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Abstract

Natural convection heat transfer from a protruding heater located in a triangular enclosure has been analyzed numerically. Temper-
ature of inclined boundary of the triangle is lower than the temperature of the heater, which has constant temperature boundary con-
dition. The remaining walls are insulated. The study is formulated in terms of the vorticity-stream function procedure and numerical
solution was performed using the finite difference method. Air was chosen as working fluid with Pr = 0.71. Governing parameters, which
are effective on flow field and temperature distribution, are; Rayleigh number, aspect ratio of triangle enclosure, dimensionless height of
heater, dimensionless location of heater and dimensionless width of heater. Streamlines, isotherms, velocity profiles, local and mean Nus-
selt numbers are presented. It is found that all parameters related with geometrical dimensions of the heater are effective on temperature
distribution, flow field and heat transfer.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Natural convection flow and heat transfer in different
geometrical enclosures have been the topic of many research
engineering studies. These studies consist of various techno-
logical applications such as solar collectors, building heat-
ing and ventilation, cooling electronical devices [1–3].

Protruding electronical heaters in non-rectangular
enclosures can be used in PCs, monitors or TVs. Due to
inclination surface of these devices, a protruding heater
located triangular can be seen for circuit elements. Solution
of natural convection in different shaped enclosures with-
out partition or fin was studied by Tzeng et al. [4] and Asan
and Namli [5,6], Akinsete and Coleman [7], Ridouane et al.
[8] and Varol et al. [9,10].
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Application and solution of flush mounted heater on the
wall of enclosure is easier than protruding heater from the
numerical analysis point of view as given in the most of
the studies [11–13], partition was used as control element
or heater for heat transfer and fluid flow. Dagtekin and
Oztop [14] studied the natural convection by heated parti-
tions with different heights within an enclosure. They used
finite volume method using non-staggered grid to solve
governing equations. They observed that as the partition’s
height increases, the mean Nusselt number increases. Also
they found that the position of partitions has more effects
on fluid flow than heat transfer. Similar applications were
performed by Chuang et al. and Bhoite et al. [15,16].
Ben-Nakhi and Chamkha [17] solved the natural convec-
tion in inclined and insulated partitioned enclosures formu-
lating vorticity-stream function procedure. They showed
that as the dimensionless partition height increases, the
flow velocity within the partitioned enclosure decreases
resulting in less wall heat transfer. Yucel and Ozdem [18]
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Nomenclature

AR cavity aspect ratio, =H/L
c dimensionless heater position
g gravitational acceleration, m/s2

Gr Grashof number
h dimensionless heater height
H height of triangle, m
L length of bottom wall of triangle, m
n normal direction on a cavity wall
Nu mean Nusselt number
Pr Prandtl number
Ra Rayleigh number
T temperature, K
u; v axial and radial velocities, m/s
U ; V non-dimensional axial and radial velocities
w dimensionless heater width
X ; Y non-dimensional coordinates

Greek symbols

t kinematic viscosity, m2/s
h non-dimensional temperature
X non-dimensional vorticity
b thermal expansion coefficient, 1/K
a thermal diffusivity, m2/s
W non-dimensional stream function

Subscripts

c cold
h hot
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Fig. 1. (a) A schematic of the system, (b) grid distribution.
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studied the natural convection in partially divided enclo-
sures and they indicated that the mean Nusselt number
decreases with the increasing of the height of partitions.
Shi and Khodadadi [19] and Tasnim and Collins [20]
studied the laminar natural convection in a square cavity
due to a thin fin on the hot wall using different numeri-
cal techniques. They observed that placing an isothermal
horizontal fin on the left hot wall of a differentially heated
cavity generally modifies the clockwise rotating primary
vortex that is established due to natural convection.
Depending on the Rayleigh number, length of the fin and
its position, a number of recirculation regions can be
formed above and under the fin. Also, they obtained
Nusselt number correlation. Bilgen [21] investigated the
turbulent natural convection in an enclosure with divided
a partition. Recently, Bilgen [22] conducted a study for
conjugate heat transfer in a thin fin mounted enclosure at
different conductivity ratio, Rayleigh number and geomet-
rical parameter of the fin. He found that Nusselt number is
an increasing function of Rayleigh number and a decreas-
ing function of fin length and relative conductivity ratio.
He proposed the fin as a control parameter and indicated
that the heat transfer may be suppressed up to 38% by
choosing appropriate thermal and geometrical fin para-
meter. Moukalled and Acharya [23] made a numerical
investigation of natural convection in a trapezoidal enclo-
sure (representing attic spaces) with offset baffles with
two thermal boundary conditions representing summer-
like and winterlike conditions. They obtained the maxi-
mum reduction in heat transfer for the position of one at
the right of top wall and the other at the left side of the
bottom wall. Similar study was performed by the same
authors for single baffle inserted trapezoidal enclosure
[24]. Also, other studies in the literature focused on pro-
truding heaters [25–28] or coolers [29] for square or rectan-
gular enclosures.
The main purpose of this study is to investigate the lam-
inar natural convection heat transfer and fluid flow due to
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insertion of heated protruding element which represents
electronic element in triangular enclosure for laminar,
two-dimensional flow. The review given above shows that,
natural convection in heater located inside a triangular
enclosure has not been investigated yet. Various Rayleigh
number, height of the heater, heater width, heater location,
aspect ratio of the triangular enclosure will be considered
in this work.
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2. Enclosure geometry with heater

The schematic configuration of a two-dimensional trian-
gular enclosure with a rectangular heater on the bottom
wall is shown in Fig. 1a. In this configuration, triangular
enclosure with bottom wall of length, L and vertical wall
is considered of height, H. Thus, an aspect ratio can be
defined as the ratio of the height of vertical wall to length
of bottom wall ðAR ¼ H=LÞ. The rectangular heater kept
at a constant temperature of T h, width w and height h.
The inclined wall is fixed at low isothermal of T c. The ver-
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Fig. 3. Comparison of local Nusselt numbers with previous studies.

0

10

20

30

40

Grid Number

S
tr

ea
m

 f
un

ct
io

n

Ψ

Ψ

61x61 91x9131x31 121x121

AR=2

AR=1

AR=0.5

min

max

Fig. 2. Variation of stream function with different grid distribution for
different aspect ratios.
tical wall and remaining parts of the bottom walls are
insulated.
3. Equations

The system was considered to be two-dimensional,
incompressible, steady-state, Newtonian and the Bous-
sinesq approximation was applied for fluid with constant
physical properties. It is assumed that the radiation effect
can be taken to be negligible. The gravitational accelera-
tion acts in the negative y-direction. Dimensionless
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Fig. 4. Streamline (on the left column) and isotherm (on the right column)
for different Rayleigh numbers at c ¼ L=3, h ¼ H=3 and w ¼ L=6,
AR = 1.0. (a) Ra ¼ 1:0� 103, (b) Ra ¼ 1:0� 104, (c) Ra ¼ 1:0� 105,
(d) Ra ¼ 1:0� 106.



2454 Y. Varol et al. / International Journal of Heat and Mass Transfer 50 (2007) 2451–2462
governing equations in streamline-vorticity form can
be obtained via introducing dimensionless variable as
follows:

X ¼ x
L
; Y ¼ y

L
; W¼wPr

t
; X¼xðLÞ2Pr

t
; h¼ T �T c

T h�T c

; U ;V ¼ðu;vÞL
a

;

ð1Þ
u¼ ow

oy
; v¼�ow

ox
; x¼ ov

ox
�ou

oy

� �
; Ra¼ bgðT h�T cÞL3Pr

t2
; Pr¼ t

a
:

ð2Þ
Based on the dimensionless variables above governing
equations (stream function, vorticity and energy equations)
can be written as

� X ¼ o
2W

oX 2
þ o

2W

oY 2
; ð3Þ

o2X

oX 2
þ o2X
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¼ 1
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� �
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oh
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� �
; ð4Þ

o2h

oX 2
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oY
oh
oX
� oW

oX
oh
oY

: ð5Þ

The physical boundary conditions are illustrated in the
physical model (Fig. 1) and they can be defined as follows:
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Fig. 5. Streamline (on the left column) and isotherm (on the right column)
for different aspect ratios at Ra ¼ 1:0� 106, c ¼ L=3, h ¼ H=3 and
w ¼ L=6. (a) AR = 0.25, (b) AR = 0.50, (c) AR = 2.0.
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3.1. Evaluation of Nusselt number

Heat transfer between isothermal heater (surface-aver-
aged) and inclined wall was computed by local Nusselt
number. Integration of local Nusselt number along the
heated side of the heater gives mean Nusselt number.

Calculation of local Nusselt number for inclined wall is
performed by

Nun ¼ �
oh
on

����
inclined wall

ð9Þ
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Fig. 6. Streamline (on the left column) and isotherm (on the right column)
for different dimensionless location of the heater at Ra ¼ 1:0� 106,
AR ¼ 1:0, h ¼ H=10, w ¼ L=10. (a) c ¼ 1=4L, (b) c ¼ 1=2L, (c) c ¼ 3=4L.
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and sides of heater

Nun;left side ¼ �
oh
on

����
left side

; Nun;right side ¼ �
oh
on

����
right side

;

Nun;top side ¼ �
oh
on

����
top side

: ð10Þ

In these equations ‘‘n” shows normal direction on a plane.
Average Nusselt numbers for sides of heaters and surface
averaged Nusselt numbers are calculated as given by:

Nuave left side ¼
Z left top corner

0

Nun;left side dS;

Nuave top side ¼
Z right top corner

left top corner

Nun;top side dS; ð11Þ

Nuave right side ¼
Z right top corner

0

Nun;right side dS;

Nusurface averaged ¼ Nuave left side þ Nuave top side þ Nuave right side:

ð12Þ
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Fig. 7. Streamline (on the left column) and isotherm (on the right column)
for dimensionless height of the heater at Ra ¼ 1:0� 106, AR = 1.0,
c ¼ L=4, w ¼ L=10. (a) h ¼ H=5, (b) h ¼ H=3, (c) h ¼ H=2.
3.2. Solution method and numerical tests

Finite difference method is used to solve governing equa-
tions (Eqs. (5) and (6)). Central difference method is
applied for discretization of equations. The solution of lin-
ear algebraic equations was performed using successive
under relaxation (SUR) method. As convergence criteria,
10�4 is chosen for all depended variables and value of 0.1
is taken for under-relaxation parameter. A regular grid is
used in the study and increasing the mesh size from
31 � 31 to 121 � 121. Variations of minimum and maxi-
mum stream function with grid number are given in
Fig. 2. Rectangular mesh of size Dx by Dy is presented in
Fig. 1b. The uppermost grid-point on each vertical grid line
coincided with the top wall of the triangular enclosure. The
inclined wall was approximated with staircase-like zigzag
lines. As indicated in the figure, optimum grid dimension
is chosen according to variation of wmin and wmax. Thus,
it is decided to choose 61 � 61 grid dimensions. These mesh
sizes are sufficient to solve temperature and flow field. For
the purpose of the code validation, the natural convection
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Fig. 8. Streamline (on the left column) and isotherm (on the right column)
for dimensionless width of the heater at Ra ¼ 1:0� 106, AR ¼ 1:0,
c ¼ L=2, h ¼ H=10. (a) w ¼ L=20, (b) w ¼ L=5, (c) w ¼ L=2.
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problem in a triangle enclosure without a heater was
tested at Ra = 2772 with the results of literature [4,6,7].
In these studies, the bottom and inclined walls are heated
and cooled, respectively. The calculated mean Nu num-
bers for the test case are compared and plotted in Fig. 3.
The values are in good agreement with previously calcu-
lated values. Contours of streamline and isotherms are
almost the same as those given in the literature for a rect-
angular enclosure but they are not presented here to save
space.
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Fig. 10. Surface-averaged Nusselt number at the heater as a function of
Ra number for different AR for c ¼ L=2, w ¼ L=6. (a) h ¼ H=3,
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4. Results and discussion

A numerical study has been performed through finite dif-
ference method to analyze the laminar natural convection
heat transfer and fluid flow in triangular enclosure due to
heater insertion. The temperature of the inclined wall of
enclosure is lower than the temperature of the heater. Effec-
tive parameters such as Rayleigh number, heater height, hea-
ter width, heater location center and aspect ratio of
triangular enclosure on heat transfer and fluid flow were
analyzed. We presented the results in two sections. The first
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Fig. 11. Surface-averaged Nusselt number at the heater as a function of
Ra number for different AR for c ¼ L=2, h ¼ H=10. (a) w ¼ L=10,
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section will focus on flow and temperature fields, which con-
tents streamlines, isotherms and velocity profiles for men-
tioned cases. The following section will discuss heat
transfer including variation of local and mean Nusselt
numbers.

4.1. Flow and temperature fields

Flow and temperature fields are simulated using stream-
lines and temperature contours for selected parameters of
flow, heater and geometry. Effects of Rayleigh number on
streamlines (on the left) and isotherms (on the right) are
presented in Fig. 4 for c ¼ L=3, h ¼ H=3, w ¼ L=6 and
AR = 1. Visualizations are given from Ra ¼ 103 to
Ra ¼ 106. It can be seen from the figure that three vortices
are formed for all values of Rayleigh number because
heated air moves up from the heater and impinges to the
cold inclined wall. In Fig. 4a, a vortex is formed between
left side of the heater and insulated vertical wall of triangu-
lar enclosure which rotates in counterclockwise (CCW)
direction. Its shape and length are almost same for all Ray-
leigh number. Other two cells are obtained on the top of
heater and right corner of the triangle enclosure. These
are very similar for Ra = 103 (Fig. 4a) and Ra = 104

(Fig. 4b) due to quasi-conductive regime. As indicated by
De Vahl Davis and Jones [2] heat transfer is largely by con-
duction for Gr < 104. Both top and right vortices rotate in
clockwise (CW) direction due to rising fluid from heater to
inclined wall. It rises and replaces with cooled fluid. The
eye of vortices becomes almost in the same place with the
increasing of Rayleigh number. Maximum and minimum
stream function values are shown on the corner of the
streamline figure. They indicated that the strength of the
flow increases with increasing Rayleigh number. Stream-
lines are more packed at the right side of the heater. It
means that the flow moves faster as natural convection is
intensified. As Rayleigh number increases, velocity of fluid
at the top of heater also increases due to increasing of
effects of convection heat transfer regime in Fig. 4c and
d. Increasing of Rayleigh number causes a denser cluster-
ing of isotherms. This will lead to lower heat transfer levels.
Similar results can be seen in the studies of Acharya and
Moukalled [23,24].

Aspect ratio (AR) of the triangular enclosure is impor-
tant parameter for flow and temperature fields. We defined
the aspect ratio as the ratio of the height of the vertical wall
to the length of the bottom wall of the enclosure
(AR ¼ H=L) which changes from 0.25 to 2 along the present
paper. Thus, Fig. 5a–c presents the effect of AR on stream-
lines (on the left) and isotherms (on the right) with the same
dimensionless height ðh ¼ H=3) and width ðw ¼ L=6Þ of the
heater at c ¼ L=3 and Ra = 106 for the value of AR = 0.25,
0.5 and 2. Three vortices are observed for AR = 0.25 and
AR = 0.5 (Fig. 5a and b). The top and right one rotate in
CW while left one in CCW. On the other hand, five vortices
are formed for the highest AR due to small angled corner
and the flow squeezes in that part. Values of stream func-
tions show that the strength of flow becomes stronger with
increasing AR. The flow separates as a jet stream from the
right side toward the top of the heater. Isotherms (on the
right) show that increasing of AR causes heat transfer to
decrease because of the distance between heater and the
inclined cold wall. Plume-like flow temperature distribution
is observed for AR = 0.5 (Fig. 5b).

Fig. 6a–c is presented to see the effect of heater location on
flow and temperature distribution with the parameters of
Ra ¼ 106, AR = 1, w ¼ L=10, h ¼ H=10. As can be seen
from the figure that two big and one small cell are obtained
for all cases. When c is equal to L=4 (Fig. 6a), which is close to



Y. Varol et al. / International Journal of Heat and Mass Transfer 50 (2007) 2451–2462 2459
vertical adiabatic wall, left cell rotates in CCW and the other
one in clockwise. Other very small cell placed on the top of
enclosure and rotates in CW. Their intersections locate on
the top of heater. In this case, the problem represents natural
convection in enclosures heated from below which is studied
earlier by Aydin and Yang [11]. When heater locates on the
middle of the bottom wall (Fig. 6b), the cell on the top
becomes bigger when it is compared with the one given in
Fig. 6a. For c ¼ 3=4L (Fig. 6c), the configuration of flow
completely change because heater and inclined cold walls
are very close to each other. Thus, the eye of the main vortex
is formed almost on the middle of the enclosure and it rotates
in CCW (Fig. 6c). The CCW rotation of flow indicates that it
moves up along the left side of the heater and impinges to the
inclined walls and separates. Another big cell forms on the
top corner in CW direction. Minimum values of stream func-
tion are increased with the increasing of c. However, when
heater locates near the right corner, the smallest value of
maximum stream function is obtained. Plumelike tempera-
ture distribution is formed from the heated block to the
inclined wall due to convection regime of heat transfer.
Changing of the location of the heater affects the direction
of plumelike distribution. When heater locates near the right
corner of the enclosure, almost the temperature of half of the
enclosure equals to inclined wall temperature. Effects of the
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Fig. 13. Surface-averaged Nusselt number as a function of Ra number at c
(d) AR ¼ 0:25.
height of the heater in enclosures are given in Fig. 7a–c for
AR = 1, Ra = 106, c ¼ L=4 and w ¼ L=10. It is observed that
the height of heater directly affects the temperature and flow
field. For h ¼ H=5 (Fig. 7a), flow and temperature fields are
very similar to Fig. 6. However, when h is equal to H=3
(Fig. 7b), the result resembles to the Fig. 4; however two vor-
tices are formed due to thinner heater in this case. The stron-
ger vortex is located close to the top wall of heater and a
jetlike flow forms at the right corner of the heater. When
h ¼ H=2 (Fig. 7c), the flow separates between right and
top of the heater. Thus, three vortices are formed. In the case
of higher heater length, the flow and temperature distribu-
tion behave as differentially heated enclosure. (Fig. 7b and
c). However, for h ¼ H=5, mushroom shaped isotherms
are formed. It means that, heat transfer at the top of the hea-
ter is very effective.

Another important parameter is the width of the heater.
Obtained results for this parameter are presented in Fig. 8a–
c for the fixed parameters as Ra = 106, h ¼ H=10, c ¼ L=2
and AR = 1. As can be seen from the figure, the dimension-
less width of the heater is not an effective parameter on flow
strength. However, strong plumelike flow is observed with
the increasing of the heater width.

Horizontal velocity profiles are presented in Fig. 9a–c
for Ra = 104 (on the right) and Ra = 106 (on the left) at
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different ARs. Profiles are plotted along the vertical direc-
tion at three different location in x-direction as x ¼ 0:3;
0:5 and 0:7. Other governing parameters chosen as
c ¼ L=2, w ¼ L=6 and h ¼ H=10. As expected, the values
of velocities are increased with increasing of Rayleigh num-
ber. At Ra = 104, the flow is weak due to quasi-conduction
dominant heat transfer regime. Meanwhile, values of veloc-
ities decrease with decreasing of AR. For Ra = 106 and
AR = 2, maximum positive and negative values are almost
equal to each other for 0:2 < Y < 1. Sinusoidal velocity
profiles are obtained on the heater for all parameters.
Again, for Ra = 106, sinusoidal variation is obtained at
all stations in x-direction for AR = 0.25 and 0.5.
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Fig. 14. Variation of local Nusselt number along the heater wall for
different aspect ratios at Ra ¼ 1:0� 106, c ¼ L=3, h ¼ H=3, w ¼ L=6.
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4.2. Heat transfer

Variation of surface-averaged Nusselt number with
Rayleigh number for different ARs and heater height are
presented in Fig. 10a–c at w ¼ L=6 and c ¼ L=2. Surface-
averaged Nusselt number is calculated by integration of
local Nusselt number over heater surface as given in Eq.
(10). Fig. 10 is given for different dimensionless height ratio
of the heater. As given in the figure, Nusselt numbers are
almost constant up to Ra = 104 due to quasi-conductive
regime. After that they increase with the increasing of Ray-
leigh number as expected. When Figs. 10a–c are compared
with each other, it is seen that, Nusselt number is decreased
with decreasing of heater height due to decreasing of heater
surface, which is also supported for isothermal heaters by
Dagtekin and Oztop [14]. For the fixed parameters, higher
heat transfer is formed for higher values of AR. The best
heat transfer is observed for the case of c ¼ L=2,
w ¼ L=6, h ¼ H=3 and the highest Rayleigh number.
Effects of the width of the heater on heat transfer as a func-
tion of Rayleigh number and AR for c ¼ L=2 and
h ¼ H=10 are presented in Fig. 11. As expected, increasing
width length of the heater enhances the heat transfer. When
conduction heat transfer is dominant (at small Ra number),
higher heat transfer is obtained for the lower AR. On the
contrary, heat transfer increases with increasing of AR
for the highest Rayleigh number. Quasi-conductive regime
is validated up to Ra < 105 for the smallest AR and the
highest heater width due to increasing heated surface area
between hot and cold walls.

Fig. 12a–c show surface averaged-Nusselt number for
c ¼ L=4, c ¼ L=2 and c ¼ 3=4L, respectively. Results are
presented for different Rayleigh numbers and ARs. Nusselt
numbers reflect the temperature distribution presented in
Fig. 6a–c (on the right column). At c ¼ L=4, Nusselt num-
bers decrease with decreasing AR and also same trend is
shown in Fig. 12b. On the contrary, when c ¼ 3=4L
(Fig. 12c), Nusselt number is higher for AR = 0.25 than
other AR values of local Nusselt numbers at low Rayleigh
numbers due to very small inner volume of the triangular
enclosure. Thus, conduction heat transfer becomes stron-
ger than convection heat transfer. At the highest Rayleigh
numbers again same trend is obtained as given in Fig. 12a
and b. When figures are compared, it can be seen that if
heater locates near the right corner, heat transfer enhances,
except AR = 1, due to short distance between hot and cold
walls for all Rayleigh numbers.

Fig. 13a–d illustrates the variations of the mean Nusselt
number with Rayleigh number for left, right and top side of
the heater at different ARs. Also, it shows a comparison
between surface-averaged and inclined wall Nusselt num-
bers. In this case, the parameters are: c ¼ L=3, h ¼ H=3
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and w ¼ L=6. It is observed that values of Nusselt numbers
become constant up to Ra = 104 due to quasi-conductive
regime. For higher ARs including AR = 2.0 and AR =
1.0 (Fig. 13c and d), mean Nusselt number becomes con-
stant for all Rayleigh number on the top and left side of
the heater due to long distance between hot and cold walls.
Most of the heat transfer takes place through the right wall
for AR = 1.0 and AR = 2.0. Also small contribution of the
left wall to overall heat transfer in all cases is due to the fact
that this lies adjacent to a corner where two adiabatic walls
intersect. However, Nusselt number increases with increas-
ing of Rayleigh numbers, which is expected. When
AR = 0.5 and 0.25 (Fig. 13a and b), an increase is observed
in Nusselt number for all sides of the heater due to decreas-
ing volume. All figures show that surface-averaged Nusselt
number and inclined wall Nusselt number equals to each
other. It means that energy input and output is equal in
the present system.

Local Nusselt number (LNN) distributions along the
sides of the heater are shown in Fig. 14 for different ARs.
Variations of LNN on the right side of the heater are given
in Fig. 14a. It has the same trend and a minimum value
around the top of the heater for all ARs. However, a max-
imum value is obtained near the bottom wall of the heater.
Left side of the heater is strongly affected by the variation
of the ARs (Fig. 14b). The LNN values become almost
constant and very small for AR = 2.0 and AR = 1.0. Their
values increase with the decrease of AR due to lower fluid
velocity and long distance between hot and cold walls. On
the top of heater, the trends of LNN values are very similar
for AR < 1. They increase almost linearly and become
maximum at the right edge of the heater. However, when
AR P 1 again curves show similar trend. They have mini-
mum value near the left edge. Variations of LNN along
the inclined cold wall for different AR and h ¼ H=3,
c ¼ L=3, w ¼ L=6 and Ra = 106 are shown in Fig. 15.
LNN distribution show wavy trend along the wall. Peak
values are observed due to impingement of the flow nego-
tiating around the heater. Figs. 14 and 15 refer to the coun-
ter plot of Figs. 4–8. Higher heat transfer occurred at the
locations of flow-separation points. The highest and lowest
peak values are observed for AR = 0.5.

5. Conclusions

In these analyses, the results of the study of natural con-
vection in two-dimensional triangular enclosure for steady-
state regime with protruding heater and cooling from
inclined wall are presented using main parameters of inter-
est as Rayleigh number, heater height, heater width, heater
location and aspect ratio.

In view of the obtained results, following findings may
be summarized:

(1) Nusselt number becomes constant for the smaller
values of Rayleigh numbers and aspect ratio of the
triangular enclosure due to domination of quasi-
conductive regime, Nusselt number increases with
the increasing of Rayleigh number.

(2) It is observed that the location and height of the hea-
ter are one of the most important parameters on flow
and temperature fields and heat transfer. Increased
heater height, as expected, enhances the heat transfer
due to increasing heated surfaces.

(3) Although the width of the heater is not an effective
parameter on flow field, it has an important effect
on heat transfer due to increasing of heater surface.

(4) Peak values on local Nusselt number distributions are
observed on the top of the heater and they show wavy
variation.

(5) Flow strength is decreased for AR > 1 due to increas-
ing distance between hot and cold walls depending on
the geometrical parameters of the heater. Further, an
optimization study may be useful but it is out of the
scope in the present study.

(6) Heat transfer is very weak at the left and top side of
the heater when it is compared with the right side of
the heater.

(7) To obtain better heat removal from the heater, higher
aspect ratio must be chosen and the heater must be
located to the center of the bottom wall.

In the future, the study can be extended for turbulent
flow using different fluids, different thermal boundary con-
ditions such as constant heat flux or radiation and
unsteady flow. An optimization study can be performed;
however, it is out of the scope of this paper.
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