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In this paper, natural convection heat transfer in elliptic annuli with different aspect 
ratios was studied experimentally and numerically. Four test specimens having elliptic 
annuli cross sections with different aspect ratios of 0.25, 0.5, 0.75 and 1 and an 
annulus diameter ratio of 2 were tested experimentally. The specimens were tested 
experimentally at different orientation modes. In order to verify the experimental results, 

a mathematical model in two dimensional coordinates for two concentric cylinders was 
done. The model was solved numerically using the FLUENT CFD package. The predicted 
streamlines and isotherm contours were used to show the fluid movement and the 
temperature gradient within the annulus. The results show that the rotation of the 
elliptic annuli with small aspect ratio by a right angle whenever the specimens are 
horizontal or inclined improves the free convective heat transfer characteristics. The 
numerical predictions show that the annulus diameter ratio has more significant effect 
on the results rather than the orientation mode. The experimental results were fitted to 
deduce empirical correlations. A comparison between experimental data and numerical 
predictions of the present work was done. Another comparison among the results of the 
present work and that from the previous works was also done. 

في هذا البحث  تث د اسا ثن اا  ثلح الحثساسح بللحطثح الفبتمثي فثي ط فثى حك ثي عكثا صثذح نفثى اثلني ذم ا ثبن طحثمست  ط  تثسح 
عطكتل معااتل.  د  صاتى عاا أسبمن عتالت ذح طاهد عبلسح ع  ا فماا ت  ط حا ي الطسذز ط فى ذثح طاهطثل نفثى اثلني با ث  

.  ثثد اب بثثلس المتاثثلت .ال فثثس لك فلعثثلت الحك تثثن اثسبمثثن سلب ثثن م  ثثلم  ما ثثبن  1، 52.0، 5205، 52.0طحثثمست  ط  تثثسح هثثد 
 -اسجثن  50أف تثل طثى امسا  الطحثمس اثذبثس بزامتثن  -أف تثل بثام  امسا  الطحثمس اثذبثس  -اثسبمن في أمضلع طب كفثن رسأ ثتل 

 05ى امسا  الطحثمس اثذبثس بزامتثن طثللا  طث -طثللا  بثام  امسا  الطحثمس اثذبثس  -اسجثن  05أف تل طى امسا  الطحثمس اثذبثس 
اسجن(.  د عطح طحلذلح اظستن لكاسا ن ع  فستق مضى الطملالات الحلذطن ل ستل   فلب ي ااض لفي ط   س ساللاي البمثا عبثس 
ط فى حك ي أف ي مآبس سأ ي منا  د حح الطملالات عااتل بل ث بااد بساثلطم طمثا بصتصثل لكحثح المثااا لثاتالطتذل الطثللاى. منثا 

ط  ب ح هذا البح  أ  اا  لح الحساسح بللحطح الفبتمي تطذ   ح تاه فثي الط فثى الحك ثي عكثا صثذح نفثى اثلني ذم ا ثبن   بت 
اسجن مذذا في المضى الطللاح عاثه فثي حللثن الط فثى  05طحمست  طابفضن في المضى اثف ي طى امسا  الطحمس اثذبس بزامتن 

لذلح الاظستن إلا بتل   أستس ا ثبن ال فثس لكط فثى الحك ثي عكثا الحطثح الفبتمثي الحك ي الاالاسا في ذات المضى. ذطل بكصت الطح
باابكه. هذا منا  د عطح طملالات مضمتن ل مصتف الا للام الطمطكتن.  د ع ا ط لسان بت  ا للام البح  المطكتن مالاظستن مذذا ع ثا 

لا ثللام ممجثا  مافثق ذطثي مذتفثي طكحثمظ فثي طثا  ط لسان أبس  بت  ا للام البح  م لب ته عاا افس الظسمف لك أذثا طث  نبثمح ا
 الط لسان. 
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1. Introduction 

 
Natural convection heat transfer in the 

annuli between two circular or elliptic 

cylinders is one of the important topics in the 

engineering applications. Recently, many 

researches are conducted with this subject 

due to its wide range of applications. Applica-
tions are found in energy conversion, storage 

systems, transmission systems, solar collec-

tors, nuclear reactors and phase change mat-

erials. The natural convection heat transfer in 
horizontal circular concentric annuli was 

studied experimentally and numerically over a 

wide range of Rayleigh number, [1]. Exper-

imental work was conducted with the visuali-

zation of the flow pattern. The numerical 

predications for stream and temperature con-
tours were compared with experimental re-

sults to determine the dominant flow pattern. 

An experimental study was performed to in-

vestigate the natural convection heat transfer 
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of helium between two horizontal isothermal 

concentric circular cylinders at cryogenic 

temperatures, [2]. The experimental results 

were correlated for 6×106<Ra<2×109, Pr= 

0.688, diameter ratio = 3.36 and an expansion 
number (β ∆T) varied from 0.2 to 1. The 

transient natural convection between 

horizontal concentric circular cylinders was 

studied experimentally and numerically, [3]. 

Photographs were taken for successive posi-
tions of the plume of the heated fluid. A finite-

domain method was used to simulate the 

phenomena numerically. The comparison 

between the predictions and experiments 

shows fairly good qualitative and quantitative 
agreement. The natural convection heat 

transfer in horizontal circular annuli with a 

constant heat flux at inner surface and a 

constant temperature at outer one was 

studied experimentally and numerically, [4]. 

The numerical solution was done for 1.8  

do/di  15 and Pr = 0.7, 5 and 100. A 

comparison between the numerical and 
experimental work was done at 74 < Pr < 173 

and at a diameter ratio of 11. The results gave 

the critical values of Rayleigh number at 

which the conduction regime changes to 

convection. The heat transfer from a plate-fin 

having one and two row arrangements of 
tubes with elliptic cross section were studied 

experimentally, [5]. The results were compared 

with those of circular tubes and it was found 

that the elliptic tubes have higher fin 

efficiency than that of the circular tubes. The 

natural convection heat transfer in a 
horizontal eccentric annulus between a square 

outer cylinder and a heated inner circular 

cylinder was studied numerically, [6]. The 

numerical solution was performed at different 

values of Rayleigh number, eccentric distance 

and angular position of the inner cylinder. The 
results show that the angular position of the 

inner cylinder and the eccentricity are having 

a significant effect on the plume inclination. 

The mixed convection heat transfer from an 

inclined elliptic tube placed in a fluctuating 
free stream was studied numerically, [7]. The 

effect of both amplitude and frequency of 

fluctuations on heat transfer was clarified for 
50 < Re < 500 an inclination angle of 30o and 

an aspect ratio of 0.5. It was found that, the 

average Nusselt number increases with 

increasing the amplitude and decreasing the 

frequency of the fluctuations. The enhance-

ment of natural convection from horizontal 
cylinders by using shrouding strips was 

studied experimentally, [8]. The number of 

strips, strip height, gap distance and the 

inclination angle of the strips were changed to 

achieve an enhancement up to 44.3 % rather 

than the smooth cylinders. The natural 
convection heat transfer in horizontal and 

inclined concentric circular annuli was 

studied experimentally and numerically, [9]. 

The results were presented for two diameter 

ratios of 1.63 and 2.57 and angles of inclina-

tion 0, 30, 45 and 60
o
. Rayleigh number, 

based on the annulus gap width was varied 

from 1700 to 40000. The experimental and 

numerical results were in a close agreement 
for the horizontal orientation mode.  

The aforementioned survey indicates that 

most researches studied the natural convec-

tion heat transfer through circular annuli. In 

the present work, natural convection heat 

transfer in concentric elliptic annuli was 
investigated experimentally and numerically. 

The effect of the aspect ratio of the elliptic 

section, which is the ratio between minor and 

major axes lengths, the effect of different 

orientation modes of the elliptic annuli and 
the effect of the diameter ratio of the annulus 

on the natural convective heat transfer were 

investigated. The present contribution pre-

sents a simulation of the problem as a 

mathematical model which was solved 

numerically using the FLUENT CFD package 
to verify the reliability of both experiments and 

numerical model. Empirical correlations were 

deduced to generalize the experimental 

results. A comparison among the present work 

and the previous works in the literature was 
done.  

 

2. Experimental setup 

 

The experimental setup shown in fig. 1 

consists of the test specimen, an electric 
heater, a voltmeter, an ammeter, an altering 
variance unit, certain number of calibrated K-

type thermocouples and a temperature indica-

tor. The test specimens are four pairs of 

concentric cylinders as shown in fig. 2, one 

has circular cross section and three ones have 



E.I. Eid / Heat transfer in elliptic annuli 

                                           Alexandria Engineering Journal, Vol. 44, No. 2, March 2005                                           205                                             

elliptic cross sections. The main dimensions of 

the test specimens are given in table 1. The 

specimens have an equal length of 900 mm. 
The circumferences of the inner circle of the 

specimen No. I and the inner ellipses of the 

three elliptic specimens No. II, III and IV, are 

equal, as well as the circumferences of the 

outer ones.  

From table 1, it is clear that the specimens 
have different aspect ratios of 0.25, 0.5, 0.75 

and 1. The specimens were manufactured 

from aluminum by using the wire-cut JSEDM 

machining, [10]. The inner cylinder was 

internally heated by an electric nickel-chrome 
heater which was wrapped about a bakelite 

rod. An electric insulation tape was wrapped 

about the heater and the space between the 

heater and the inner surface of the inner 

cylinder was partially filled with sand to avoid 

the convection currents. Thirty K-type thermo-
couples were used to measure the local 

surface temperatures of the outer surface of 

the inner cylinder in both circumferential and 

axial directions, [11]. They were positioned 

and arranged at equal angles on five  cross 
sections; one at the mid-section, two ones over 

the mid-section and two ones under the mid-

section. The five sections are at an equal axial 

distance of 15 cm. Other thirty thermocouples 

were arranged and positioned at the inner 

surface of the outer cylinder as the same 
manner of the inner cylinder. Five additional 

thermocouples were positioned at the mid-

points of the gap distance of the annuli to 

measure   the   air   temperatures.   A   digital 

temperature indicator of 0.1 C resolution was 
used to record the temperatures. The electric 

power consumed by the heater was  controlled 
 

Table 1 
Main dimensions of the test specimens 

 
Dimensions 
in (mm) 

Spec. 
No. I 

Spec. 
No. II 

Spec. 
No. III 

Spec. 
No. IV 

ia  50 42.85 33.33 20 

ib  50 57.15 66.67 80 

oa  100 85.7 66.67 40 

ob  100 

 

114.3 133.33 160 

Aspect ratio 

i o

i o

a a

b b
 

 

 
 
1.00 

 
 
0.75 

 
 
0.50 

 
 
0.25 

 

by an altering variance unit of 1 kVA capacity. 

An ammeter of 0.01 Ampere resolution and a 

voltmeter of 0.1 volt resolution were used to 
measure the electric power consumed by the 

heater. The experimental work scans the effect 

of aspect ratio, orientations of the specimens 

(vertical, horizontal and inclined) and the 

angle of rotation of the major axis for 

horizontal and inclined orientations as shown 
in fig. 3., on the natural convection heat 

transfer in the annuli. 

 

3. Experimental data discussion 

 
The main objective of this paper is to 

provide an evidence about the parameters that 

create a stronger buoyancy-driven plume 

which results in higher heat transfer coeffi-

cient by natural convection in the elliptic 

annuli. In the present experimental work, the 
heat transfer by natural convection can be 

evaluated as follows, [12,13]: 

 
. . . .

conv. total rad. cond.Q Q Q Q    .                               (1)  

 

where: 
.

totalQ is the electrical power consumed 

by the heater. The heat transfer by radiation 

from inner surface to outer one and to air in 

the annulus can be found as follows: 
 

 

4 4

.
orad.

4 4

 ( )

1/ ((1 )/ ) /  

  ( )

i i o

i o i o

i i i a

PL T T

P PQ

PL T T



  

 

  
  

    
 
   

.                   (2) 

 

The heat transfer by conduction from the 

two ends of the inner cylinder can be found as 

follows: 
 

.

cond.

2   ( )

/ 2

i c e

s

P t T T
Q

L k


 .                                         (3) 

The average convective heat transfer 
coefficient, average Nusselt number and Ray-

liegh number can be found as follows: 

 

 
__

.

conv. /   ( )i i oh Q P L T T  .                                    (4) 
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__
____  h
Nu

k


 .                                                         (5) 

 
3

2

  ( ) 
 i og T T

Ra Pr
 




 .                                    (6) 

The air properties in the above equations 

are evaluated at the mean temperature, 

[14,15], [ ( ) / 2m i oT T T  ]. 

 

 
 

Fig. 1. Schematic of the experimental setup. 

 

 

 
 

Fig. 2. Cross-sections of test specimens. 
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Fig. 3. Rotation of elliptic specimens No. II, III and IV whenever the specimens are oriented horizontally and inclined by an 

angle  = 45 degree. a- horizontal ( = 0 and  = 0), b- horizontal ( = 0 and  = 45) degree), 

c- horizontal ( = 0 and  = 90 degree) d- Inclined ( = 45 degree and  = 0), and 

e- Inclined ( = 45 degree and  = 90 degree). 

 

Fig. 4 shows Nusselt number versus Rayleigh 

number for the four test specimens when they 

were oriented vertically. The critical value of  
Rayleigh number, at which the change from 

conduction to convection heat transfer occurs, 

is 1400 for circular annulus with a diameter 
ratio,  do/di=2.6,  [4, 16]. In the present work, 

all tests were done for r1≥ 2000, therefore, the 

heat transfer in the annuli will fall in the 
convection regime. The figure shows that the 

heat transfer by natural convection in the 

circular annulus is relatively higher than that 

in the elliptic annuli. Also, the elliptic annulus 

having lower aspect ratio  resulted in lower free 

convective heat transfer. The temperature 

gradient inside the annulus causes an  upward 

velocity of the light air near the inner hot 

surface. While, the heavy air near the cold 
outer surface moves downward. The opposite 

light and heavy air movements create a 

complete circulation pattern, [17, 18]. The 

three elliptic annuli are having lower cross-

section areas than that of the circular 

annulus. The reduction in the cross-section 
area causes an increase in the circulation of 

the air inside the elliptic annuli which reduces 

the upward buoyancy-driven plume and 

consequently the free convective heat transfer 

reduces.  
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Fig. 4. Nusselt number vs Rayleigh number for the four 
specimens for vertical orientation. 

 

 
 

Fig. 5. Nusselt number vs Rayleigh number for the four 
specimens for horizontical  orientation. 

 

Referring to fig. 5, the same tendency of fig. 
4 is even observed. Moreover, it is noted more 

reduction in the free convective heat transfer in 

the elliptic annuli than that of the circular 

annulus for horizontal orientation of the 

specimens. Referring to case (a) of fig. 3, the 

horizontal orientation of the specimens with 

major axes horizontal resists the upward 

buoyant-driven plume. The increase in the 

major axis length of the internal ellipse 
increases the resistance against the air plume. 

As a consequence, an intense reduction in the 

free convective heat transfer was noted for 

elliptic annuli having lower aspect ratio rather 

than the circular one. Fig. 6   shows   that   the  
 

 
 

Fig. 6. Nusselt number vs Rayleigh number for the four 
specimens for horizontical  orientation. 

 

reduction in the free convective heat transfer in 

the elliptic annuli is reduced as the major axis 

of the elliptic annuli rotates by an angle  = 45 
degree, the orientation of case (b) of fig. 3. The 

rotation of major axis of elliptic annuli by an 

angle  = 90 degree whenever the specimens 
were laid horizontally, case (c) of fig. 3, results 
in more increase in the free convective heat 

transfer in the elliptic annuli rather than the 

circular annulus. Moreover, the elliptic annuli 

having lower as ratio show higher values of 

Nusselt number at the same Rayleigh number 

as shown in fig. 7. This is referred to the 
reduction in the resistance against upward air 

plume which is resulted from the reduction in 

length of the minor axis. Thus, one can say, 

the natural convective heat transfer in the 

elliptic annuli increases as the aspect ratio 
decreases for horizontal orientation with major 

axis is vertical.  
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The effect of inclination of the specimens 

was also clarified. The four specimens were 

tested experimentally when the symmetrical 

axis was inclined by an angle  = 45 degree to 
horizontal plane, in two different situations, 

cases (d and e) of fig. 3. Case (d);  = 45 degree 
and minor axis of the elliptic section makes an 

angle 45 degree with the horizontal plane 

while, the major axis is parallel to the 

horizontal plane, i.e. the specimen is inclined 

without rotation, i.e.  = 45 degree. Case (e);  
= 45 degree and major axis of the elliptic 
section makes an angle 45 degree with the 

horizontal plane while, the minor axis is 

parallel to the horizontal plane, i.e. the 

specimen is inclined and rotates by a right 

angle, i.e.  = 90 degree. Fig. 8 shows that the 
inclined circular annuli give higher free 

convective heat transfer rates rather than the 
elliptic ones without rotation. Moreover, the 

reduction in the aspect ratio of the elliptic 

annuli results in more reduction in the free 

convective heat transfer rates. This is because 

the increase in the projected area of the inner 
elliptic cylinder which creates more resistance 

for the upward air plume. The reverse of the 

previous result in fig. 8. is clear in fig. 9, where 

the elliptic annuli having the smallest aspect 

ratio show higher free convective heat transfer 

rather than the circular ones. This is referred 
to the reduction in the projected area of the 

inner elliptic cylinder which reduces the 

resistance of the upward air plume flow.  

In the following, the effect of orientation on the 

experimental results for each specimen alone 
will be clarified. Fig.  10  shows  that  the  

inclination of the circular annulus results in 

higher free convective heat transfer rather than 

the horizontal orientation. Also, the horizontal 

orientation of the circular annulus shows more 

increase in Nusselt number at the same 
Rayleigh number rather than the vertical 

orientation. Fig. 11 shows the experimental 

results of the elliptic annulus having an aspect 

ratio = 0.75 in different orientation modes. The 

figure clarifies  that   the   inclination   of   the 

specimen with a rotation by a right angle as 
well as the horizontal orientation with a 

rotation by a 45 degree are having higher heat 

transfer   rates   rather   than    the    different  

orientation modes. Figs. 12 and 13 show that 

either inclination with a rotation by a right 

angle or horizontal orientation with a rotation 
by a right angle of both specimens No. III and 

IV are having higher heat transfer rates rather 

than the different orientation modes.  Figs.  12 

 

 

 
 

Fig. 7. Nusselt number vs Rayleigh number for the 

specimens in horizontal orientation and = 90 degree. 
 
 

 
 

Fig. 8. Nusselt number vs Rayleigh number for the four 

specimens for (= 45 degree and  = 0). 
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Fig. 9. Nusselt number vs Rayleigh number for the 

specimens for (= 45 degree and  = 90 degree). 

 

 
 

Fig. 10. Nusselt number vs Rayleigh number for the 
specimens No. I for different orientations. 

 

 
 

Fig. 11. Nusselt number vs Rayleigh number for the 
specimens No. II for different orientations. 

 
 

Fig. 12. Nusselt number vs Rayleigh number for the 

specimens No. III for different orientations. 
 

 

 
 

Fig. 13. Nusselt number vs Rayleigh number for the 
specimens No. IV for different orientations. 

 
The experimental results were fitted to 

determine empirical correlations among 

Nusselt number, Rayleigh number and aspect 

ratio for , as follows:  

 
___

  

m

n a
Nu C Ra

b

 
  

 

 .                                              (7) 

 
Where; the constants C, n and m are tabulated 

as follows. 
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4. Mathematical modeling and numerical  

 solution 
 

The natural convection heat transfer 

between two horizontal concentric cylinders 

results in a buoyancy-driven flow in a vertical 

r- plane. The space coordinates are r, 
measured from the center of the cylinder and, 

, measured anti-clockwise from the downward 
vertical symmetry line. The two-dimensional 

governing equations were summarized as 

follows under the following assumptions, [19]: 

a) The flow is laminar; 

b) The axis of the cylinder is infinite in length; 
c) The fluid is incompressible except the 

Boussinesq approximation for the density in 

the buoyancy term of the momentum equation; 

d) Steady; 

e) The viscous dissipation is negligible in the 
energy equation. 
 

Continuity equation: 
 

1
0r r

vv v

r r r






  

 
,             (8) 

 

r-momentum equation: 
 

2

2

2 2 2

1
( )

1 2

r r

r

r

r

r

v vv v p
v

r r r r

v r
r r r

F
vv

r r

 










   
    

   

    
      

   
  

   

,                        (9)           

 

Table 2 
Constants of empirical correlations 
 

 
Vertical orientation;  

C 0.5221 
n 0.1573 
m 0.1719 

Horizontal orientation;  = 0. C 0.5570 
n 0.1795 
m 0.4901 

Horizontal orientation;  = 45 Deg. C 0.6209 
n 0.1845 
m 0.4007 

Horizontal orientation;  = 90 Deg. C 0.6452 
n 0.1970 
m 0.3261 

Inclined orientation;  = 45 Deg.,  
 = 0. 

C 0.5592 
n 0.1780 
m 0.4932 

Inclined orientation;  = 45 Deg.,  
 = 90 Deg. 

C 0.5304 
n 0.1830 
m -0.4842 

-momentum equation: 
 

2

2 2 2

1

1
( )

1 2

r

r

r

v v v v v p
v

r r r r

v r
r r r

F
v v

r r

   








 





   
    

   

    
      

   
  

   

  .             (10)           

 
Energy equation: 

2

2 2

1 1
( )

r

vT T
v

r r

T T
r

r r r r








  
  

  

     
   

      

  .                     (11)           

 

The buoyancy forces in r and  directions 

are written as: 

 

 sin)(   TTgFr .                              (12)                         

 

 sin)(   TTgFr .                              (13)                             

 
The boundary conditions for this model as 

shown in fig. 14 are: 

- At the surface of the inner cylinder;  

 

(r = ri; 0    ) 
 

0  r .                                                 (14) 

 

constant
T

r





                                                 (15) 

 

- At the surface of the outer cylinder;       

 

(r = ri; 0    ) 
 

0  r .                        (16) 

 

]  TT .                 (17)                                                    

 

- At the symmetry line;           

 

(ri r;  ro and  = 0 and ) 
 

0











 Tv
.            (18) 
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The governing equations were solved using 

FLUENT-6-CFD code, [20]. The package was 

used to predict the air properties at the same 
conditions of the experimental work. It 

provides also a complete information about 

streamlines contours and isotherm contours 

that can not be obtained experimentally. In 

order to verify the experimental results, a 

comparison between the predicted results and 
corresponding experimental results for the four 

specimens at the same conditions was done. 

Fig. 15 shows that the average deviation of the 

numerical solution from experimental  data  is 

 

 
 

Fig. 14. Boundary conditions for the concentric horizontal 
cylinders. 

 

 
 

Fig. 15. Comparison between predicted results and 
experimental results for specimens in horizontal 

orientation and  = 0. 

 

about 7%. This is referred to measurement 

errors, averaging surfaces temperatures of test 

specimens and numerical model assumptions. 

For this reason, the CFD model was used to 
predict the effect of the diameter ratio, do/di 
for the circular annulus which was not done 

experimentally. Fig. 16 shows that the increase 

in the diameter ratio results in an increase in 

free convective heat transfer in the circular 

annuli. Fig. 17 shows some of the predicted 

isotherm contours. The figure shows the 
temperature distribution inside the annulus 

and how it varies from the inner surface to the 

outer one. The isotherm contours take a so-

called upward eccentric circles shape and the 

eccentricity reduces as the contours come 
close to outer surface. 

 

5. Comparison among present work and  

 previous works 

 

In this section, a comparison between the 
experimental results of the present work and 

the experimental results of the previous work 

will be discussed. Another comparison between 

the numerical predictions of the present work 

and pre-correlated numerical data in the 
literature will be clarified. The conduction limit 

at which the change from conduction to 

convection heat transfer occurs, is 1400 for 

circular annulus with a diameter ratio, do/di = 

2.6, [4, 16]. In the present work, all tests were 
done for Ra ≥ 2000, The conduction limit for a 

diameter ratio of 2.0 is as follows: 
 

____ 1 1
1.4427

ln  2
ln

cond

o

i

Nu
d

d

  
 
 
 

                       (19) 

 

This limit is clear in fig. 18. Referring to 

this figure, the experimental results of the 

present work of the circular annulus having a 
diameter ratio of 2 in horizontal orientation 

were compared with the experimental results 

of a circular annulus in horizontal orientation 

and having a diameter ratio of 2.57, [9]. The 

comparison shows that the results of the 
previous work are higher than the results of 

the present work which is referred to the 

increase in the diameter ratio of the previous 

work.   Also,    the    natural   convection   heat  
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Fig. 16. Effect of diameter ratio on Ra-Nu results for specimen No. I for horizontal orientation 

 

 
 

Fig. 17.  Some of the predicted isotherms. 

 
 

 
 

Fig. 18. Compression among the results of the present 
work and previous work. 

 

transfer in a circular annulus having a 

diameter ratio of 10  in  horizontal  orientation 

was studied numerically, [16]. The CFD model 

of the present work was used to solve this 
problem at its conditions and the predictions 

from the present work were compared with the 

previous predictions, as shown in fig. 18. A 

fairly good agreement between the two 

predictions was established. 

 
6. Conclusions 

 

Natural convection heat transfer in elliptic 

annuli with different aspect ratio was studied 

experimentally and numerically. The 

experimental work was conducted with the 
clarification of the  effect  of  aspect  ratio   and  
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orientation modes that create stronger buoyant 

driven plume. The experimental data were 

fitted to deduce empirical correlations. A 
mathematical model was formulated in r   

coordinates for the space between a pair of 

concentric horizontal cylinders having either 

circular cross sections or elliptic ones. The 
model was solved numerically using the 

FLUENT CFD package. The main conclusions 

from the present work can be summarized as 

follows: 

1- Natural convective heat transfer in  

concentric elliptic annuli increases by about 40 
% rather than the circular annuli having the 

same perimeter as the aspect ratio decreases 

to 0.25 in the horizontal orientation and the 

major axis is vertical.  

2- The inclination of the elliptic annuli having 
small aspect ratio with minor axis parallel to 

horizontal plane improves the free convective 

heat transfer in the annuli.  

3- In both horizontal and inclination 

situations of the elliptic annuli with rotating 

the major axis by a right angle; the reduction 
in the aspect ratio results in higher free 

convective heat transfer rates in the annuli. 

4- The CFD model shows that the increase in 

the diameter ratio of the elliptic annulus 

increases the free convective heat transfer 

rates. Also, the CFD model can be considered a 
suitable simulator tool for solving the free 

convective heat transfer characteristics in the 

elliptic annuli. 

5- In vertical orientation, the reduction in the 

aspect ratio reduces the free convective heat 
transfer rates. 

6- Comparisons between experimental and 

numerical results of the present work, as well 

as, the comparison among the results of the 

present work and those in the literature show 

fairly good agreement. 
 

Nomenclature 

 
a Minor axis length m,  
b Major axis length m,  
d Diameter m,  
F Force N, 
g Gravity acceleration m/s2  
h Heat transfer coefficient W/m2.K, 

k Thermal conductivity W/m.K, 

L Length m, 

Nu Nusselt number,  
P Perimeter m, 
Pr Prandtl number, 

p  Pressure Pa., 

.Q  Heat transfer rate W, 

q  Heat flux W/m2, 

Ra Rayleigh number, 

r  Radial coordinate m, 
T Temperature K, 

t Temperature difference = Ti-To,  

t  Cylinder wall thickness m, 

v  Velocity m/s, 

  Thermal diffusivity m2/s, 

  Volume coefficient of expansion K-1,  

  Gap width = (bo-bi)/2 m, 

  Surface emissivity,   

  Rotation of major axis  Degree, 

  Inclination angle Degree, 

  Angular coordinate Radiant, 

  Kinematical viscosity m2/s, 

  Dynamic viscosity Pa.s, 

  Density kg / m3, and  

  Stefan-Boltzman constant W/m2 K4. 

 

Subscripts 
 
A Air 

i  Inner cylinder  

s Solid 

c  Mid-section 

o  Outer cylinder 

  Tangential direction 

e End-section 
r Radial direction 

 Reference value 
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