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ABSTRACT: The present work comprises a mathematical analysis of natural convection heat transfer in a
horizontal elliptic cavity containing eccentric circular cylinder with different aspect ratios. The gap between two
cylinders was full with Al2O3/water nanofluid. The external elliptic cavity was preserved at fixed temperature
TC. Whereas, the circular cylinder was heated at fixed temperature Th. The stream function–vorticity method
was employed to solve the governing equations. The governing equations are discretized utilizing the way of
finite volume and resolved via code of FORTRAN. The aspect ratios between the two major axes were 0.3, 0.4,
and 0.5. The values of Rayleigh number and volume fraction were (Ra = 104 , 105 , 𝑎𝑛𝑑 106 ) and (𝜙 = 0.0, 0.1,
and 0.2); respectively, with Prandtl number equal to 6.2. Results show that the angular distribution of local
Nusselt number for the inner and outer cylinders depends on Rayleigh number, aspect ratio, nanoparticles
volume fraction, and eccentric of inner cylinder. It was concluded that, the average Nusselt numbers for case a
(𝐸𝑥 = 0.2, 𝐸𝑦 = 0) and case b (𝐸𝑥 = 0, 𝐸𝑦 = 0.2) are close to each other with a slight increasing for case b
relative to c. The higher Nusselt numbers were produced by case d (𝐸𝑥 = 𝐸𝑦 = 0.2), while the lower values
occur at case a (𝐸𝑥 = 𝐸𝑦 = 0).
KEYWORDS: natural convection, heat transfer, elliptic cavity, circular, enclosure.
INTRODUCTION
Buoyancy forces resulted from free convection in a cavity is pertinent to numerous engineering applications
such as systems of thermal storing, heat exchangers, nuclear reactors, solar collectors, and etc. The geometric
shape has influence on free convection heat transfer, this effect is significant issue. Many researchers studied the
free convection heat transfer in different geometries, such as in a circular enclosure with different geometries of
inner cylinder [1–4], in a triangular cavity with different geometries of inner cylinder [5, 6], in a square cavity
with circular inner cylinder [7-10], in cylindrical eccentric and concentric annuli [11-13]. The natural convection
heat transfer in an elliptic cavity has also received so much interest in last decade. F.M. Mahfouz (2011), [14]
studied natural convection in the gap between two horizontal concentric confocal elliptic cylinders with hot
internal wall which is kept at either constant temperature or constant heat flux. The governing equations were
written in terms of vorticity, stream function and temperature and solved numerically using Fourier Spectral
Method.
The variety of Rayleigh number was between 5000 and 105 , while Prandtl number was fixed at 0.7. The author
found an optimum value for major axes ratio that makes the heat transfer rate in the enclosure is minimum.
Bouras et al. (2013), [15] studied the natural convection in horizontal confocal elliptic cylinders full via a
Newtonian fluid. The governing equations were formulated using the vorticity-stream function and expressed in
elliptical frame to convert the curvilinear domain inside a rectangular one. Results show that for low Rayleigh
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numbers (Ra = 100), the Prandtl number hasn’t important influence on mean heat transfer rate. Moreover, for
Rayleigh number higher than 102, the average Nusselt number and stream intensity rise with increase in Prandtl
number. Tayebi et al. (2019), [16] studied buoyancy driven forces in an elliptic annulus with uniformly heated
inner cylinder and cold external cylinder. The space between two cylinders was filled with CNT-water
nanofluid. The governing equations were formulated in terms of vorticity and stream function and solved
numerically using control volume method. The modified Rayleigh number ranged from103 to 106, and volume
fraction of nanoparticles from 0 to 0.12. The eccentricity of the inner and outer cylinders and the orientation
angle were fixed at 0.9, 0.6, and 0o, respectively.
Results show that the minimum local Nusselt numbers are identical to the presence of thermal plumes on the
upper surface of the inner circular wall of the enclosure. Tahar et al. (2020), [17] analyzed the characteristics of
natural convection heat transfer and entropy generation of H 2O-Cu-Al2O3 based hybrid nanofluid filled elliptical
annulus with internal heat generation or absorption (IHG/A) phenomenon. The governing equations were solved
numerically in non-dimensional form using finite volume discretization techniques. It was shown that the mixed
influences of inner heat generation/absorption and hybrid nanoliquid meaningfully vary rate of heat transfer, the
hydrothermal features, and generation of entropy within the annulus. A numerical study of natural convection
heat transfer in a horizontal elliptic cavity filled with Al2O3/water nanofluid and containing a circular cylinder
has been investigated. The cold cavity and hot inner cylinder were kept at constant temperature T C and Th;
respectively. The aspect ratios between the two major axes were 0.3, 0.4, and 0.5. The values of Rayleigh
number and volume fraction were (Ra = 104 , 105 , 𝑎𝑛𝑑 106 ) and (𝜙 = 0.0, 0.1, and 0.2); respectively, with
Prandtl number Pr= 6.2. The way of stream function–vorticity was utilized to resolve the governing equations
which were discretized utilizing the way of finite volume and resolved via code of FORTRAN.
MATHEMATICAL MODEL
Consider a cold horizontal elliptic cavity and hot inner circular cylinder, as shown in Figure 1-a. The outer
cylinder is kept at a constant lower temperature (T c), whereas the inner cylinder is kept at a constant higher
temperature (Th). The mathematical formulation for the combined convection in an inclined arc-shape cavity
proposed by [18] was employed and extended here to investigate the flow pattern and heat transfer
characteristics in an elliptic cavity with circular heat source, and is briefly reviewed below.
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(a) Physical domain

(b) Grid generation

Figure 1. A schematic view and grid generation of the physical field.
Governing Equations
A schematic diagram of elliptic cavity with inner circular cylinder is shown in Figure 1. The fluid in the cavity
is H2O-Al2O3 nano-fluid with different nanoparticles volume fractions. The thermo-physical features of the
nano-fluid are specified as presented in Table 1 [18]:
Table 1. Thermal physical features of nanofluid and water as base fluid [18]
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In this study thermal expansion coefficient (𝜌𝛽)𝑛𝑓 , the density 𝜌𝑛𝑓 , and specific heat energy
(𝜌𝐶𝑝 )𝑛𝑓 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑛𝑎𝑛𝑜𝑓𝑙𝑢𝑖𝑑 are estimated as follows [18]:
𝜌𝑛𝑓 = (1 − 𝜑)𝜌𝑓 + 𝜑𝜌𝑠

(1)

𝛽𝑛𝑓 = (1 − 𝜑)𝛽𝑓 + 𝜑𝛽𝑠

(2)

(𝜌𝐶𝑝 )𝑛𝑓 = (1 − 𝜑)(𝜌𝐶𝑝 )𝑓 + 𝜑(𝜌𝐶𝑝 )𝑠

(3)

Model of Maxwell-Garnetts was considered to compute the nanoﬂuid thermal conductivity [18].
𝑘𝑛𝑓 = 𝑘𝑓

(𝑘𝑠 +2𝑘𝑓 )−2𝜑(𝑘𝑓 −𝑘𝑠 )

(4)

(𝑘𝑠 +2𝑘𝑓 )+𝜑(𝑘𝑓 −𝑘𝑠 )

The dynamic viscosity of nanoﬂuid characterized as model of Brinkman [18] as:
𝜇𝑛𝑓 =

𝜇𝑓

(5)

−(𝜑−1)2.50

The viscous incompressible two-dimensional laminar flow in the cavity is governed by continuity, momentum,
and energy equations. The fluid properties are assumed to be constant except the density variation in the buoyant
force according to Boussinesq approximation. The way of stream function–vorticity is utilized to resolve the
governing equations and the coordinate’s conversion is prepared for drawing the curvy figure inside a
rectangular computational field, as displayed in Figure 1b. The governing equations are specified in Eqs. (1–3)
by utilizing stream function (𝛹), dimensionless vorticity (𝛺), and dimensionless temperature (𝜃), which are
founded on the body-fitted curvilinear coordinate (𝜉, 𝜂). These equations include forces of the buoyant and
inertial terms [19, 20].
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We can express the equations. (6–8) in terms Jacobian of the conversion of coordinate to the curvilinear
coordinates (𝜉, 𝜂) from the rectangular coordinates (𝑋, 𝑌) as displayed in Eq. (9); and is stated in Eq. (10). In this
researching, 6.2 is the value of Prandtl number for H2O.
𝛺=
𝐽=

𝜔𝐿2
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The stream function and normalized vorticity are associated to the dimensionless velocities, as stated in
Equations. (16) and (17):
1

𝜕𝑉 𝜕𝑌

𝐽

𝜕𝜉 𝜕𝜂

𝛺 = [(

−

1

𝜕𝛹 𝜕𝑋

𝐽

𝜕𝜉 𝜕𝜂

𝑈 = (−

𝜕𝑉 𝜕𝑌
𝜕𝜂 𝜕𝜉

+
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𝜕𝛹 𝜕𝑋
𝜕𝜂 𝜕𝜉

𝜕𝑈 𝜕𝑋
𝜕𝜉 𝜕𝜂
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−

𝜕𝑈 𝜕𝑋
𝜕𝜂 𝜕𝜉

]

(16)

1

𝜕𝛹 𝜕𝑌

𝐽

𝜕𝜉 𝜕𝜂

𝑉 = (−

+

𝜕𝛹 𝜕𝑌
𝜕𝜂 𝜕𝜉

)

(17)

Boundary Conditions
The boundary conditions on the cold moving lid and the hot wall are given in Eqs. (18) and (19), respectively:
1 𝜕𝑈 𝜕𝑋

𝑈 = 0;

𝑉 = 0;

𝛹 = 0;

𝜃 = 0;

𝛺=− (

𝑈 = 0;

𝑉 = 0;

𝛹 = 0;

𝜃 = 1;

𝛺=− (

𝐽

𝜕𝜂 𝜕𝜉

1 𝜕𝑉 𝜕𝑌
𝐽

𝜕𝜂 𝜕𝜉

)
+

(18)
𝜕𝑈 𝜕𝑋
𝜕𝜂 𝜕𝜉

)

(19)

GENERATION OF GRID
In this research, an investigative expression could develop for the conversion of coordinate to the computational
field from the physical field; wholly-geometrical factors could calculate accurately. The great elliptic function
could be expressed as [20]:
𝑥 2𝑛

( )
𝑎

𝑦 2𝑛

+( )
𝑏

=1

(20)

Where:
a : is the elliptic lengths in the x direction.
b : is the elliptic lengths y direction
n: is a positive integer
The conversion of coordinate for the current problematic can be correctly setup, which is expressed as:
𝑥 = − 𝑠𝑖𝑛 sin 𝜉 ⋅ [𝑟𝑖 + (𝑟𝑜 − 𝑟𝑖 )𝜂]

(21)

𝑦 =𝑐𝑜𝑠 𝑐𝑜𝑠 𝜉 ⋅ [𝑟𝑖 + (𝑟𝑜 − 𝑟𝑖 )𝜂]

(22)
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Where ri is the radius of the inner circular cylinder, and ro is the equivalent radius of the external elliptic
cylinder and it is calculated as in mention one:
𝑟𝑜 = (𝑐𝑜𝑠𝑐𝑜𝑠

𝑏

(23)

( 𝜉)2𝑛 +𝑠𝑖𝑛𝑠𝑖𝑛 ( 𝜉)2𝑛)1/2𝑛

The transformed computational domain to (ξ,η) plane is 0 ≤ 𝜂 ≤ 1 and 0 ≤ 𝜉 ≤ 2𝜋. A typical generated grid is
shown in Figure (1-b), for 41×41 nodes.
The enforced boundary conditions aren’t slipup and isothermal on together external square enclosure surfaces
and internal circular cylinder. So, the boundary conditions could be written as:
𝑈|𝜂=0,1 = 0, 𝑉|𝜂=0,1 = 0

(24a)

𝜓|𝜂=0 = 0 , 𝜓|𝜂=1 = 0

(24b)

𝜃|𝜂=0 = 1

(24c)

𝛺𝜂=0,1 =

, 𝜃|𝜂=1 = 0

𝐶 𝜕2 𝜓

|
𝐽 𝜕𝜂 2 𝜂=0,1

=

𝐶 𝜕𝑈

|
𝐽 𝜕𝜂 𝜂=0,1

(24d)

Solution Procedure
The equations (6-8), and the boundary conditions (18 and 19), are approximated via the way of finite-volume.
The calculation of generation of grid is established on the system of curvilinear coordinate(𝜉, 𝜂). The functions
of conversion of coordinate (i.e., 𝜉 = 𝜁(𝑋, 𝑌) and 𝜂 = 𝜂(𝑋, 𝑌)) were proposed by Thompson et al. [21] and
adopted by Chen, et al. [22]. The terms of finite-volume for 𝛹, 𝛺 and 𝜃 can be mutually resolved by utilizing the
way of iteration. The principal variance way is utilized for the process of discretization. The functions of
conversion 𝜂 = 𝜂(𝑋, 𝑌) and 𝜉 = 𝜁(𝑋, 𝑌)are attained individually via resolving the subsequent two equations of
elliptic Poisson, as specified in Equation (25):
𝜕2 𝜉
𝜕𝑋 2
𝜕2 𝜂
𝜕𝑋 2

+
+

𝜕2 𝜉
𝜕𝑌 2
𝜕2 𝜂
𝜕𝑌 2

= 𝑃(𝑋, 𝑌)

(25a)

= 𝑄(𝑋, 𝑌)

(25b)

Where Q and P are two random functions definite to regulate the grids local density. The way of successive
over-relaxation was accepted to raise computational accurateness. The accepted relaxation parameters for
energy equations, stream function, and vorticity are 1.0, 1.50, and 0.10, separately. A detailed explanation for
this method of solution can be found in Chen and Cheng [23].
System Characteristics
The local Nusselt number 𝑁𝑢𝑥 and the overall Nusselt number 𝑁𝑢 𝑎𝑣𝑒 are stated in Equations (21) and (22),
separately:
𝑁𝑢𝑥 =

𝑘𝑛𝑓 𝜕𝜃

|
𝑘𝑓 𝜕𝑛 𝑚𝑜𝑣𝑖𝑛𝑔 𝑙𝑖𝑑
1

𝑠

𝑁𝑢𝑎𝑣𝑒 = ∫0
𝑠

(26)

𝑁𝑢𝑥 𝑑𝑠

(27)

Where:
𝑛: is the external coordinate normal to the wall
𝑘𝑓 : is the thermal conductivity of fluid.
Code validation
The numerical solution methodology used in the present code was validated by comparing its results for local
Nusselt number with the analytical results reported by F.M. Mahfouz [24] as shown in Figure 2 for the problem
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of natural convection heat transfer in case of Mr=2.25, Ari=0.436, Ra= 3.72 × 105 and Pr=0.7. It can be seen
that the numerical model is in a good agreement with work [24].
[24]
[24]

Figure 2. Local Nusselt number variation along inner and outer walls for Mr=2.25, Ari=0.436, Ra= 3.720
× 1050 and Pr=0.7 and comparison with mathematical results of Mahfouz [24].
RESULTS AND DISCUSSION
Streamlines and isotherms
The present numerical study used finite volume method and FORTRAN code to investigate the heat transfer by
natural convection in a horizontal cold elliptic cavity containing eccentric hot circular cylinder. The gap between
the cavity and inner hot source was filled with Al2O3–water nanofluid. The aspect ratios between the two major
axes were 0.3, 0.4, and 0.5. The values of Rayleigh number and volume fraction were (Ra = 104 , 105 , 𝑎𝑛𝑑 106 )
and (𝜙 = 0.0, 0.1, and 0.2); respectively, with Prandtl number Pr= 6.20. The streamlines and isotherms at
Ra=106, and four eccentricities; (𝐸𝑥 = 0, 𝐸𝑦 = 0), (𝐸𝑥 = 0.2, 𝐸𝑦 = 0.0), ( 𝐸𝑥 = 0, 𝐸𝑦 = 0.2), (𝐸𝑥 = 𝐸𝑦 = 0.2)
with 𝜙 =0.1, and 0.2 for solid line and dish line are shown in Figure 3 and Figure 4; respectively. It shown that
the streamlines are formed of two vorticities, one rotates clockwise located on the right side and the other rotates
counter clockwise located on the left side. These vorticities consist of flow circulating upward along the inner
cylinder wall and downward along the outer cylinder wall. The two vorticities are disjointed via the zero-stream
function line which intersects the outer cylinder wall at two points; the flow stagnation point is located on the
upper point on the elliptic wall while at the lesser point, the flow is separated from the wall.
In eccentricity ( 𝐸𝑥 = 0, 𝐸𝑦 = 0), this means the vertical and horizontal lines divide the cavity into two similar
parts. There is no doubt that, the intensity of circulation is indicated by the value of wall stream function which
depends on different parameters such as the eccentricity, nanoparticles volume fraction, and buoyancy force.
The global flow circulation depending on controlling parameters, for this particular case, is not generated. It is
noticed that, two eddies were formed with flow intensity decreases as the aspect ratio increases [𝛹𝑚𝑎𝑥, 𝑚𝑖𝑛 =
( 226, −226) for AR=0.3, (206, −206) for AR=0.4, (206, −206) for AR=0.5]. This is related to the activity
volume for flow circulating decreases as the aspect ratio increases. The center of vorticity is located on the
horizontal axis of cavity. The stream intensity decreases as the hot inner cylinder is displaced towards the left
side (𝐸𝑥 = 0.2, 𝐸𝑦 = 0), the zero-stream function line is shifted away from the vertical centerline of cavity,
indicating the decreasing of streamline function and flow circulation [𝛹𝑚𝑎𝑥,𝑚𝑖𝑛 = ( 148, −209), for AR=0.3,
( 130, −193) for AR=0.4, ( 111, −177) for AR=0.5]; because of decrease in the activity volume on the left
side which will be warmer than right side causing the decrease flow intensity.
If the inner cylinder is shifted downward in y-direction with existence of the vertical axis bisection of the cavity
into two similar parts, the stream intensity increases more than the above two cases [𝛹𝑚𝑎𝑥,𝑚𝑖𝑛 = ( 249, −249),
for AR=0.3, ( 249, −249) for AR=0.4, ( 201, −201) for AR=0.5]. This is due to that the lower small region
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will be hotter than the upper region leads to increase the fluid movement in this region and the convection
currents go up towards the upper part of cavity which has larger volume than lower part causing the increase of
flow circulation. The final case with eccentricity (𝐸𝑥 = 𝐸𝑦 = 0.2) shows that the stream intensity is better than
case two but lower than case one and case three cases [𝛹𝑚𝑎𝑥,𝑚𝑖𝑛 = (167, −230), for AR=0.3, (144, −212) for
AR=0.4, (122, −192) for AR=0.5]. The activity volume located on the right side in the case four is greater than
that in the case two on the same side. This led to more freedom for fluid particles to move and circulate with a
stronger vortex. While, in case one and three the vorticity on the left and right sides are similar to each other in
contrast with case four led to that the flow circulation intensity in these cases is better than case four.
The isotherms contour displays the details of thermal plume at the upper of the internal hot cylinder due to the
heated upward currents along the two sides of inner cylinder wall. The thermal boundary-layer thickness close
the hot wall is increased because of the increase in the temperature gradients leads to obtaining higher heat
transfer rates. The isotherms were distorted as the hot cylinder moves towards the left and a plume deviates
towards the side that the hot cylinder is moved towards it. Case 3 gives higher rate of heat transfer rates which
specifies the dominance of convective heat transfer and the buoyancy force increases and overcomes the viscous
force. In case 1 and 3, the thermal plume is symmetric about the vertical axis for all aspect ratios. While, in case
2 and 4, the thermal plume is asymmetric about the vertical axis. It is concluded that, the physical behavior of
isotherms and streamlines were affected via the existence of nanoparticles. It is noticed from Fig. 3 and Fig. 4
that the circulation intensity is increased with increase in the nanoparticles volume fraction for all aspect ratios
and eccentricities. Addition of nanoparticles to the base fluid causes accumulating the isotherms lines close to
the hot circular wall. This leads to enhancement in the heat transfer rate on the inner cylinder. It is noticed that
using a H2O-Al2O3 nanofluids gives higher heat transfer rates than pure water case.
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𝐸𝑥 = 0, 𝐸𝑦 = 0.2

𝛹𝑚𝑎𝑥,

𝑚𝑖𝑛 (167, −230)

AR=0.3

𝛹𝑚𝑎𝑥,

𝑚𝑖𝑛 (144, −212)

𝐸𝑥 = 𝐸𝑦 = 0.2
AR=0.4

𝛹𝑚𝑎𝑥,

𝑚𝑖𝑛 (122, −192)

AR=0.5

Figure 3. Effect of aspect ratio, nanoparticle concentration, and eccentricity on Streamline for Ra=10 6.

𝐸𝑥 = 𝐸𝑦 = 0

𝐸𝑥 = 0.2, 𝐸𝑦 = 0

𝐸𝑥 = 0, 𝐸𝑦 = 0.2
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AR=0.3

𝐸𝑥 = 𝐸𝑦 = 0.2
AR=0.4

AR=0.5

Figure 4. Effect of aspect ratio, nanoparticle concentration, and eccentricity on Streamline for Ra=106.
Local Nusselt number
The physical behavior of thermal field close to the hot and cold walls is specified via finding of local Nusselt
number at these walls. The effect of nanoparticles volume fraction on the angular difference of local Nusselt
number for the internal and external cylinders at Ra=106 AR=0.3, and different Eccentricities (𝐸𝑥 = 𝐸𝑦 =
0.0,𝐸𝑥 = 0.20 & 𝐸𝑦 = 0.0,𝐸𝑥 = 0.0 & 𝐸𝑦 = 0.2.0, and𝐸𝑥 = 𝐸𝑦 = 0.2.0) is shown in Fig. 5 and Fig. 6;
respectively. The minus sign refers to numerical scheme used in this study. There is no doubt that the heat
transfers from hot cylinder to the fluid, then from fluid to the cold cylinder. Such flow is previously heated for
the duration of its rising movement alongside the hot internal wall and as it hits the cold external wall high
negative temperature gradient is formed. It can be noticed that the local Nusselt numbers on the internal circular
cylinder are higher than that on the outer elliptic cylinder for all values of eccentricity and nanoparticles volume
fraction.
The maximum local Nusselt number on the inner hot cylinder for (𝐸𝑥 = 𝐸𝑦 = 0) and (𝐸𝑥 = 0, 𝐸𝑦 = 0.2)
occurs at bottom i.e. angular position 𝛾 = 180𝑜 (the point of stagnation) because of lowest resistance to
conduction and highest velocity gradient (highest convection currents) near to the hot wall, as shown in Fig. 5.
These values of eccentricity have given symmetric of streamlines and isotherms about y-axis. While the
maximum local Nusselt numbers for(𝐸𝑥 = 0.20 , 𝐸𝑦 = 0.0) and (𝐸𝑥 = 𝐸𝑦 = 0.2) occur at 𝛾 = 115𝑜 𝑎𝑛𝑑 240𝑜 .
On the other side, the minimum local Nusselt numbers on the internal and external cylinders occur at the top of
hot cylinder (angular position (𝛾 = 0𝑜 𝑎𝑛𝑑 360𝑜 ) for all eccentricity values as shown in Fig.5 and Fig. 6
because of dominant conduction heat transfer. While, the maximum value of local Nusselt numbers on the outer
cylinder are nearly constant in the region bounded between at 𝛾 = 115𝑜 𝑎𝑛𝑑 240𝑜 . The local Nusselt numbers
for the inner and outer cylinders decrease as angular angle changes from 𝛾 = 0𝑜 𝑡𝑜 115𝑜 , and increase as the
angular angle moves from 𝛾 = 240𝑜 𝑡𝑜 360𝑜 for all nanoparticles volume fractions at location of inner cylinder
unsymmetrical about the vertical axis.
The convection currents become much faster with increase in volume fraction leads to existence of active flow
and more advanced thermal plume. The activity of fluid movement close to the walls causes highest temperature
gradient at the walls and produces great local Nusselt numbers. The effect of aspect ratio (AR=0.3, 0.4, and 0.5)
on the angular difference of local Nusselt number for the internal and external cylinders at Ra=106 𝜑=0.1, and
different Eccentricities (𝐸𝑥 = 𝐸𝑦 = 0.0, 𝐸𝑥 = 0.20 & 𝐸𝑦 = 0, 𝐸𝑥 = 0.0 & 𝐸𝑦 = 0.2.0, and 𝐸𝑥 = 𝐸𝑦 = 0.2.0) is
shown in Fig. 7 and Fig. 8; respectively. The behavior of local Nusselt number in Fig 7 & Fig. 8 is the same as
that in Fig. 5 & Fig. 6. It is shown that, the local Nusselt number increases with decrease in aspect ratio because
the higher activity volume for fluid motion in lower aspect ratio.

348

Natural Convection Heat Transfer In Horizontal Elliptic Cavity With Eccentric Circular Inner Cylinder

(a) 𝜑 = 0

(b) 𝜑 = 0.1
Figure 5. Local Nusselt number on hot inner cylinder (Ra=10 6, AR=0.3) for nanoparticles volume fractions 0,
0.1, and 0.2.

(a) 𝜑 = 0

(b) 𝜑 = 0.1
Figure 6. Local Nusselt number on cold outer cylinder (Ra=10 6, AR=0.3) for nanoparticles volume fractions 0
and 0.1
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(a) 𝐴𝑅 = 0.3

(b) 𝐴𝑅 = 0.4

(c) 𝐴𝑅 = 0.5
Fig.7 Local Nusselt number on hot inner cylinder (Ra=10 6, 𝜑=0.1) for aspect ratios 0.3, 0.4, and 0.5.

(a) 𝐴𝑅 = 0.3
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(b) 𝐴𝑅 = 0.4

(𝑐) 𝐴𝑅 = 0.5
Figure 8. Local Nusselt number on cold outer cylinder (Ra=10 6, 𝜑=0.1) for aspect ratios 0.3, 0.4, and 0.5.
Average Nusselt number
Figure 9 shows the effect of nanoparticles volume fraction on average Nusselt number for hot inner cylinder
versus Rayleigh number at 𝐴𝑅 =0.3 and different eccentricity values. It is noticed that the average Nusselt
number increases with increase in Rayleigh number and nanoparticles volume fraction. This rise in the mean
Nusselt number is recognized to the rises of the nanofluid thermal conductivity with increasing in nanoparticles
volume fraction. The effect of 𝜑 on Nusselt number is low at low Rayleigh number leads to small increases in
average Nusselt number because the convection currents were weak and increase with increase in Rayleigh
number all eccentric values. Figure 10 shows the effect of aspect ratio on average Nusselt number for hot inner
cylinder versus Rayleigh number at 𝜑 = 0 𝑎𝑛𝑑 𝑜. 2 and different eccentricity values. It is seen from this figure
that, the average Nusselt number increases with decrease in aspect ratio. The resistance to the flow is reduced
with decrease in the expected area of internal hot cylinder normal to the buoyancy vertical flow, i.e. decreasing
aspect ratio leads to rise in the velocity of flow adjacent to the internal hot wall. This increasing causes reducing
the width of both velocity and thermal boundary layers with increase in heat transfer rate (high average Nusselt
number). The average Nusselt numbers for cases b and c are close to each other with a slight increasing for case
b relative to c. The higher Nusselt numbers were produced by case d, while the lower values occur at case a, as
can be shown in Figure 9 and Figure 10.
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a)

c)

𝐸𝑥 = 𝐸𝑦 = 0

b) 𝐸𝑥 = 0.2, 𝐸𝑦 = 0

𝐸𝑥 = 0, 𝐸𝑦 = 0.2

d) 𝐸𝑥 = 𝐸𝑦 = 0.2

Figure 9. Effect of nanoparticles volume fraction on average Nusselt number for hot inner cylinder versus Rayleigh
number at 𝐴𝑅 =0.3 and different eccentricity values.

a) 𝐸𝑥 = 𝐸𝑦 = 0

b) 𝐸𝑥 = 0.2, 𝐸𝑦 = 0
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c)

𝐸𝑥 = 0, 𝐸𝑦 = 0.2

d) 𝐸𝑥 = 𝐸𝑦 = 0.2

Figure 10: Effect of aspect ratio on average Nusselt number for hot inner cylinder versus Rayleigh number at
𝜑 = 0 𝑎𝑛𝑑 𝑜. 2 and different eccentricity values.
CONCLUSIONS
Natural convection heat transfer of Al2O3/water nanofluid in a cold elliptic cavity containing hot circular
cylinder with constant temperatures 𝑇ℎ was studied numerically in the present work. The results are attained for
wide ranges of eccentricities, Re number, and volume fractions of the fluid nanoparticles. The following
conclusions were included:
1. The increasing of streamline function and flow circulation as the aspect ratio deceases because of increase in
the activity volume leads to being the convection currents warmer causing the increasing of flow intensity.
2. The isotherms contour displays the details of thermal plume at the upper of the internal hot cylinder due to
the heated rising currents alongside the two sides of internal cylinder wall.
3. The minimum local Nusselt numbers on the internal and external cylinders occur at the top of hot cylinder
(angular position (𝛾 = 0𝑜 𝑎𝑛𝑑 360𝑜 ) for all eccentricity values.
4. The average Nusselt numbers for case a (𝐸𝑥 = 0.2, 𝐸𝑦 = 0) and case b (𝐸𝑥 = 0, 𝐸𝑦 = 0.2) are close to each
other with a slight increasing for case b relative to c.
5. The higher Nusselt numbers were produced by case d (𝐸𝑥 = 𝐸𝑦 = 0.2), while the lower values occur at case
a (𝐸𝑥 = 𝐸𝑦 = 0).
6. The heat transfer rate increases with increase in the nanoparticles volume fraction which its effect is more
marked at high Re number.
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