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Abstract

A numerical analysis has been performed to investigate the effects of fin location onto the bottom wall of a triangular enclosure
filled with porous media whose height base ratio is 1. The temperature of the bottom wall is higher than that of the inclined wall
while the vertical wall is insulated. Thus, the fin divides the heated bottom wall to two separate regions. Finite difference method
was applied to solve governing equations which are written using Darcy method. Solutions of algebraic equations were made by
Successive Under Relaxation (SUR) technique. The effective parameters on flow and temperature fields are: Rayleigh number,
location center of fin, dimensionless fin height, and dimensionless fin width. The obtained results indicated that the fin can be used
as a control element for heat transfer and fluid flow.
© 2006 Published by Elsevier Ltd.
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1. Introduction

Natural convection heat transfer in partitioned enclosures has been an important research area due to its practical
engineering applications including cooling of electronic devices, solar collectors, thermal insulation, air conditioning,
and ventilation. In these applications, the medium may be non-porous or porous. The application of porous media filled
enclosures can be seen in solar collectors, insulation for buildings, nuclear waste management, geothermal applications
that are reviewed by Nield and Bejan [1] and Ingham and Pop [2].

In the study of natural convection for enclosures filled with saturated porous media, the shapes of geometries were
chosen as rectangle or square. Numerical investigation of these enclosures is easier than that of non-rectangular
enclosure because in the case of flat surface, application of boundary conditions is easier. However, geometry of
enclosures can be non-rectangular shapes such as triangular [3–6], trapezoidal [7,8], sinusoidal walled [9,10] or
parallelogram [11].
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T1:1 Nomenclature
T1:2

T1:3 AR aspect ratio, H/L
T1:4 c dimensionless fin position, c′/L
T1:5 g gravitational acceleration
T1:6 Gr Grashof number
T1:7 h dimensionless fin height, h′/H
T1:8 H height of triangle
T1:9 K permeability
T1:10 L length of bottom wall of triangle
T1:11 Nu Nusselt number
T1:12 Pr Prandtl number
T1:13 Ra Rayleigh number
T1:14 u, v axial and radial velocities
T1:15 w dimensionless fin width, w′/L
T1:16 X, Y non-dimensional coordinates
T1:17

T1:18T1:19 Greek letters
T1:20 υ kinematic viscosity
T1:21 θ non-dimensional temperature
T1:22 β thermal expansion coefficient
T1:23 α thermal diffusivity
T1:24 Ψ non-dimensional stream function
T1:25

T1:26T1:27 Subscript
T1:28 c cold
T1:29 h hot
T1:30
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The partition or divider can be used as a passive control element for natural convection heat transfer and fluid flow
in enclosures. In last decades, most of the studies related with that subject were taken as non-porous medium filled
partitioned rectangular or square enclosures [12–16].

Thebrief literaturereviewshowsthat thereare limitedstudiesofnaturalconvectiononporousfinattachednon-rectangular
geometries. Thus, the aim of this study is to examine the laminar, two-dimensional, steady-state natural convection in a fin
attached to a porous triangular enclosure. The governing parameters will be Rayleigh number, dimensionless fin height,
dimensionless fin width and dimensionless fin locationwhile aspect ratio of enclosure is equal to 1.

2. Enclosure geometry

Theenclosure isa right-angle triangular enclosure filledwith saturatedporousmedia asshown inFig.1, schematically. Its
aspect ratio,AR=H/L (ratioofheight to length),was takenas1.A fin,whichhas solidmaterialwithvery lowconductivity, is
located at the bottomwall of triangle. The position of fin is shown by c′, height is h′ and width is given byw′.

3. Governing equations and numerical solution

In order to obtain the governing equation, some assumptions were made as following: the properties of the fluid and
the porous media are constant; the boundaries of cavity are impermeable; the Boussinesq approximation is valid; and
the viscous drag and inertia terms of the momentum equations are negligible [17,18]. With these assumptions,
dimensional governing equations as continuity, momentum and energy can be written as follows

Au
Ax

þ Av
Ay

¼ 0 ð1Þ



Fig. 1. Geometry of triangular enclosure with fin attached on the bottom, coordinate system and boundary conditions.
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The above equations are written in terms of the stream function defined as

u ¼ Aw
Ay

; v ¼ −
Aw
Ax

ð4Þ

The Eqs. (1)–(3) can be written in non-dimensional form as follows

A2W
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ð5Þ
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The non-dimensional parameters are listed as

X ¼ x
L
; Y ¼ y

L
; h ¼ T−Tc

Th−Tc
; W ¼ w

a
; Ra ¼ gbKðTh−TcÞL

ta
ð7Þ

Boundary conditions for the considered model are depicted on the physical model as shown in Fig. 1. In this model,
u=v=0 for all solid boundaries of triangle and fin.

On the bottom wall; 0bxbL; T ¼ Th ð8Þ

On the vertical wall; 0bybH ;
AT
Ax

¼ 0 ð9Þ

On the inclined wall; T ¼ Tc ð10Þ
On the fin;
AT
An

¼ 0 ð11Þ



Fig. 2. Flow patterns and constant temperature lines for w=0.1, c=0.5 and h=0.25, (a) Ra=50, (b) Ra=100, (c) Ra=500, (d) Ra=1000.
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Local and mean Nusselt numbers are calculated via Eqs. (12a) and (12b), respectively.

Nux ¼ −
Ah
AY

� �
Y¼0

; ð12aÞ

Nu ¼
Z L

0
Nuxdx ð12bÞ

Central difference method was applied for discretization of governing equations (Eqs. (5), (6)). The solution of linear
algebraic equations was performed using Successive Under Relaxation (SUR) method. As convergence criteria, 10−4
Fig. 3. Flow patterns and constant temperature lines for Ra=1000, h=0.1 and w=0.1, (a) c=0.25, (b) c=0.5, (c) c=0.75.



Fig. 4. Variation of mean Nusselt number with Rayleigh number for different fin locations (c=0.2, 0.3, 0.4, 0.5, 0.6 and no-fin) for h=0.2, (a)
w=0.05, (b) w=0.1, (c) w=0.2.
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was chosen for all dependent variables and value of 0.1 was taken for under-relaxation parameter. The number of grid
points was taken as 61×61 with uniform spaced mesh in both X- and Y-directions. The numerical algorithm used in this
study was tested with the classical natural convection heat transfer problem in a differentially heated square porous
enclosure. The obtained numerical results were compared with those given in different studies [18–23] and 0.05
differences were found on Nusselt number for square enclosure at Ra=1000. Contours of streamlines and isotherms
were almost the same with those given literature in rectangular enclosure but they were not presented here to save space.
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4. Results and discussion

A numerical analysis was performed to obtain natural convection heat transfer and fluid flow in a insulated fin attached to the
bottom wall of triangular enclosure, with parameters of Ra number, dimensionless fin height (h), dimensionless fin location (c) and
dimensionless fin width (w). Prandtl number was taken as 0.71.

Fig. 2 shows the effects of Rayleigh number on flow fields and temperature distributions for w=0.1, c=0.5 and h=0.25. Fig. 2a
and b indicates that the flow consists of a two rotating vortex. The main rotating vortex turns in clockwise and the small one in
counterclockwise which locates at the right corner of the triangle. As Rayleigh number increases, the numbers of rotating vortex are
increased which can be seen in Fig. 2c and d. The flow shows jet-like behavior between top of rib and inclined wall and three small
eddies were formed on the right of the rib due to high velocity. The location of main vortex becomes almost constant. If we look at
the extremum values of stream-functions which were written outside of the figures, the strength of flow increases with the increase of
Rayleigh number. The isotherms are shown on the right column of Fig. 2. The temperature gradient is increased along the bottom
wall due to heating fluid. The adiabatic fin divides the enclosure into two parts. Less packed isotherms are formed in the left part of
partition that indicates lower heat transfer rates. On the right side of the partition, which looks like a small triangular enclosure, the
stratification of temperature is stronger and plume-like temperature distribution is obtained.

Fig. 3 presents the flow and temperature distribution in triangular enclosure for different dimensionless fin location at constant
dimensionless fin height and Ra=1000. It is clearly shown that the location of the fin plays an important role even at small
dimensionless fin height because it is directly related with the heater length. When the fin is located closer to the vertical wall, five
eddies are formed (Fig. 3a). The left one elongates up to half of the vertical wall and turns in clockwise. The other one locates
between left one and main cell. Other small cells are located at the right corner of the triangle. However, when the fin is attached at
the middle of the bottom wall, a big main cell forms almost at the middle of the triangle and it turns in clockwise (Fig. 3b). Small cells
are formed in the left and right corners. When the fin is located near the right corner (Fig. 3c), the main cell becomes bigger and a
small cell formed on top of it. Like streamlines, isotherms can also be affected with the changing of fin parameters as shown on the
left side of Fig 3a–c. Small plume-like distribution is shown for c=0.25 (on the left) and c=0.5 (in the middle). However, it
disappears when it is located at c=0.75 (on the right). Isotherms are formed tightly at the bottom wall, which means that higher heat
transfer is formed. The effect of dimensionless fin location on the variation of mean Nu number is shown in Fig. 4. The
dimensionless fin location makes very small effect at the value of w=0.05 due to smaller dimensionless fin width. As fin width
increases, the length of heated surface is decreased. Thus, heat transfer is decreased according to mode of finless triangle in the case
of higher fin width. Variation of mean Nu number for different locations of fin at fixed dimensionless fin height is illustrated in Fig.
4a–c for different dimensionless widths of the fin. As indicated in figures, the value of mean Nu number is increased with the
increase of Ra number, which is expected. Thinner fin makes a small effect on heat transfer according to finless mode of the triangle.
At the smallest value of Ra number, the fin enhances the heat transfer due to quasi-conductive regime. It is interesting that heat
transfer is increased at Ra=250 as fin moves to right bottom side of the triangle. On the contrary, wide fin decreases the heat transfer
due to decreasing surface of heated wall. The smallest heat transfer is obtained when fin locates closer to the vertical wall.

The effect of dimensionless fin height on heat transfer is presented in Fig. 5. Heat transfer is decreased with the increasing of
dimensionless fin height. It means that fin can be used a control parameter for heat transfer. Distribution of local Nusselt number
(LNN) is shown in Fig. 6a and b. Fig. 6a shows the effect of dimensionless fin location on LNN. As seen in the figure, LNN is
increased up to fin. After the fin, it starts with a small value and again increases. The maximum heat transfer is obtained near the right
corner of the triangle. If we compare the values of LNN of fin attached enclosure with the ones of finless enclosure, the values are
higher on the left of fin and smaller on the right of fin. As we indicated earlier, another important parameter on heat transfer and fluid
Fig. 5. Variation of mean Nusselt number with Rayleigh number for different fin heights (h=0.1, 0.2, 0.3, 0.4 and no-fin) for c=0.4 and w=0.1.



Fig. 6. Variation of local Nusselt number along the hot wall at w=0.1 and Ra=250, (a) for different fin locations (c=0.2, 0.3, 0.4, 0.5, 0.6 and no-fin),
(b) for different fin heights (h=0.1, 0.2, 0.3, 0.4 and no-fin).
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flow is fin height. It directly affects the heater length and volume of enclosure. Fig. 6b shows the effect of fin height on LNN. In this
case, again LNN is increased up to fin for all value of dimensionless fin height and it starts from smaller value and increases by
making wavy variation after the fin. As fin height increases, value of LNN is decreased for the constant dimensionless fin location
(c=0.4) and fin width on the left part of the fin. However, the minimum LLN value is obtained for h=0.2 on the right part of the fin.
5. Conclusions

A numerical study was performed to examine natural convection heat transfer and fluid flow in fin attached porous
triangular enclosure. Important conclusions were obtained from the study as follows:

1. Heat transfer is increased with the increase of Rayleigh number.
2. Dimensionless fin height can be used as a control parameter for flow, temperature distribution and heat transfer.
3. For the smaller dimensionless fin width, heat transfer becomes constant.
4. The fin divides the enclosure almost into two parts as trapezoidal and triangular enclosures. Thus, different flow

configurations emerge in the whole enclosure.
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