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ABSTRACT: The present article represents a review on heat transfer process by forced and mixed convection of 

lid-driven cavity with different shapes at low cost by different techniques. Lid-driven cavity flows have multiple 

realistic technological and industrial uses, for example oil extraction, technologies of lubrication, solar 

collectors, crystal growth, heat exchangers, food processing, nuclear reactors, cooling of electronic devices, and 

production of float glass. Combined convection flow in lid-driven cavities happens as a result of shear flow 

caused by the lid movement and buoyancy flow produced by non-homogeneity of the cavity thermal boundaries. 

In the past decade, several investigations on combined convection heat transfer in lid-driven cavity have been 

carried out. Many geometries of the lid-driven cavities had been studied such as circle, wavy, square, rectangle, 

and triangle; with different thermal boundary conditions enhancement techniques. This paper presents a review 

of enhancement techniques and highlights the most important results drawn from them.  
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INTRODUCTION 

Fundamental natures and relevance of lid-driven flows in cavities are relevant to many heat transfer engineering 

applications. Examples of such applications can be traced to oil extraction in the grooved wet clutches, solar 

collectors and enhancement for thermal performance of heat exchangers [1]. Other examples are electronic 

equipment cooling, food drying, heat exchangers, and nuclear reactors [2]. For the related problems, a cavity 

with driven-lid is used for analyzing the heat and fluid transport characteristics. The flow is driven by a moving 

one wall or two walls, and the heat transfer takes place because of a temperature grade among the hot and cold 

walls. In last years, many authors have investigated natural, forced, and varied convection in a hollow with 

different geometries. The geometry of lid-driven cavity in Engineering applications is available in different 

configurations and geometries, including square, rectangle, triangle and trapezoidal, other shapes under a wide 

array of thermal boundary environments [1-41]. The current review gives a clear insight of the behavior of heat 

transfer and fluid drift in lid-driven cavity under influence of many parameters, such as effect of nanofluid, 

attractive ground, porosity, feeling angle, Darcy number, Reynolds number, Rayleigh number (or Grashof 

number), Richardson number, etc. 

SQUARE LID-DRIVEN CAVITY 

The combination forced – natural convective heat transfer was analyzed around a hot square cylinder placed 

within a square cavity operated by a cap. The findings were evaluated at the top surface of the heated square in 

the context of streamline and isotherm contours, as well as the variance of local Nusselt number. It is noted that 

the flow sequence, the vortex structure and the Nusselt number depend strongly on Reynolds and Richardson 

numbers. Some researchers concluded that the porosity has great effect on the boundary layer velocity and gives 

a strong vortex private a lid-driven square cavity complete with porous media. Lattice Boltzmann Process used 

to analyze mixed convection flows use nanofluids in a cavity guided by the cap. The cavity fluid is a water 

dependent nanofluid comprising nanoparticles Cu, CuO, or Al2O3. The impact of Reynolds number and strong 

volume fraction on the hydrodynamic and thermal properties for different nanofluids was studied. The results 
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indicate that the effects of solid volume fraction grow stronger sequentially for Al2O3, Cuo and Cu. In addition, 

the increases of Reynolds number lead to decrease the solid concentration effect. A studied the effects of the 

moving lid-direction on the MHD mixed convection in an enclosure with a linearly heated bottom wall and 

constant top moving wall temperature. He found that the mixed convection is better than forced convection 

because of giving more effective flow for the direction of lid on the heat transfer and fluid flow.  

Use variable thermal conductivity and variable viscosity, the water dependent nanofluid comprising Al2O3 

nanoparticles in a lid-driven enclosure used. The horizontal walls at the top and bottom were insulated while the 

vertical walls were held at various constant temperatures with the top surface rotating at a constant rate. The 

heat transfer enhancement in the cav found significant differences. Some researchers used (Al2O3) nanoparticles 

with based water fluid to study the mixed convection heat transfer in a lid-driven enclosure with a fixed speed of 

top wall. They noticed important differences among the heat transfer improvement values in the enclosure for 

both the Brinkman and Maxwell–Garnett models. Conducted a study to investigate convection of a differentially 

heated square cavity packed with a fluid-saturated porous matrix in a two-sided cover. They analyzed three 

cases with non-uniform heating, depending on the direction of moving walls. Over even a wide range of 

Richardson numbers, Darcy numbers, and amplitude ratios, the results were analysed. used a mixture of water 

and Cu (or Ag) nanoparticles to study mixed convection in a horizontal square enclosure with insulated 

horizontal walls and The temperature difference driving the convection comes from walls that move sideways. 

The phenomenon was analyzed through Nusselt number, streamlines and isotherm contours.  

Used Al2O3 as a nanoparticles and a mixture of ethylene glycol-water as the base fluid with different nanofluid 

thermal conductivity models to study the buoyancy effects on the behavior of heat and forced flow in a lid-

driven square enclosure with hot left vertical wall and cooled top wall. They showed that the average heat 

transfer rate depends linearly on the nanoparticle volume fraction for all the thermal conductivity models 

considered in this study. Moreover, the thermal conductivity models give different average Nusselt numbers.  A 

group researchers investigated mixed convection heat transfer of nanofluid in a lid driven square cavity 

containing different hot Mixed convection heat transfer of nanofluid in a lid-driven square cavity containing 

various hot triangular cylinders was examined. Thermally insulated the top and bottom walls, while the vertical 

walls were cooled. We showed that the heat transfer rate is increased by increasing size and number of hot 

triangular cylinders.It is also found that Richardson number decrease and increase the volume element of 

nanoparticles, the regular heat transfer rises. Some researchers investigated the combined effects of buoyancy 

and inertia forces inside a lid-driven enclosure containing Cu-water nanofluid with four different lid-driven 

cases [11].  

They decided that the heat transfer and fluid flow features strongly depend on the density inversion of water and 

the presence of nanoparticles. Further, the maximum value of the average Nu number occurs under the 

Boussinesq approximation when the shear-driven force is stratified with the buoyancy force. Using Cu, Ag, 

Al2O3 and TiO2 nanoparticles with water as a base fluid within a lid-driven square cavity heated concurrently 

by two heat sources on the two vertical walls at a standardized heat flux [12]. The upper movable wall and the 

cavity bottom wall are respectively held at a cold temperature ( TC). They concluded that the Cu-water 

nanofluid improves heat transfer more than other types of nanoparticles, and that the heat sources position plays 

an important role in the behavior of the flow and thermal fields. A group scientist used 𝐶𝑢 − 𝐻2𝑂 nanofluid to 

study mixed convection heat transfer in a lid-driven porous medium square enclosure with several pairs of heat 

source-sinks. It was concluded that, 𝐶𝑢 − 𝐻2𝑂 nanofluid enhances greatly the heat transfer process [13]. The 

buoyancy force was observed because of temperature curve and the forced movement because of the top moving 

wall of the lid-driven square cavity loaded with nanofluid Cu-H2O and contains concentric isothermally heated 

cylinder [14]. The walls of the enclosure were kept at a constant cold temperature. It is noticed that the average 

Nusselt number enhances significantly as Reynolds number and solid volume fraction of nanoparticle increase. 

As a result, The fluid state of the nanoparticle 's traveling cover and stable volume fraction can be regarded as 

important criteria for increasing the heat transport and flow activities in the enclosure. investigated the combined 

convection heat transfer in an enclosure filled with nanoparticles [15]. Different viscosity and thermal 

conductivity models were employed to evaluate heat transfer enhancement.  
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Table 1. Square Lid-driven cavity with different parameters studied by different investigators 

investigator Parameter range Geometry shape Geometry 

Rosdzimin et al. 

(2010), [1] 

100≤Re ≤1000 

0.01≤Ri≤10 

Pr=0.71 

Square lid driven 

cavity contains 

heated square 

cylinder 

 

Mohd et al. (2010), 

[2] 

𝑏 = 1 

Forced convection 

Re=10-400 

Da=10−4 − 10−2 

Square cavity 

 

Nemati et al. (2010), 

[3] 

Ra=104 

Re=1, 10, 100 

Water (Pr=6.57) 

based on Al2O3, Cuo 

and Cu nanofluids 

𝜑 = 0, 0.1, 0.03, 0.05 

Square 

 

Khaled et al. (2012), 

[4] 

(0 ⩽ Ha ⩽ 30), 

(100 ⩽ Re ⩽ 1000) 

(104 ⩽ Gr ⩽ 106) 

Square cavity 

 

Sheikhzadeh et al. 

(2012), [5] 

H2O- Al2O3 

nanofluid 

Pr=6.2 

Ri=0.01–100, 

𝜑 = 0 − 0.06 

𝐺𝑟 = 104 

Square lid-driven 

cavity 

 

Sheikhzadeh et al., 

2012, [6] 

𝑅𝑖 =  0.01– 100, 

𝜑 = 0– 0.06 

𝐺𝑟 = 104 

Square lid-driven 

enclosure filled with 

H20-Al2O3 nanofluid 

 

Anirban et al. (2014), 

[7] 

 

10−5 ≤ Da ≤ 10−1 , 

Ri=1 

Pr=0.7 

Square cavity 
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Abdelkaderet al. 

(2015), [8] 

𝑅𝑖 = 0.01 −  100, 

𝜑 =0% - 10%, 

inclination angle (0o 

to 180o) 

Square enclosure 

 

Elif and Kamil 

(2016), [9] 

Al2O3 with ethylene 

glycol-water mixture 

as the base fluid. 

𝜑 = 0, 0.04, 0.08 

Gr= 104 , Ri= 0.1 to 

10 

square 

 

Zoubair et al. (2016), 

[10] 

(0.1≤ 𝑅𝑖 ≤ 100), 

𝑃𝑟 = 6.2 

(0 ≤ 𝜑 ≤ 0.05) 

H2O-Cu 

 

Lid driven square 

cavity contains 

triangular heated 

cylinder at different 

positions 

 

Mohammad 

Mastiani et al. 

(2017), [11] 

 

Ri= 0.01 to 100, and 

the Cu -water 

nanofluid 

Pr = 6.2,  𝜑 = 

0, 0.03, 0.05 

Square enclosure 

 

Ilhem and Rachid 

)2017(, [12] 

Ra=103-106 

Re=1-500, 

Cu, Ag, Al2O3 and 

TiO2 

Pr = 6.2,  𝜑 = 0 −

0.1 

 

Square cavity with 

different heat sources 

 

Jahirul et al. (2019), 

[13] 

 

𝐶𝑢 − 𝐻2𝑂 nanofluid 

φ = 5%, , 𝑃𝑟 = 6.2 

10−5 ≤ Da ≤ 10−2 , 

103 ≤ Gr ≤ 106 , 

1 ≤ Re ≤ 100 . 

Porous medium 

square enclosure 

 

Md Shajedul et al. 

(2019), [14] 

(1 ≤ 𝑅𝑒 ≤500) and 

the solid volume 

fraction of the Cu 

nanoparticle (0 ≤

𝜑 ≤ 0.05) 

Square lid-driven 

cavity with 

isothermal hot inner 

cylinder 
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Neşe Kekl et al. 

(2020), [15] 

 

Gr=103 and 105, 

Re = 10-100-1000 

Al2O3-water 

nanofluid 

𝜑 = 0 − 0.05 

 

square 

 

RECTANGULAR LID-DRIVEN CAVITY 

Hakan [16] analyzed the combined convection in a porous lid driven hot cavity with moving the upper cold wall 

at constant velocity from the left to the right. He showed that the best heat transfer occurs if the heating is placed 

on the left vertical wall. Sharif [17] used water as a working fluid to study the mixed convection heat transfer 

inside inclined rectangular driven cavity with moving top hot lid -driven. He concluded that the heat transfer 

rates enhance as the cavity The angle of inclination moves from vertical to horizontal, and the forced convection 

is the dominant factor in the heat transfer process. [18] investigated the conjugate mixed convection and 

conduction in lid-driven enclosures with thick bottom wall and adiabatic vertical walls. The cavity was heated 

from the bottom wall isothermally, while the top moving wall was maintained at cold temperature.  

 

They showed that average Nusselt number decreases with increasing of 𝑘𝑓𝑙𝑢𝑖𝑑/𝑘𝑠𝑜𝑙𝑖𝑑  ratio, Richardson number 

and width ratio of the wall. Wang [19] studied the mixed convection heat transfer inside rectangular cavity 

contains a porous Darcy–Brinkman medium with lid-driven. He concluded that the strong effect of eddies 

reduces due to presence of porous medium especially for deep cavity. [20] used Cu- H2O nanofluids to study the 

mixed convection in a lid-driven rectangular cavity subjected to uniform heat flux along with its vertical short 

sides. It was concluded that at low and high values of Richardson numbers, the dominating heat transfer are 

forced convection by lid, and natural convection by buoyancy-driven effects, respectively. Moreover, the 

addition of Cu-nanoparticles, into the pure water enhances heat transfer by lid and degrades it by buoyancy-

driven things, correspondingly.  

 

Habib [21] studied varied convection in a two-dimensional shallow inclined lid-driven hollow complete with a 

mixture of pure water and copper nanoparticles consisting of moving top hot wall, cold bottom wall, and 

insulated vertical walls. They determined that the heat transfer ratio rises moderately with cavity inclination for 

the forced convection dominated case (Ri=0.1) while it enhances much more rapidly with inclination for the 

case of natural convection dominated (Ri=10).  Krunal and Siddharth [22] Studied the simultaneous propagation 

of convection heat in a rectangular lid-driven cavity with one of the vertical walls rotating and comprising a 

central heated elliptical core. It was found that the enclosure with heated elliptical block has a higher convective 

heat transfer rate compared to a pure circular structure.Kefayati and Tang [23] studied the buoyancy effects on 

the heat transfer and viscoplastic fluid flow characteristics in Lid-driven structure with partially heated sidewalls 

for different aspect ratios of the enclosure in the presence of a consistent magnetic field.  

 

It was concluded that the heat transfer enhances as Reynolds number and Hartmann number increase, and as 

Bingham number decreases. Also, the heat transfer and the unyielded/yielded areas in the hollow depend on the 

change of the magnetic field angle.  Humaun et al. [24] The MHD mixed convection heat transfer of Cu-H2O 

nanofluid was tested in a lid-driven rectangular porous cavity comprising three square heating frames. It was 

noticed that heat transfer rate is controlled by Darcy number and it increases with increase Darcy and 

Richardson numbers. Anirban et al. [25] used a Brinkman-extended Darcy model to study varied convection in a 

lid-driven porous cavity full with water-Al2O3 nanofluid. They decided that heat transmission enhances using 

Al2O3 and as solid volume fraction increases. Moreover, it increases by increasing Grashof number for a 

constant Darcy number. However, there is on effect of heat transfer for a low Grashof number.  
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Table 2. Rectangular Lid-driven cavity with different parameters studied by different investigators 

investigator investigator investigator investigator 

 [16] 

 

𝑃𝑟 = 0.71 

𝑅𝑖 = 0.1 − 10 

Rectangular cavity 

 

 [17] Ra=105 to 107 

Re= 408.21 

Pr=6 

Inclination 

angle=0𝑜 − 30𝑜 

 

Rectangular cavity 

 

 [18] 

 

(0.1≤Ri≤10), 

(0.1≤h/H≤0.5) ratio 

(0.01 ≤ 𝜅𝑓/𝜅𝑠 ≤

10) 

Rectangular cavity 

with thick bottom 

wall 

 

 [19] 

 

𝜓 = 0.01 − 0.15 

Stream function 

values 

Rectangular cavity 

 

 [20] 

 

Cu- water 

nanofluids, Pr=7 

Ri=1, 10, 102, 103 

, 0 ≤ 𝜑 ≤ 0.2 

0.1 ≤ 𝑅𝑒 ≤ 10 

 

 

Shallow rectangular 

cavity 

 

 [21] Inclination angle= 

0o – 30o 

Aspect ratio=10 

0.1≤Ri≤10 

𝝋 =5% - 8%, 

H2O-Cu 

 

rectangular cavity 

lid-driven 

 

 [22] 1 ≤ 𝑅𝑒 ≤ 5000 

1 ≤ 𝑃𝑟 ≤ 100, 

0 ≤ 𝐺𝑟 ≤ 105 

AR=0.5, 1 and 2 

Rectangular cavity 

containing heated 

elliptical block 

 

 [23] Re = 100, 500, and 

1000, 

Ha = 0, 2, and 5, 

Bn = 1, 5, and 10, 

AR = 0.25, 1, and 4, 

Different aspect 

ratios of rectangular 

enclosure 
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Ec= 0, 10-4; 10-3, 

and 10-2 

Gr = 104 and Pr = 1 

 [24] Ri = 0.1, 1, 5, 10 

Ha = 25, 

Da = 10-5-10-2  , and 

Water-Cu nanofluid 

Pr= 6.2 

 

Porous Rectangular 

Cavity 

with Three Square 

Heating Blocks 

 

 [25] 

 

AR = L∕H =3 

Cu–H2O nanofluid, 

Pr = 6.2, Gr = 104 

Ri = 0.1, 10, 

𝜑 = 0 − 0.04, 

Oscillatory, 

lid‑driven 

rectangular 

enclosure 

 

TRIANGULAR AND TRAPEZOIDAL LID-DRIVEN CAVITY 

Rahman [26] used H2O-Cu nanofluids with Prandtl number, Pr = 6.2 and solid volume fraction 𝜑 ranges were 0- 

10% to conclude that the fluid flow and heat transfer in the enclosure are strongly influenced by solid volume 

fraction at the three convective regimes. The flow mechanisms and temperature trends inside a lid-driven 

trapezoidal cavity were analyzed with cold upper surface and hot lower wall [27]. The velocity of the moving lid 

varied with respect to the intensity of the imposed gradients. Computations were executed for two distinct 

isothermal and non-isothermal bottom wall boundary conditions. Non-isothermal bottom wall has been found to 

offer multiples Official method in either the controlled fluid flow regime (Riquel1) or the mixed convection 

regime (Ri~1) dominated the convection thermal transfer regime. Billah [28] used Galerkin finite element way 

to study the conjugate varied convection heat transfer in inclined lid-driven triangular enclosure utilizing H2O-

Cu nanofluids for different pertinent parameters. They concluded that the heat transfer rate enhances by 28% as 

the volume fraction increases from 0% to 20% at Gr =105. Kourosh [29] used water-TiO2 nanofluid to 

investigate the mixed convection flow in a lid-driven triangular enclosure with insulated moving top wall and 

triangular heat source.  

The left and right walls of the enclosure were maintained at constant temperatures. It is found that the presence 

of nanoparticles at small, moderate and large Richardson numbers leads to considerable heat transfer 

enhancement. Chen and Chung [30] studied the things of feeling angle, Reynolds number, and Grashof number 

on flow behavior and heat transfer in an inclined triangular cavity subjected to a moving lid. They showed that 

there are three types of flow regime in a triangular enclosure inclined from 0o to 360o: natural convection 

dominant, forced convection dominant, and mixed convection flow.  Borhan [31] Studied the buoyancy and 

inertia forces of a trapezoidal cavity with a uniform magnetic field effect imposed in a negative horizontal 

direction and traveling top wall with a steady velocity along x-axis direction. The bottom wall was heated 

consistently and non-equally while the heat and mass were equally consumed at the top wall. We concluded that 

heat and mass movement for a consistent heating and concentration lowest wall is greater than the non-

uniformly heated and concerted lowest wall. Ali [32] used Al2O3, CuO, SiO2, and TiO2 nanoparticles with pure 

water to study the mixed convection heat transfer in a trapezoidal lid-driven heated from below and cooled at 

lower temperature from the moving upper wall while the sidewalls were adiabatic.  

It is concluded that SiO2-H2O gives the highest heat transfer ratio shadowed by Al2O3- H2O, TiO2- H2O, and 

CuO- H2O. Also, the aiding flow gives higher heat transfer rate than the opposing flow. Ziafat and Tabish [33] 

analyzed mixed convection in a lid-driven trapezoidal enclosure with moving insulated top wall in the 

attendance of unchanging magnetic field.  The left and right walls of enclosure were tilted at different angles. 

Both left and right-side walls of the enclosure were taken cold and bottom wall was heated uniformly/non-

uniformly. It is observed that the effects of moving lid are neglected for Ra≥ 105 Though rising Rayleigh 
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numbers allow greater diffusion of the stream line and dominant effects of convection inside the cavity.  Sameh 

E. Ahmed [34] Using water dependent on the various forms of strong spherical nanoparticles Cu, Ag, Al2O3 

and TiO2 to test the mixed-convection magnetohydrodynamic flow in trapezoidal enclosures. The longitudinal 

sidewalls of the trapezoidal ring, bent left and right, were held at low temperature. The top horizontal wall was 

called adiabatic and travels at a constant pace with the cover, Whereas a part of the lower surface was due to a 

homogenous source of heat and the various portion were regarded adiabatic. An intrinsic magnetic field was 

added to the left side of the structure at various angles of orientation.  

They concluded also that rate of heat transfer increases as the number of Richardson decreases and the fraction 

of the solid volume increases, while decreases as the length of the heat source increases. It has also been 

observed that the Hartmann figure, the position of the heat source and the dimensionless viscosity have a 

substantial impact on the average Nusselt number. Monda and Mahapatra [35] Thanks to the influence of fluid 

movement, heat transport, mass flow and magnetic field in a trapezoidal cavity with a circular heated and 

diffusive left wall, uniformly heated and diffusive lower wall, cold and non-diffusive right wall, combined 

convection power and mass transfer studied with power line and mass stream definition and entropy, Top wall 

regression adiabatic and negative diffusion. The findings help create the ideal cavity structure in many 

technological and physical implementations, such that the entropy is minimized in order to reach the optimum 

output of each device. 

Table 3. Triangular and Trapezoidal Lid-driven cavities with different parameters studied by different 

investigators 

investigator investigator investigator investigator 

 [26] 𝜑 = 0, −0.01 

𝑡𝑖𝑙𝑡 𝑎𝑛𝑔𝑙𝑒 𝜙

= 100 𝑎𝑛𝑑 60, 𝑅𝑖

=  0.1 𝑡𝑜 5 

Lid-driven 

triangular cavity 

 

 [27] 

 

Gr=103 to 105 

Re = 1 and 100 

Pr = 0.015, 0.7 and 

10 

Trapezoidal 

enclosure 

 

 [28] Gr=104, 105, 106 

Re=100 

Water-Cu 

nanofluid 

Pr = 6.2,  𝜑 = 0 −

0.2 

𝜃=60o (tilt angle) 

Inclined triangular 

cavity 

 

 [29] water-TiO2 

nanofluid. 

(𝜑 =1%–5%), 

nanoparticles 

diameter (10 nm–

100 nm) 

Ri=0.01 to 10 

Triangular 

cavity with 

triangular heat 

source 
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 [30] Gr=105, 106, 107 

Re=100-1500 

Pr=0.7 

𝜃=0o-360o 

 

Inclined triangular 

cavities 

 

 [31] Lewis number (Le= 

0.1–50) and 

Richardson’s 

number (Ri =0.1–

100). 

Trapezoidal 

enclosure heated 

from bottom 

 

 [32] Ri= 0.1–10, 

Re=100-1200, AR= 

0.5-2 

Al2O3, CuO, SiO2, 

and TiO2 with pure 

water 

Pr = 6.2,  𝜑 =

0.01 − 0.04 

𝜃 = 30𝑜 𝑎𝑛𝑑 60𝑜 

Inclined trapezoidal 

enclosure 

 

 [33] Pr = 0.026-1000 

Re = 100, Ra= 103 

to 106 

Ha = 50-1000, 

 

Lid-driven 

trapezoidal cavity 

with uniform 

magnetic field 

 

 [34] 

 

H20- nano fluid Cu, 

Ag, Al2O3, and 

TiO2 

Re = 10. 

0 ≤ φ ≤ 0.02, 

0.04 ≤ Ri ≤ 100, 

0 ≤ Ha ≤ 50 

Trapezoidal 

enclosure 

 

 [35] 

 

Pr = 0.7 and 1000 

Ra = 103-105, 

(AR = 0.5-1.5) and 

inclination angle of 

the cavity (𝜃= 45o-

90o) 

Trapezoidal 

enclosure 

 

OTHER GEOMETRIES OF LID-DRIVEN CAVITY 

Chen and Cheng [36] investigated experimentally and theoretically the effects of lid movement recognized by 

Reynolds number and buoyancy force recognized by Grashof number on heat transfer and fluid flow behavior 

for the combined convection in a lid-driven arc-shape cavity. They concluded that for Gr≤ 105, the limited 

Nusselt number can be considered as pure forced convection and for Gr≥ 106 the mixed convection is the 

dominated issue in the heat transfer process. Salma and Rehena [37] investigated the combined convection heat 

transfer in a lid-driven cavity with sinusoidal wavy bottom surface in presence of transverse magnetic field. The 

vertical walls were insulated while the wavy bottom wall temperature was higher than the top lid temperature. 

The trend of the local heat transfer is found to follow a wavy pattern. It was exposed that the average heat 
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transfer rises as the number of waves increases and Hartmann number decreases. Further, maximum heat 

transfer rate occurs when the wavy surface is designated with three undulations subjected to low Hartmann 

number. Kumar Saha [38] investigated the combined free-forced convection in a lid-driven cavity with wavy 

cold bottom wall, insulated vertical walls, and moving hot top wall at a uniform velocity. The results show that 

the Reynolds number, the Grashof number and the number of undulations have significant effect on flow and 

temperature fields in the cavity. Rehena [39] studied the combined convective in a double lid-driven enclosure 

filled with water-CuO nanofluid in the incidence of internal heat generation. The results show that Richardson 

number has a significant effect on the heat transfer conduct inside the triangular wavy chamber. Additionally, an 

improvement in volume fraction has been found to have a major impact on the flow pattern. Satyajit Mojumder 

[40] studied the mixed convection inside lid-driven L-shaped cavity filled with a porous medium. The results 

show that a higher heat transfer rate in the vertical wall was observed at a low Grashof number, higher Darcy 

number and higher Reynolds number were applied, but the opposite behavior was found in the horizontal wall. 

Studied Al2O3-water and CuO-water mixed convection of nanofluids in a lid-driven square cavity with 

sinusoidal roughness elements at the edges [41]. The impacts of roughness elements number and amplitude on 

the heat transfer behavior and fluid flow field were analyzed for different volume fraction of Al2O3 and CuO 

nanoparticles.  

Table 4. Other geometries of Lid-driven cavity with different parameters studied by different investigators 

investigator investigator investigator investigator 

 [36] Gr=0, 105, 106 

Re=0, 500, 100 

Pr=0.71 (air) 

Arc-shape 

 

 

 [37] 0≤Ha≤50,  

0 ≤λ≤ 3, 

 AR = 0.05, 

 Re = 300,  

Pr = 0.71 and Ra = 

105. 

Cavity with 

Sinusoidal Wavy 

Bottom Surface 

 

 [38] Pr = 0.7 

Re = 100-5000,  

Gr= 103 to 106 

Lid-driven cavity 

with wavy bottom 

wall 

 

 [39] Water-CuO 

nanofluid 

Pr = 10 and 1.47 

, Ri= 0.1, 1, 10 

 𝜑 =1, 0.04, 0.1, 

0.2 

double lid-driven 

vertical 

triangular wavy 

chamber 

 

 [40] 

 

Re = 1–100, 

 Gr = 103–105, 

 Da = 10-5–10-3 

Pr=0.71 porous 

media 

Porous L-shaped 

cavity 
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 [41] Ra=103 to 105  

 𝑅𝑒 

=  10 𝑎𝑛𝑑 2000  

𝑃𝑟 =  0.7 

𝟎. 𝟎𝟏 ≤ 𝝋 ≤ 0.08 

lid-driven 

enclosure with 

roughness 

elements located 

at the bottom wall 

 

 

CONCLUSIONS 

The present review paper deals with heat transfer process by forced and varied convection in a lid-driven hollow 

with diverse geometries and working fluid under different thermal boundary conditions. From above review of 

literature, it can be concluded that 

1. The porosity has great effect on the boundary layer velocity and gives a strong vortex inside a lid-driven 

cavity filled with porous media. 

2. The average heat transfer rate depends linearly on the nanoparticle volume fraction 

3.  The heat transfer levels rise as the angle of inclination of the cavity changes from vertical to horizontal 

location, and the induced convection is the primary element in the process of heat transfer.  

4. Usage of SiO2-H2O nanofluid gives the highest heat transfer ratio shadowed by Al2O3- H2O, TiO2- H2O, 

and CuO- H2O. 

5. The average heat transfer increases as the number of waves increases and Hartmann number decreases 

for lid-driven cavity with sinusoidal bottom wall. 

6. 6. The levels of heat flow rise as the percentage of the solid volume grows, thus declines as the duration 

of the heat source rises. 

7. 7. It has been observed that the structure with heated elliptical block has a higher advective heat transfer 

capacity than a mere circular form. 

8. The mixed convection (Ri~1) is better than forced convection (𝑅𝑖 ≪ 1) because of giving more effective 

flow for the direction of lid on the heat transfer and fluid flow. 

9. It was noticed that heat transfer rate is controlled by Darcy number and it increases with increase Darcy 

and Richardson numbers. 

10. The heat sources position plays an important role in the behavior of the flow and thermal fields. 

11. The heat transfer rate in lid-driven cavity filled with nanofluid decreases with growing of 𝑘𝑓𝑙𝑢𝑖𝑑/𝑘𝑠𝑜𝑙𝑖𝑑  

ratio, Richardson number and thickness rate of the cavity wall. 
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