionless vector potential (ψ ' / α )
dimensionless vorticity (= ω '.α / l 2 )

Subscripts
c
h
m
x, y, z
Superscript
’

cold
hot
mean
cartesian coordinates
dimensional variable
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