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Abstract: This paper reports the numerical simulations on buoyant thermal transfer inside the finite porous cylindrical
annular region with a thin circular baffle attached to inner cylinder. The main objective of this investigation is to provide a
detailed impact of baffle on flow and heat transport rates due to the direct relevance of this problem to the design of heat
exchangers. The side walls of annular enclosure are maintained at uniform, but different temperatures, while the top and
bottom walls are insulated. The Brinkman-extended Darcy model is adopted for the momentum equations, and simulations
of the governing PDEs are performed using the ADI and SLOR algorithms. The predictions from the present simulations
detected that the size and position of baffle has predominant impact on buoyant flow and thermal transport characteristics.
It has been detected that the thermal dissipation rates could be enhanced by positioning the baffle near the upper boundary,
while increasing the baffle length leads to the reduction of thermal transport. The size and location of baffle emerges out as
an important quantity in regulating the global thermal transfer through modifying the flow regimes in the annular geometry.
Interestingly, the magnitude of flow circulation enhances with an increase in Rayleigh and Darcy numbers for any baffle
length and position.
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Abbreviations Rap Darcy-Rayleigh number (RaD - W)
A Aspect ratio ) )

Cp Specific heat at constant pressure 1; DTmenSpnless. temperature

D Width of the annulus (m) t D}mens¥onal tm,le )

Da Darcy number t Dimensionless time

g Acceleration due to gravity ( m/s?) (rj, t,)  Radius of inner and outer cylinders (m)

H Height of the annulus (m) (r, ) Dimensional radial and axial co-ordinates (m)

h Dimensional location of baffle (m) (R, Z) Dimensionless radial and axial co-ordinates

K Permeability of the porous medium ( mz) (u, w)  Dimensional velocity components in (r, z)
K Thermal conductivity (W/(m K)) directions (m/s) ,

I Dimensional length of baffle (m) (U, W) Dimensionless velocity components in (R, Z)
L Dimensionless location of the baffle directions

Nu Average Nusselt number Greek letters

P Fluid pressure (Pa) Thermal diffusivity (m?/s)

Pr Prandtl number Thermal expansion coefficient (1/K)

Ra Thermal Rayleigh number Dimensionless length of baffle

Dimensionless vorticity
Dimensional temperature (K)
Radius ratio
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Kinematic viscosity (m?/s)
Fluid density (kg/m®)

Porosity of the porous medium
Dimensionless stream function
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1. Introduction

Convection in a differentially heated vertical annular space
with hot and cold vertical walls and insulated top and
bottom boundaries forms an important model problem in
many applications, such as heat transfer equipment, nuclear
systems, crystal growth processes and has also been widely
investigated. The first extensive numerical investigation on
buoyant convective flow in a vertical annulus with differ-
ently heated vertical cylinders and horizontal adiabatic
boundaries by de Vahl Davis and Thomas [1] using finite
difference technique. Venkatachalappa et al. [2] performed
numerical simulations in an annular space having rotating
inner and outer walls and observed higher heat transfer rate
for rotating walls as compared to stationary boundaries.
Mebarek-Oudina [3] presented numerical results on
hydrodynamic stability in an annulus having thermal
sources of different length. The collective impacts of
magnetic and/or thermocapillary forces on buoyant motion
inside the annular domain are analyzed and brought out the
detailed impacts of magnetic and thermocapillary forces
[4-6]. Zhang et al. [7] performed two- and three-dimen-
sional study on buoyant flow and thermal process inside the
annular region with slots along inner cylinder. Some of the
recent studies on buoyant transport processes in annular
domains by considering thermal / solutal sources and sinks
has revealed the impacts of discrete sources on the flow and
thermal pattern as well as thermal dissipation rates [8, 9].
The above-mentioned works mainly deal with the flow and
thermal transport analysis of different fluids in vertical
annular geometries without baffle.

Theoreticians and experimentalists have shown that the
thermal transport rate can be efficiently controlled by
altering the flow patterns in an enclosure and is effectively
achieved by placing baffles to one or more thermally active
boundaries. Shi and Khodadadi [10] analyzed the impact of
a baffle in a rectangular geometry by considering different
fin location and size and predicted the significant influences
of fin on the flow patterns and thermal transport rates.
Later, Tasnim and Collins [11] performed numerical
investigation in a square geometry to determine the effects
of hot baffle on the buoyant flow and heat transport. Oztop
et al. [12] inspected the impacts of a hot plate on buoyant
motion in a square cavity and illustrated the predominant

impacts of plate locations on thermal transport rates. Bil-
gen [13] investigated buoyant motion in a square geometry
by considering baffle conductivity. Ben-Nakhi and Cham-
kha [14, 15] performed numerical analysis to comprehend
the influence of an inclined fin on buoyant thermal trans-
port in square geometry by considering the thickness of fin.
They revealed the vital impact of fin positions on the flow
distribution and the thermal transport. The effect of
mutually orthogonal heated baffles on convection heat
transfer is numerically examined in a square enclosure by
Kandaswamy and co-workers [16, 17] and found that the
baffle dimensions strongly influence the flow and thermal
distributions. Hussain et al. [18] reported the effect of a
tilted baffle on convection heat transfer in a corrugated
square cavity. Using Z-shaped baffles, Sriromreun et al.
[19] conducted experimental and theoretical investigations
in a channel and uncovered the effects of baffle shape on
heat transfer enhancement. Wang et al. [20] numerically
examined the buoyant convection in a tilted lid-driven
square geometry having a thin hot plate and noticed an
enhanced thermal transport for vertical positioning of the
plate. The combined effects of partition and transverse
baffles on natural convection in a ventilated square enclo-
sure has been analyzed by Kalidasan et al. [21] using finite
difference method. It is worth to mention that the above
studies focus on the impacts of baffle size and position in
rectangular and non-rectangular geometries. The baffle
impact on thermosolutal convection in an annular geometry
is presented by Pushpa et al. [22] by covering a vast range
of parametric values. Recently, Girish et al. [23] performed
numerical simulations to understand different arrangements
of unheated entry and exit on mixed convection flow in an
open double-passage annular channel and also observed
baffle position is a crucial parameter in altering thermal
transport in the channel.

Buoyant convection in porous geometries is found in
many industrial setups, namely solar energy collection
systems, geothermal applications and building insulation
materials. Natural convection in a vertical annular space
containing porous materials has been examined experi-
mentally by numerous researchers [24, 25]. Prasad [26]
performed numerical simulations of convective transport in
a porous annular space by considering isothermal and
isoflux heating of inner cylinder. Later, Shivakumara et al.
[27] made convective transport analysis in a porous
annulus by including the Brinkman and Darcy terms. For a
porous annulus space, Sankar et al. [28] examined con-
vective flow and transport processes from a discrete heat
source attached to the inner wall and predicted that the heat
source positioned nearer to bottom boundary produces
maximum heat transport rather than other locations.
Recently, Olfian et al. [29] executed numerical experiments
of buoyant thermal transport with two different baffle
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shapes in the solar heater channel. The influence of
porosity combined with thermal radiation and heat gener-
ation in a square porous enclosure has also been investi-
gated using different porous media models [30, 31]. Sankar
et al. [32] analyzed buoyancy-driven convection due to two
thermal sources located along the inner cylinder of an
upright porous annular geometry and found that the bottom
heater dissipates higher heat than the top heater. Mahapatra
and co-workers [33-35] have analyzed the porosity effects
in a lid-driven enclosure by considering different effects,
such as thermal radiation, non-uniform temperature and
cavity inclination. Recently, attention has also been
focused on analyzing the impacts of buoyant motion and
thermal dissipation rates of nanofluids in finite geometries
of different shapes [36-38]. Mondal and Sibanda [39]
examined the influence of non-uniform thermal conditions
on transient thermosolutal convection in a porous enclosure
and proposed heat transfer correlations. Applying FDM,
Varol et al. [40] analyzed free convection in a porous tri-
angular cavity having a thin adiabatic fin attached to a
boundary. The results reveal that the location, height and
width of the fin has significant effect on natural convection.
Khanafer et al. [41] used a porous baffle to control buoyant
flow in a square geometry and identified an ideal combi-
nation of fin position and angle to achieve enhanced ther-
mal transport. In recent years, utilizing different shaped
baffle, many researchers analyzed various ways to control
the convective flow and associated thermal transport in
different geometries representing various heat exchanger
applications [42-45]. The above-mentioned investigations
mainly analyze the effect of porosity in an annular or
square geometry or baffle in a rectangular porous
enclosure.

A complete and thorough literature survey has been
performed on buoyancy-driven convection in a finite
enclosure with a baffle attached to one of the enclosure
walls. However, the prevailing studies apparently reveal
that the impact of baffle is restricted mainly to square and
non-annular geometries. Nevertheless, the consequence of
a baffle on buoyant-driven transport processes is not
attempted in the earlier studies on similar geometry. The
physical geometry considered in this analysis has relevance
to heat exchangers [46—49], which are utilized for thermal
transport among different fluids used in the system. Heat
exchangers are widely used in air conditioning, refrigera-
tors, power stations and petrochemical plants. The main
purpose of the design of heat exchangers is to maximize the
surface area and minimize the resistance to fluid flow. In
heat exchangers, fins or baffles are commonly placed to
maintain different flow regimes and to control heat transfer.
Realizing this essential application, the main objective of
current investigation is to establish a strong basic under-
standing of the impacts of length and placement of a

circular baffle on buoyant flow and associated transport
processes in a cylindrical porous annular enclosure. The
Brinkman-extended Darcy model is adopted in the study,
and the detailed numerical simulations are obtained to
depict the various effects of baffle location and size on
buoyant flow and thermal transport processes.

2. Model equations and auxiliary conditions

The geometrical configuration chosen in the present
investigation, depicted in Fig. 1, is a vertical annular
region formed by two co-axial cylinders of inner radius r;
and outer radius r, having annular thickness D and eleva-
tion H. The annulus is packed with the fluid-saturated
porous medium, and the flow is assumed to be axisym-
metric. A two-dimensional thin circular conductive baffle
of size [ is fixed along the inner cylinder. The horizontal
boundaries are treated to be insulators, the inner tube is
heated (0,) and outer tube is cooled (0,). Also, the thermal
condition of baffle is assumed to be that of inner cylinder.
In addition, Newtonian fluid with non-varying properties is
presumed except the incorporation of Boussinesq approx-
imation in the axial momentum balance equation. Further,
viscous dissipation effects are neglected and gravity
direction is taken in the opposite z-axis.

The widely used models in the literature to study the
flow problems in porous media are the Darcy model, the
Darcy—Brinkman model and the Darcy-Brinkman—Forch-
heimer models. Apart from these models, the Brinkman-
extended Darcy model with the convective terms has also
been extensively used in modeling the flow and heat
transfer in finite porous enclosures. In the present study, the
Brinkman-extended Darcy model with the inclusion of
convective and transient terms has been adopted in the
governing equations of the problem. The Forchheimer
inertia term in the momentum equations is neglected and is
more important for non-Darcy effect on the convective
boundary layer flow over the surface of a body embedded
in a high porosity media. The Brinkman-extended Darcy
model, adopted in the present study, has been used in a
large number of investigations for natural convection in
annular and rectangular porous enclosures. By applying the
above assumptions, the equations governing the conserva-
tion of mass, momentum and energy are [25-28]:
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Fig. 1 Physical geometry and axisymmetric structure of the annular domain
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The following transformations are considered in this
study for non-dimensional process:

Annular width D for space variables, (D?/a) for time,
(a/D) for velocity, A0 for temperature, (p,o®/D?*) for
pressure (o0/D?) for
D=r,—ri, AO=10,—0,.

The resulting non-dimensional governing equations
after eliminating the pressure term (using cross differenti-
ation) from Egs. (2) and (3) are [28, 32]
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The following seven dimensionless parameters arise in
the present study (four geometrical and three physical
parameters):

A =1 radius ratio, A =% aspect ratio, ¢ = baffle
length L= ﬁ baffle location, Pr - Prandtl number Da =

Darcy number and Ra = M Rayleigh number.

The dimensionless auxiliary conditions are [10, 11]:

t=0: U=W=T=0,y=(=0
t>0: lﬁ——w 0, T = 1; Along inner cylinder
—alp—OT—OAl t lind
=25 = 0T =0; Along outer cylinder (9)
11/ oT
w—&—o,&—O,Along top and bottom walls
0
= W =0, T = 1;0n the baffle.
oz

The expression for wall vorticity can be derived using
the Taylor’s series expansion of wall stream function
values and interior values of . In this paper, the boundary
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where b indicates the value of { at boundary and Ay is the
spacing between two grid points. In heat transport analysis,
the design engineer is interested to investigate the
qualitative and quantitative information on the chosen
problem. After obtaining the steady-state solutions from
the governing Eqs. (6)—(9), the parameter of quantitative
interest is the thermal transport rate and is estimated from
the local (Nu) and overall (Nu) Nusselt numbers, given by

vorticity is calculated from the relation: {, =

_hD _ _ @D
Nu =" = w@,—0)

A
:—g—gandmzj—‘ofNudZ.

3. Numerical method and validation

To perform the detailed analysis of the chosen problem, the
physical laws are transformed to a system of partial dif-
ferential equations (PDEs). Since the model equations are
coupled and nonlinear, analytical solutions to these equa-
tions are not possible. Hence, by utilizing the available
high-speed computing resources, the governing partial
differential equations are solved numerically using FDM,
namely the Alternating Direction Implicit (ADI) and Suc-
cessive Line Over Relaxation (SLOR) methods. In partic-
ular, transient PDEs are discretized by the ADI method.
However, vorticity-stream function relation is discretized
by SLOR method with proper choice of relaxation
parameter. The average Nusselt number is estimated
through numerically integrating Nu. Further, to solve the
finite difference equations arising from the discretization
process, an in-house code is written and our results are
compared with the existing standard benchmark predic-
tions prior to present simulations. The iteration procedure
used to find the steady-state solutions for all variables is
performed till the below mentioned convergence condition
is fulfilled:
1 =1

o+l -
Lij ‘

max

In the above condition, y stands for T, where i, j denote
the grid locations, n represents the time iteration and € is
the convergence criterion. The detailed information on
numerical method is provided in our earlier works
[6, 9, 33] and are not provided here for brevity.

3.1. Grid sensitivity analysis and validation
All simulations are thoroughly tested for independency of

grid sizes by generating uniform grids in the annular
domain. To check the grid independency, the average

Table 1 Grid independence results for Ra = 10% Da = 1072,
A=2,L=05and ¢=0.5

Grid size Nu Relative difference
51 x 51 7.6764 -

81 x 81 7.4412 0.0315

101 x 101 7.3456 0.0134

121 x 121 7.3441 0.0002

Nusselt numbers (Nu) are obtained by employing different
grid sizes. The uniform meshes employed in the present
study are: 51 x 51, 81 x 81, 101 x 101 and 121 x 121.
The results for the case of Ra=10°Da=
1072, 2=2,L=05and ¢ = 0.5 are given in Table 1.
After careful observation of Nu for each of the chosen grid
sizes, an optimum grid size is selected at which the average
Nusselt number Nu is not varied significantly with a further
increment in grids. Also, the utmost variation between
101 x 101 and 121 x 121 grids is found within 0.1%, and
hence the 101 x 101 grids are used in all calculations. A
code using Fortran is developed for solving the algebraic
equations and are compared with the standard benchmark
results.

The present results are validated with different bench-
mark simulations for the limiting cases. First, the simula-
tions are performed for the unit radius ratio case. For 4 = 1,
the annular domain reduces to square enclosure. Figure 2a
depicts the comparison of streamline and isotherm contours
estimated from our simulations and those of Tasnim and
Collins [11]. Through this simulation, it has been observed
that the current simulations qualitatively agree well with
the results of Tasnim and Collins [11]. Next, the simula-
tions for a uniformly heated porous annular geometry
without baffle have been obtained and are compared with
Shivakumara et al. [27] in Fig. 2b. The comparison reveals
a good agreement with the porous annular enclosure in the
absence of baffle. Finally, in the absence of baffle, the
global Nusselt numbers are determined from present sim-
ulations for the Darcy model and are compared with Prasad
[26] in a porous annulus. Table 2 reveals an excellent
agreement between our predictions and Prasad [26] in the
annular cavity without baffle.

4. Results and discussion

Buoyancy-driven convection under the influences of a thin
baffle of different lengths positioned at various locations in
a vertical porous annulus has been numerically examined.
The size and location of baffle has a key role in monitoring
the thermal transport, which is the most vital aspects in
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Fig. 2 (a) Comparison of flow
and thermal contours from
present results (Bottom) with
Tasnim and Collins [11] (Top).
(b) Comparison of flow and
thermal contours from present
results (dotted lines) with
Shivakumara et al. [27]
(continuous lines)

electronic devices. Due to the presence of thermal stress
from the temperature variations, the failure of electronic
devices increases significantly. As a result, thermal control
has been an important component in the design and

operation of electronic equipment, which can be achieved
by adding fans. But the designers avoid the usage of fans or
external devices due to power consumption. However, the
addition of a thin baffle could be able to control the
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Table 2 Validation of global thermal transport rate with Prasad [26]

Radius ratio (L) Darcy-Rayleigh number (Rap)

Prasad [26]

Present study

Relative difference (%)

2 10° 6.4934 6.4815 0.18
10* 16.0498 16.0271 0.14
3 10° 7.1659 7.1804 0.20
10* 17.2691 17.2226 0.27
5 10° 8.0036 8.0262 0.28
10* 18.8055 18.8631 0.31
10 10° 9.3975 9.4452 0.51
10* 20.7498 20.8325 0.40
Fig. 3 Rayleigh number
impacts on fluid flow (left) and
thermal (right) contours for
L =0.5, ¢=0.25, and
Da = 107>, (a) Ra = 10°,
Wimax| = 0.8, (b) Ra = 10°,
[Wimax| = 17.1.
(a)
(b) (,— r — /

temperature effectively. In particular, determining the
optimum size and location of baffle would reduce the
failure rate of the electronic devices considerably. In the
present analysis, five baffle locations (L = 0.125, 0.25, 0.5,
0.75 and 0.875) and eight baffle lengths (¢ = 0.125 to
¢ = 0.875) are considered. Further, the vast choice of
physical parameters, namely Rayleigh (Ra) and Darcy (Da)
numbers (10> < Ra < 10°and 10° < Da < 107}) are
considered for the analysis. However, other parameters
such as Pr, A, ¢ and 4 are kept, respectively, at Pr = 0.707,

A=1, ¢$ =04 and A=2. The parametric values are
carefully chosen to represent the examined physical phe-
nomenon. The range of Rayleigh numbers considered here
represents the laminar convective flow regime and the non-
dimensional length and location of baffle approximately
varied to cover the lengths of baffle used in different types
of heat exchangers.
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Fig. 4 Darcy number impacts
on flow (left) and thermal (right)
contours for L = 0.5, ¢ = 0.25
and Ra = 10°. (a) Da = 107>,
¥ 1nae] = 0.9,(b) Da = 1072,
Wimax| = 17.1,(c) Da = 107",
Vmax| = 25.7

()

4.1. Effects of fin length and position on flow
and temperature fields

The numerical computations are carried out initially for
different Rayleigh numbers to comprehend the impact of
Ra on streamline and isotherm fields by varying Rayleigh
number (Ra). Specifically, the baffle location, baffle length
and Darcy number are fixed, respectively, at L = 0.5,
¢ = 0.25 and Da = 10>, The streamlines and isotherms for
the above parameter range are illustrated in Fig. 3. For
lower value of Rayleigh number, Ra = 10%, the fluid parcel

adjacent to hot cylinder rises due to heating and descents
alongside the cold cylinder, which results in the formation
of a clockwise-rotating vortex in the center portion of
annular space. The isotherm contours are nearly parallel to
cylindrical surfaces, which reveal that the heat transfer is
by conduction. However, once the magnitude of Ra is
augmented to Ra = 108, a drastic variation is observed in
the streamlines and isotherms. The main vortex in the
streamline contours is elongated horizontally. Also, the
streamlines and isotherms are more densely packed near
the vertical walls as well as around the baffle. As expected,
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Fig. 5 Impact of baffle size on
flow (left) and thermal (right)
contours for Ra = 10°,
Da=10"%L=0.5,(a)e=02,
[Vmax| = 11.8, (b) & = 0.5,
Wl = 13.1, (©) £ = 0.7,
Vmax | = 13.1

the accelerated fluid motion is observed from the increased
buoyant convection at greater values of Ra.

Figure 4 illustrates the influence of Darcy number on the
fluid and thermal contours for the fixed values of L = 0.5,
¢ =0.25 and Ra = 10°. It is observed that, for Da = 107>,
the streamlines reveal a slow fluid flow movement due to
the presence of densely packed porous media, which is
further confirmed through isotherm contours. For higher
values of Darcy number, the fluid movement is faster, the
deformation of the streamlines and isotherms take place.
Also, the primary vortex in the streamlines splits into two

vortices and moved near the hot and cold walls. The
streamlines are found more densely packed towards the
vertical walls, which reveal the convection-dominated fluid
flow. It is also confirmed through the magnitude of the
maximum stream function, |\, |, @ quantitative measure of
flow circulation rate, the flow rates are enhanced by
increasing the Darcy number. It has been found that
[ max|= 0.9, strength of the flow circulation, for Da = 10~
increases significantly to |¥,.|= 17.1 and 25.7 as the
Darcy number enhances, respectively, to Da = 107> and
Da=10""
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Fig. 6 Baffle location impacts
on flow (left) and thermal (right)
contours for ¢ = 0.25, Ra = 10°,
and Da = 1072

Figure 5 depicts the impact of baffle size on flow and
temperature fields at constant values of L = 0.5, Ra = 10°
and Da = 1072 It is found that for a smaller baffle length
¢ = 0.2, the streamline contours reveal that the main vortex
is slightly elongated diagonally. As the baffle length
increases, the streamlines are more compressed towards the
outer cold wall and the main vortex moves to the direction
of cold wall. The extreme stream function value reveals
weaker flow strength at smaller baffle length (¢ = 0.2,
[V max|= 11.8). However, an increase in baffle length creates

(@ L=0.25, [, |=11.6
) L=05, [y,,|=115
(©) L=0.75, |Wpu|=11.3

an upsurge in fluid circulation rate due to the additional
thermal energy offered by the baffle (e=0.7,
[V max|= 13.1). The isotherm contours illustrate that with
reference to the baffle length, isotherms have been trans-
formed to larger extent. For larger baffle length ¢ = 0.7, the
region above the fin is meagerly occupied by isotherm
contours, which indicates the fluid motion has been con-
fined to the region below the baffle and creates a motion-
less flow region or slow-moving flow over the baffle.
Figure 6 examines the effect of fin location on flow and
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Fig. 7 Local Nu variation over the vertical cylindrical surfaces at Ra = 10% and ¢ = 0.25, (a) Da = 107> and (b) Da = 107!

thermal patterns for a smaller baffle length ¢ = 0.25,
Ra = 10° and Da = 102, For placing the baffle near bot-
tom portion of the annulus, the streamlines are marginally
deformed and the primary vertex is elongated diagonally.
But, when the baffle is shifted near top, the primary vortex
moved towards the outer cylinder and the isotherm con-
tours are not altered to larger extent with reference to the
location of the baffle. From the above observations, it is
found that the rate of flow movement augments with a rise
in baffle size, Darcy and Rayleigh numbers, and declines

with an increase in baffle location and these predictions are
physically meaningful. This indicates that the flow move-
ment rate could be efficiently monitored by choosing an
appropriate baffle length and position.

4.2. Impact of baffle length and position on heat
transport

In this section, we made a detailed examination to com-
prehend the impacts of Rayleigh number, Darcy number,
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Fig. 8 Local Nu variation over the vertical cylindrical surfaces for
diverse Darcy numbers and Ra = 104, L=05,¢=0.5

baffle length and position on local as well as average
thermal transport rates. Figure 7 illustrates the behavior of
local Nu along the inner (Nuy) and outer cylinders (Nug)
for different fin locations (L) and Darcy numbers (Da) by
fixing Rayleigh number at 10* and baffle length & = 0.25.
The change in Nu; and Nug in the absence of baffle is also
estimated for comparison. It is found that the change in
local Nusselt number (Nu;) along the cylindrical walls
strongly depends on baffle position and a sharp jump in
Nu;, is observed at the baffle location. For Da = 1075, the
local thermal transport rate (Nu;) decreases steadily
underneath the fin and enhances above the fin. The local
thermal transport alongside the inner cylinder (Nu;), above
and below the baffle is higher for L = 0.25, which is
reverse at the outer wall. The change in local thermal
transport rate along the outer wall (Nug) increases steadily
for L =0.875 and 0.75 and decreases steadily for
L = 0.125 and 0.25, almost flat for L = 0.5. As the Darcy
number is raised to Da = 10_1, the local thermal transport
rate alongside the outer cylinder steadily increases for
every baffle location and is higher for L = 0.875. The local
heat transport rate along the inner cylinder is constant

€=0.75,0.5,0.25

0.00 0.15 0.30 0.45 0.60 0.75 0.90

2.60
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1.90

1.20

Fig. 9 Local Nu variation over the vertical cylindrical surfaces for
diverse fin sizes at L = 0.5, Ra = 104, Da=10"

il

10° 10 10° 10°

Fig. 10 Impact of fin size on global Nusselt number at L = 0.5 and
Da=10"?

above the baffle for L > 0.5 and in the space beneath the
baffle for L < 0.5. It could be expected due to the baffle
location near top of the annulus (L = 0.875) causes the
restriction of fluid movement to the region below the baf-
fle. As a result, the variation of local Nu along the outer
wall is higher for L = 0.875.
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Figure 8 depicts the variation in local Nu along the inner
and outer cylinders for various magnitudes of Da by fixing
the values of Ra = 104, L =0.5 and ¢ = 0.5. The local
thermal transfer rates along the inner wall (Nu;) steadily
decreases in the region below the baffle for all Darcy
numbers and found to be higher at Da = 10", This can be
attributed to the drag force offered by the porous medium.
The local thermal transport rate Nu; steadily rises above
the baffle for lower Darcy number and does not have much
change for the higher Darcy numbers and it is found to be
higher for Da = 107>, The change in local Nu along the
outer wall (Nug) steadily rises for higher Darcy numbers
(Da > 102) and almost flat for lower Darcy numbers. The
change in local Nu over the inner and outer cylinders (Nu;,
and Nug) for three fin sizes ¢ = 0.25, 0.5, 0.75 by fixing the
values of L = 0.5, Ra = 10* and Da = 107 is illustrated in
Fig. 9. Further, the local heat transport rate along the outer
cylinder (Nu;) declines steadily below the baffle and
enhances gradually above the baffle for all baffle lengths
and Nu; is higher for ¢ = 0.25 and the variation of local
thermal transport rate is reverse at outer cylinder, Nuy is
greater for ¢ = 0.75 and almost flat for ¢ = 0.25, 0.5.

In Fig. 10, the influence of fin length on the global
thermal transport rate for diverse values of Ra by fixing the
magnitude of Da and baffle location is displayed. It is
found that as the magnitude of Ra increases, the rate of
thermal transfer also increases for any baffle length. This
can be expected from the enhancement in Rayleigh number
increases buoyant convection, and eventually increases
thermal transport rate. From the results pertaining to the
impact of fin size on heat transfer rate, it is observed that
the global Nusselt number decreases with an increase in
baffle length, and heat transfer is higher for smaller baffle
length & = 0.125. Thus, it can be concluded that the baffle
behaves like barrier to fluid movement causing a decline in
the thermal transport rate. The influence of baffle location
on the average Nusselt number for various Rayleigh

—e—— L =0.25

32~

10° 10* 10° 10°

Ra

Fig. 11 Impact of fin location on global Nusselt number for ¢ = 0.35
and Da = 107*

€ =0.125
€ =0.25

10°° 107 107 102 107"
Da

Fig. 12 Effect of fin length and Darcy numbers for Ra = 10° and
L=05

L =0.25

.
107° 10 1072 1072 107"
Da

Fig. 13 Effect of fin location and Darcy numbers for Ra = 10° and
e =035

numbers and a fixed value of Da and baffle length (¢) is
reported in Fig. 11. It is detected that the energy transport
rate increases with increase in the magnitude of Ra and fin
position and heat transfer is enhanced for the baffle loca-
tion near the top of the adiabatic wall L = 0.75.

The baffle length and position impacts on global energy
transfer rate for different Darcy numbers at Ra = 10° is
illustrated through Figs. 12 and 13, respectively. From
Fig. 12, it is observed that thermal dissipation rate aug-
ments with an upsurge in Da for every fin length. The
resistance to the fluid flow reduces with a rise in Darcy
number and hence the thermal transport rate increases.
Also, the heat transport rate reduces with an increase in
baffle length. Higher heat transport rates are achieved with
a shorter baffle (¢ =0.125) rather than larger baffle
(¢ = 0.875). The combined impacts of baffle location and
Darcy number on the global transport rate is depicted in
Fig. 13. It is found that rate of thermal transmission aug-
ments through an upsurge in Darcy number as well as the
baffle location. In particular, the heat transport rates are
higher when the baffle is located at the top of the cavity.
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From the above observations, it is determined that the
thermal transport rate could be enhanced or suppressed by
suitable size and location of the baffle and also by varying
the Darcy number.

5. Conclusions

In this analysis, numerical simulations are conducted to
uncover the impact of baffle length and location on buoyant
flow and associated energy transport in an annular domain
occupied with porous media. The subsequent conclusions
are derived from the findings of numerical simulations:

(1) The length and position of baffle plays a vital role in
altering the flow patterns, temperature fields and
thermal transport rates.

(2) The flow circulation rate increases with an increase in
the Rayleigh and Darcy numbers for any baffle length
and location.

(3) The average thermal transport rate enhances through
an upsurge in the magnitudes of Ra and Da numbers.

(4) The heat transport rate could be enhanced or
suppressed by choosing an appropriate arrangement
of baffle length and location. The rate of heat
transport declines as the fin size increases. However,
thermal transport rate could be maximized by posi-
tioning the baffle nearer to top cylindrical surface.
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