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ABSTRACT 

The present work deals with a numerical study of natural convection heat transfer in an octagonal enclosure filled 

with Al2O3/water nanofluid with internal circular heat source. The outer cylinder is isothermally cooled at 

temperature TC and the inner cylinder is isothermally heated at Th. The governing equations are discretized using 

the finite volume method and solved by Ansys 19.2 commercial program. The ranges of Rayleigh number and 

volume fraction are 104 ≤ Ra ≤ 106 and 0 ≤ 𝜑 ≤0.1; respectively. Results were presented in terms of streamlines, 

isotherms, and local average Nusselt numbers. The effects of Rayleigh number, position of inner cylinder, and 

nanoparticles volume fraction on the behavior of thermal patterns, flow fields, and average heat transfer rates will 

be presented and discussed. 
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INTRODUCTION 

The study of natural convection heat transfer in enclosures and cavities is received a great attention in the last two 

decades due to wide applications in an industry. The applications include heat exchangers, nuclear reactor design 

[1], electronic cooling, soler collectors [2], house heating and cooling [3], etc. Increasing the heat transfer rates in 

these systems is an essential objective to save energy and improve the thermal performance. One of the important 

methods to achieve this aim is increasing the low thermal conductivity of conventional fluids (base fluid) such as 

water by adding the metallic nanoparticles to it. Many researchers studied the heat transfer by natural convection 

in enclosures with nanofluids [1-15]. Khanafer et al. [1] showed that the performance of heat transfer increased 

with increase in the nanoparticles volume fraction. Abu-Nada et al. [2] used H2O- Cu, Ag, Al2O3 and TiO2 

nanofluid to enhance significantly the heat transfer rates in an enclosure. Abu Nada and Oztop [3] studied the 

natural convection heat transfer in an inclined cavity containing Cu-H2O nanofluid with different volume 

fractions. Mostafa [4] studied the effect of heater position in a square cavity containing nanofluids on the heat 

transfer characteristics.  

It was shown that the horizontal position of heater produced higher heat transfer rate than the vertical position at 

low Rayleigh numbers. Furthermore, this position has no effect on the heat transfer at high Rayleigh number. 

Sheikhol-eslami et al. [5] studied the effect of magnetic field on the natural convection heat transfer of Cu–H2O 

nanofluid around a hot sinusoidal cylinder enclosed by a circular cavity. It is concluded that the heat transfer 

process improved as Rayleigh number increases under applying magnetic field only. Mehrizi et al. [6] concluded 

that the heat transfer rate around a hot triangular cylinder inside circular cavity improves by increasing the 

nanoparticles volume fraction. Sourtiji et al. [7]  studied the natural convection heat transfer of Cu–H2O nanofluid 

around a hot circular cylinder enclosing by a triangular cavity. It is shown that the heat transfer rate increases as 

the  radius ratio increases for high Rayleigh numbers. Hatami and Safari [8]  concluded that the concentric annulus 

with outer wavy-wall cylinder and inner circular cylinder produced higher heat transfer rates than eccentric 

annulus. Mehryan et al. [9] studied the buoyancy-driven of H2O-Al2O3-Cu hybrid nanofluid in a porous enclosure. 

It is shown that using the nanoparticles in porous media produced higher reduction in the rates of heat transfer for 

hybrid nanofluid than the single nanofluid.  
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Guestala et al. [10] proved that the length of heat source had a significant effect on the heat transfer process in a 

circular cavity filled with Cu-H2O and TiO2-H2O nanofluids. Mahalakshmi et al. [11] examined three types of 

nanofluids (Ag-H2O, CuO-H2O and Al2O3-H2O) and different heater lengths to enhance the heat transfer rate in 

an enclosure. Abdulkadhim et al. [12] used two layers on the right and left regions of annulus having hot 

corrugated cylinder inside cold wavy cylinder: Ag-H2O nanofluid and mixed porous medium-nanofluids; 

respectively. It is noticed that Rayleigh and Darcy numbers have a significant effect on the effectivity of the shear 

layer. Bouzerzour et al. [13] concluded that the position of heaters in an elliptic annulus containing a Cu–H2O 

nanofluid has a significant effect on the heat transfer process. Sattar et al. [14] studied the natural convection heat 

transfer in eight mathematical models of corrugated annuli filled with H2O-Al2O3 nanofluid.  

It was concluded that the heat transfer rate on the hot surface increases as the undulation number increases with 

more motion difficult in the regions between active undulation walls. [15-30] showed many other applications of 

nanofluid and heat transfer augmentation. Investigation of natural convection of Al2O3-H2O nanofluid in an 

octagonal enclosure with internal circular heat source has been carried out numerically using Ansys 19.2 

commercial program. The cold outer cylinder is kept at TC and the hot inner cylinder is kept at Th. The ranges of 

Rayleigh number and volume fraction are 104 ≤ Ra ≤ 106 and 0 ≤ 𝜑 ≤0.1; respectively. The main aims of 

present work is to study the influences of Rayleigh number (Ra), nanoparticles volume fraction (𝜑), and the 

position of inner hot cylinder on the streamlines, isotherms, local and average Nusselt number. Four locations of 

inner cylinder are used to give four configuration models (four type). 

MATHEMATICAL MODELING 

Governing Equations 

A steady, two-dimensional, laminar Al2O3-H2O nanofluid flow, and natural convection in an octagonal cavity 

with internal hot circular cylinder has been studied numerically using Ansys 19.2 commercial program. The cold 

outer cylinder is isothermally kept at Tc and the inner cylinder isothermally heated at temperature Th such that Th 

> Tc , as schematically shown in Figure 1. The radius ratio of annulus H/D is 3.5. The governing equations of 

mass, momentum, and energy are given as follows [31]: 
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The dimensionless parameters used in above equations are written as follows: 
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Model 1 Model 2 Model 3 Model 4 

Figure 1. Physical domain for four models. 

Boundary conditions 

The dimensionless boundary conditions can be written as follows: 

At the outer surface Θ = 0,      𝑈 = 𝑉 = 0,      

At the inner surface Θ = 1,      𝑈 = 𝑉 = 0,                                                                                                                          (7) 

Thermophysical Properties of Nanofluid 

The mixture of Al2O3 nanoparticles with water-based fluid is taken as a single phase in this study. So; they are 

together in thermal equilibrium. As a result, the effective thermophysical properties are adopted in this study. The 

general equations of the nanofluid thermophysical properties have been developed and implemented in Fluent. 

The thermal capacity and heat expansion coefficient are given below, respectively [32], [33]: 

𝜌𝑛𝑓 = (1 − 𝜑𝑝)𝜌𝑓 + 𝜑𝑝𝜌𝑠 ,                                                                                                                                                   (8) 

(𝜌𝐶𝑃)𝑛𝑓 = (1 − 𝜑)(𝜌𝐶𝑃)𝑓 + 𝜑(𝜌𝐶𝑃)𝑠                                                                                                                (9) 

(𝜌𝛽)𝑛𝑓 = (1 − 𝜑)(𝜌𝛽)𝑓 + 𝜑(𝜌𝛽)𝑠                                                                                                                    (10) 

The thermal diffusivity and the thermal expansion coefficient are given by Ostrach [34] as follows: 

𝛼𝑛𝑓 =
𝑘𝑛𝑓

(𝜌𝐶𝑃)𝑛𝑓

                                                                                                                                                                       (11) 
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(1 − 𝜑𝑝)𝜌𝑓 + 𝜑𝑝𝜌𝑠 
                                                                                                                 (12) 

The dynamic viscosity of the nanofluid is defined by Brinkmanmodel [35], as follows: 

𝜇𝑛𝑓 = (1 − φ)−2.5𝜇𝑓 ,                   

The theoretical models of Maxwell and Hamilton-Crosser are given below [36]: 

𝑘𝑛𝑓 = 𝑘𝑓[𝑘𝑠 + 2𝑘𝑓 − 2𝜑(𝑘𝑓 − 𝑘𝑠)] × [𝑘𝑠 + 2𝑘𝑓 + 𝜑(𝑘𝑓 − 𝑘𝑠)]
−1

                                                                          (13) 

𝑘𝑛𝑓 = 𝑘𝑓[𝑘𝑠 + (𝜉 − 1)𝑘𝑓 − (𝜉 − 1)𝜑(𝑘𝑓 − 𝑘𝑠)] × [𝑘𝑠 + (𝜉 − 1)𝑘𝑓 + 𝜑(𝑘𝑓 − 𝑘𝑠)]
−1

                                       (14) 

where ξ is the empirical shape factor which is equal to 3 for a spherical particle. 

Table 1 represents the thermo-physical properties for the Al2O3/water nanofluid at T=300K. 
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Table 1. Thermal physical properties of base fluid (water) and nanofluid at T=300 K [37] 

Material 
𝑪𝒑 (

𝑱

𝒌𝒈. 𝑲)
 𝝆 (

𝒌𝒈

𝒎𝟑
) 𝒌 (

𝑾

𝒎. 𝑲)
 𝜷 (

𝟏

𝑲)
 

𝑊𝑎𝑡𝑒𝑟 4179 997.1 0.613 21×10-6 

𝐴𝑙2𝑂2 765 3970 40 0.85×10-6 

Numerical Solution 

Ansys 19.2 commercial program is used to solve the governing equations subjected to chosen boundary 

conditions. The grid independency for the present work is shown in Figure 2. Laminar model and time independent 

solver have been used in present numerical study with number of grids of 8,281. The grid generation for four 

models considered in this study is shown in Figure 3.  The thermophysical properties given in equations 8-14 are 

existing in Ansys 19.2 Fluent software. A second order upwind scheme is used for the natural convection heat 

transfer in in an octagonal enclosure filled with Al2O3/water nanofluid with internal circular heat source. The 

coupling of pressure-velocity equations results in using simple scheme. The numerical simulation is considered 

as the residuals for mass and momentum, and energy equations attain 10-6. The Nusselt number varies locally 

along the length of the inner circular wall as follows: 

𝑁𝑢𝐿 =
𝑘𝑛𝑓

𝑘𝑓

𝜕𝜃

𝜕𝑛
|

ℎ𝑜𝑡 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟
                                                                                                                                                   (14) 

The average Nusselt number of the hot inner cylinder is given as follows: 

𝑁𝑢𝑚 =
1

2𝜋
∫ 𝑁𝑢𝐿(𝜃)

2𝜋

0

𝑑𝜃                                                                                                                                                     (15) 

 

Figure 2. Grid independency for average Nusselt number on the inner cylinder (Model 1). 
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Model 1 Model 2 

 

Model 3 Model 4 

Figure 3. Grid generation for four models 

CODE VALIDATION 

The present numerical methodology is validated by comparing its results for streamlines and isotherms with the 

numerical results worked by Sattar et al. [14] as shown in Figure 4. The case study represents the problem of 

natural convection heat transfer in corrugated annulus with nanofluid for 𝑅𝑎 = 105, 𝜑 = 0.1 𝑎𝑛𝑑 0.25. It can be 

seen that the numerical procedure followed by the present study agrees with numerical results of [14]. 

 

Figure 4. Streamlines (top) and isotherms (bottom) for present work and Sattar et al. work [14] for 𝑅𝑎 = 105. 

Present results Sattar et al. work [14] 
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RESULTS AND DISCUSSION 

Numerical analyses using Ansys 19.2 commercial program is performed to investigate the free convective in an 

annulus forming by outer octagonal enclosure and internal hot circular cylinder. The enclosure is filled with 

Al2O3–H2O nanofluid. The Rayleigh number extends from 104 to 106, and the volume fraction range is 0 ≤ 𝜑 

≤0.1 with Prandtl number Pr= 6.2. Four models are studied to know the best model that gives higher heat transfer 

rate.   

Streamlines and isotherms 

Figures 5-8 show streamline (left) and isotherms (right) at 𝑅𝑎 = 104 𝑎𝑛𝑑 106 for four models; respectively. It is 

seen from Figure 5 that; the streamlines and isotherms for concentric annulus (model 1) are symmetrical about 

the vertical centerline of the annulus. For low Rayleigh number 𝑅𝑎 = 104, the convective flow resulting in 

gravitational acceleration strength (buoyancy force) is very low. This leads to dominating the conduction mode in 

the heat transfer process and the isotherms are very smooth with a slight distortion (thermal plume) occurs at the 

top of hot cylinder then it diminishes as the isotherm’s lines move towards top outer wall of octagonal cylinder 

due to weak fluid flow. The buoyancy-driven flow increases with increase in Rayleigh number to106. Hence, the 

dominating mode is convection heat transfer in the upper region of the octagonal enclosure. Isotherms and 

streamlines are no longer symmetrical about the vertical centerline of annulus as long the inner cylinder moves 

towards the righthand side of the annulus (Models 2 and 3) as shown in Figures 6 & 7.  

When the fluid close to the inner circular cylinder surface becomes heated and moves towards upwards the upper 

region of the annulus due to the buoyancy effect, two circulating vortices will be formed and rotated clockwise 

on the right-hand side and counter clockwise on the left-hand side. Vortices consist of circulating the flow upward 

along the outer wall of inner cylinder and downward along the inner wall of outer octagonal cylinder. The zero-

stream function line bisects the two vortices on each and intersects with the top flat wall of octagonal cylinder at 

the point of flow stagnation and with the bottom flat wall of octagonal cylinder at the point of flow separation 

from the wall. The centers of these vortices are located on the upper region of annulus. They are close together as 

Rayleigh number increases. Higher Rayleigh number (𝑅𝑎 = 106) strengthens convection currents due to increase 

in the temperature gradients, leads to forming the thermal plume on the top of hot circular cylinder and increasing 

the thermal boundary-layer thickness and obtaining higher heat transfer rates. While, the thermal boundary layer 

thickness below the inner circular cylinder is very low and the isotherms is almost uniform because of dominating 

the conduction mode in the heat transfer. When the inner cylinder moves horizontally towards the right-hand side 

of enclosure (model 2), great variations in streamlines and isotherms will be happened as shown in Figure 6.  

For low Rayleigh number, one great vortex is formed on the left-hand side of enclosure with global circulation on 

the right upper region of annulus. The isotherms seem to be uniform and circular at the bottom and right-hand 

side regions of inner cylinder. With increase Rayleigh number to 𝑅𝑎 = 106, two unsymmetric vortices are formed 

on each side of vertical center line of inner cylinder. While, the thermal plume deviates vertically towards the 

inclined right wall of octagonal enclosure, and the temperature lines seem to be flat and parallel on the right-hand 

side of inner cylinder. When the inner cylinder moves horizontally and vertically towards the right-bottom side 

of enclosure (model 3), the zero-stream function line is shifted away from the center of octagonal enclosure. This 

leads to increasing the maximum stream function and intensity of flow due to increasing the buoyancy-driven 

currents as shown in Figure 7.  

Table 2 shows the values of maximum stream function for four models, two Rayleigh numbers, and two 

nanoparticles volume fractions. When the inner cylinder moves only vertically below the center of octagonal 

enclosure (model 4), the center of vorticity moves upward of enclosure with more vortex intensity than model 1 

as shown in Figure 8 and Table 2. Furthermore, the thermal plume is symmetric with higher temperature gradient 

than model 1. It is seen from Table 2 that model 3 produced higher flow stream intensity than other models (4, 1, 

and 2); sequently. While, model 2 produced the lowest. It is seen from Figures 5-8 and Table 2 that adding the 

nanoparticles to the base fluid improves the strength of streamlines intensity and the heat transfer rates inside the 

octagonal enclosure at any position of inner cylinder and for all Rayleigh numbers. It aids to collect the 

temperature lines close to the hot circular wall leads to enhance the heat transfer rate.  
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Figure 5. Streamline (left) and temperature contour (right) of for octagonal enclosure with concentric inner 

cylinder-Model 1 (solid black line φ=0,  and dashed red line φ=0.1). 

 

 

Figure 6. Streamline (left) and temperature contour (right) of for octagonal enclosure with eccentric inner 

cylinder-Model 2 (solid black line φ=0, and dashed red line φ=0.1). 
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Figure 7. Streamline (left) and temperature contour (right) of for octagonal enclosure with eccentric inner 

cylinder-Model 3 (solid black line φ=0, and dashed red line φ=0.1). 

 

 

Figure 8. Streamline (left) and temperature contour (right) of for octagonal enclosure with eccentric inner 

cylinder-Model 4 (solid black line φ=0, and dashed red line φ=0.1). 
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Table 2. Maximum stream function values for four models. 

 

Model number 

Maximum stream function values 

𝝋 = 𝟎 𝝋 = 𝟎. 𝟏 

𝑹𝒂 = 𝟏𝟎𝟒 𝑹𝒂 = 𝟏𝟎𝟔 𝑹𝒂 = 𝟏𝟎𝟒 𝑹𝒂 = 𝟏𝟎𝟔 

1 0.0015 0.0129 0.0021 0.0198 

2 0.0015 0.00194 0.0021 0.015 

3 0.0024 0.0196 0.0034 0.0293 

4 0.0021 0.014 0.0031 0.022 

Local Nusselt number 

The Nusselt number varies locally along the length of inner hot circular cylinder for different nanoparticles volume 

fractions (𝜑 = 0, 0.4, 𝑎𝑛𝑑 0.1) and Rayleigh numbers (Ra=105 and 106) and for four models is shown in Figure 

9. It can be noticed that the local Nusselt number increases with increase in Rayleigh number and nanoparticles 

volume fraction at any position of inner cylinder (for all models considered in this study). The fluid particle is 

heated and it moves upward for both sides of inner cylinder and hits the outer wall creating great negative 

temperature gradient. The maximum local Nusselt number on the inner cylinder is located at angular position  𝜃 =

150𝑜  𝑎𝑛𝑑 215𝑜 for model 1, 𝜃 = 130𝑜 𝑎𝑛𝑑 230𝑜 for model 2, 𝜃 = 120𝑜 𝑎𝑛𝑑 240𝑜 for model 3, 𝜃 =

150𝑜  𝑎𝑛𝑑 230𝑜 for model 4 (lower region of hot cylinder).  

The minimum local Nusselt number on the inner cylinder is located at angular position  𝜃 = 60𝑜 𝑎𝑛𝑑 300𝑜 for 

model 1, 𝜃 = 50𝑜 𝑎𝑛𝑑 315𝑜 for model 2, 𝜃 = 45𝑜 𝑎𝑛𝑑 315𝑜 for model 3, 𝜃 = 55𝑜 𝑎𝑛𝑑 310𝑜 for model 4 (upper 

region of hot cylinder). Increasing the local Nusselt number is due to low resistance to conduction heat transfer 

and high velocity gradient (means high convection heat transfer coefficient) close to the hot walls. The maximum 

value of local Nusselt number moves upward of hot cylinder and below the horizontal axis as the inner cylinder 

moves from center of enclosure to the left or down directions. The fluid motion results in buoyancy-driven 

becomes faster with increasing the nanoparticles volume fraction. This leads to increasing the flow activity flow 

and gives more developing to the thermal plume at the hot walls and produces high local Nusselt number.  
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(𝒄) Model 3 (𝒅) Model 4 

Figure 9. Local Nusselt number variation for inner hot cylinder (dashed line) and outer cold cylinder (solid line) 

for different Rayleigh numbers and volume fractions. 

Average Nusselt number     

The variation of average Nusselt number with nanoparticles volume fraction for the inner circular cylinder (Hot 

Cylinder H. C.) and outer octagonal cylinder (Cold Cylinder C. C.) for varies Rayleigh numbers and for four 

models are shown in Figure 10. It is observed that the average Nusselt number (Num) for hot cylinder increases 

significantly with increasing the Rayleigh number (Ra) and the nanoparticles volume fraction (𝜑). Increase in 

Num on the outer cold cylinder is more pronounced for increasing the Rayleigh number with a slight effect of 

volume fraction. This improving of heat transfer rates can be attributed to the increasing in the thermal 

conductivity of the base fluid by adding nanoparticles with a high-volume fraction. The convection strength 

decreases and gets weak with decrease in Rayleigh number at any value of volume fraction and for all models. 

Generally, model 3 produced higher heat transfer rate than models (4, 1, and 2); respectively. The flow velocity 

of fluid adjacent to the inner hot wall increases with decrease in flow resistance. This produced a reduction in the 

thicknesses of hydrodynamic and thermal boundary layers and increase in heat transfer rate (high average Nusselt 

number).  
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Figure 10. Variation of average Nusselt number for four models with nanoparticles volume fraction at different 

Rayleigh number. 

CONCLUSIONS  

Numerical analyses for free convective heat transfer of Al2O3/water nanofluid in a cold octagonal enclosure having 

inner hot circular cylinder with four different positions giving four models has been performed. The most 

important conclusions can be written as follows: 

1. No change in maximum stream function between model 1 and model 2 for low Rayleigh number. 

2. Model 3 produced higher intensity of stream function and heat transfer rate than other models (4, 1, and 2); 

sequently. While, model 2 produced the lowest. 

3. The strength of maximum stream function depends on the nanoparticles volume fraction, Rayleigh number, 

and position of inner cylinder.  

4. The thermal plume generates as Rayleigh number increases and it hits the upper wall of octagonal enclosure 

for symmetric annulus with respective to vertical centerline of enclosure. 

5. The maximum local Nusselt number on the inner cylinder is located at lower region of hot cylinder. While, 

the minimum local Nusselt number on the inner cylinder is located at the upper region of hot cylinder.  

6. The average Nusselt number (Num) for hot cylinder increases significantly with increasing the Rayleigh 

number (Ra) and the nanoparticles volume fraction (𝜑) for all considered models.  

REFERENCES 

[1] K. Khanafer, K. Vafai, and M. Lightstone, “Buoyancy-driven heat transfer enhancement in a two-dimensional 

enclosure utilizing nanofluids”, International Journal of Heat and Mass Transfer, Vol. 46, Pp. 3639–3653, 

2003. 

[2] E. Abu-Nada, Z. Masoud, and A. Hijazi, “Natural convection heat transfer enhancement in horizontal 

concentric annuli using nanofluids”, International Communications in Heat and Mass Transfer, Vol. 35, Pp. 

657–665, 2008. 

[3] E. Abu-Nada, and H.F. Oztop, “Effects of inclination angle on natural convection in enclosures filled with cu–

water nanofluid”, Int. J. Heat Fluid Flow., Vol. 30, No. 4, Pp. 669–678, 2009. 

[4] M. Mahmoodi, “Numerical simulation of free convection of nanofluid in a square cavity with an inside heater”, 

International Journal of Thermal Sciences, Vol. 50, Pp. 2161-2175, 2011. 

[5] M. Sheikholeslami, M. Gorji-Bandpy, D.D. Ganji, Soheil Soleimani, and S.M. Seyyedi, “Natural convection 

of nanofluids in an enclosure between a circular and a sinusoidal cylinder in the presence of magnetic field”, 

International Communications in Heat and Mass Transfer, Vol. 39, Pp. 1435–1443, 2012. 

0

10

20

30

40

50

0 0.03 0.06 0.09 0.12 0.15

N
u

m

𝜑

Model 3

H.C., Ra=10⁴
H.C., Ra=10⁵
H.C.,Ra=10⁶

0

10

20

30

40

50

0 0.03 0.06 0.09 0.12 0.15

N
u

m

𝜑

Model 4

H.C., Ra=10⁴ H.C., Ra=10⁵
H.C.,Ra=10⁶ C.C., Ra=10⁴
C.C., Ra=10⁵ C.C., Ra=10⁶



 Natural Convection Heat Transfer of Nanofluid around Circular Cylinder Located in an Octagonal Enclosure  

 

357 

 

[6] A. Mehrizi, M. Farhadi, and S. Shayamehr, “Natural convection flow of Cu–Water nanofluid in horizontal 

cylindrical annuli with inner triangular cylinder using lattice Boltzmann method”, International 

Communications in Heat and Mass Transfer, xxx (2013) xxx–xxx. 

[7] E. Sourtiji, D.D. Ganji, and S.M. Seyyedi, “Free convection heat transfer and fluid flow of Cu–water 

nanofluids inside a triangular–cylindrical annulus”, Powder Technology, Vol. 277, Pp. 1–10, 2015. 

[8] M. Hatami, and H. Safari, “Effect of inside heated cylinder on the natural convection heat transfer of nanofluids 

in a wavy-wall enclosure”, International Journal of Heat and Mass Transfer, Vol. 103, Pp. 1053–1057, 2016. 

[9] S.A.M. Mehryan, F.M. Kashkooli, M. Ghalambaz, and A.J. Chamkha, “Free convection of hybrid Al2O3-Cu 

water nanofluid in a differentially heated porous cavity”, Advanced Powder Technology, xxx, xxx–xxx, 2017. 

[10] M. Guestala, M. Kadja, and M.T. Hoang, “Study of heat transfer by natural convection of nanofluids in a 

partially heated cylindrical enclosure”, Case Studies in Thermal Engineering, Vol. 11, Pp. 135–144, 2018. 

[11] T. Mahalakshmi, N. Nithyadevi, H.F. Oztop, and N. Abu-Hamdeh, “Natural convective heat transfer of Ag-

water nanofluid flow inside enclosure with center heater and bottom heat source”, Chinese Journal of Physics, 

2018. 

[12] A. Abdulkadhim, H.K. Hamzah, F.H. Alib, A.M. Abed, and I.M. Abed, “Natural convection among inner 

corrugated cylinders inside wavy enclosure filled with nanofluid superposed in porous–nanofluid layers”, 

International Communications in Heat and Mass Transfer, Vol. 109, Pp. 104350, 2019. 

[13] A. Bouzerzour, M. Djezzar, H.F. Oztop, T. Tayebi, and N. Abu-Hamdeh, “Natural convection in nanofluid 

filled and partially heated annulus: Effect of different arrangements of heaters”, Physica A., Vol. 538, Pp. 

122479, 2020. 

[14] S. Aljabair, A.A. Mohammed, and I. Alesbe, “Natural convection heat transfer in corrugated annuli with 

H2O-Al2O3 nanofluid”, Heliyon, Vol. 6, Pp. e05568, 2020. 

[15] F.A. Saleh, L.J. Habeeb, and B.M. Maajel, "Investigations of Heat Transfer Augmentation for Turbulent 

Nanofluids Flow in a Circular Tube: Recent Literature Review", The American Association for Science and 

Technology (AASCIT), Journal of Nanoscience, Vol. 1, No. 4, Pp. 60-65, 2015. 

[16] L.J. Habeeb, F.A. Saleh, and B.M. Maajel, "Investigations of Heat Transfer Enhancement for Laminar 

Nanofluids Flow in a Circular Tube: Recent Literature Review", The American Association for Science and 

Technology (AASCIT), Journal of Nanoscience, Vol. 1, No. 4, Pp. 66-73, 2015. 

[17] A.A. Karamallah, L.J. Habeeb, and N.M. Rahmah, "Investigation of flow and heat transfer in a double pipe 

heat exchanger with nano fluid", American-Eurasian Network for Scientific Information (AENSI Publication), 

Advances in Natural and Applied Sciences, Vol. 10, No. 12, Pp. 8-15, 2016. 

[18] A.A. Karamallah, L.J. Habeeb, and A.H. Asker, "The Effect of Magnetic Field with Nanofluid On Heat 

Transfer in A Horizontal Pipe", Al-Khwarizmi Engineering Journal, Baghdad, Iraq, Vol. 4, No. 1, Pp.27-47, 

2016. 

[19] L.J. Habeeb, F.A. Saleh, and B.M. Maajel, "Experimental Investigation of Laminar Convective Heat Transfer 

and Pressure Drop of Al2O3/Water Nanofluid in Circular Tube Fitted with Twisted Tape Insert", International 

Journal of Energy Applications and Technologies, Vol. 4, No. 2, Pp. 73-86, 2017. 

[20] L.J. Habeeb, F.A. Saleh, and B.M. Maajel, "CFD Modeling of Laminar Flow and Heat Transfer Utilizing 

Al2O3/Water Nanofluid in a Finned-Tube with Twisted Tape", Faculty of Mechanical Engineering, FME 

Transactions, Vol. 47, No 1, 2019, Pp. 89-100. doi: 10.5937/fmet1901089H. 

[21] L.J. Habeeb and H.S. Majdi, "Nanofluids and Computational Applications in Medicine and Biology", Book 

chapter of 'Applications of Nanobiotechnology', IntechOpen, 2019. 

[22] L.J. Habeeb, F.A. Saleh, H.K. Jalghaf, and B.M. Maajel, "One and Two-Way Interaction of Finned Tube 

Containing Nanofluid and Twisted Tape", Book chapter 'AERA', Advanced Engineering Research and 

Applications, 2019. 



 Natural Convection Heat Transfer of Nanofluid around Circular Cylinder Located in an Octagonal Enclosure  

 

358 

 

[23] M.S. Alwan, J.M. Hadi, L.H. Jaafer, Humam Kareem Jalghaf, "Study the effect of Nano fluid on Heat 

Transfer in Finned Pipe with Internal V-Cut Twisted Tape", Journal of Mechanical Engineering Research and 

Developments, Vol. 43, No. 5, pp. 161-177, 2020. 

[24] N.Y. Jasim, N.S. Ekaab, T.M.A. Alnasser, and L.J. Habeeb, "Effect of Nano-Fluid and Magnetic Field on 

the Heat Transfer", Journal of Mechanical Engineering Research and Developments, Vol. 43, No. 5, Pp. 272-

282, 2020. 

[25] A.J. Ali, H.J. Jaber, L.J. Habeeb and E.N. Tugolukov, "Experimental investigation on the enhancement of 

heat transfer by using carbon nanotubes CNT taunit m series", IOP Conf. Series: Materials Science and 

Engineering. IV International Scientific and Technical Conference “Energy Systems”, Vol. 791, 012003, 

2020. 

[26] A.J. Ali, E.N. Tugolukov, and L.J. Habeeb, "Thermophysical Properties of Nanomodified Liquids", 

Advanced Materials & Technologies, No. 1, No. 17, Pp. 018-026, 2020. 

[27] W.K. Hasan, A.R. Kalash, H.M. Hussen, and L.J. Habeeb, "Numerical Investigation of Nanofluid in a 

Rectangular Microchannel Heat Sink", Journal of Mechanical Engineering Research and Developments, Vol. 

43, No. 6, Pp. 404-417, 2020. 

[28] H.S. Majdi, A.M. Abed, and L.J. Habeeb, "Nanofluid Predication of Lid Driven Mixed Convection in Square 

Cavity with Adiabatic Elliptic Body", Journal of Mechanical Engineering Research and Developments, Vol. 

44, No. 1, pp. 151-163, 2021. 

[29] H.S. Majdi, A.M. Abed, and L.J. Habeeb, "Mixed Convection Heat Transfer of CuO-H2O Nanofluid in a 

Triangular Lid-Driven Cavity with Circular Inner Body", Journal of Mechanical Engineering Research and 

Developments, Vol. 44, No. 1, Pp. 164-175, 2021. 

[30] S.K. Ayed, W.K. Hasan, L. Jassim, and L.J. Habeeb, "Combined Convection of CuO-H2O Nanofluid in Arc-

Shape Annuli with Moving Flat Top Wall", Journal of Mechanical Engineering Research and Developments, 

Vol. 44, No. 2, Pp. 268-279, 2021. 

[31] L. Snoussi, N. Ouerfelli, X. Chesneau, A.J. Chamkha, F.M. Belgacem and A. Guizani, “Natural Convection 

Heat Transfer in a Nanofluid Filled U-Shaped Enclosures: Numerical Investigations”, Heat Transfer 

Engineering, Vol. 39, No. 16, Pp. 1450–1460, 2018. https://doi.org/10.1080/01457632.2017.1379343.  

[32] O. Mahian, A. Kianifar, S.A. Kalogirou, I. Pop, and S. Wongwises, “A Review of the Applications of 

Nanofluids in Solar Energy,” International Journal of Heat and Mass Transfer, Vol. 57, Pp. 582–594, 2013. 

[33] K. Khanafer, K. Vafai, and L. Marilyn, “Buoyancy-Driven Heat Transfer Enhancement in a Two-

Dimensional Enclosure Utilizing Nanofluids,” International Journal of Heat and Mass Transfer, Vol. 46, Pp. 

3639–3653, 2003.  

[34] S. Ostrach, “Natural Convection in Enclosures,” ASME Journal of Heat Transfer, vol. 110, Pp. 1175–1190, 

1988. 

[35] H.C. Brinkman, “The Viscosity of Concentrated Suspensions and Solutions,” Journal of Chemical Physics, 

Vol. 20, Pp. 571–581, 1952. 

[36] M.A. Mansour, S.E. Ahmed, “Mixed convection in double lid-driven enclosures filled with Al2O3-water 

nanofluid”, Journal of Thermophysics and Heat Transfer, Vol. 27, No. 4, Pp. 707-718, 2013.  

[37] M. Corcione, “Empirical Correlating Equations for Predicting the Effective Thermal Conductivity and 

Dynamic Viscosity of Nanofluids,” Energy Conversion and Management, Vol. 52, Pp. 789–793, 2011. 

 

 

 

https://doi.org/10.1080/01457632.2017.1379343

