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Abstract

This paper deals with a numerical simulation of natural convection flows in a triangular cavity submitted to

a uniform heat flux using the Control Volume Finite Element Method.

The aim of the study is to examine the thermal exchange by natural convection and effects of buoyancy

forces on flow structure. The study provides useful informations on the flow structure sensitivity to the

governing parameters, the Rayleigh number and the tilt angle, on the thermal exchange. In a basin still receiving

a uniform heat flux, the results show that the bottom is not isotherm and the flow structure is sensitive to the

cover tilt angle. Many recirculation zones can occur in the core of the cavity and the heat transfer is dependent

on the flow structure. The results of this study can provide informations for the enhancement of the design of

the energy systems such as solar water distillers and air conditioning systems.

The physical problem concerns a two-dimensional incompressible fluid flow generated inside a triangular

enclosure with isotherm upper walls and heated bottom. The hydrodynamic and thermal fields, the local Nusselt

number, the temperature profile at the bottom and at the center of the cavity are investigated for a large range

of Rayleigh number. The effect of the upper sides inclination is examined for the particular value of Ra=105.
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1. Introduction

Understanding the hydrodynamic and
heat transfer processes is important for effect-
ive design of solar distiller. The fresh water
production is dependent on various factors.
The distillation rate is governed, among

others, by the cover tilt [1], the cover trans-
parency [2] and the plate absorption [3,4].
The productivity was found to increase by
forcing air inside the still [5].

Inspection of the literature reveals that
most of the research emphasizes experimental
investigations of the temperature field in tri-
angular cavities and measurements of the
hourly production of solar stills. Therefore,
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numerical study can be an important help
for system conception and experimental
conditions. In this paper, attention is focused
on the study of the natural convection
heat transfer in a two dimensional triangular
cavity with two isothermal sidewalls
and a bottom submitted to a uniform heat
flux.

2. Numerical method

Using the secondary formulation (C–!),
governing equations are as follows, respect-
ively equation of Poisson for the stream func-
tion, transport equations for vorticity and
energy equation:
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The velocity field is deducted from equa-
tion (4) while using for derivatives of C, the
centred differences of second order.
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A Control Volume Finite Elements
Method [8–10] is used in this computation.
The domain of interest is divided in tri-
angular elements and a polygonal volume is
constructed around each nod by joining
the element centre with the middle of sides.
The set of governing equations is integrated
over the Control Volume with use of an expo-
nential interpolation in the mean flow
direction and a linear interpolation in the
transversal direction inside the finite element.
The algebraic equations are then solved by
the Gauss-Seidel Method.

The object of this paper is to report results
relevant on steady natural convection in a tri-
angular cavity for the range 104<Ra<106. This
range of Rayleigh number characterizes solar
collector spaces of triangular shape [7]. The
angle between the cover and the bottom takes
various values. The fluid considered in this
study is the air.

This study is a first part of a research in
which the present results will be completed by
mass transfer analysis adding the forced con-
vection phenomenon by injection of hot air.
Evidently, the proposed configuration has
applications in solar collectors [6].

3. Results and discussion

3.1. Rayleigh number effect

Fig. 1 presents the streamline patterns for
particular cover tilt angle of 60�. One can see

Ra = 103 Ra = 2.5 104

Ra = 5104

Fig. 1. Streamlines for Ra = 103; 2.5104; 5 104.
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that two recirculation cells grow in size by
increasing the Rayleigh number. The left cell
evolves in the trigonometric sense and the
other cell evolves in the clockwise sense. The
streamlines become tight at the mid plane indi-
cating that the warmed fluid is accelerated well
when buoyancy effects are important.

This is demonstrated by Fig. 2(a) giving
the vertical velocity component profile and
showing that the fluid is more accelerated at
high Ra values. Fig. 2(b) shows that the fluid

is pushed upward in the central part of the
cavity.

As shown in Table 1, the maximum of the
streamline function increases with Ra values.

As shown in the Fig. 3, the flow loses the
symmetrical structure for higher Ra values,
and the dynamic field becomes muticellular.

3.2 Thermal field

Fig. 4 present the temperature profile along
the bottom (Fig. 4a) and the temperature pro-
file at the middle (Fig. 4b). One can see that
the middle of the plate is more warmed. In this
region, the temperature decreases with Ray-
leigh number values but it rests highest at
the plate. However, the recirculation zones
enlarged by buoyancy forces mixes well the
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Fig. 2. a) Vertical velocity component profile. , Ra = 1E3; - - - Ra = 1E4; þ, Ra = 2.5E4; �, Ra = 5E4,

b) Velocity vector pattern.

Table 1

Stream line function

Ra 1000 5000 12000 25000 50000

C max 0.16 1.2 3.5 6 9

14

-8
y

Ra=9.9E4

x

Fig. 3. Dynamic field for Ra = 9.9104.
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cold fluid and the arisen fluid from the bot-
tom. The plate loses more energy. The Nusselt
number admits a minimum at the bottom cen-
ter. This minimum increases by increasing Ra
(Fig. 5). This is agreed with thermal field
structures illustrated by Fig. 6.

3.3. Cover tilt angle

Fig. 7 shows streamline patterns for the
same height and for two different cover tilt

angle values. One can see that widening the
cavity base multiplies the number of the recir-
culation cells. The hot fluid, raised from the
bottom, mixes well with the cold fluid and
stagnation zones are established at the whole
core of the enclosure. When the cavity base is
less wide, only two recirculation zones occur
far from the upper summit.

Fig. 8 presents isotherms for the particular
angles of 25�. The cells multiplicity homo-
genizes the thermal field warming well the
core of the cavity. Obviously, the thermal
field is sensitive to the fluid structure change.
The heat transfer is enhanced in large cav-
ities. As illustrated in Fig. 9(a) the average
Nusselt number is less important at the high
cover tilt angle values. Effectively, when the
upper summit is far from the heated bottom,
the greater part of the cavity stays cold.

Fig. 9(b) presents the temperature evolu-
tion at the middle of the plate at various
shapes. A maximum is observed for a parti-
cular cover tilt angle of 35�. Indeed, increas-
ing the cavity base improves the thermal
energy collection but at once the cavity size
grows and the fluid volume becomes more
important. Two antagonist effects occur in
the enclosure. This can justify the critical
shape corresponding to an optimal heating
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Fig. 4. a) Temperature profile at the bottom. , Ra = 1E3; - - - Ra = 1E4; þ, Ra = 2E4; , Ra = 3E4; , Ra = 5E4,

b) Temperature profile at the middle. , Ra = 1E3; - - - Ra = 1E4; , Ra = 2E4; , Ra = 3E4; , Ra = 5E4.
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Fig. 5. Distribution of the Nusselt number on the

bottom of the enclosure.
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at the mid plate. It can be noted here that
Bilal et al. [3], examining the low angle
values, has obtained a maximum of the fresh
water production at an angle 35�.

4. Conclusion

Anumerical investigation of laminar natural
convective in a triangular cavity with

isothermal upper sidewalls and receiving a uni-
form continuous heat flux at the bottom has
been considered in this paper. The study
showed that the flow structure and the heat
transfer are sensitive to the cavity shape and
to the Rayleigh number. An optimum tilt
angle was determined corresponding to a mini-
mum of the Nusselt number and for a

Ra=1E3

y

x

T

0 0

T

x

y

Ra=5E4

Fig. 6. Thermal field for Ra = 1E3 and Ra = 5E4.
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Fig. 7. Cellular multiplication structure in wide cavity.
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Fig. 8. Thermal field in a wide cavity.
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maximum of the temperature at the bottom
center. Many recirculation zones can occur
making homogeneous the thermal field in the
core of the cavity.
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Fig. 9. Cover tilt angle effect.
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