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ABSTRACT 

Heat transfer by free convection plays important roles in various industrial and domestic fields. The study of heat 

transfer for cooling or heating purposes is the most important topic for engineering design, operation, analysis, 

and development. The heat transfer enhancement by utilizing different strategies promotes higher design quality 

which leads to energy saving, material, safety, and environment for different applications.  The convective heat 

transfer rate (q) can be controlled by changing some of important parameters such as the type of working fluid, 

the system geometry, and thermal boundary conditions. The present paper represents a review on natural 

convection heat transfer enhancement in enclosures and cavities. 
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INTRODUCTION 

Natural convection is another action that irregularly develops and was momentarily discussed in the previous 

investigations [1-7]. This action is roughly always recognized as a buoyant force which happen due to density 

gradient within a system. Natural convection is analytically treated as another external force expression in the 

momentum conservation equation. The momentum conservation equations (velocity independent variable) and 

energy equation (temperature independent variable) actions are therefore interdependent; as a result, both 

equations have to be solved at the same time [8-10]. Free convection happens by the action of density difference 

between fluid particles due to heat solid surface in which the external sources are not presented [11]. In free 

convection, the velocity is zero (no-slip boundary condition) at the heated object. The velocity increases quickly 

in a thin boundary bordering to the object, and eventually approaches tiny value when significantly displaced from 

the object. Actually, both free convection and forced convection actions occur at the same time so that one may 

be necessary to resolve which is major. Both may therefore be necessary to be incorporated in some analysis, even 

though one is frequently tempted to attach less meaning to free convection actions. On the other hand, this 

attraction should be resisted since natural convection rarely plays the more essential role in the design, operation 

performance of some heat transferring or equipment in industrial and local uses [12]. As recommended above, 

natural convection fluid free stream motion arises due to buoyant actions, Buoyancy forces arises due to the point 

of presence of a fluid density difference and object forces that is relative to density. The object force is typically 

gravity force. Density difference develops due to the presence of a temperature difference. In addition, the density 

of gases and liquids is function of temperature, in general, decreases with increasing temperature [12]. 

i.e.  ( 
𝜕𝜌

𝜕𝑇
)P< 0                                                                                                                                                             (1) 

The convective heat transfer rate (q) can be controlled by changing the type of working fluid which change the 

heat transfer coefficient (h)  or by changing the system geometry in which heat transfer area (A) is changed 

according to Newton equation  for cooling  process: 
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𝑞 = ℎ 𝐴 (𝑇𝑤 − 𝑇∞)                                                                                                                                                  (2) 

Where Tw is solid wall temperature and T∞ is bulk fluid temperature. 

In general, the natural convection depends mainly upon parameters such as: heat flux, temperature gradient, object 

shape, geometry, body size, fluid density, fluid viscosity, fluid heat capacity, fluid thermal conductivity, fluid 

orientation (vertical or horizontal) and the inclination of object [13]. In porous media, the porosity and 

permeability are induced to the affected parameters on natural convection heat transfer [14]. The natural 

convection behavior is too complex especially in conjugated domain. The fluid physical properties (density, 

viscosity, heat capacity and thermal conductivity) are function of temperature [12]. Any change in temperature or 

heat flux of surfaces, gives a change in properties values which leads to fluid vortex motion. This effect is noticed 

as stream lines expression and isothermal lines instead of thermal boundary layer expression which is used forced 

convection. The mechanism of free convection can be varied if the surfaces is heated isothermally or by constant 

heat flux  [12-15]. Experimental and numerical investigation of heat transfer in Cavities was performed [16-24]. 

Some of the experimental work included the study of porous media effect on forced convection heat transfer [16]. 

It was found that the rate of average Nusselt number decreases with the increase of heat flux. The present work is 

review on free convection under laminar flow conditions inside enclosures and cavities. 

Applications of Natural Convection 

The importance of natural convection in closed enclosure is to cooling and heating with using the minimum cost 

operation, in which the density difference or gravity action of bulk fluid is the driving force [5]. The natural 

convection study promotes a higher knowledge of heat transfer dynamic behavior. This behavior is used for 

different applications for different fields such as Domestic heating or cooling of rooms in which the working fluid 

is air, Industrial cooling of reactors which is partially submerged in pools, Cooling of thermal power plants cold 

reservoir, Cooling of nuclear reactors, Waste heat recovery from stacks, Electronic devices cooling, Cooling of 

electric transformers and Solar collectors [6]. 

Experimental Investigations  

Fand et al. (1977), [6], studied the heat transfer by free  convection from a wall of  horizontal cylindrical enclosure 

to bulk fluids of  air, water and various types of silicone oils within  a range of Ra of 2.5x102 to 1.8x107and a 

range of Pr from 0.7 to 3090. The aim of their study was to estimate whether Nu is just a dependent value of Ra 

(Nu=f(Ra)) or dependent value of Ra and Pr (Nu=f(Ra, Pr)). The resultant correlation proved that the Nu is 

function of Pr and Ra as illustrated in the following expression: 

𝑁𝑢 = 0.478 𝑅𝑎𝑓
0.5𝑃𝑟𝑓

0.25                                                                                                                                        (3) 

Sparrow and Charmcill (1983), [28] studied the effect of temperature degrees on the free convection heat transfer 

coefficient of vertical annulus space between two concentric cylinders (cylindrical enclosure of internal cylinder) 

in 1983. The working fluid was air with Rayleigh number  range from 1.5×103 to 105. The experimental results 

were compared with previous work correlations which has a good validation of 1 % with the following correlation: 

𝑁𝑢 = 0.754 𝑅𝑎𝑓
0.204𝐴𝑅0.052                                                                                                                                    (4) 

Where AR is aspect ratio which should be maintained at range of (0.1-0.2).  

Hamad (1989), [29] investigated the effect of angle of inclination on free convection heat transfer on inclined 

cylindrical annulus. The inner cylinder was adjusted to heat of 900W, in which the constant heat flux was provided 

by an electric heater. It was revealed that the inclination angle has only a little influence on the free convection 

heat transfer coefficient. Kitamura et al. (1999), [30] studied the free convection characteristics by visualization 

of the flow patterns around the outer surface of cylinder and measured the outer wall surface temperature 

distribution. The investigators observed that three-dimensional flow segregation happened first at the irregular 

boundaries of the cylinder and finally converted to the turbulent transition. It was concluded that the local Nusselt 

numbers increases significantly in region of the transitional and turbulent flow, although these regions taken just 

a small segment of the cylinder out surface. Empirical correlations for the average Nusselt numbers of water were 

achieved as illustrated in the following expression: 
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𝑁𝑢 = 0.6 𝑅𝑎𝐷
∗0.2

                                                                                                                                                    (5) 

at  Ra=3×108- 2.5×1010    and 

𝑁𝑢 = 0.23 𝑅𝑎𝐷
∗0.24

                                                                                                                                                (6) 

at  Ra=2.5×1010- 3.6×1013 

where 

𝑅𝑎𝐷
∗ = 𝑅𝑎𝐷𝑁𝑢𝐷 =

𝑔𝛽𝜌2𝐶𝑝(𝑇𝑤−𝑇∞)𝐷3

µ𝐾
×

ℎ𝐷

𝑘
=

𝑔𝛽𝜌2 𝐶𝑝  𝐷4(
𝑞

𝐴
)

µ 𝐾2                                                                                    (7) 

Abu Nada, in 2008 [31], investigated the effect of Rayleigh number, inclination angle and aspect ratio on the free 

convection  heat transfer in concentric cylindrical enclosure. The inner cylinder was heated while the outer 

cylinder was cooled by high flow rate circulated cold fluid.  The range of Ra was 5×104-5×105, inclination degrees 

was 0ᵒ,30ᵒ and 60ᵒ and the aspect ratios was 0.77, 0.7 and 0.63.  The results revealed that the aspect ratio increasing 

leads to significant decreasing of heat transfer rate, the inclination degree increasing increases the heat transfer 

rate slightly and the heat transfer rate has direct relation with Rayleigh number. The investigator fitted results had 

to obtain the following empirical correlation: 

𝑁𝑢 =
1.21𝑅𝑎0.33(1−𝑟𝑟)0.99(1−0.34 cos(𝜙)(1−1.06 cos(𝜙)))

ln(𝐴𝑅)
                                                                                                 (8) 

Where: AR is aspect ratio (inner diameter to outer diameter ratio) and ϕ is inclination degree. 

Yesiloz and Aydin   (2011), [23], investigated the effect of Ra and inclination degree on natural convection heat 

transfer in quadrant cavity.  The Rayleigh number ranger was 105-107 and inclination degree range was 0-360ᵒ. 

The visualization results of eddies due to free convection were obtained. The experimental results showed a good 

agreement with stream lines which were obtained by CFD simulation.  The optimum conditions were obtained at 

inclination degree equals to 0 and 270ᵒ.  

Numerical Investigations  

Keyhani et al. (1988), [34] studied free convection heat transfer in a long vertical hollow (rectangular enclosure) 

with isothermal vertical cold wall in addition to 11 alternately unheated and flush-heated partitions of equivalent 

length on the divergent vertical wall. The results suggested that the stratification was the primary issue influencing 

the heated partitions temperature, and that turbulent flow occurred when the local modified Rayleigh number 

(Ra)was in the range of 9.3 x 1011 to 1.9 x 10 12. Ahmed and Yovanovich (1992), [35] developed solutions for the 

problem of natural convection in a square enclosure with discrete heat sources. Numerical modeling were carried 

out for Pr = 0.72 (working fluid was air) , A = 1 and 0 < Ra 106 (Rayleigh number was rooted in the height of the 

heat source S divided by the aspect ratio A). Validation of this work was obtained at Ra = 0 (conduction limit). 

The relation between Nusselt number and Rayleigh number for different scale lengths were discussed.  

Tiirk and Yiicel (1995), [36] studied the natural convection heat transfer inside channel with a discrete heat 

sources. The results were carried out for different Grashof numbers, the channel width, heater locations, and 

Reynolds number. It was illustrated that the place of the heating constituent did not play a significant role on the 

streamlines. Kulkarni (1998) ,[26], studied natural convection in buildings by utilizing  sidewall heater below cold 

window. The aim of study was to study transient free convection in rectangular enclosure maintain under various 

values of Ra. It was concluded that Nu increases by increasing Ra generally for range of 8×1010 to 2×1011. It was 

noticed that the stream line of convicted air from heater region to cold window region. Radhwan and  Zaki (2000), 

[37], studied buoyancy force in a vertical square enclosure filled with air and containing one discrete flush heater 

on one wall. The other walls were isothermally kept at a low temperature. It was noticed that the isothermal cold 

sections adjacent to the heater assist the development of secondary circulation cells that depended upon both 

Rayleigh number and the position.  
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Zeitoun (2005), [38], investigated the effect of aspect ratio, temperature difference and internal body length on 

natural flow of immersed body inside horizontal cylindrical enclosure numerically. The results prevailed that the 

Nu increase by increasing aspect ratio and Ra. The stream lines, victor’s distribution and isotherms were achieved 

by using CFD software package. Aydin and Pop (2005), [39] studied the free convection of micropolar fluids 

inside an enclosure with a discrete heater located in one of its vertical walls. The streamline, isotherms, and the 

local Nusselt number through the discrete heater were presented and discussed. The results show that micropolar 

fluids have given lower heat transfer rates than the Newtonian fluids. Ben-Nakhi and Chamkha (2007), [40] 

studied the natural convection with aid of fin inside rectangular enclosure, the heater was placed in the left wall 

while the other three walls were cooled. The stream lines of CFD simulation were obtain with different fin lengths. 

The investigators observed the streamlines of circular trajectory became more sluggish and deformed because the 

resultant eddies due to fin present at Ra=104.  

Varol et al. (2007), [41] studied the free convection of  right-angle inclined enclosure with internal square body. 

The temperature of inclined surface is lower than the bottom surface. The study was numerical in which the stream 

lines, vectors and temperature were obtained for cooling square body, heating body and adiabatic body. The results 

show increasing of stream lines and isothermal distribution by increasing Ra.  The researchers observed that the 

stream line motion direction depending upon the process that related to body, for heating the stream lines motion 

was clock wise while cooling was reverse. Oztop and Abu-Nada (2008), [42] investigated the effect of nanofluid 

and Ra (by changing temperature and location of heated) on free convection inside rectangular enclosure. The 

results showed that the nanofluid increases the free convection performance by changing the physical properties 

(then change in Pr, Gr, Nu and Ra). The higher Ra number promotes higher Nu and more deformed fluid stream 

lines.  

Varol et al. (2009), [43]  investigated the effect of inclination, heater length and Pr on square enclosure in which 

the heater placed on the corner with insulated walls. The investigation was numerical solution of momentum, 

energy and mass transports which the stream lines and temperature distributions were obtained. The heat transfer 

coefficient may increases or decreases with inclination but the Pr has significant effect on heat transfer rate. 

Hussein and  Hussain (2010), [43] obtained the stream lines and isothermal lines for square enclosure as function 

to Ra and inclination. The stream lines distributions increase by increasing Rayleigh number and inclination 

degree, the optimum condition was achieved at Ra=105 and 30ᵒ. Nardini et al. (2013), [44] investigated free 

convection in a 2-D square enclosure due to some heat sources on the vertical sidewalls. Main efforts were focused 

on the size of the sources on the fluid flow and heat transfer characteristics. The isotherms, streamlines, velocity 

vectors and mean Nusselt numbers were presented. The results showed that the effect of the various heating sizes 

of the vertical walls explored the fluid field and thermal characteristics for free convective in 2-D square enclosure. 

Chowdhury  et al. (2015), [45] studied the numerical investigation of natural convection of  circular heated body 

inside triangular enclosure system. The results showed that the stream lines increases by increasing heat flux and 

circular diameter for same Ra (105) and Pr=0.71. Altaee et al. (2017), [46] investigated the numerical analysis of  

hot triangular body inside cold rectangular cavity filled by air. The numerical investigation was by ANSYS 16 

CFD package in which the effect of triangular body inclination and Ra were investigated. The maximum values 

were observed at 30ᵒ and Ra=106. The stream line counters of various inclination degrees and Ra were achieved. 

Sarper et al. (2017), 47] investigated natural convection in a vertical channel. One wall was heated discretely by 

using flush-mounted heater while the other walls were adiabatic. The clearance effects between the heaters on 

thermal patterns and fluid field were discussed. Ali et al., in 2018 [48] investigated the natural convection in 

shallow square enclosure containing water. It was shown that the mean Nusselt number increases with increase in 

Rayleigh number with observed overlapping region between the two aspect ratios.  

Saglam et al. (2018), [49] investigated the natural convective of discrete heat sources in a rectangular cavity with 

a hot sidewall by a couple of the same discrete heat sources. The other sidewall was maintained at a lower 

temperature. The effect of heat dissipation on buoyancy-induced flow and thermal patterns was presented and 

discussed. Saglam et al. (2018), [50] submitted another study for the effect of free convective in  a rectangular 

enclosure with hot sidewall The additional sidewall was reserved at a constant temperature, while the horizontal 

walls were unheated. The results show that surface temperatures increase with increase in Rayleigh number. 

Chowdhury et al. (2015), [51] , studied the numerical investigation of natural convection of  circular heated body 

inside triangular enclosure system. The results showed that the stream lines were increased by increasing heat flux 

and circular diameter for same Ra (105) and Pr=0.71. 
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CONCLUSIONS 

Natural convection heat transfer in enclosures and cavities have received an important attention because wide 

engineering applications in different industries. Therefore, the present review paper is an attempt to know the 

importance of parameters that affect the behavior of fluid flow and heat transfer. These parameters include 

geometry, thermal boundary conditions, test fluid. Enhancement of heat transfer can be obtained using nanofluid 

and porous media to increase the thermal conductivity of working fluid. Using vibration and magnetic field have 

given increasing in the heat transfer rate. Rayleigh number, Darcy number, Prandtl number have a great effect on 

the heat transfer process. 
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