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dimensions for both cavities. The other vertical walls of these cavities have hexagonal and
octagonal shapes. The first cavity has eight walls while the second has ten walls. The study
accomplished for solid particles volume fraction and Rayleigh number ranges of (¢ = 0.01,
0.03, 0.05) and (103 < Ra < 109). The study interested highly by the effect of the cavity
geometry parameters including the lateral cross section, the height, the number of walls
on the flow and heat transfer. Other flow parameters are recognized on the fluid flow and
heat transfer fields like the nanoparticles volume fraction and the Rayleigh number. The
results indicated that the surface area increase by means the additional walls has an

Keywords: observed effect on guiding the results. Where the octagonal cavity has better
Hexagonal; octagonal; three enhancement in heat transfer especially at (Ra=10% and 10°). The percent increase in Nu
dimensional; cavity; nanofluid over the hexagonal cavity is (0.6, 0.8, 0.7, 0.3) for the specified Ra range.

1. Introduction

The configuration of the enclosure which contains the free convection of different nanofluids in
three-dimensional (3D) were the specific field that interested by this work. In the last decays the heat
transferred by free convection inside enclosures were gained a great interest because of its wide
engineering applications. Different configurations of enclosures and working fluids are investigated
numerically and experimentally [1-5]. Different geometries of the cavities; cubical or non-cubical are
discovered [5-8]. The various shapes of cavities are discovered for many conditions to enhance the
heat transferred. The techniques are changing the shape and/or the inclination of the cavity [9-13].
Equipping the cavity with fins is another technique to enhance the convection heat inside [14,15].
The fins are of different shapes and locations and fabricated as rigid or sometimes porous [16-19].
Enhancing the properties of the working fluids by means of (Ra) range is also considered [20-23]. In
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the recent years, the researchers depending on the fluid additives which is an effective idea. The
classical fluids like water, oil and else are loaded with metallic or ceramic nanoparticles to enhance
the thermal abilities [24-31]. By time the researches approved that these properties are approved by
specific volume fraction range of nanoparticles ranging around (0 < ¢ < 0.06) [32-34]. The range is
optimum to satisfy the desired enhancement with avoiding agglomeration and dissipation of the solid
phase [35]. The magnetization of the field is also used to enhance the convection inside cavities [36].
It is very important in many industrial applications like casting [37-39]. The porous media is also
promising technique which depends on by some researchers in building their enclosures [40-42].

In the present work, the three-dimensional cavities with different configurations and filled with
nanofluid are interested in. In classical (cubical) cavities that heated differentially, Kolsi et al., [43]
enclosure filled with AlOs-water while Salari et al., [44,45] enclosure filled by air and MWCNT-water.
Then, adding fillets to the cavity and repeating their study [45]. Whereas, Kolsi et al., [46] cavity
containing twin adiabatic blocks and filled with Al,Os—water. Kolsi et al., [47] cavity having triangular
cross section solid baffles at corners. Three cases were studied for counts and positions of the inserts.
Kolsi et al., [48] cavity is open and containing an adiabatic diamond obstacle. Then, Kolsi et al., [46]
supplies the top surface to the gas above. While the magneto free convection inside the opened
cavity with an attached inclined plate and filled with CNT-water is accomplished by Kolsi et al., [49].
Rahimi et al., [37] working fluid is the CuO-water nanofluid while the seawater and Al,O3
nanoparticles with magnetic field effect are discovered by Jelodari and Nikseresht [50]. Al-Rashed et
al., [14] cavity is inclined containing conductive Ahmed body at the center and filled with CNT-water.
While, Al-Rashed et al., [15] examined the entropy field. Moutaouakil et al., [51] cavity is filled of
different water based nanofluids (Cu, Al,Os, Ag, TiO3). It is heated by three parallel and identical
elements for different inclinations. As like as others, Sannad et al., [52] cavity is designed also to
understand the effect of the same water based nanofluids but for only three type of nanoparticles
(Al203, Cu and TiO2) nanoparticles. Then examine other heating manner of cavity using a hot partition
of uniform temperature instead of partially manner [53]. Esfe et al., [38] equipped the cavity that
filled by CuO-water with porous fins. For non-cubical enclosures, in rectangular with one inclined hot
sidewall and inclined inner of T-shape as additional heat source Selimefendigil and Oztop [54]
discovered the field. While Al-Rashed et al., [55] cavity is of parallelogrammical configuration and
occupied by CNT-water. It was with partially heated square at the bottom side. The top side is opened
and filled Al,Os-water in Al-Rashed et al., [16] study. Bendrer et al., [56] cavity is wavy cubical with
rectangular heated area located at the bottom. The flow is divided into two layers porous and hybrid
nanofluid. The current study is focused on two different configurations of the 3D cavities filled with
Al,Os-water nanofluid and the effects on the heat transfer enhancement. The first has eight walls
and hexagonal front cross section. While the other has ten walls and octagonal front cross section.

2. The Geometry

In this work, two enclosures are designed where the left and right walls are squares while the
front and back walls are hexagonal and octagonal respectively as presented in Figure 1. The left wall
was kept at the constant higher temperature while the right at the constant lower temperature. The
other walls are insulated. The heated and cooled walls are of unit side length (L=1), but the other
dimensions of walls are given in Table 1. The working fluid is Al,Os-water nanofluid and the properties
are introduced in Table 2.
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Fig. 1. The cavity configurations
Table 1
The considered cases details
Case No. of walls X/L Y/L Z/L V/L13 Asurface/L2  Acold/L?>  Anot/L?
iy~ 8 0.8 1 1.5 1 5.887 1 1
= 10 0.8 1 1.333 1 5.841 1 1
Table 2
The thermophysical properties [57]
P GCo K B
Pure Water 997.1 4179 0.613 0.0002100
Al20s 3880 765 40 0.0000085

3. The Governing Equations

Number of assumptions are supposed to describe the governing equations of the flow and heat
transfer fields

i. Steady, incompressible, laminar flow in three dimensions.

ii. The heat generation and radiation are neglected.

iii. The water base fluid and the alumina nanoparticles are in thermal equilibrium.

iv. Steady thermophysical characteristics of the flow corresponding to approximation of
Boussinesq.

The assumed governing equations are [52]

(a) The continuity

du 0dv , ow
wtay 5, =0 (1)
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(b) The x component of momentum

ou P 0%u  90%u = 9%u
Pnf( +Va_y+W£)__&+“nf(ﬁ+ﬁ+@) (2)

(c) The y component momentum

ov ov ov 0%v  9%v . 9%v
Pnf(u&'i'Vg‘FWg)———'Hl (6X2+a—y2+§)—0nfg (3)
(d) The zcomponent momentum
( 0__|_ 0_W+ 0_W)___+ (£+_+i) (4)
Pnf (U v ay w az/) Hn ax2 0z2

(e) The energy

aT 9%T = 9%T |, 9T
v twe = (Ga i+ n) (5)

The nanofluid properties [58,59]

_ an
nf — (pcp)nf (6)
_ |0
Unf = (1_(;)2_5 (7)
Pnf = (1 — @)ps + @pp (8)
(pep) ¢ = (1= @)(pcp), + @ (pcp), (©)

The thermal conductivity of nanofluid is described by Maxwell Garnetts model for spherical
nanoparticles

Knf _ (Kp+2Kf)—2¢(Ke—Kp)
K¢ (Kp+2Kg)+@(Ke—Kp)

(10)

The FEM technique is employed to solve these equations numerically. The system of equations is
converted to the dimensionless formula which controlling the number of variables by defining the
following parameters

X y,7 = &¥2 (11)
) ) L
U, v, W = &) (12)
P /L
p — _P+Pbigy 13
(Pnape/L) (13)

43



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 103, Issue 1 (2023) 40-63

_ Typ-T
o ="u (14)
AT =T, —T. (15)

Therefore, the governing equations in dimensionless form becomes as

Ug—§+vg—$+wg—;=—3—§+ﬁ(g+%+%) (17)
U+ VI wo = 2 4 Rax Prx 6 x gffsia‘:pff(f;vz" ZZVZ" ZZZ"ZV) (19)

96 90 @_m(az_e 2% @)
Uax+VaY+WaZ_ g xz o T o (20)

These equations are solved with the supposed initial and boundary conditions that are presented
in Figure 1. The initial temperature of the fluid domain is (T;) which given by

Ty = (Th + Tc)/2 (21)

The suggested boundary conditions are

(i)  Noslipis considered for all walls: U=V=W=0 (22)
(ii)  The hot temperature is supplied on the left vertical sidewall: X=0, 6=1 (23)
(iii)  The cold temperature is supplied on the right vertical sidewall: X=1, 6=0 (24)
. . 20 _ 98 _ 90 _

(iv)  Other walls are insulated: X 0 (25)

4. Numerical Methodology

The laminar steady flow of nanofluid and the free convection heat transfer accompanied with it
inside the described enclosures are solved by employing the finite element numerical method (FEM).
The grid independency is examined in accordance to the average (Nu) value stability. The test
procedure is introduced in Table 3 for the hexagonal cavity. The selected meshes for the two cavities
are as shown in Figure 2 and Table 4. The suitable mesh is guided by two roles; the time consumed
and the percentage error. A good sign on the validation of the current results is the satisfied previous
studies as presented in Table 5. For more accuracy, the present contours of stream lines and isotherm
lines are validated in Figure 3.
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Fig. 2. The selected mesh
Table 3
The grid independence at Ra=10* and ¢ = 0.05 for the hexagonal cavity
Total elements  Boundary Edge elements Nu The consumed
elements time (sec)
78133 4044 234 2.3110 14
158709 6316 290 2.5742 22
178643 10712 430 2.9063 31
243279 17038 674 2.9988 64
556201 24430 674 2.9989 171
Table 4
The selected grid for the present cases
Cases Total elements Boundary Edge elements
elements
243279 17038 674
260742 17852 772
Table 5
The average Nu validation with other data
Author Ra = 10* Ra =10°
Tricetal., [60] 2.050 4.34
Peng et al., [61] 2.080 4.38
Purusothaman et al., [62] 2.059 4.35

Present 2.045 437
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Rahimi et al., [37]
Fig. 3. Validation of the streamlines (left) and
isotherm lines (right) with Rahimi et al., [37]

5. Results

The results are divided into four main categories; the fluid flow, the pressure field, the heat
transfer field and the Nusselt number. The criteria of the different parameters effects on these fields
are discovered in the following sections.

5.1 The Fluid Flow Field

The streamlines of the two cavities at ($=0.05) and (Ra=10* and 10°) are presented in Figure 4 in
three-dimensional. The fluid flows in clockwise circulation from the hot wall towards the cold wall.
Where the physical convection process causing the movement of the hot fluid that adjoining to the
hot wall up and the cold fluid that adjoining the cold wall down. The collide of the hot fluid by the
upper wall causing decelerating of the vertical upward velocity and flows horizontally towards the
cold wall. On the other hand, the cold fluid meets the base wall and decelerating the downward
vertical velocity and accelerating the horizontal velocity towards the hot wall. This circulation is
repeated many times causing the mentioned fluid flow configuration. For more investigation of the
fluid flow, three longitudinal sections at (Y=0.25, 0.5, 0.75) to present the streamlines at ($=0.05 and
Ra=10%) as shown in Figure 5. The three planes introduce a similar configuration but the central plane
(Y=0.5) has the denser lines. While the terminal planes (Y=0.25, 0.75) have the same count of lines,
that means the flow is identical around the central plane. The more density of lines in central plane
can be explained as the faraway from the cavity walls which work as a flow deceleration and their
effect become weak at the central location unsimilar to the other two planes. The central plane will
be depended on to present all the fluid flow parameters in the coming sections. The Figure 6
represent the streamlines for the two cavities at different solid volume fraction (a) $=0.01 and (b)
$=0.05. For the two cavities the configuration of the stream lines is circulated clockwise with center
core have elliptical shape at (Ra=103) with the longer axis is parallel to the vertical hot and cold walls.
This elliptical core tends to inclined a little towards the cold wall at (Ra=10%). At (Ra=10°) the ellipse
elongates horizontally where its shape converts to rectangle with the left corner higher than the right
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corner position by means twisted slightly towards the left hot wall. This rectangle increased in width
till the bounded streamlines are being closer to each other near the hot and cold walls at (Ra=10°).
The core region fluid is in stagnant state. The same configurations are observed for the solid volume
fraction of ($=0.05) except that the stagnant regions are less than the case of ($=0.01) in a little rate
for all the Ra range. This behavior can be explained as that the mass increase results in higher
continuity in flow.

(b)
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Fig. 5. The streamlines for the two cases at ¢ = 0.05 and Ra = 10* on planes
(Y=0.25, 0.5, 0.75) (left to right)
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(b)
Fig. 6. The streamlines on plane (Y=0.5) at 103 < Ra
< 10° (left to right); (a) ¢ = 0.01, (b) ¢ = 0.05

The horizontal velocity (U) of the two cavities is presented on the central plane in Figure 7 for two
values of the nano particles solid volume fractions. Noticing that for the different volume fractions
the velocity profile is similar for each cavity shape. The horizontal velocity (U) turns in two circulated
vortices between the upper and base walls of the cavities one above the other. Where these vortices
taking the shape of the base and tip of each cavity at the locations adjacent to these walls. These
circulations are clockwise at the upper half of the cavity and counter clockwise at the lower part of
the cavity as shown in Figure 8 where the negative velocities mean the same value but in the reverse
direction. The circulations have single circular core at (Ra= 102 and 10%) and double circular cores at
the corners of the cavities at (Ra= 10> and 10°8). The horizontal velocity (U) for the two cavities
accelerated with the solid volume fraction increase. On the other hand, this velocity nearly the same
for the two cavities for (Ra=103, 10%, 10°) but the difference appears clearly at (Ra=10°). For the
hexagonal, the increase (AU=1.002%) and for octagonal nearly (AU=0.8%) for (Ad=0.04 at Ra=10°).
The hexagonal cavity has higher horizontal velocity (U) than the octagonal cavity for the same flow
conditions; by means the solid volume fraction and Ra. This phenomenon is due to the shape of the
tip and base of the two cavities. Where for the hexagonal one, the height of the triangular shape of
the tip is giving the space to the velocity to propagate highly while the less height of the first corner
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of the octagonal tip and the subsequent straight part are contribute in the velocity deceleration. It is
also observed that the maximum velocity (U) is located inside the centers of cores for the two cavities.
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Fig. 7. The horizontal velocity U (m/s) contour on plane
(Y=0.5) at 10° < Ra < 10° (left to right); (a) ¢ = 0.01, (b) &
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Fig. 8. The horizontal velocity U along the central height

The vertical velocity (W) turns in two circulated vortices between the left and right walls of the
cavities one beside the other as it presented in Figure 9. Also, these vortices have single core but of

elliptical shape with its longer axis parallel to the cavity height for all the Ra range.
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The circulations are clockwise at the right half of the cavity which close to the hot wall and counter
clockwise at the left part of the cavity which close to the cold wall as shown in Figure 10. The negative
velocities mean the same value but in the reverse direction as like as (U). These cores are touch each
other at the center of the cavity for (Ra=103 and 10%). While it began to be far apart from each other
for (Ra=10° and 10°) for the two cavities and all solid volume fraction values. Unlike the horizontal
velocity (U), the vertical velocity (W) is decelerating with the solid volume fraction increase. And the
hexagonal cavity has lower vertical velocity than the octagonal cavity by a very little rate for the same
flow parameters. For the hexagonal, the decrees (AW=0.15%) and for octagonal nearly (AW=0.02%)
for (A$=0.04 at Ra=10°). The maximum velocity is located inside the centers of cores for the two
cavities also. Another important observation is presented in Figure 11 and Figure 12, which is the
relation between the horizontal (U) and vertical (W) velocities and their behavior towards Ra
variation. Both velocities are augmented by Ra increase and always for all solid volume fractions and
in the two cavities the horizontal velocity (U) is lower than the vertical one (W). But, the important
observation of the cavity configuration on the solid volume fraction effect on the flow. Where the
variation in the velocities (U) and (W) inside the hexagonal are higher than that inside the octagonal.
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Fig. 10. The vertical velocity W along the central width

200+ | - @ = 0.01 - Hex P
% @ =0.03 - Hex -
-8- ¢ = 0.03 - Hex T
100 ®=0.01-0Oct i

50

20

10

1 1 1 | 1 1 1 L L | 1 | N T I I |
10* 10° 10°
Ra

Fig. 11. The maximum horizontal U and vertical W velocities versus Ra

2

51



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 103, Issue 1 (2023) 40-63

101 | <o~ ¢ = 0.01 - Hex 330 [ e p = 0.01 - Hex B
% @ = 0.03 - Hex [ |- ¢ =0.03-Hex AT
9 31 &
-8 ¢ = 0.03 - Hex P | -8 ¢ = 0.03 - Hex ,’;
8 ¢ =0.01 - Oct e 4 29r @=0.01-0ct 5
~+- ¢ =0.03-Oct " 27’ - =0.03 - Oct
7 9 = 0.05 - Oct L ¢ =0.05-Oct
z =z 2 =
i 6 I}
i 23F
> E 22t
2
5 -~ 21+
45 u 20 g
19+
4k
18F
16F
sk 2 L L " P S S S . : = . A N
1200 1400 1800 2200 2600 3200 3800 4400 12000 14000 16000 18000 20000 22000 25000
Ra Ra
(a) (b)
144.5F 61.5
144} | e~ @ = 0.01 - Hex 1| - % = 0.01 - Hex
L =0.03- H = 003-H
14354 * @ ex . sosk| * @ ex
143 -8 ¢ =0.03 - Hex -8 ¢ = 0.03 - Hex
1425} @=0.01-0ct == 60 $=0.01-0ct
~+- ¢ =0.03-Oct 5 59.5 | - = 0.03 - Oct
142 e ) -
1a15- @ =0.05 - Oct - - 591 ¢ =0.05-0ct
= ] - = sast — .
| | -
| 1405p = o Loosar .
- 140 o s -
139.5F - —
57—
139
1385F - ) 56.51 .
138F - 56
137.5 ) 55.51
137 55F
136,51
54.5¢
136

3.:14 ' 3.:18 ' 3‘52 3 ‘SRE ' 316 3.‘641 ' 3.;35 x10° 314 ].‘45 35 ' 316 R‘ 3‘.7 ' 1‘8 ' 1*‘105
(c) 10°<Ra<10°
Fig. 12. The maximum horizontal U and vertical W velocities versus different Ra ranges; (a) 10® < Ra < 10%,

(b) 10*<Ra<10°
5.2 The Pressures Field

The total pressure is the continuous physical force exerted against the cavity walls in contact with
the fluid. The total pressure is consisting of two parts of pressure where their collect given constant
value everywhere inside the enclosed domain according to Bernoulli principle in the incompressible
flow conditions. The static pressure which is the amount of pressure exerted by the stationary fluid.
While the dynamic pressure or the velocity pressure is the pressure exerted by the fluid movement.
For the two cavities the maximum static pressure located at the deeper central point of the cavity
which located below the core of the flow vortices that nearly in stable state and the longer column
of fluid above it as shown in Figure 13 and Figure 14 which present the constant static pressure lines
and the static pressure along the central width and height of the two cavities respectively. Also, the
static pressure nearly constant along the same depth points as it represented by the constant
pressure lines along the cavity’s width. The same behavior is observed for all the solid volume
fractions and Ra. The static pressure for the two cavities is directly proportional to the Ra but
inversely to the solid volume fraction. But the static pressure of the hexagonal cavity is more than
the octagonal for the same working conditions due to the longer height of the hexagonal cavity. On
the other hand, the dynamic pressure profile is similar to the streamlines profile and the maximum
value is at the same location of the maximum vertical velocity (W) as shown in Figure 15.
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108 (left to right); (a) ¢ = 0.01, (b) ¢ = 0.05
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O0H H-|
HiH H

(b)
Fig. 15. The isobaric lines contour of the dynamic pressure
(Mpa) on the plane (Y=0.5) for 10® < Ra < 108 (left to right);
(a) $ =0.01, (b) ¢ =0.05

As like the static pressure, the dynamic pressure proportional directly with Ra, but unlike it, also
proportional directly with the solid volume fraction as shown in Figure 16. Because that the dynamic
pressure proportion directly to the density which in turn increases with the solid volume fraction
increase. But the dynamic pressure of the hexagonal cavity is less than the octagonal for the same
working conditions. This phenomenon can be explained as that the flow is controlled more by the
vertical velocity (W) which for the hexagonal cavity is less than it for the octagonal cavity. which lead
to the same behavior by the dynamic pressure.
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Fig. 16. The dynamic pressure versus Ra: continous line ($=0.01), dashed line (¢$=0.03), dashed dotted line
($=0.05); (a) Along the cavity width (X-axis), (b) Along the cavity height (Z-axis)

5.3 The Thermal Field

The constant temperature lines or the isotherm lines contour for the two cavities are presented
in Figure 17 at (¢=0.05) with (Ra=10*and 10°). And the contours on the three selected planes (Y=0.25,
0.5, 0.75) at ($=0.05) and (Ra=10%) are viewed in Figure 18. Unlike the stream lines, there is no clear
difference among the three profile planes. Although, the central plane at (Y=0.5) still the preferred
plane to present the heat transfer data. Figure 19 introduces the isotherm lines of the two cavities
for different solid volume fractions versus Ra. The part (a) of this figure is at ($=0.01), for the two
cavities the isotherm lines nearly stay straight (tilted towards the right slightly) and parallel to the
vertical walls of the cavities at (Ra=103 and 10%). Then, the nonlinearity of these lines is appearing
obviously to announce the convection control on the heat transfer field completely at (Ra= 10° and
10°). The heat convection is explained previously in section (5.1). Where the physical convection
process causing the movement of the hot fluid up and the cold fluid down causing the presented heat
flow configuration. The Figure 19(b), preview the cavities at ($=0.05) and different Ra. It is clear that
the behavior of the isotherm lines is identical to that in Figure 19(a). But, the Figure 20 and Figure 21,
proving that for the same point in the flow, the temperature is higher for the higher solid volume
fraction and lower Ra for the two cavities at the left half of the cavity. Revers behavior appears at the
other half.

Another important observation can be concluded from the Figure 21 which describes the
temperature drop along the cavity width. For (Ra=103) the drop is linear, while the behavior of the
cases with (Ra=10% and 10°) are similar which are nearly quadratically which concave up at the first
half and concave down at the second half of the cavity. The inverse of the concave orientation occurs
at the mid distance between the hot and cold walls. For (Ra=10°), the quadratically regions are
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confine at the location of (1/8) from the hot wall concave up and from (7/8) to the cold wall concave
down while the distance in between is nearly still constant or no drop in temperature appears. The
temperature profile for the two cavities is similar but the octagonal cavity takes longer time to reach
the same results of the hexagonal cavity. The increase in the time consumed is about (At=4.65%)
which can be caused due to the more complexity in the octagonal geometry.

(a) (b)
Fig. 17. The isotherm surfaces for the two cases at ¢ = 0.05; (a) Ra = 104, (b) Ra = 10°

Fig. 18. The isotherm lines for the two cases at ¢ = 0.05 and Ra = 10* on
planes (Y = 0.25, 0.5, 0.75) (left to right)
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Py

(a)

(b)
Fig. 19. The isothermal lines on plane (Y=0.5) at 10° < Ra < 10° (left to right); (a) ¢ = 0.01, (b) ¢ = 0.05
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Fig. 20. The temperature versus Ra along the cavity height, continuous line ($=0.01), dashed line ($=0.03),
dashed dotted line (¢=0.05)
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Fig. 21. The temperature versus Ra along the cavity width, continuous line ($=0.01), dashed line ($=0.03),
dashed dotted line ($=0.05)

5.4 The Nusselt Number

The dimensionless parameter that is measuring the ratio of convection to conduction heat
transfer at the boundary layer region. The local Nu along the hot wall can be defined as [37]
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h
Nulocal = m |H0t walll (26)

The averaged Nu on the whole hot sidewall is presented as [37]

1 1
Nu = fo fo (Nujocar)dydz (27)

Figure 22 presents the average (Nu) along the hot wall versus Ra for the two cavities at different
solid volume fractions. While Figure 23 shows a maximize view of the same figure for the range (10*
< Ra £ 10°). Noticing that the average Nu for the two cavities is increases with Ra and solid volume
fraction increase. For all flow conditions the average Nu for the octagonal cavity is higher than the
hexagonal cavity although the hot wall has the same configuration and dimensions. The Nu increase
of the octagonal cavity over the hexagonal cavity for all solid volume fractions is constant which is
about (ANu = 0.6%, 0.8%, 0.7%, 0.3%) for (Ra = 103, 10% 10° 10°) respectively. The maximum
enhancement of Nu occurs at (Ra=10* and 10°) but its minimum enhancement is at (Ra=10°) where
the flow tends to be turbulent after this Ra. Indicating that for cavities of the same volume but the
overall surface area increase by means of more walls has a positive effect on the heat transfer
augmentation. The distribution of the local Nu along the central height of the hot wall of the two
cavities is presented in Figure 24. At each Ra, the local Nu drop from its maximum value at the base
of the wall and reaching its minimum value at the tip of it. This graduation of the local Nu is nearly
unfounded for (Ra=103) while it is very high at (Ra=10°).

107 | -e- ¢ =0.01 /f‘
% ¢=0.03 //
- ¢=0.05 > 2

Nu
\%’;

ZZ
77
7
2

2r /

//f/

-~
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Fig. 22. The Nu versus Ra along the left vertical hot wall: continous line (hexagonal
cavity), dashed (octagonal cavity)
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6. Conclusions

Regardless of the usual results of the effect of the solid volume fraction and the Rayleigh number
effects on the laminar natural convection inside cavities. The key new findings for the unique shape
hexagonal and octagonal cavities are

i. The variation in the velocities (U) and (W) inside the hexagonal cavity are higher than that
inside the octagonal.

ii. For (Ad=0.04 at Ra=10°), the hexagonal and octagonal have increase of (AU=1.002%) and
(AU=0.8%) while decrees (AW=0.15%) and (AW=0.02%) respectively.

iii. At the lower left part (close to the hot wall) of both cavities, the temperature value is
higher for higher solid volume fraction and lower Ra, reverse observation appears at the
upper right part (close to the cold wall).

iv. Nu for the octagonal cavity is higher than the hexagonal cavity although of the same
volume of cavities and the same shape, dimensions and orientations of the hot and cold
walls.

v. The increase in Nu of the octagonal cavity over the hexagonal cavity for all solid volume
fractions is constant which is about (ANu = 0.6%, 0.8%, 0.7%, 0.3%) for (Ra = 103, 10%, 10>,
10°) in respect.
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