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Abstract. Forced convection is a phenomenon associated with the heat transfer fluid flow. The presence of
forced convection affect concurrently on the hydrodynamic and thermal field. This mode of heat transfer in
the horizontal channel is of relevance for many practical applications, such as electronic components, cooling,
turbine blades and heat exchangers systems. In this paper a numerical study of forced convection turbulent
in a two dimensional channel, with inclined baffle, is carried out. The baffle is placed on lower wall at the
horizontal channel. The top, bottom walls and the baffle are heated at constant temperature Tw. The inlet
temperature is maintained cold at Tc < Tw. The governing equations are solved using a finite volume method
and were solved by ANSYS 15 Software. Special emphasis is given to detail the effect of the baffle inclination
angle on the dynamics of velocity and heat transfer generated by forced convection. The results are given for
the following control parameters, Re = 8.73 × 104 and Pr = 0.71. The inlet and outlet opening hydraulic
diameters are Dh = 0.146m. Three values of the baffle inclination angle are considered ϕ = 45◦, 60◦ and
90◦. The results show that when we gradually increase the inclination of baffle, the heat transfer increases. The
results of this study are presented in terms of streamline contours, isotherms, and local Nusselt number for
various baffle inclination angle.
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1 Introduction

Heat exchanger are used in a wide range of engineering applications and has been the subject of interest
for many researchers, some of these include the energy conversion systems found in some design of electronic
systems, nuclear reactor, solar collectors and equipment chemical treatment.

In spite of appearances, the fluid flowing over baffles display a complicated steady motion and presents a
good opportunity to understand these fundamental mechanisms of steady flow interactions occurring in various
technologies.

This interest is due to industrial applications that present this type of geometries in various problems of
industry. In the literature, the different shapes of inclination and location of baffles and fins has been the sub-
ject of several scientific studies. Considerable work has been done, in recent years, on the investigations of the
flow and heat transfer processes especially in order to improve the accuracy of prediction of heat exchangers
performances. Among, the many published research on heat sinks and available in literature, we cite the work
of Patankar et al.[12] these authors reported the first work on the numerical analysis of flow in forced convection
in a channel and they presented the concept of flow are periodically developed. Nasiruddin and Kamran.[11]

examined numerically a heat exchanger channel by installing a baffle for the three different orientations (verti-
cal, downstream side and upstream side) for study the effect of baffle size and orientation on the heat transfer
enhancement. The results obtained show that for the vertical baffle, an increase in the baffle height causes a
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substantial increase in the Nusselt number but the pressure loss is also very significant. For the inclined baffles,
the results show that the Nusselt number enhancement is dependent of the baffle inclination angle with the max-
imum and average Nusselt number 120% and 70% higher than that for the case of no baffle, Also, Prashanta
and Sandip[15] were conducted an experimental investigation of frictional loss and heat transfer behavior of tur-
bulent flow in a rectangular channel with uniform flux heating from the upper surface is presented for different
sizes, positions, and orientations of inclined baffles attached to the heated surface, they found that there exists
an optimum inclination to maximize heat transfer coefficients, so this experimental heat transfer analysis show
that inclined the baffles can combine the heat transfer enhancement techniques. Among important, Berner et
al.[4] studies baffle plates perpendicular to the flow direction where the obtained mean velocity and turbulence
results in flow over baffles, and Habib et al.[9] investigated heat transfer and flow over perpendicular baffles of
different heights and inclination. Recently, Dutta et al.[8] reported heat transfer enhancement with an inclined
baffles. The literature that has been surveyed indicates that the number of studies concerning forced convection
in channel provided the inclination of baffle in lower wall has increased in recent years. However, to the best
of our knowledge, studies on these problems have been scarcely investigated. To address the limited number
of existing studies on such a topic, this paper proposes a numerical approach to simulate a two-dimensional
model of steady the effect of forced convection on heat transfer in channel rectangular and horizontal using the
equations controlling the system are solved by a finite volume method and solved by SIMPLE.[14] algorithm
was used for the velocity-pressure coupling. The investigation is carried out using a QUICK.[14] (Quadratic
upwind differencing scheme) and Finite volume method. This numerical scheme was proposed by Patankar.[14]

and was used by many authors, as an example, we can quote Leonard et al.[10] Amghar et al.[2] Bouchenafa et
al.[5] and we can also lead the readers to others authors in the following references[3, 6].

The objective of this paper presents a numerical study of the heat transfer and flow developments in a
horizontal channel with baffle mounted on lower wall. The temperature and velocity distributions are simulated
by the finite volume method. The effects of inclination baffle on flow and heat transfer developments are studied.

The structure of this paper is as follows. In Section 3, where the problem statement and related mathe-
matical formulation to be solved in the numerical simulation are introduced while supplementing them with
the boundary conditions. Afterwards, the numerical procedure adopted here is detailed in Section 4. Section 5
deals with the results and their discussions, and the last section contain the conclusions for this paper.

2 Nomenclature

The following notation is used throughout the text:
T : Temperature, K
c1 : constant used in the standard k − ε model
c2 : constant used in the standard k − ε model
cµ : constant used in the standard k − ε model
µt : turbulent viscosity, [Pa.s]
L : length channel, m
Nu : local Nusselt number
Pk : kinetic energy production due to buoyancy, m2/s2

φε : value of φ on the face ‘e′

φw : value of φ on the face ‘w′

Tin : inlet temperature, K
Re : reynolds number
Sφ : source term for φ
H : channel height, m
uint : inlet velocity, m/s
σ : thickness of the baffle
P : pressure, Pa
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h : baffle height, m
u : velocity component in x, m/s
v : velocity component in y, m/s
L1 : distance of the blocks from the inlet, m
x, y : Cartesian coordinates,m
Dh : hydraulic diameter,m
φn : value of φ on the face nord ‘n′

φs : value of φ on the face sud ‘s′

Pr : number of prandtl, ν/ρ
Tw : temperature of wall, K
τφ : diffusion coefficient
σk : prandtl number of k
σz : prandtl number of ε

Indices et exposants
in : inlet
w : wall
f : fluid

Acronyms
FVM : finite volume method
SIMPLE : semi-implicit method for pressure-linked equation
CFD : computational fluid dynamics
QUICK : Quadratic upwind differencing scheme.

3 Description of the problem

3.1 Statement of the problem

The physical problem considered in this study, is that a two-dimensional incompressible flow and turbulent
in a horizontal, rectangular channel, of height H and the lengthL, in which, the horizontal walls are carried and
maintained at same temperatures T = 373K (Fig. 1). A baffle plane is used for generators of vortex, which is
attached upon the lower wall of channel at a distance of L1 from the upstream end of the tube. Three different
baffle inclinations were considered in this study, which are referred as case (a), (b) and (c). In case (a), a baffle
inclined from angle ϕ1 = 45◦ was considered (see Fig. 1a), in case (b), a baffle inclined from angle ϕ2 = 60◦

end was considered (see Fig. 1b) and in case (c), a vertical baffle end was considered (see Fig. 1c).
The fluid circulating in the channel is the air and its physical properties, except its density, are supposed

to be constant, the dimensions of geometry are given in the Table 1.
At inlet the channel, the flow of fluid describe at uniform velocity, also the bottom and lower walls an

artificial open boundary condition is imposed, when the temperature profile is constant value and the veloc-
ity is zero, hence, at outlet boundaries the usual zero gradient conditions are used for the velocity, pressure,
temperature and k − ε model.

Table 1: Dimensions of geometry
L(m) H(m) h(m) δ(m) L1(m) Dh(m)
0.554 0.146 0.1 0.01 0.218 0.167

3.2 Mathematical model

With the above assumptions, the steady forced convection heat and mass transfer in horizontal channel can
be described by the equations of continuity, momentum, thermal energy (in the absence of viscous dissipation)

WJMS email for subscription: info@wjms.org.uk



268 A. Kamal: Numerical modeling of the effect baffle inclination angle
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1: Schematic configuration, case (a) baffle inclined from 1 45   , case (b), baffle inclined 

from 2 60   , case (c) a vertical baffle. 
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Table 2: Boundaries conditions 
 

Boundaries Velocity inlet Temperature  inlet Walls temperature Baffle temperature 
Unit m/s K K K 

Value 7.8 300 373 373 

Fig. 1: Schematic configuration, case (a) baffle inclined from ϕ1 = 45◦, case (b), baffle inclined from ϕ2 = 60◦,
case (c) a vertical baffle

Table 2: Boundaries conditions
Boundaries Velocity inlet Temperature inlet Walls temperature Baffle temperature

Unit m/s K K K
Value 7.8 300 373 373

for a power law fluid and the two equation k−ε used for turbulence model. Indeed, this numerical investigation
is based on the following assumptions:

(i)Physical properties of fluid are constant;
(ii) A profile of velocity is uniform at the inlet;
(iii) The flow is assumed to be steady;
(iv) The fluid (air) is Newtonian and incompressible;
(v) The temperature of walls is constant (upper and lower);
(vi) The radiation heat transfer is negligible.
The general transport equation that describes the principle of conservation of mass, momentum, energy

and equations of the standard k−ε, where we can be expressed in the following conservative form Patankar.[14]:

∂

∂xj
(ρuφ) =

∂

∂xj
(τφ

∂φ

∂xj
) + Sφ. (1)

Where, φ stands for the dependent variables u, v, k, T and ε, u, and v stand for the mean velocities towards
the x- and y-axis, respectively. k and ε stand for kinetic energy and turbulent dissipation, respectively, τφ and
Sφ are the corresponding diffusion coefficient and source term, respectively, for general variable.

Then, the governing equations for the present system can be expressed as follows:
Continuity:

∂

∂xj
(ρuj) = 0. (2)
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Momentum:

∂

∂xj
(ρuiuj) = − ∂P

∂xi
+

∂

∂xj
[(µ+ µt)(

∂ui
∂xj

+
∂uj
∂xi

)]. (3)

Energy:

∂

∂xj
(ρujT ) =

∂

∂xj
[(
µ

Pr
+
µt
σT

)
∂T

∂xj
]. (4)

To ensure realistic and accurate turbulent modeling, we have tried to present the k−εmodel for turbulence,
where this model is defined by two transport equations, one for the turbulent kinetic energy, k and the other for
the specific dissipation rate ε, are given as:

Turbulent kinetic energy k equation:

∂

∂xj
(ρujk) =

∂

∂xj
[(µ+

µt
σk

)]
∂k

∂xj
+ Pk − ε. (5)

Turbulent energy dissipation ε equation:

∂

∂xj
(ρujε) =

∂

∂xj
[(µ+

µt
σε

)]
∂ε

∂xj
+
ε

k
(c1Pk − c2ε). (6)

Where: µt = ρcµ
k
ε

The turbulent constants correspond to those suggested by Launder et al.[1] and Chieng et al.[7]. These
constants are arranged in the table below (Table 3).

Table 3: Turbulent constant in the governing equations
Cµ C1 C2 σk σz
0. 09 1. 44 1.92 1 1.3

These default values have been determined from experiments with air and water for fundamental turbulent
shear flows including homogeneous shear flows and decaying isotropic grid turbulence. They have been found
to work fairly well for a wide range of wall-bounded and free shear flows.

These eqs. (1) to (6) are solved numerically for a Reynolds number from Re = 8.73 × 104 and a Prandtl
number, Pr = 0.71 where based at finite volume method and SIMPLE algorithm widely used numerical
procedure to solve the Navier-stockes equations.

Hence, the boundary conditions associated to the system of the eqs. (1) to (6) are detailed as bellow:

• x = 0 and 0 ≤ y ≤ H

u = uint = 7.8m/s, v = 0, T = Tin, kin = 0.005uin
2, εin = 0.1k2

in. (7)

• y = 0 and 0 ≤ x ≤ L

u = v = 0, T = Tw. (8)
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• x = L and 0 ≤ y ≤ H :

∂u

∂x
=
∂v

∂x
=
∂T

∂x
=
∂k

∂x
=
∂ε

∂x
= 0. (9)

• y = H and 0 ≤ x ≤ L :

u = v = 0, T = Tw. (10)

• x = L1 and 0 ≤ y ≤ h :

T = Tw. (11)

• x = L1 + δ and 0 ≤ y ≤ h :

T = Tw. (12)

• y = H and L1 ≤ x ≤ L1 + δ:

T = Tw. (13)

The local heat transfer coefficient is defined as:

Nµx =
hx ×H

k
=

qw ×Dh

k(Tw − Tb)
. (14)

4 Numerical procedure

The governing conservation equations are discretized in space using the finite volume method (FVM),
when the convection diffusion terms were treated with a Quick scheme. The resulting algebraic equations, with
the associated boundary conditions, are then solved using the line by line method. As the momentum equation
is formulated in terms of the primitive variables (U, V and P ), the iterative procedure includes a pressure
correction calculation method, namely SIMPLE modified.[14] to solve the pressure-velocity coupling. Noted
that the convergence criterion for temperature, pressure, and velocity is given as:

m∑
j=1

n∑
i=1

∣∣∣ηk+1
i,j − ηki,j

∣∣∣
m∑
j=1

n∑
i=1

∣∣∣ηk+1
i,j

∣∣∣ ≤ εχ,

where both m and n are the grid points numbers in X and Y directions, respectively. η is any of the computed
field variables, k is the iteration number, i and j are nodes according toX and Y directions, and χ is a dependent
variable. In this study, the velocity components and temperature were driven to εu = εv = εθ = 10−6 and for
pressure εp = 10−8.The performance of the using code via the forced convection turbulent in horizontal channel
is established by comparing its predictions with other numerical results, and by verifying the grid independence
of the present results.

A structured grid element with the quadrilateral type is used because it considered being more adequate for
the geometry suggested. Numerical simulations are tested by varying the number of elements of mesh. Stability
of convergence of the model is achieved for all meshes.
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Fig. 2: Staggered grid

Various computations were performed for inclination baffle and Re = 8.73 × 104 for different uniform
grids (Nx ∗ Ny) in order to examine the grid independence. Indeed, the maximum difference between the
values of Nu obtained for the 120 ∗ 80 grid and the finest 160 ∗ 100 grid was less than 0.78%. Consequently,
to optimize appropriate grid refinement with computational efficiency, the grid 120 ∗ 80 was chosen for all the
further computations.
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Fig. 3: Grid points distribution in the 120 ∗ 80 mesh

Under steady conditions the leading term would vanish. Patankar.[13, 14] discuses each term in such equa-
tions, as well as the application of boundary conditions.

To solve the relevant equations by a finite volume method (FVM), a grid is first generated to cover the
domain of interest. A typical control volume within such a grid is denoted by the shaded area in Fig. 2. Eq.
(1) is integrated over this volume, and each term in the resulting integral balance is approximated in terms
of the discrete values of at the nodal points (i.e., of P,E,N , etc.). The average value of the source term is
approximated by the gradient of pressure and the central differencing approximation has been used to represent
the diffusion terms. Hence, the expression of eq. (1) becomes:

Feφe − Fwφw + Fnφn − Fsφs = De(φE − φP )−Dw(φP − φW ) +Dn(φN − φP )
−Ds(φP − φS) +

∫
v
Svdv. (15)

The value of φ on the faces e, w, n and s can be given by scheme “Quick”:

φface =
6

8
φi−1 +

3

8
φi −

1

8
φi−2.

The algebraic approximation of the integral balance for the P control volume (see Fig. 2) becomes:

Feφe − Fwφw + Fnφn − Fsφs = De(φE − φP )−Dw(φP − φW ) +Dn(φN − φP )
−Ds(φP − φS) +

∫
v
Svdv. (16a)
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Or more simply:

apφP = aEφE + aWφW + aNφN + aSφS + aEEφEE + aWWφWW

+ aNNφNN + aSSφSS +
∫
V

Sφdv. (16b)

Where indices nb refer to adjacent cells to the cell P . α are coefficient including the convection and the
diffusion terms of Φ, whereas SΦ is a source term.

Where the summation is over the appropriate neighbor points. The coefficient ap is given by

ap = aE + aW + aN + aS + aEE + aWW + aNN + aSS . (17)

The cell values of the variables anb can be written as:



aE = De − 3
8aeFe + 1

8 (1− aw)Fw + 6
8(1− ae)Fe

aw = Dw + 1
8aeFe + 6

8awFw −
3
8(1− aw)Fw

an = Dn − 3
8aNFn + 1

8 (1− aS)FS + 6
8(1− an)Fn

aS = Ds + 1
8anFn + 6

8aSFS −
3
8(1− as)Fs

aEE = −1
8(1− ae)Fe

aWW = −1
8awFw

aNN = −1
8(1− an)Fn

aSS = −1
8(1− as)Fs


.

And b is the source term (the rate of heat generation per unit volume), where defined by the variation of
pressure between two positions successive in the mesh.

Where: φ = u , the term b is defined by:[P (I − 1, J)− P (I, J)](yj+1 − yj).
φ = v , the term b is defined by:[P (I, J − 1)− P (I, J)](xi+1 − xi)
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The comparison of the vortex length for different baffle orientations shows that the vertical baffle 
generates the several vortexes. For case (c), it was observed that the vortex length increases with φ up to 

3 90   . However, the maximum vortex observed downstream of the baffle vertical is explained by the 

fact that the air is more blocked when the baffle vertical, for this, the vortices becomes more intense and 
increases in volume. However, the variation in the vortex length for different values of φ was within 5%. 

The maximum vorticity in the core of the vortex region was observed to be in the range of 20–30 1s  . For  

(c) Control volume for vn

Fig. 4: Section of a Cartesian grid showing placement of control-volume boundaries

A similar equation applies for each control volume in the grid. Details related to the derivation, the appli-
cation of boundary conditions, the treatment of nonlinearities, etc., have been provided by Patankar.[13, 14] and
studied by Amghar et al.[2].

5 Results and discussions

Numerical simulations are performed to examine, the influence of the inclined transversal baffle on flow
and temperature field inside the channel. In particular the streamlines and the fluid temperature contours as well
as the convective Nusselt number distribution, were treated along the channel and for various baffle inclination
with active degrees and It should be noted that for the flow, all solutions are dependent on time, then, in the
following study curves and streamline fields are given at an arbitrary instant.
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5.1 Streamlines and isotherms

The impact of the baffle orientation on the structure of the near wall flow is depicted in Fig. 5. The plots
show the streamlines for different baffle inclinations atRe = 8.73 × 104 and this study is performed using air
as the working fluid with number of Prandtl (Pr = 0.71). In all cases, a strong vortex is observed downstream
of the baffle, which was induced due to the flow separation. The vortex was located close to the solid wall and
its height was approximately equal to the extent of the flow blockage by the baffle, which is equal to 0.08 m
for the cases shown in Fig. 5. A vorticity based thresholding scheme was used to detect the physical extent of
the vortex was studied out by Hussain and Hayakawa, 1987. The results show that the baffle inclination has
an effect on the length and the magnitude of the maximum vorticity. The comparison of the vortex length for
different baffle orientations shows that the vertical baffle generates the several vortexes. For case (c), it was
observed that the vortex length increases with ϕ up to ϕ3 = 90◦. However, the maximum vortex observed
downstream of the baffle vertical is explained by the fact that the air is more blocked when the baffle vertical,
for this, the vortices becomes more intense and increases in volume. However, the variation in the vortex length
for different values of ϕ was within 5%. The maximum vorticity in the core of the vortex region was observed
to be in the range of 20 − 30 S − 1 . For comparison, the maximum vorticity for the case with no baffle was
approximately 2s−1 . Therefore, the vortices with longer streamwise extent and higher vorticity will contribute
more to the mixing and thus, the heat transfer.
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Fig. 5:  Streamlines for different baffle inclination angle 
 

 

The thermal distribution is shown in Fig. 6 for different values of φ in terms of isotherms when length 
of the baffle h = 0.08m. Clearly three distinct position of baffle can be identified in Fig. 6. These figures 
show that the variation of the inclination angle φ has a significant influence on the flow and the 
temperature fields. The plot shows that the fluid temperature for cases (d); (e); (f) in the baffle region is 
significantly high for case (f) as compared to that in the same region for cases (d) and (e). Indeed, for case 
(f), the isotherms are very dense near the vertical baffle isothermal and walls of the horizontal channel 
when the heat is transferred from the plate to the fluid by forced convection. Another solution 
characterized by the presence of the vortices in downstream of baffle are significantly by the fluid does 
not finds sufficient space to circulate rapidly, Hence, the increase of heat transfer in the baffle zone. 
Corresponding isotherms show a good heat exchange along the lower and top part of the hot walls. They 
are distorted around the baffles and we can notify that the major part of the open lines pass between the 
hot wall and the baffles isothermal. 
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(b) Case 1-2 ϕ2 = 60◦
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(c) Case 1-3 ϕ3 = 90◦

Fig. 5: Streamlines for different baffle inclination angle

The thermal distribution is shown in Fig. 6 for different values of in terms of isotherms when length of the
baffle h = 0.08m. Clearly three distinct position of baffle can be identified in Fig. 6. These figures show that
the variation of the inclination angle ϕ has a significant influence on the flow and the temperature fields. The
plot shows that the fluid temperature for cases (d); (e); (f) in the baffle region is significantly high for case (f) as
compared to that in the same region for cases (d) and (e). Indeed, for case (f), the isotherms are very dense near
the vertical baffle isothermal and walls of the horizontal channel when the heat is transferred from the plate to
the fluid by forced convection. Another solution characterized by the presence of the vortices in downstream
of baffle are significantly by the fluid does not finds sufficient space to circulate rapidly, Hence, the increase of
heat transfer in the baffle zone. Corresponding isotherms show a good heat exchange along the lower and top
part of the hot walls. They are distorted around the baffles and we can notify that the major part of the open
lines pass between the hot wall and the baffles isothermal.

5.2 Local nusselt number

An important outcome of the computation is the local Nusselt number distribution along a horizontal
channel with provided the baffle on lower the wall. The effect of baffle inclination angle ϕ on the local Nusselt
number distribution at Re = 8.73 × 104 is presented in Fig. 7. For the angles ϕ = 45◦; 60◦, we note that the
curves of the local Nusselt number along the channel and lower x = 0.218m, are quite identical. This can be
explained by the fact that the heat transfer is the same upstream of the baffle.

In the pure forced convection case (Fig. 7), and when the inclination angle ϕ varies, one notes that the
local Nusselt number along the channel from x = 0.218m is more important and increased for ϕ = 90◦ (Fig.
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(c) Case 1-3 ϕ3 = 90◦

Fig. 6: Streamlines for different baffle inclination angle

7) than other cases. This augmentation can be interpreted by increasing the vortices in downstream of baffle
vertical with significantly by the fluid does not finds sufficient space to circulate rapidly and consequently an
improvement of heat transfer.

Moreover, the inclination of baffle seems to have significant effects on the distribution of the local Nusselt
number in the horizontal channel mounted the baffle.
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6. Conclusion 

In this paper, the turbulent flow of air and the heat transfer in a channel differentially heated by an 
inclined baffle have been investigated by a 2-D quick scheme and solved by a finite volume method and 
the velocity pressure fields are linked by SIMPLE algorithm. The obtained results lead to the following 
conclusions: 
 

 For number of reynolds 48.73 10 , the presence of the inclined baffle has very important local effects 
on heat transfer and fluid flow. 

 Even using a coarse mesh, the importance of our code could be reliably applied to other complex 
geometry. 

 The local Nusselt number increasing with increasing the baffle inclination angle and that very 
important when 3 90   at x= 0.19m. 
 
 

7. References  
 

[1] S.V. Patankar, C.H. Liu and E.M. Sparrow, “Fully Developed Flow and Heat Transfer in Ducts Having     
  Stream wise-Periodic variations of Cross-Sectional Area,” ASME Journal Heat Transfer, pp. 180 -186, 1977.        
[2] Nasiruddin, M. H., Kamran, S., “Heat Transfer augmentation in a Heat Exchanger Tube Using a Baffle,”     
 International Journal of Heat and Fluid Flow, pp. 318-328, 2007.  
[3] Prashanta. D, Sandip. D, “Effect of Baffle Size, Perforation, and   Orientation on Internal Heat Transfer  
  Enhancement,” International Journal of Heat and Mass Transfer, pp. 3005- 3013, 1998. 
[4] Berner. C, Durst. F, and D.M. McEligot, “Flow Around Baffles,” ASME Journal of Heat transfer,  pp. 743-   

Fig. 7: Effect of baffle inclination angle on the local Nusselt number

6 Conclusion

In this paper, the turbulent flow of air and the heat transfer in a channel differentially heated by an inclined
baffle have been investigated by a 2-D quick scheme and solved by a finite volume method and the velocity
pressure fields are linked by SIMPLE algorithm. The obtained results lead to the following conclusions:

• For number of reynolds 8.73× 104, the presence of the inclined baffle has very important local effects on
heat transfer and fluid flow.

• Even using a coarse mesh, the importance of our code could be reliably applied to other complex geometry.
• The local Nusselt number increasing with increasing the baffle inclination angle and that very important

when ϕ3 = 90◦ at x = 0.19m.
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