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Abstract - In this analysis we have examined the process of the steady state laminar natural convection around heated 
elliptical plate with Rayleigh number 10^6 placed inside a circular enclosure. Position of plate is varied by r/D=0.00, 0.05, 
and 0.2, where D is the diameter of the enclosure and r is the distance between the centre of ellipse and centre of circle. 
Elliptical plate is inclined at different angles and results are summed up in relative manner. Temperature difference between 
the enclosure and the inner body (i.e. temperature of inner body is kept high as compared to the enclosure) is maintained 
.Two dimensional study is followed by considering air as a fluid in enclosure.  The effects of the Heat Transfer and Flow of 
Fluid are analyzed by the streamlines and isotherms plotted for the body placed inside enclosure. Local Nusselt number (Nu) 
is also plotted along the wall of elliptical plate and along the surface of the circular enclosure. This work has been validated 
with various other numerical studies and was in good conciliation. 
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I. INTRODUCTION 
 
Natural convection has attracted a large number of 
researchers to study the transfer of heat and flow of 
liquid or air in different type of enclosure with 
different kind of shapes having different thermal 
properties and boundary condition. Also by varying 
the Rayleigh number we have studied the effect of 
heat transferal and flow of fluid in the enclosure. 
Natural convection in heat transfer within an 
enclosure is relevant to many engineering 
circumstances and industrial utility such as heat 
exchanger, solar energy collector, electronic 
equipment for cooling, nuclear safety system and 
design of nuclear reactor, insulation of cabins in 
aircraft, indoor energy management, and thermal 
storage system. In the enclosure by placing the 
internal object or objects we can see the changes in 
flow of fluid and change in heat transfer. Certain 
results and parameters can be found by varying the 
shape, size, orientation (by tilting the inner object by 
a certain angle), number of internal objects placed, 
and Rayleigh number. Much work has been done in 
literature by placing different types of body or bodies 
in the enclosure. 
Warrington and Powe [1] enquire the process of 
natural convection between concentrically located 
isothermal cubical, cylindrical and spherical inner 
bodiesand also investigated the isothermal enclosure. 
Asan [2] in the study of natural convection in 
annulus, between two isothermal concentric ducts 
exhibit the impact of Rayleigh number and the 
dimension ratio on the distribution of flow and 
temperature field. De and Dalal [3] accomplished 
numerical analysis of natural convection on square 
enclosure in which tilted square cylinder is placed. 

Kim et al. [4] examined natural convection 
numerically in a square enclosure and the influence of 
placing circular cylinder along the minor axis of the 
enclosure. Singh & Liburdy [5] experimentally 
studied natural convection with varying Rayleigh 
number up to Ra = 2.8 × 10^6 in a circular enclosure 
with a concentric thin flat plate and investigated the 
effect of plate inclination on flow and heat transfer 
characteristics. They educe that heat transfer rate at 
was more dominant at the bottom of plate than the top 
part of plate, and the local Nusselt number decreases 
due to flow separation. Altaç & Kurtul [6] retraced 
natural convectionat Ra = 10^5 –10^7 in a tilted 
rectangular enclosure with a centered heated plate 
and underlies the total heat transfer rate, almost does 
not vary with the inclination due to negligible 
partitioning effect for the low value of Rayleigh 
number and small plate. Abu-Nada and Oztop [7] 
studied the outcome on natural convection heat 
transfer and fluid flowof inclination angle in a two-
dimensional enclosure, filled with Cu-nanofluid. 
They adduced that inclination of angle can be a 
control parameter for nanofluid filled enclosure. 
Natural convection has been studied numericallyamid 
a square outer cylinder and a heated elliptic inner 
cylinder by Bararnia et al. [8]they encountered that 
isotherms, streamlines, size and formation of the 
vortices strongly depend on Rayleigh number and 
position of the inner cylinder. For a vast range of 
Rayleigh numbers and diameter ratios the overall 
numerical study of natural convection in horizontal 
annulus was performed by Kumar[9]. Natural 
convection heat transfer from a square cylinder 
situated in a cylindrical enclosure was studied by 
Chang et al.[10]. De and Dalal [11] sniff roundthe 
natural convectionin the range of 10^3≤Ra≤10^6 
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eccentricity) has a great role in variation of heat transfer rate. The circular enclosure contains air Pr=0.71 
(Prandtl number) as the convective medium and its thermo physical properties are kept constant except density. 
Boussinesq approximation is taken as the assumptiion for density of air. Cases of elliptical plate at different 
inclination angles and different eccentricity ratios are observed. Results are arranged in a sequential manner to 
compare the heat transfer rate around a circular enclosure. 

 

 
Figure 3.Isotherms and streamfunction of natural convective flow for at r/D=0.0 for elliptical plate placed inside circular enclosure 

 

IV. VALIDATION OF RESULT AND GRID INDEPENDENCE TEST 
 
Validation is performed for the analysis performed by Wei Zhang et al.  [14] on the same circular enclosure 
containing a thin plate placed inside it at different inclination angles and eccentricity ratio (r/D= 0.00,0.02,0.5). 
The problem is validated on ANSYS 15.0 with temperature of plate kept higher than that of enclosure. A good 
concurrence between results is shown in Table 1. Grid independence test is conducted for the problem with 
different pattern of grids as shown in Table 2. The case of thin flat plate kept at 0° at r/D=0.0 is observed and 
and plot of surface averaged Nusselt number is analyzed. Based on it the best suitable finer pattern of grid is 
used to attain the results. The diameter of the circular enclosure has also been fixed and the same surface area as 
that used in validation. 

 

 
 
V. TEMPERATURE DISTRIBUTION AND 
FLOW PATTERN 
 
Figure 3 (i) shows the formation of temperature and 
flow field due to the elliptical partition placed at 

r/D=0.0 at α =0°. The fields are symmetric about the 
vertical axis. A dense group of isotherms around the 
Plate is observed which reflects the intense heat 
transfer between the plate and air. At α =30° left 
portion clusters are streched abruptly on the vertical 
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side and the right portion clusters slightly moves 
toward left as shown in Figure 3 (ii). Hence, the 
plume like structure shifts toward right and closely 
clustered isotherms are observed at the right side of 
the enclosure which increases the rate of heat 
transfer. At α= 60° similar variation pattern in 
formation of clusters is observed which moves 
towards right as shown in Figure 3 (iii). The density 
of isotherms around the inner hot plate further 
increases with its increasing inclination i.e. α =120° 
about the horizontal axis. As the eccentricity ratio 
increases to 0.05 the plate shifts towars right side 
closer to encosure wall. At α =0° the field pattern 
becomes dense towards the right side of the enclosure 
and symmetry vanishes as illustrated in Figure 4 (i). 
As the inclination increases to α =30°the feild lines 

get shrinked in size. The narrow pattern is shown in 
the top-right side of the enclosure as illustrated in 
Figure 4 (ii). As the inclination increases from 30° to 
120° the heat transfer rate increases at upper half of 
the enclosure and isotherms get very close to each 
other. The strength of the natural convection is also 
represented by the waviness of isotherms which 
increases as the inclination increases as illustrated in 
Figure 4 (iii & iv). As the eccentricity ratio 
increments to 0.2 the plate shifts more closer to the 
enclosure wall. The passage between the bodies gets 
smaller at the right hand side of the enclosure. The 
number of recirculating cells increases at the upper 
haff of the enclosure which indicates the greater 
strenght of convection. The darker part of isotherms 
also shows grown strenght of convection. 

 

 
Figure 4.Isotherms and streamfunction of natural convective flow for at r/D=0.05 for elliptical plate placed inside circular enclosure 

 

 
Figure 5.Isotherms and streamfunction of natural convective flow for at r/D=0.2 for elliptical plate placed inside circular enclosure. 
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VI. HEAT TRANSFER 
 
Heat transfer rate in the enclosure is illustrated by 
plotting the average surface Nusselt number with 
different inclinations (α) and eccentricities (r/D) of 
the elliptical plate. It is calculated on the inner face of 
the enclosure in every case. It is seen from Figure 6 
that the value of local Nusselt number increases as 
the plate’s inclination increases from 0° to 120°. This 
pattern is seen for all eccentricities. As it is the ratio 
of convective heat transfer rate to conductive heat 
transfer rate, conduction is more dominant than 
convection in that region. This is due to the fact that 
fluid circulation is comparatively more intense when 
plate is given inclination. Its peak value is observed at 
60°  and minimum for 0°  inclination of the plate with 
respect to the horizontal axis. This variation is 
constant for all eccentricities. At α= 0° the heat 
transfer effect is meek as the partioning effect is 
comparitively weaker. The field lines are symmtric 
about the vertical axis and confined to the upper 
portion of the enclosure at 0° inclination. The field 
lines are densely clustered when plate is inclined at 
60° which is also shown in Figure 6. 
 

 
Figure 6.  Variation in Nusselt number with eccentricity and 

inclination angle 

 
CONCLUSION 
 
The work performed under the paper is the numerical 
simulation of the natural convection experienced by a 
elliptical plate positioned eccentrically inside a 
circular enclosure. The main motive of performing 
the numerical analysis is to study the changes in flow 
pattern and the heat characteristics due to inclination 
and eccentricity ratio of the elliptical plate. The 
results are calculated at different positions of the plate 
and following conclusions are drawn: 

 At the current value of the Rayleigh Number 
convection dominates the conduction in the 
flow in the enclosure. 

 As the eccentricity increases heat transfer 
rate increases with the inclination of the 
plate. 

 The rate of total heat transfer calculated at α 
=0° is minimum because the elliptical plate 
segregates the enclosure into two equal 
halves which bounds the circulation of fluid 

within the enclosed area which results in 
decreased heating of enclosed air. 

 The effect of natural convection is observed 
most in case of vertical plate i.e. α =90°. 

 In the cases of high eccentricities the field 
lines moves abruptly in the right side of the 
enclosure. At the top of the enclosure wall 
the rate of heat transfer is maximum due to 
the natural convective flow and the 
minimum at the bottom of enclosure because 
it is placed farthest from the elliptical plate 
where the heating of air is not possible. 
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