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Abstract: Mixed convection heat transfer in enclosures with a spinning inner cylinder has 

attracted considerable research interest due to its relevance in many engineering and technical 

applications such as electronic cooling, energy systems, and industrial thermal management. 

This review article presents a comprehensive overview of recent numerical investigations 

focused on enhancing mixed convection performance via revolving cylinders under numerous 

boundary and flow conditions. The enhancement techniques are systematically categorised into 

six main categories: nanofluids and hybrid nanofluids, porous media, ventilated cavities, moving 

wall enclosures, multi-cylinder configurations, and other enhancement strategies. Each group is 

analyzed regarding cavity geometry, thermal characteristics, and performance metrics, including 

Nusselt number behaviour. Summary tables are provided to facilitate comparison across studies. 

Key trends, limitations, and emerging gaps in the literature are highlighted, offering guidance for 

future study and optimization of advanced thermal systems involving spinning elements.  
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Abbreviations: 

Symbol Meaning 

Ri Richardson number 

Re Reynolds number 

Ra Rayleigh number 

Ha Hartmann number 

d Diameter 

r Radius 

Pr Prandtl number 

Gr Grashof number 

Da Darcy number 

MHD MagnetoHydroDynamics 

N Number of waves 

θ Angle 

T Temperature 

ω/Ω Angular speed 

φ Nanoparticles volume fraction 

 

1. Introduction  

Heat transfer by convection is one of the major mechanisms that play a key role in many 

important engineering and industrial applications. It includes two main types of transfer: 
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convection, which is the wider range of movement through a fluid, and diffusion, which is the 

random Brownian movement of individual particles in a fluid [1]. Convection has three main 

types: forced convection, in which movement is produced by external means; natural convection, 

in which the movement of a fluid is by buoyancy due to density changes resulting from 

temperature differences; and finally, mixed convection, which results from the interaction of 

forced and natural convection together [2]. 

Cavities are widespread in heat transfer systems, with numerous applications such as heat 

exchangers, electronic refrigeration units, solar collectors, heating, ventilation, air conditioning 

(HVAC) systems, and renewable energy. To improve the thermal performance of these systems, 

numerous studies have been conducted to improve and develop heat transfer techniques within 

these cavities. One of the most prominent of these techniques is the introduction of a rotating 

cylinder within a cavity, which has a direct impact on thermal dynamics and flow patterns, 

particularly when used in conjunction with other enhancement techniques such as magnetic 

fields, thin media, moving walls, or nanofluids. Therefore, this concept is of great importance in 

industrial applications that rely on rotating parts, such as rotary motion heat exchangers, 

turbines, engines, etc. [3-6]. Therefore, understanding the effect of cylinder rotation and other 

associated factors on the mixed heat load is essential for designing more efficient thermal 

systems. 

Recent years have seen extensive research effort, represented by numerous numerical studies 

addressing the heat transfer behavior in cavities containing spinning cylinders under various 

situations. The development approaches employed have varied, including the use of nanofluids, 

the incorporation of porous media, the introduction of ventilation holes, and the modification of 

cavity shapes or boundary conditions. Accordingly, this paper intends to provide a thorough, 

systematic assessment of the most significant numerical research in this field, categorizing it 

according to the type of optimization technique used. It also seeks to analyze the findings of 

existing research, identify overarching patterns, in addition to highlighting research gaps and 

recommending future paths that could contribute to improving the performance of mixed-

convection heat transfer systems in cavities equipped with analyze the findings of existing 

research, identify overarching patterns cylinders. 

2. Review Methodology 

This study systematically reviewed numerous studies on mixed-convection heat transfer within 

cavities containing rotating circular cylinders. These studies were selected based on the 

following criteria: 

1. Numerical studies of cavities containing multiple cylinders under different boundary 

conditions. 

2. Studies that employed various heat transfer enhancement methods using diversity techniques, 

including nanofluids, magnetic fields, porous media, various cavity shapes, etc. 

3. Research papers and articles that provide clear data on the governing criteria, published over 

the past two decades. 

To ensure clarity during the formatting and subject uniformity, these selected studies were 

classified into six main groups: 

1. Cavities with multiple rotating cylinders 

2. Moving-wall cavities 

3. Cavities containing nanofluids and hybrid nanofluids 

4. Cavities containing porous media 

5. Ventilated cavities 

6. Cavities with other optimization mechanisms 
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Each of these groups was analyzed in terms of governing parameters, geometry, optimization 

strategies, and key findings or discoveries. Tables were also created to compare the basic data 

summaries for each category and facilitate cross-analysis between these studies. 

3. Enhancement in mixed convection inside Enclosures 

3.1 Using multiple rotating cylinders  

Many researchers investigated numerically how to enhance mixed convection heat transfer in 

cavities with several revolving inner cylinders under various conditions [7-15]. Further methods 

to enhance the heat transfer process could include using various cavity configurations, fluids, 

cylinder harmonic motion, and so on. 

➢ Mehdi and Majid [7] used a square cavity containing two hot and cool rotating cylinders and 

a non-Newtonian nanofluid. Four examples of cylinders rotating in various directions were 

examined. They found that the thickness of shear of the nanofluids or shear behavior could 

drastically alter forced convection's impact on heat transfer effectiveness, and the 

effectiveness of heat transfer could be adversely affected by the values of the Rayleigh 

number, non-Newtonian power law index, and Richardson number.  

➢ In a cavity in three dimensions with two spinning, thermally insulated circular cylinders, 

Fatih and Hakan [8] conducted nanofluid's mix convection. Which is depending on the 

rotation's direction, it was shown that the Nusselt number increases when the cylinders are 

rotated. there is also an increase between the hybrid nanofluid and the average Nusselt 

number.  

➢ The impact of the two revolving cylinders over the mixed laminar convection of nanofluids 

inside a lid-driven cavity in the presence or absence of an external magnetic field was 

investigated by Garmroodi et al. [9]. The influence of the external magnetic field is greater 

when the two cylinders are oriented vertically.  

➢ In a cavity that was heated differently, Khanafer et al. [10] investigated how the two 

revolving cylinders impacted mixed convection. The direction of the cylinder rotating speed 

was found to have a significant impact on the Nusselt mean, and the flow pattern and 

isotherms are affected by both the magnitude and direction of the cylinder rotational speed. 

➢ Four revolving cylinders with harmonic motion were used by Nima et al. [11] to 

quantitatively study the impact on the combined convection of the Cu-water nanofluids in a 

cavity driven by a square shell at various wall temperatures. It was demonstrated that the 

concentration of nanoparticles, the cylinder's angular velocity, and the kind of rotation all had 

an impact on heat transfer.  

➢ Pouya et al.'s [12] focused on the effects of porous media, MHD imprints, and spinning 

cylinders at three distinct temperature settings on a square cavity's mixed convection of a 

nanofluid. The porous media seemed to have a positive effect on raising the rate of heat 

transfer, whereas the magnetic field with the porous media combination may enhance or limit 

heat transfer.  

➢ Nima and Davood [13] studied the effect of four rotating cylinders on the mixed convection 

of a nanofluid in a two-dimensional square container containing a porous mass at its center, 

driven by a simple harmonic function. It was shown that the decline in Richardson's and 

Darcy's numbers leads to the rise in the average Nusselt number, which indicates that 

variations in porosity don't significantly impact heat transfer.  

➢ Bader [14] studied the impact of rotational speed and direction on mixed convection heat 

transfer around two revolving cylinders in a trapezoidal chamber filled with a porous 

substance. It was found that the Richardson number, along with the revolving cylinders' 

speed, direction, and placement, all have a significant impact on heat transmission.  
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➢ In a partially heated square cavity filled with nanofluids and including two rough spinning 

cylinders with an external magnetic field, Rowsanara et al. [15] investigated the mixed 

convective flow. The findings demonstrate that as hybrid nanoparticle size and magnetic 

field strength increase, mixed convective heat transfer diminishes. 

Most studies in this group have indicated that increasing the number of rotating cylinders 

improves heat transfer efficiency, especially when used with nanofluids or porous media. 

Harmonic motion and hybrid nanofluids also lead to higher Nusselt numbers. However, some 

inconsistencies appear in the presence of magnetic fields or when using large nanoparticles, as 

reported by Rossana et al. [15], where heat transfer decreases. This indicates that despite the 

improvement in cylinder rotation, its effectiveness is highly dependent on other factors such as 

fluid properties, fluid arrangement, and external fields. 

Table 1 Mixed convection in an enclosure with multiple inner cylinders rotation 

Authors Geometry Parameters’ Range 

Mehdi and Majid [7] 

 

Cu-water nanofluid 

Ra = 105 

Ri = 1 

d = 25nm 

φ = 0.04 

 

Fatih and Hakan [8] 

 

Cu, AlO, Al2O3, and TiO 

nanoparticles 

Ra = 105 

φ = 0, 0.02, 0.04 

Ω = -1000, 0, 1000 

Ω = -100, 0, 100 

Garmroodi et al. [9] 

 

Cu-water nanofluids 

φ = 0,0.1,0.2 

Ω = 0,10,25 

Re = 100 

d = 0.2 L 

Ha = 0 

K. Khanafer et al. 

[10] 

 

Location of the cylinders (horizontal 

v/s diagonal) 

0.01< Ri < 10 

Ra = 104, 105, 106 

0 < Ω < 100 

Pr = 0.7 

100 < Re < 500 

Nima et al. [11] 

 

Cu–water nanofuid 

0 ≤ φ ≤ 0.03 

0.1 ≤ Ri ≤ 10 

d = 0.1 L 

Ω = 5 

Re = 862.34214 , Ri=0.1 

Gr = 74,363.3974 
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Pouya et al. [12] 

 

Fe2O4–water 

Ri = 1 to 100 

Ha = 0 to 30 

Da = 0.001 to 0.1 

φ = 0 to 0.03 

constant angular velocity (− ω) 

Nima and Davood 

[13] 

 

Cu-water nanofuids 

10–5 ≤ Da ≤ 10–2 

0.1 ≤ Ri ≤ 10 

0 ≤ φ ≤ 0.03 

Ω = 5 

Bader [14] 

 

CW-CW and CCW-CW casing 

Pr=0.7 

Ri=0.01, 1, 5,10 

ω =0.5, 10 

 

Rowsanara et al. [15] 

 

H2O - Ag and Al2O3 

0 ≤ ω ≤ 50 

0 ≤ Ha ≤50 

0% ≤ φ ≤ 5% 

magnetic inclination angle = 

0o to 135o 

 

3.2  Using a moving wall, and single or multiple inner cylinder rotation 

These studies [16-23] are focused on how the process of heat transfer can be improved by using 

different parameters around the cylinder inside an enclosure that has a lid-driven. The researches 

listed in Table 2 shows a summary of these studies. It might entail adding additional boosting 

methods like ferrofluids, nanofluids, and one or more cylinders.  

➢ In a study by Dipankar et al. [16], it was concluded that the concentration of Cu 

nanoparticles and the cylinder's rotation speed significantly impact the square enclosure's 

heat transfer with a movable lid, which was heated differently.  

➢ Fatih and Hakan [17] looked into how two revolving cylinders affected a moving cavity with 

a magnetic fluid-filled cover and mixed convection. Clockwise cylinder rotation led to 

moderate gains in heat transfer.  

➢ In a square container driven by a lid, Khan et al. [18] investigated the impact of a revolving 

drum on mixed convection using a non-Newtonian magnetic fluid. Improved heat transfer 

was discovered to be a result of raising the rotation speed, power law index, and Richardson 

number.  

➢ Using a revolving cylinder that was thermally insulated, Ali and Shian [19] investigated the 

heat transfer mechanisms (forced and free convection) in the three-dimensional cavity that 

was differentially heated. It was shown that the cylinder's rotational speed and Reynolds 

number have a major impact on the flow patterns and the thermal fields.  

➢ A rotating cylinder inside a cavity driven having moving wall was studied by Khanafer and 

Aitha [20]. A rotating cylinder inside a cavity can achieve maximum heat transfer levels 

compared to a non-rotating cylinder.  
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➢ Ali and Shian [21] studied a combination of SiO2-H2O and pure water H2O nanofluids in a 

three-dimensional cubic container that was differentially heated and had a moving wall. The 

insulated cylinder in the center of the container rotated at varied speeds. There were 

nonlinear increases in the Nusselt number when the nanofluids were utilized in place of 

water.  

➢ Ali and Shian [22] used a rough bottom wall heated with two types of artificial ribs (R-s) and 

(R-c) to transfer heat by unsteady mixed convection inside a moving top wall cavity which is 

a three-dimensional with a revolving cylinder in the center of it, the use of artificial ribs 

considerably boosted the rate of heat transfer.  

➢ Md. Jisan et al. [23] examined the effect of a solid cylinder with a thermally conductive 

surface on a movable wall-driven square enclosure internal heat generation and mixed 

convection. The solid cylinder's rotational direction and speed have less of an impact on the 

system's thermal performance, but as Reynolds and Grashof numbers rise, so does the heat 

transfer process. 

Research results involving moving-shell cavities and rotating cylinders have shown consistent 

improvements in heat transfer efficiency due to improved flow interaction. However, the 

improvement varies depending on the cylinder rotation direction and fluid properties. For 

example, Ali and Shiyan [21] reported nonlinear enhancements using nanofluids. Jis et al. [23] 

found only a minor effect of cylinder rotation, highlighting that fixed cylinders limit the 

rotational effect. Therefore, the motion between the moving walls and the cylinder motion must 

be controlled to achieve maximum improvement. 

Table 2 Mixed convection in an enclosure with a moving wall, and single or multiple inner 

cylinder rotation 

Authors Geometry Parameters’ Range 

Dipankar et al. [16] 

 

Cu-H2O nanofluid 

1 ≤ Ri ≤ 10 

0 ≤ Ω ≤ 5 

0 ≤ φ ≤ 0.20 

Gr =104 

Fatih and Hakan [17] 

 

0.25 ≤ Ωi/ Ωj ≤ 4 

0.5 ≤ Di/Dj ≤ 2 

100 ≤ Re ≤ 1000 

-400 ≤ Ω ≤ 400 

 

Khan et al. [18] 

 

Fe3O4 -water 

Ri = 0.1 – 10 

n = 0.5 - 1.5 

Ω = 0 – 15 

φ = 0 - 0.05 

 

Ali and Shian [19] 

 

Re = 5000, 10000, 15000, and 

30000 

0 ≤ Ω ≤ 10 
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Khanafer and Aitha [20] 

 

Pr = 0.7 

Re = 100 

Ri = 1 

ϖ = 0.5 

ro/H = 0.2 

Ali and Shian [21] 

 

water H2O and SiO2-H2O 

nanofluids 

Re = 5000 and 10,000 

-5 ≤ Ω ≤ 5 

Ri = 1, 5, 10 

Ali and Shian [22] 

 

artificial rib types (R-s and R-

c) 

Re = 5000 and 10,000 

-5 ≤ Ω ≤ 5 

Ri = 1, 5, 10 

 

Md. Jisan et al. [23] 

 

Re = 100 

Pr = 5.85 

0.1 ≤ Ri ≤ 10 

103 ≤ Gr ≤ 105 

-2 ≤ Rec ≤ 2 

 

3.3 Enhancement Using Nanofluids and Hybrid Nanofluids 

The addition of nanoparticles or hybrid nanoparticles to the base fluid, which raises its thermal 

conductivity, is a useful technique for improving heat transmission. Nanofluids, or hybrid 

nanofluids, have been used in the research of numerous researchers [24-38] as shown in Table 3. 

➢ A concentric annulus with an inner rotating cylinder was used as a case study by G. A. 

Sheikhzadeh et al. [24] to determine how nanofluids affected mixed laminar mixed 

convection. The results show that the average Nusselt number decreases as the Reynolds 

number increases.  

➢ Fatih and Hakan [25] found in a triangular enclosure containing Cu–water nanofluid that as 

the Grashof number increases, the rise in both the overall entropy generation and the average 

Nusselt number occurs when the cylinder rotates at a higher angular velocity.  

➢ In a triangular cavity containing silicon carbide (SiC-EG) and ethylene glycol, Yu-fei 

WANG et al. [26] indicated that the average Nusselt number increases with the addition of 

nanoparticles to the fluid and that the direction of rotation influences the thermal 

performance.  

➢ In a volumetric heat-generating cavity containing a nanofluid with adiabatically elastic side 

walls, Fatih and Hakan [27] found that while the inner Rayleigh number decreased, heat 

transfer both locally and on average rose. The greatest outcomes in terms of enhancing and 

raising heat transfer were obtained by employing cylindrical nanoparticles.  

➢ Fatih et al. [28] discovered that the cylinder's rotation in both directions increases the average 

heat transfer, and also that the cylindrical shapes perform best in this regard, while spherical 

shapes perform the worst in a square cavity with a spinning cylinder and a flexible side wall. 
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➢ In an enclosure filled with a nanofluid that had wavy side walls and a spinning cylinder in the 

center, Ammar et al. [29] noted that the heat exchange rate increases as the heater's length 

component and the size of the nanoparticles grow.  

➢ In a cylindrical chamber with an internally rotating central cylinder, Milad et al. [6] 

demonstrated that the average Nusselt number on the inner cylinder wall rises as the volume 

fraction of the nanofluid does.  

➢ The mixed convection MHD of aqueous nanofluid inside a 3D cubic cavity with a vertical 

surface attached to a phase change material (PCM) and a spinning hot circular cylinder in the 

middle was studied by Ali and Fatih [30]. The heat transfer improvement increased as the 

original fluid's thermal conductivity ratio (PCM) increased. 

➢ In the three-dimensional corrugated enclosure using a revolving adiabatic cylinder and 

containing a nanofluid of carbon nanotubes, Fatih et al. [31] found that the cylinder angular 

rotation speed and solid particle volume fraction are significantly more effective in 

enhancing heat transfer than surface corrugation parameters.  

➢ Fatih et al. [32] noticed that heat transfer was particularly improved for the bottom part of the 

triangular cavity containing nanofluids because of the addition of nanoparticles in 

comparison to the base fluid.  

➢ In a three-dimensional cubic container divided by a conductive partition, Fatih and Hakan 

[33] investigated the adiabatic inner circular cylinder's influence on heat transfer by 

convective features of a CNT aqueous nanofluid. The results showed that when CNT 

nanoparticles are embedded, the average heat transfer increases. 

➢ In a study by Saba et al. [34], the influence of a rotating, semi-submerged conductive 

cylinder with its top wall on mixed convection within an enclosure with a lower wall that is 

heated and contains a Cu-water nanofluid was examined. The effect of convection is greater 

with increasing angular velocity of the rotating cylinder, and as the geometric aspect ratio 

increases, the opposite performance is observed was noted.  

➢ Mohammad et al. [35] proved that raising the rough drum's rotation speed in a square hollow 

with triangle components, horizontal bases, and an external magnetic field significantly 

affects the temperature distribution and rotation of the revolving drum.  

➢ In a three-dimensional wavy tank with a central revolving cylinder filled with an aqueous 

Al2O3 nanofluid, Ammar et al. [36] demonstrated that since the oscillation and the 

Richardson number fall, the higher nanoparticle volume percentage might result in improved 

heat transmission.  

➢ Bellakhdar et al.'s study [37] showed that higher Darcy and Hartmann numbers produce 

greater rates of heat transfer in a hybrid nanofluid inside a three-dimensional porous cavity 

with a revolving cylinder.  

➢ Falah et al.'s study [38] investigated mixed convection across a hybrid nanofluid by using a 

square cavity with a revolving cylinder in the center of the fluid. The findings demonstrate 

that a rise in the Reynolds, Richardson, and angular rotation speed is correlated with a rise in 

the average Nusselt number. 

Most studies have shown that adding nanoparticles to the base fluid significantly increases heat 

transfer by improving thermal conductivity and Brownian motion. However, some conflicting 

results have emerged when studying the role of the Reynolds number. While most studies have 

reported positive results, Sheikhzadeh et al. [24] observed that the Nusselt number decreases 

with increasing Reynolds number. This suggests that high flow velocity may reduce the thermal 

contact time, potentially diminishing the advantages of nanofluids. In addition, particle shape 

and composition may affect the results, with cylindrical particle shapes often outperforming 

spherical shapes. 
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Table 3 Heat Transfer Enhancement Using Nanofluids. 

Authors Geometry Parameters’ Range 

G. A. Sheikhzadeh et 

al. [24] 

 

Al2O3-water 

Ra =102 to 105 

Re =1 to 300 

φ = 0.01 to 0.06 

-180 ≤ θ ≤ 180 

Fatih and Hakan [25] 

 

Cu–water nanofluid 

104 ≤ Ra ≤ 106 

0 ≤ Ha ≤ 50 

-20 ≤ ω ≤ 20 

0 ≤ φ ≤ 5% 

Yu-fei WANG et al. 

[26] 

 

SiC-EG nanofluids 

Pr = 7.0 

−5×103 ≤ Ω ≤ 5×103 

R=0.05, 0.1, 0.15, 0.2 

φ=0, 0.01, 0.02, 0.03, 0.04 

Ra=104 , 105, 106 , 107 

Fatih and Hakan [27] 

 

SiO2 –water nanofluid 

103 ≤ RaE ≤ 5×105 

−2000 ≤ Ω ≤ 2000 

104 ≤ RaI ≤ 106 

φ = 0, 0.01, 0.02, 0.03 

 

Fatih et al. [28] 

 

SiO2 –water nanofluid 

103 ≤ RaE ≤ 5×105 

104 ≤ RaI ≤ 106 

−2000 ≤ Ω ≤ 2000 

φ = 0, 0.01, 0.02, 0.03 

 

Ammar et al. [29] 

 

Al2O3–water nanofluid 

103 ≤ Ra ≤ 106 

0 ≤ Ω ≤ 750 

0 ≤ φ ≤ 0.04 

0 ≤ N ≤ 4 

 

Milad et al. (2018), [6] 

 

water–Al2O3 

103 ≤ Ra ≤ 105 

0.1 ≤ Ri ≤ 100 

0.0 ≤ φ ≤ 0.03 

0o ≤ θ ≤ 360o 

Ali and Fatih [30] 

 

CuO-water nanofluid 

Ha = 0 to 100 

Ra = 105 to 106 

Ω = -100 to 100 

φ = 0 to 0.04 

Height = 0.2H to 0.8H 
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Fatih et al. [31] 

 

carbon nanotube-water 

Ra = 104 to 106 

Ω = -50 to 50 

Height = H / 10 to H / 3 

triangular waves = 1 to 16 

φ = 0 to 0.04 

Fatih et al. [32] 

 

CuO-water nanofluid 

1 ≤ Ri ≤ 100 

Ω = -3000 to 3000 

φ = 0 to 0.05 

Ra = 104 to 106 

Fatih and Hakan [33] 

 

CNT water nanofluid 

1 ≤ Ri ≤ 100 

Ω = - 34724 to 34724 

thermal conductivity ratio = 0.1 

to 100 

φ = 0 to 0.03 

Saba et al. [34] 

 

Cu‐water nanofluid 

0 ≤ Ω ≤ 1000 

5 ≤ h ≤ 20 

 

Mohammad et al. [35] 

 

Al2O3-water nanofuid 

0 ≤ Ha ≤ 50 

0 ≤ φ ≤ 0.05 

10 ≤ Re ≤ 200 

Ammar et al. [36] 

 

Al2O3 –water nanofluid 

0.01 ≤ Ri ≤ 100 

0 ≤ φ ≤ 0.04 

Ω = 15 

0 ≤ N ≤ 4 

Bellakhdar et al. [37] 

 

Fe3O4/MWCNT-water 

−500 < Ω < 1000 

0 < Ha < 100 

N = 1, 2, 3, 4 

Falah et al. [38] 

 

Ag-MgO nanoparticles 

−25 < Ω < 25 

10 ≤ Re ≤ 100 

0 ≤ Ri ≤ 35 

Pr = 6.2 
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3.4  Enhancement Using Porous Media 

A comprehensive overview of the controlling parameters, ranges, and geometries is provided by 

these research [39-48] addressing the improvement of heat transmission in cavities through the 

use of porous media. This information is summarized in Table 4.  

➢ Aydin [39] found that the forced convection system benefited more from rotation compared 

to natural convection in a square enclosure that is filled with porous material or a transparent 

liquid with a rotating inner.  

➢ In a cavity with a rotating thermal cylinder and a superposed fluid and porous media, Ali et 

al. [40] concluded that the cylinder size has an impact on both average and local heat 

transfer.  

➢ Fatih et al. [3] studied the mixed convection of a square cavity divided into two 

compartments. One compartment held a CuO nanofluid, while the other was a porous 

medium with a rotating, temperature-controlled cylinder. When compared to a fixed cylinder, 

the larger volume cylinder showed a more noticeable angular rotation speed impact on 

improving heat transfer.  

➢ Laxman and colleagues [41] discovered that heat transport in a square enclosure having a 

centrally rotating cylinder and containing a porous fluid compound is at its lowest and the 

system is more stable at lower Darcy numbers.  

➢ Ahmed et al. [42] used a trapezoidal container with a sinusoidal bottom wall and a revolving 

inner cylinder. It was observed that the Nusselt number rises with the increase in the 

cylinder's radius, angular rotational velocity, solid volume, Rayleigh number, and Darcy 

number. 

➢ A square two-layer cavity having isothermal rotating cylinder and containing Al2O3-water 

nanoparticles and nanoporous medium was used in a numerical investigation of mixed 

convection by Ahmed and Khaled [43]. A steep temperature gradient and a discernible 

increase in flow intensity are apparent as the Rayleigh numbers rise, and the values rise as 

the cylinder rotates.  

➢ The decrease in the entropy generation and the mixed convection in a ring with a heated, 

rotating center cylinder of a liquid flow containing single-walled carbon nanotubes 

(SWCNTs) as the Reynolds number decreases was noted by Oktay et al. [44].  

➢ Farooq et al. [45] concluded that the inclination angle of the magnetic field has a major 

impact on the thermal performance inside a trapezoidal cylindrical container containing a 

nanofluid of copper and water saturated with a porous media.  

➢ Khaled and Ahmed [46] used a square container with two layers and a spinning circular 

cylinder in the center to transfer heat by mixed convection of a nanofluid. The findings 

indicate that the average Nusselt number rises with increasing values of the solid volume 

fractions, Rayleigh number, and Darcy number at any cylinder radius. 

➢ Aissa et al. [47] investigated the aqueous nanofluid's mixed convective heat transfer in a 

three-dimensional cavity with a central rotating cylinder. The findings indicated that for 

optimal heat transfer, the hot zigzag should be single, the Hartmann number should be less 

than zero, and the Darcy number should be greater than 10-3.  

➢ Using a rotating tube and a porous trapezoidal container, a hybrid nanofluid, Apichit et al. 

[48] found that as the nanoparticle size ratio, Darcy number, and inner tube velocity increase, 

heat transmission intensifies. 

In general, porous media stabilize flow patterns and improve heat transfer by increasing thermal 

contact. However, the effect of the Darcy number is not always constant in all cases. Some 

studies, such as Ahmed et al. [42], have indicated that increasing the Darcy number improves 
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thermal performance, while Laxman et al. [41] observed that under similar conditions, efficiency 

decreases. This discrepancy may arise from fluid viscosity, porosity, or thermal conductivity 

differences. 

Table 4 Heat transfer enhancement using porous media 

Authors Geometry Parameters 

Aydin [39] 

 

Gr = 106 

Gr/Re2=0.0625 to 102 

Da = 10-2, 10-3, 10-4 

A = 0.8 

Ali et al. [40] 

 

Da = 10-5 to 10-2 

Ra = 103 to 106 

Ω = 0 to 6000 

R = 0.1 to 0.3 

 

Fatih et al. [3] 

 

CuO-Water nanofluid 

φ = 0 to 0.05 

Da = 10-5 to 10-2 

Ra = 103 to 106 

Ω = 0 to 6000 

Laxman et al. [41] 

 

Da = 10-2 to 10-6 

0.1 ≤ Ri ≤ ∞ 

103 ≤ Ra ≤ 106 

 

Ahmed et al. [42] 

 

CuO–water nanofuid 

103 ≤ Ra ≤ 105 

0 ≤ φ ≤ 0.06 

10−5 ≤ Da ≤ 10−2 

0 ≤ Ω ≤ 6000 

1 ≤ N ≤ 3 

Ahmed and Khaled [43] 

 

Al2O3-water 

Da = 10-3 

103 ≤ Ra ≤ 106 

Ω = 0 to 6000 

φ=0.06 

Oktay et al. [44] 

 

(SWCNT)–water 

104 ≤ RaE ≤ 106 

10-4 ≤ Da ≤ 10-6 

50 ≤ Re ≤ 103  
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Farooq et al. [45] 

 

Cu-water nanofluid 

Ha = 0 to 100 

Ri = 0.01 to 100 

R = 0.2 to 0.4 

Da = 10-5 to 10-1 

φ = 0 to 0.1 

Khaled and Ahmed [46] 

 

Al2O3–water 

10− 2 ≤ Da ≤ 10− 5 

103 ≤ Ra ≤ 106 

0 ≤ φ ≤ 0.06 

 

Aissa et al. [47] 

 

Fe3O4/MWCNT 

Da = 10−5 to 10−2 

Ha = 0 to 100 

Ω = −500 to 1000 

N = 1, 2, 4 

 

Apichit et al. [48] 

 

MoS2 and G.O. nanoparticles 

Ω = 100, 250, 500 

0 ≤ φ ≤ 0.06 

N = 1, 2, 4 

Ha = 0 to 100 

10− 2 ≤ Da ≤ 10− 5 

 

3.5  Enhancement Using Vented Cavity 

How various parameters might be utilized to enhance the process of heat transfer within a 

spinning inner cylinder in a vented cavity is the main topic of this section's review of research 

[49-53], see Table 5. Additional techniques for improvement, such as magnetic fields, 

nanofluids, and generalized neural networks, may be employed. 

➢ The influence of a horizontal solid circular cylinder on the steady laminar mixed convection 

flow within a square enclosure with vents was examined by Md. Mustafizur et al. [49]. The 

average heat transfer process in the cavity has been found to be considerably influenced by 

the Richardson number and cylinder diameter, respectively.  

➢ Fatih and Hakan [50] found that the performance of mixed convection in a square cavity with 

a thermally insulated rotating cylinder and air holes filled with nanofluids is increased with 

an increase in the nanoparticle size ratio.  

➢ In a three-dimensional vent enclosure with inlet and exit ports, Fatih and Ali [51] showed 

that quick counterclockwise rotation produces a higher heat transfer rate in a cavity with the 

effects of surface undulation, a homogenous magnetic field, and a rotating inner circular 

cylinder.  

➢ Shadman et al. [52] investigated the effect of direction on a rotating cylinder heated 

isothermally in a square cavity with sufficient ventilation. They showed that the average 

Nusselt number at the cylinder wall improves. 

➢ Laith et al. [5] looked at the impact of a spinning adiabatic cylinder on hybrid nanofluid 

convection within a vented cavity. It was discovered that while the cylinder's 
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counterclockwise rotation boosts convective heat transfer, increasing the quantity of solid 

particles improves energy transmission in the nanofluids.  

➢ In a vented chamber with an interior rotating cylinder maintained at a constant temperature, 

Aissa et al. [53] studied the mixed convection of a non-Newtonian, incompressible, force-law 

hybrid nanofluid. A counterclockwise rotation of the stationary cylinder was found to 

improve convectional heat transmission, particularly when the cylinder gets close to the hot 

wall. 

Most studies on ventilation cavities have agreed that heat transfer is improved due to secondary 

flows and enhanced fluid circulation. Increasing nanoparticle concentration and rotation speed 

also positively impact heat transfer. Furthermore, there is a lack of research on the precise 

location of the cylinder relative to the ventilation cavities, which may play a significant role in 

improving convection. 

Table 5. Heat Transfer Enhancement Using a vented cavity with a rotating inner cylinder 

Authors Geometry Parameters 

Md. Mustafizur et al. [45] 

 

Pr = 0.71 

0.2 ≤ D ≤ 0.6 

0 ≤ Ri ≤ 5 

Ra = 0.0, 105 

Fatih and Hakan [50] 

 

Al2O3 - water 

Re = 50 to 300 

Gr = 103 to 105 

φ =0 to 0.05 

Ω = - 5 to 5 

Fatih and Ali [51] 

 

CuO-water 

Ha = 0 to 1000 

Ri = 0.01 to 100 

Ω = -30 to 30 

φ = 0 to 0.04 

N = 1 to 20 

Shadman et al. [52] 

 

1 ≤ Re ≤ 500 

Ri=1 

Xp = 0.25, 0.5, 0.75 

Yp= 0.25, 0.5, 0.75 

Laith et al. [5] 

 

Al2O3 - Cu/ water 

0 ≤ φ ≤ 0.02 

50 ≤ Re ≤ 500 

103 ≤ Gr ≤ 105 
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Aissa et al. [53] 

 

Al2O3–Cu/CMC 

0 < Ha < 100 

-10 ≤ Ω ≤ 10 

50 ≤ Re ≤ 500 

103 ≤ Gr ≤ 105 

 

3.6 Enhancement Using Other Enhancement Parameters 

Some authors have conducted studies on enhancing heat transmission utilizing other various 

factors inside a spinning inner cylinder cavity. A sampling of these works of literature [54-65], 

together with the many study borders and geometries that may be found in them, are shown and 

arranged in Table 6. 

➢ Costa and Raimundo [54] from a numerical study in a square container of the effect of a 

central rotating cylinder on thermal convection concluded that there is a clear relationship 

between the rotation cylinder and the square cavity's thermal performance.  

➢ Salam and Ahmed [4] found that varying the rotating cylinder locations contributes to 

improving convective heat transfer inside a square cavity with a closed rotating cylinder in 

the centre, as does raising the Reynolds and Richardson numbers.  

➢ Mohammed et al. [55] showed that the sidewall inclination angle and the rotating cylinder's 

inertia effect have the most significant impact on heat transfer characteristics surrounding the 

active rotating cylinder within a trapezoidal enclosure.  

➢ The influence of a stationary or moving cylinder centered inside a cylindrical hollow on heat 

transfer via natural and mixed two-dimensional convection was examined by Yadukrishnan 

et al. [56]. Higher Rayleigh numbers have been shown to result in increased power 

consumption and better heat transfer.  

➢ Muntasir et al. [57] demonstrated how the rotation speeds and cylinder size impact a square 

cavity's heat transfer rate inside it is a rotating cylinder that conducts heat. 

➢ Fatih and Hakan [58] looked at the local heat transfer diminishes at the bottom of the heater 

and improves towards the top of the cavity for a Newtonian fluid and the magnetic field's 

shear thickness inside a partially heated cavity, containing a constant-temperature central 

rotating cylinder. 

➢ In a square cavity including a revolving heat-conducting cylinder in the centre, Muntasir et 

al. [59] investigated the phenomena of mixed convection heat transfer. The flow pattern, 

temperature field, the position of the heat source, and the cylinder had a major influence on 

the rate of heat transmission, according to the results.  

➢ Shahriar and Mamun [60] used nanofluids in a C-shaped enclosure to study the impact of a 

moving cylinder on mixed convection. It was shown that the best heat transfer performance 

is achieved at a cylinder geometry of (0.85, 0.1).  

➢ A square cavity filled with phase change materials was used by Fatih and Hakan [61] to 

illustrate the impact of a spinning cylinder on mixed convection. The average Nusselt 

number rises by 10 to form a stationary cylinder when a larger cylinder is employed in 

comparison to a smaller cylinder for clockwise cylinder rotation.  

➢ Ehsanul et al. [62] discovered that heat transfer properties are mostly unaffected by the 

direction of cylinder rotation in a cavity, but thermal performance is significantly impacted 

by differences in the governing factors and cylinder size. 

This group included various techniques such as the use of phase change materials, surface 

roughness, or altering the cylinder geometry. Enlarging the radius or modifying the cylinder wall 
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shapes often improved the thermal performance, but the rotation direction was slightly different. 

While some studies and research confirmed its significant effect, Ehsanul et al. [62] reported a 

small effect, perhaps due to certain boundary conditions or fluid properties. These contradictory 

results highlight the need for further, more precise studies to isolate the role of each mechanism 

and quantify its improvement. 

Table 6. Heat Transfer Enhancement inside a cavity with a rotating inner cylinder using other 

parameters 

Authors Geometry Parameters 

Costa and Raimundo 

[54] 

 

-1000 ≤ ω* ≤ 1000 

0o ≤ θ ≤ 360o 

Salam and Ahmed [4] 

 

Pr = 0.71 

Ri = 0, 1, 5, 10 

Re =50, 100, 200, 300 

thermal conductivity ratios = 

0.2, 1, 5, 10  

Mohammed et al. [55] 

 

Gr = 103 to 105 

θ = -15o, 15o, 45o 

31.62 ≤ Re ≤ 316.23 

Pr = 0.71 

Ri = 1 

Yadukrishnan et al. [56] 

 

T = 5K, 50K, 90K 

Ri = 10-3 to 103 

0 ≤ θ ≤ 400 

Pr=0.7 

Aspect ratio =2.5 

Muntasir et al. [57] 

 

Ra = 5x104 

Pr=0.7 

0.1 ≤ Ri ≤ 100 

Fatih and Hakan [58] 

 

0.01 ≤ Ri ≤ 100 

0 ≤ Ha ≤ 50 

-50 ≤ Ω ≤ 50 

0o ≤ θ ≤ 90o 

0.6 ≤ n ≤ 1.4 

Muntasir et al. [59] 

 

0 ≤ Ω ≤ 500 

Pr = 0.7 

Ra = 5x104  
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Shahriar and Mamun 

[60] 

 

Fe3O4 – water 

Ha = 0 to 40 

φ = 0 to 0.20 

positions at (0.2, 0.1); (0.45, 

0.1); and (0.85, 0.1) 

0 ≤ Ω ≤ 50 

 

Fatih and Hakan [61] 

 

−7.5 ≤ Ω ≤ 7.5 

0 ≤ ω ≤ 7.5 

R = 0.05 to 0.1 

 

 

Ehsanul et al. [62] 

 

CW or CCW direction 

1 ≤ Ri ≤ 2000 

Gr = 1 to 4x106 

Ri = 1 

d/L = 0.1, 0.2, 0.4 

 

 

4. Conclusion  

Based on the findings of the reviewed studies, several significant trends and opportunities to 

increase the efficiency of heat transfer in such systems were identified. The current paper 

reviews the research on heat transfer by mixed convection for some scenarios with varying 

parameters. The following are, generally speaking, the most significant findings from the papers 

as mentioned above:  

➢ Increased cylinder rotation speed has been shown to increase fluid flow and heat 

transmission, which lowers temperature differentials inside the cavity and produces a more 

uniform heat distribution, boosting heat transfer efficiency. 

➢ When nanofluids are used in cavities, their thermal conductivity is greatly increased, 

improving the fluid's capacity to transport heat. 

➢ Magnetic fields have been demonstrated to enhance fluid flow in the cavity, lowering 

temperature differentials across cavity regions and facilitating more uniform heat transfer. 

➢ When compared to single cylinders, research has demonstrated that the use of numerous or 

variable-dimensional cylinders improves the fluid-cylinder surface contact, increasing the 

heat exchange area and yielding notable results. 

➢ Corrugated cylinder surfaces and catalytic surfaces (such as porous) have been demonstrated 

to improve fluid-surface interaction and, hence, boost heat transfer efficiency. 

Despite the promising results of this research, there are some limitations that should be 

considered. Without conducting field trials, many researches are restricted to modeling and 

simulation, which compromises the precision of their commercial applicability. Also, 

experiments and simulations are usually conducted on simple and less complex forms than 

reality, which may limit the accuracy of the results. Furthermore, the efficiency of heat 

transmission is impacted by the distribution of nanoparticles in fluids, and it is yet unclear how 
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exactly magnetic fields affect these fluids, particularly in systems with spinning surfaces. As a 

result, it is advised to carry out more field tests, improve the particle distribution, investigate the 

financial and environmental effects of these technologies, and expand the study of catalytic 

surface efficiency in heat exchange. 

As a result, more theoretical investigations and tests ought to be conducted in the future. The 

goal is to create theoretical and predictive models that may be used in any cavity. 
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