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Natural convection in trapezoidal cavities, especially those with two internal baffles in conjunction with
an insulated floor, inclined top surface, and isothermal left-heated and isothermal right-cooled vertical
walls, has been investigated numerically using the Element based Finite Volume Method (EbFVM). In
numerical simulations, the effect of three inclination angles of the upper surface as well as the effect
of the Rayleigh number (Ra), the Prandtl number (Pr), and the baffle’s height (Hb) on the stream functions,
temperature profiles, and local and average Nusselt numbers has been investigated. A parametric study
was performed for a wide range of Ra numbers (103

6 Ra 6 106) Hb heights (Hb = H⁄/3, 2H⁄/3, and H⁄), Pr
numbers (Pr = 0.7, 10 and 130), and top angle (h) ranges from 10 to 20. A correlation for the average Nus-
selt number in terms of Pr and Ra numbers, and the inclination of the upper surface of the cavity is pro-
posed for each baffle height investigated.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Natural convection in rectangular and non-rectangular cavities
is a widely studied heat transfer phenomenon, because of its vari-
ous engineering and industrial applications such as electronic
equipment cooling, heat loss from solar collectors, food processing
and storage, building insulation, electrochemistry, fire control,
metallurgy, meteorology, geophysics, and flow in nuclear reactors.
Many researchers have experimentally, analytically, and numeri-
cally investigated natural convection heat transfer in enclosures
in recent decades.

Iyican et al. [1,2] first studied the problem of natural convection
heat transfer in a closed trapezoidal cavity, presenting both analyt-
ical and experimental results. Their cavity was comprised of a
cylindrical cold top, parallel to a hot horizontal surface and plane
adiabatic side walls. Lam et al. [3] reported similar results for a
trapezoidal cavity comprising of two vertical, adiabatic walls, a
hot floor, and an inclined cold top wall. Lee [4] performed experi-
ments in a nonrectangular cavity considering several Rayleigh (Ra)
and Prandtl (Pr) numbers and various wall angles for aspect ratios
equal to 3 and 6. Results indicate that the heat transfer and fluid
ll rights reserved.
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motion within the enclosure are strong functions of the Ra number,
the Pr number, and the orientation angle of the enclosure. Peric [5]
presented results for the same problem investigated by Lee [4], but
they differ both qualitatively and quantitatively from those shown
by Lee [4]. Kuyper and Hoogendoorn [6] investigated how the incli-
nation angle of isothermal walls (from 45� to 0�) influences the
flow, and how the Ra number influences the average Nusselt num-
ber for laminar natural convection flow in trapezoidal cavities.

Natural convection in trapezoidal cavities in conjunction with
internal baffles attached to the walls also has been investigated.
Internal baffles have a significant effect on flow and heat transfer.
Note that internal baffles take place in several technologies, typi-
cally in electronic equipment subject to cooling and heating and
air movement around furniture. Following this line, Moukalled
and Acharya [7–9] observed natural convection heat transfer in a
trapezoidal cavity with partial dividers attached to either the lower
horizontal base [7], the upper inclined surface of the cavity [8], or
to both surfaces [9].

Moukalled and Darwish [10] studied natural convection in a
partitioned trapezoidal cavity with one baffle attached to the lower
horizontal base. They found that heat transfer decreases by
increasing the Pr number and height of the baffle. Boussaid et al.
[11] investigated heat transfer within a trapezoidal cavity, without
baffles, heated at the bottom and cooled at the inclined top.
Moukalled and Darwish [12] investigated the natural convection

http://dx.doi.org/10.1016/j.ijheatmasstransfer.2012.06.088
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Nomenclature

b baffle
g gravity acceleration, (m/s2)
H height of trapezoidal cavity, (m)
H⁄ height of the cavity where the baffle is located, (m)
Hb baffle height, (m)
i interface
kr ratio between the thermal conductivity of the baffle and

the fluid
L length of trapezoidal cavity, (m)
Lb baffle locations, (m)
n̂ unit vector normal to the baffle-fluid interface
Nu average Nusselt number
Nuy local Nusselt number
p pressure (Pa)
Pr Prandtl number
Ra Rayleigh number

Re Reynolds number
T temperature, (K)
T0 reference temperature, (K)
TH hot temperature, (K)
TC cold temperature, (K)
u velocity in x direction, (m/s)
v velocity in y direction, (m/s)
Wb baffle thickness, (m)
x, y Cartesian coordinates, (m)
a thermal diffusivity, (m2/s)
b thermal expansion coefficient of air, (1/K)
h inclination of the top wall of the cavity, (o)
m kinematic viscosity, (m2/s)
q fluid density, (kg/m3)

r
!

gradient vector
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in trapezoidal cavities with the baffle attached to the upper in-
clined surface. In addition, Moukalled and Darwish [13] researched
the natural convection in trapezoidal cavities with two offset baf-
fles, where one baffle was attached to the upper inclined surface
and the other one was attached to the lower horizontal base. Nat-
arajan et al. [14,15] studied natural-convection flow in a trapezoi-
dal cavity (without baffles) with a uniformly heated bottom walls
and linearly heated/cooled vertical walls. The average Nusselt
number versus Ra number illustrates that the overall heat transfer
rate at the bottom wall is larger for the linearly heated left wall and
cooled right wall. Natural convection in trapezoidal cavities with
the same boundary conditions used in [14,15] was investigated
by Basak et al. [16] for various tilt angles of the side walls.

Tanmay et al. [17] investigated the natural convection within a
trapezoidal cavity for uniformly and non-uniformly heated bottom
walls, insulated top walls, and isothermal side walls with an incli-
nation angle. They found that the average heat transfer rate does
not vary significantly for the non-uniform heating of bottom walls.
The steady natural convection of air flow in a trapezoidal room
with inclined left heated wall (seven values), a vertical right cooled
wall, and two insulated horizontal upper and lower walls were
investigated numerically by Lasfer et al. [18]. Furthermore, Fontana
et al. [19] studied the flow and heat transfer in trapezoidal cavities
with two baffles placed on the horizontal surface. The effect of the
height of the baffles and Pr number in the natural convection was
investigated.

Tmartnhad et al. [20] studied mixed convection (10 6 Re 6
1000) from a trapezoidal cavity with a tilted wall of 22� where
the inlet opening was horizontal or vertical, while the outlet was
placed horizontally on the bottom wall. The results showed that
the flow and heat transfer depends on the inlet opening. Moreover,
the natural convection heat and mass transfer in an asymmetric
trapezoidal cavity was studied in Papanicolaou and Belessiotis
[21] for large values of the Ra numbers, 107

6 Ra 6 1010 where tur-
bulent conditions prevail. Correlations for the mean convective
heat and mass transfer coefficients were obtained. Paramane and
Sharma [22] investigated the natural convection into trapezoidal
and triangular cavities in order to performance an investigation
of high order interpolation schemes. More recently, Roslan et al.
[23] investigated the natural convection in trapezoidal cavities,
where the effect of thermal conductivity and viscosity of the fluid
were taken into account.

We investigate the effect of the angle of the top wall on the flow
dynamics and heat transfer in a trapezoidal cavity, where two
baffles are placed on the cavity’s horizontal surface. While the
numerical analyses of natural convection heat transfer in trapezoi-
dal cavities related to this subject have been investigated [7–
10,12,13,19], the inclination variation of the top wall has not. In
previous research, the angle of the top wall (h) of the cavity has
only been equal to a certain angle (e.g., 15�); whereas, this paper
takes into account three different angles (h = 10�, 15�, and 20�).
Thus, to the best of our knowledge, the effect of the inclination
of the top wall on the natural convection in trapezoidal cavities
has not yet been studied. We analyze in detail how the number
and height (Hb) of adiabatic baffles (of finite thickness, Wb = L/
20), and the ratio between the thermal conductivity of baffle and
fluid (kr = 2) affect heat transfer. It is important to mention that
kr equal to two corresponds to an intermediate value of a material
like wood or plaster and all the investigated fluids. We consider
Pr = 0.7 (air), Pr = 10 (water), and Pr = 130 (oil) as the working fluid
in the range of Ra numbers (103

6 Ra 6 106). The top inclined wall
and the horizontal surface are insulated, while the left and right
vertical walls are kept isothermic at a higher and lower tempera-
ture, respectively. The EbFVM was employed to solve the nonlin-
ear, coupled, partial differential equations for fluid flow and
temperature fields. The results are shown in terms of isotherms,
streamlines, and local and average Nusselt numbers. Correlations
for the average Nusselt in terms of Pr numbers, Ra numbers, and
the inclination of the upper surface of the cavity are presented
for each baffle height investigated.
2. Mathematical formulation

The general schematic configurations of the two-dimensional
trapezoidal cavities with two inside baffles are shown in Fig. 1a,
along with the coordinates. Fig. 1b shows the grid refinement dis-
tributions employed for all numerical simulations. The vertical left
and right walls of the trapezoidal cavity are heated and cooled,
respectively, at constant temperatures TH and TC, where TH > TC.
The horizontal surface and the inclined wall remain adiabatic.
The width of the cavity (L) is four times the height (H) of the short-
est vertical wall. Three inclinations of the upper wall of the cavity
are investigated (10�, 15�, and 20�). Baffles are also placed at three
heights (Hb = H⁄/3, 2H⁄/3, and H⁄) where H⁄ denotes the height of
the cavity where the baffle is located. The baffle thickness,
Wb = L/20, and baffle locations Lb1 = L/3 and Lb2 = 2L/3 are
considered.

We assume the fluid properties to be constant. The exception is
the density in the buoyancy force term in the y direction of the



Fig. 1. General schematic configurations for Hb = 2H⁄/3. (a) Physical model, (b) h = 10�, (c) h = 15�, and (d) h = 20�.
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momentum equation. We approximate this term using the Bous-
sinesq approximation. The flow field is considered to be steady-
state, laminar, and two-dimensional. Therefore, the governing
equations for the fluid flow and heat transfer are those expressing
the conservation of mass, momentum, and energy. In dimensional
form, the transport equations are given by:
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where u (m/s) is the velocity in x-direction, v (m/s) is the velocity in
y-direction, q (kg/m3) is fluid density, m (m2/s) is kinematic viscos-
ity, a (m2/s) is thermal diffusivity (a = k/qcp), b (1/K) is the thermal
expansion coefficient of air, TC (K) is the cold (and reference) tem-
perature, T (K) is temperature, and g (m/s2) is gravitational
acceleration.

Along the vertical wall, the following Dirichlet conditions are
used:

Tðx ¼ 0; yÞ ¼ TH ð5Þ

Tðx ¼ L; yÞ ¼ TC ð6Þ

As shown in Eqs. (7)–(10), we assume no-slip velocities on all the
walls:

uðx ¼ 0; yÞ ¼ vðx ¼ 0; yÞ ¼ 0; ð7Þ

uðx ¼ L; yÞ ¼ vðx ¼ L; yÞ ¼ 0 ð8Þ

uðx; y ¼ 0Þ ¼ vðx; y ¼ 0Þ ¼ 0 ð9Þ

uðx; y ¼ H þ x � tgðhÞÞ ¼ vðx; y ¼ H þ x � tgðhÞÞ ¼ 0: ð10Þ

The bottom and top surfaces remain insulated.
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The energy balance at the baffle-fluid interface can be stated as:

� 1
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!
hbÞi ð13Þ

where n̂ is a unit vector normal to the baffle-fluid interface, the sub-
script i refers to the interface, and kr is the ratio between the ther-
mal conductivity of the baffle and the convective fluid. The Ra
number, for all results shown, is based on the shortest length of
the vertical wall. Therefore, the Ra number is defined by

R ¼ gbðTH � TCÞH3=ma: ð14Þ
3. Numerical methodology

We solve the governing equations using the commercial com-
putational fluid dynamics code ANSYS CFX version 12.0 [24]. In this
code, the conservation equations for mass and momentum are
solved together using the EbFVM. The resulting discrete system
of linear equations is solved using an algebraic multigrid method-
ology called the additive correction multigrid method. The solution
was considered converged when the sum of absolute normalized
residuals for all cells in the domain solution was less than 10�12,
and double precision for all variables was used.

4. Results and discussion

This section is divided into four parts and presents the results
for several cavity configurations, Ra and Pr numbers, and upper
surface angles. Presented first is the mesh refinement study, then
the results of streamlines and isotherms. Lastly, the results of local
and average Nusselt numbers for all configurations are presented
and discussed.

4.1. Mesh refinement study

A mesh refinement was performed for all cavities, investigating
both Pr and Ra numbers. The analyses were based on the local and
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the average Nusselt numbers along the hot and cold vertical walls,
which were defined by

Nuy ¼ �@T=@xÞx¼0;x¼L=ðTH � TCÞ ð15Þ

Nu ¼ 1
H�

Z L

0
Nuydy � � � ; ð16Þ

where H⁄ denotes the height of either the hot or cold wall. Based on
this definition, the average Nusselt number along both the hot and
cold walls must be the same.

The refinement was mainly focused at the walls of the trapezoi-
dal cavity and next to the baffles, where the gradients were ex-
pected to be higher. Four different non-uniform grids composed
of 31 � 34, 62 � 68, 124 � 136, and 248 � 272 volumes were used
(Table 1). Table 1 presents the average Nusselt numbers obtained
for each grid for baffle’s height (Hb = 2H⁄/3, and H⁄), tilt angle of
the upper surface equal to 15�, and Prandtl numbers (0.7, 10, and
130). Since the differences between the results obtained with grids
formed by 62 � 68, 124 � 136, and 248 � 272 volumes were min-
or, (see Table 1) we chose the 62 � 68 non-uniform grid for all the
simulations presented in this work. Fig. 1b–d shows the grid con-
figurations used for the three investigated upper surface
inclinations.

4.2. Flow structure and isotherms

Numerical simulations were performed for Pr = 0.7, 10, and 130,
Ra numbers in the range of 103

6 Ra 6 106, and three top surface
inclination angles (h = 10�, 15�, and 20�) (see Fig. 1). The fluid mo-
tion and heating patterns are studied for heated vertical left walls,
cooled vertical right walls, and adiabatic top and horizontal sur-
faces. The results for these configurations are presented in Figs.
2–8.

The isotherms and streamlines for all the investigated angles for
Pr = 0.7, Hb = H⁄/3, and Ra = 103 and 106, are respectively presented
in Figs. 2 and 3. As expected, the flow is composed of single inter-
nal cells between the baffles and vertical walls. For h = 15� and 20�,
two vortices exist: one close to the hot wall and the other between
the two baffles and the cold wall. These two vortices merged when
the Rayleigh number was increased. We can see in Fig. 2 that for
low Ra numbers, the temperature varies almost linearly inside
the cavity, indicating that the conduction is a dominant heat trans-
fer mode. Although the temperature gradient close to the vertical
walls increases smoothly with the top surface inclination angle,
the temperature profiles, in most of the cavity, present the same
pattern for all inclination angles investigated. For small Ra num-
bers, three internal vortices exist in the cavity for all angles of
the upper surface. However, when the Ra number was increased,
the three internal vortices merged into a single cell for all inclina-
tion angles investigated (see Fig. 3). We can also see in Fig. 3 that
the isotherms became more distorted and the convection became a
dominant mode of heat transfer when the Ra number was in-
creased. For the highest Ra number, a thermal stratification close
to the lower and upper surfaces of the cavity is observed.

Figs. 4 and 5 illustrate the isotherms and streamlines for
Pr = 0.7, Hb = 2H⁄/3, and the three investigated angles, for Ra = 103
Table 1
Average Nusselt number for different grids.

Mesh Hb = 2H⁄/3, h = 15� Hb = H⁄, h = 20�

Pr = 0.7 Pr = 10 Pr = 130 Pr = 0.7 Pr = 10 Pr = 130

31 � 34 7.6982 8.1204 8.1959 2.4421 2.1666 2.6832
62 � 68 7.0313 7.7592 7.8090 2.2335 2.6560 2.6775
124 � 136 7.0263 7.7489 7.9081 2.2324 2.6151 2.5614
248 � 272 7.0576 7.7732 7.9082 2.2320 2.6209 2.6071
and 106, respectively. For small Ra numbers, similar isotherms to
the ones presented in Fig. 2 were obtained and the three well-de-
fined vortices already discussed formed inside the cavity. For large
Ra numbers, a more stratified temperature field was observed and
secondary vortices in the region between the baffles, and also close
to the cold and hot walls, appeared. Figs. 4 and 5 reveal a similar
pattern of isotherms and streamlines to those already presented
in Figs. 2 and 3. The main difference is that the resistance to flow
and heat transfer was amplified by the baffles dividing the cavity
into almost three sub-cavities. The increase in resistance decreased
the temperature and velocity gradients.

Fig. 6 and 7 show the isotherms and streamlines for Ra num-
bers, Ra = 103 and 106, respectively, and Hb = H⁄. Once again, for
small Ra numbers, the isotherms presented the same pattern al-
ready shown for Hb = H⁄/3 and 2H⁄/3 for all inclination angles
investigated. On the other hand, at higher Ra numbers, the thermal
stratification also increased when the baffle height was increased.
Consequently, the pattern of streamlines and isotherms differed, at
larger Ra numbers and at higher baffle heights, from those for
smaller Ra numbers and lower baffle heights. Furthermore, an in-
crease in the thermal stratification might have still reduced the
heat transfer inside the cavity. The flow was composed of multiple
internal cells placed between the baffles and vertical walls. It is
important to note that for the smallest Ra numbers, main vortices
are formed while secondary vortices appear as the Ra number in-
creases, Moreover, the number of secondary vortices increases
with the inclination angle of the upper surface.

In order to see the effect of the Pr numbers in the fluid and heat
transfer, the isotherms and streamlines for h = 20�, Ra = 106 and
Hb = 2H⁄/3 are shown in Fig. 8. Despite the difference in the order
of magnitude between the chosen Pr numbers, we can see from
Fig. 8 that the impact of the Pr number is much smaller than the
other evaluated parameters. However, some differences in the
streamline and isothermal pattern could be observed when the
Pr number was changed from 0.7 to 10. The increase in the Pr num-
ber represents an increase in the momentum diffusivity in relation
to thermal diffusivity; in that the higher Pr number, the more dif-
ficult the formation of secondary eddies and the less stratified the
regions are.

4.3. Heat transfer rates: Local Nusselt numbers

This section presents the local Nusselt numbers along the cold
and hot walls (Nuc, Nuh) for 103

6 Ra 6 106, Pr = 0.7, h = 10�, 15�
and 20� and Hb = H⁄/3, 2H⁄/3 and H⁄. This data helps to quantify
the effect of the baffles’ height, the Ra number, and tilt angle of
the upper surface into the natural convection inside the cavity. In
these figures, Y⁄ denotes the dimensionless height of the cold or
hot wall.

Figs. 9–11 present the local Nusselt numbers along the hot wall
(Nuh) and cold wall (Nuc) for three baffle heights: Hb = H⁄/3, 2H⁄/3,
and H⁄, respectively, for Ra = 103 and 104. As Figs. 2, 4 and 6 pres-
ent, the isotherms for Ra = 103, which are almost parallel to the
vertical walls for all investigated tilt angles. This is due to less
intensity of fluid circulation inside the cavity. Because of that the
thermal gradient in Figs. 9–11 is almost zero along both vertical
walls for all tilt angles and baffle heights. Furthermore, the conduc-
tion mode prevails in the cavity for small Ra numbers.

It is important to mention that the thermal gradient increases
when both the Ra number and the upper wall’s tilt angle increases,
and it decreases when the baffle height increases. We can also see
for all cases illustrated in Figs. 9–11 that the high values of local
Nusselt numbers are found close to the lower section of the hot
wall and close to the upper section of the cold wall. Also, for each
Ra value, the highest value of the local Nusselt number is attained
in the cold wall. We explain this by pointing out that the highest



Fig. 2. Isotherms and streamlines for Pr = 0.7, Ra = 103, and Hb = H⁄/3. (a) h = 10�, (b) h = 15�, and (c) h = 20�.

Fig. 3. Isotherms and streamlines for Pr = 0.7, Ra = 106, and Hb = H⁄/3. (a) h = 10�, (b) h = 15�, and (c) h = 20�.

Fig. 4. Isotherms and streamlines for Pr = 0.7, Ra = 103, and Hb = 2H⁄/3. (a) h = 10�, (b) h = 15�, and (c) h = 20�.

Fig. 5. Isotherms and streamlines for Pr = 0.7, Ra = 106, and Hb = 2H⁄/3. (a) h = 10�, (b) h = 15�, and (c) h = 20�.
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Fig. 6. Isotherms and streamlines for Pr = 0.7, Ra = 103, and Hb = H⁄. (a) h = 10�, (b) h = 15�, and (c) h = 20�.

Fig. 7. Isotherms and streamlines for Pr = 0.7, Ra = 106, and Hb = H⁄. (a) h = 10�, (b) h = 15�, and (c) h = = 20�.

Fig. 8. Isotherms and streamlines for h = 20�, Ra = 106, and Hb = 2H⁄/3. (a) Pr = 0.7, (b) Pr = 10, and (c) Pr = 130.
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thermal stratification occurs in the lower section of the cold wall.
This means that there is less space for the fluid coming from the
upper inclined surface of the cavity to exchange energy with the
cold vertical wall of the cavity. The temperature gradients will be
smaller between the fluid going from the lower cold wall to the
lower hot wall compared to the fluid going from the upper hot wall
to the upper cold wall. Note that as the height of the baffle in-
creased, the heat transfer drastically decreased.

Figs. 12–14 show the local Nusselt numbers at the hot and cold
walls for three baffle heights, H⁄/3, 2H⁄/3, and H⁄, respectively, for
Ra = 105 and 106, and three tilt angles, h = 10�, 15�, and 20�. The
most significant findings here are the same as those presented
for smaller Ra numbers above. More relevantly, for each
investigated configuration, the local Nusselt values are greater
than those obtained with Ra numbers 103 and 104, for all tilt angles
investigated. It is worthwhile to mention that due to a higher
intensity of circulation, convection starts to play a dominant role,
then isotherms are gradually pushed toward the side walls for all
tilt angles as shown in Figs. 3, 5 and 7 for Ra = 106. It is also ob-
served that the zone of thermal stratification or thermal gradient
is largest for h = 20� for Ra = 106 and Hb = H⁄/3. It is interesting to
observe that due to enhanced circulation (baffle height Hb = H⁄/
3), isotherms are largely compressed near the vertical walls in
the lower hot wall and upper cold wall, for Ra = 106 for all tilt an-
gles (see Fig. 3). Fig. 12 shows that the magnitude of Nuc and Nuh is
greater at these regions for all investigated tilt angles. When the
baffles height increases (see Figs. 13 and 14), the fluid has less
space to exchange energy along the vertical walls of the cavity;
thus, heat transfer is decreased. When the baffle height was equal
to H⁄, the conduction mode nearly dominates the heat transfer.



Fig. 9. Local Nusselt number for Ra = 103 and 104, Pr = 0.7, h = 10�, 15� and 20�, Hb = H⁄/3. (a) Hot and (b) cold wall.

Fig. 10. Local Nusselt number for Ra = 103 and 104, Pr = 0.7, h = 10�, 15� and 20�, Hb = 2H⁄/3. (a) Hot and (b) cold wall.
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Moukalled and Darwish [10] reported the same behavior for trap-
ezoidal cavities with one baffle when the height of the baffle was
increased from H⁄/3 to 2H⁄/3.

4.4. Heat transfer rates: Average Nusselt numbers

The overall effects upon the heat transfer rates are displayed in
this section where the average Nusselt number values for cavity
with the left vertical wall heated and the right vertical wall cooled
are described in Tables 2–4 for Pr = 0.7, 10, and 130, respectively.
The average Nusselt number is obtained using Eqs. (15) and (16).
The average Nusselt number was investigated in this paper for
three inclination angles of the upper surface (10�, 15�, and 20�),
for the wide range of Ra numbers, 103

6 Ra 6 106, and baffle
heights (H⁄/3, 2H⁄/3, and H⁄). As previously discussed, it is possible
to observe from Table 1 that for a fixed Ra number, a significant
reduction in heat transfer occurs when the baffle height is in-
creased, mainly for the largest Ra numbers.

For the smallest Ra number, the average Nusselt number tends
to be a constant value when the baffle height is increased. For a gi-
ven baffle height, the total heat transfer increases with increasing
Ra values, due to an increase in convection heat transfer. In addi-
tion, the average Nusselt increases smoothly with increasing the
tilt angle, due to the increase in the temperature gradient close
to the hot and cold walls. As expected, the average Nusselt number
increases when the Pr number is increased, due to a decrease in the
thermal boundary-layer thickness along the walls. However, such
an effect is limited to a specific Pr number. We can observe that
the average Nusselt numbers for Pr = 10 and 130 for each investi-
gated configuration are very close to each other. This result agrees
with the results found by Moukalled and Darwish [13] for other
configurations.



Fig. 11. Local Nusselt number for Ra = 103 and 104, Pr = 0.7, h = 10�, 15� and 20�, Hb = H⁄. (a) Hot and (b) cold wall.

Fig. 12. Local Nusselt number for Ra = 105 and 106, Pr = 0.7, h = 10�, 15� and 20�, Hb = H⁄/3. (a) Hot and (b) cold wall.
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In order to combine all the average Nusselt numbers, three cor-
relation equations are proposed for each baffle height investigated.
Eqs. (17)–(19) present the average Nusselt number for Hb = H⁄, 2H⁄/
3 and H⁄/3, respectively. In these equations, the correction factor
used by Peters et al. [25] and Marcondes et al. [26] is included.
The use of such a factor is justified by Bejan [27], who showed that
Nu � (RaPr)n for low Pr numbers, and Nu � (Ra)n for high Pr num-
bers, where n is a constant, and �means the same order of magni-
tude. The mean relative error of the simulation data set and each
one of the correlations were the following: 6.0% for Eq. (17),
14.9% for Eq. (18), and 17.3% for Eq. (19). Deviations between
numerical and predicted average Nusselt numbers by correlation
were calculated using the multiple correlation coefficient (Pearson
coefficient, R2) whose results were 0.984, 0.973, and 0.945 for Eqs.
(17)–(19), respectively.
Nu ¼ 0:06505ðF � RaHmaxÞ0:22708 ð17Þ
Nu ¼ 0:00890ðF � RaHmaxÞ0:43211 ð18Þ
Nu ¼ 0:08463ðF � RaHmaxÞ0:30106 ð19Þ

where RaHmax ¼
gbðTH�TC ÞH3

max
ma ;Hmax ¼ H þ Ltg ðhÞ; and F ¼ Pr

1þPr.
The average Nusselt number for all configurations, Pr and Ra

numbers, and tilt angles of the upper surface, are presented in
Fig. 15 as well as in Eqs. (17)–(19) for each baffle height. Although,
there are some discrepancies between the proposed correlation
and the obtained results, the results are nearly well-adjusted for
every baffle height investigated.



Fig. 13. Local Nusselt number for Ra = 105 and 106, Pr = 0.7, h = 10�, 15� and 20�, Hb = 2H⁄/3. (a) Hot and (b) cold wall.

Fig. 14. Local Nusselt number for Ra = 105 and 106, Pr = 0.7, h = 10�, 15� and 20�, Hb = H⁄. (a) Hot and (b) cold wall.

Table 2
Average Nusselt numbers ðNuÞ along the cold right and hot left walls for Pr = 0.7.

h H⁄/3 10� 15� 20�

Ra 2H⁄/3 H⁄ H⁄/3 2H⁄/3 H⁄ H⁄/3 2H⁄/3 H⁄

103 0.385848 0.357316 0.362609 0.445600 0.399500 0.404890 0.565453 0.440343 0.444634
104 1.564760 0.674230 0.663574 1.976000 0.782600 0.751900 2.456350 0.930542 0.851829
105 4.573560 2.149980 1.225690 5.265000 2.762300 1.350100 5.649540 3.547060 1.531030
106 8.175380 6.292120 1.876910 8.241300 7.031300 2.028800 8.958220 8.107960 2.233493
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5. Conclusions

The present paper investigated the effect of two offset baffles in
natural convection within trapezoidal enclosures, where the left
short vertical wall was heated and the right long vertical wall
was cooled, and the upper inclined surface and lower horizontal
surface were kept adiabatic. The governing equations were solved
through the EbFVM, using the commercial simulator CFX. Several
physical parameters were investigated such as Ra and Pr numbers
and geometric parameters such as the baffles’ height and the incli-
nation of the upper surface of the cavity. The results were pre-
sented in terms of isotherms, streamlines, as well as local and
average Nusselt numbers. Three correlation equations for the aver-
age Nusselt number for each baffle’s height were also presented.



Table 3
Average Nusselt numbers ðNuÞ along the cold right and hot left walls for Pr = 10.

h H⁄/3 10� 15� 20�

Ra 2H⁄/3 H⁄ H⁄/3 2H⁄/3 H⁄ H⁄/3 2H⁄/3 H⁄

103 0.38621 0.35762 0.36267 0.45310 0.40001 0.40560 0.57844 0.44039 0.44473
104 1.59825 0.67958 0.66793 2.13850 0.80380 0.76460 2.60565 0.95998 0.86040
105 5.64858 2.39577 1.25716 6.32020 3.33760 1.40870 6.89481 4.22403 1.57649
106 9.13593 7.73247 2.18514 9.95270 8.74890 2.42070 10.66040 9.52453 2.65594

Table 4
Average Nusselt numbers ðNuÞ along the cold right and hot left walls for Pr = 130.

h H⁄/3 10� 15� 20�

Ra 2H⁄/3 H⁄ H⁄/3 2H⁄/3 H⁄ H⁄/3 2H⁄/3 H⁄

103 0.37855 0.37950 0.36250 0.45280 0.40030 0.40560 0.57584 0.44657 0.44438
104 1.59983 0.71943 0.66680 2.13880 0.84040 0.76460 2.60563 0.98969 0.86017
105 5.65417 2.39936 1.26379 6.31990 3.34810 1.40920 6.88673 4.23640 1.57359
106 9.16527 7.80047 2.18038 9.95420 8.90810 2.42210 10.66835 9.68453 2.67749

Fig. 15. Average Nusselt number for (a) H⁄, (b) 2H⁄/3, and (c) H⁄/3.
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Numerical results showed that when Ra is fixed, a significant
reduction in heat transfer occurs when the baffle height was in-
creased. On the other hand, it was observed that for a given baffle
height, the total heat transfer increased substantially with increas-
ing Ra numbers, while the average Nusselt increased smoothly
with an increasing tilt angle.
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