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A B S T R A C T 

Numerical investigation of mixed convective in a vented square cavity with fin. The horizontal walls are 

adiabatic, while the left and right walls are hot (𝑇ℎ) and cold (𝑇𝑐) temperatures, respectively. The fluid inlet 

to the cavity from the lower left open area(𝑊𝑖𝑛), and exits from the upper right open area (𝑊𝑜𝑢𝑡). In this 

study, a finite element scheme is employed. The analysis is done for specific Prandtl number (𝑃𝑟 = 7), 

Reynolds number (50 ≤ 𝑅𝑒 ≤ 200),  fin length (0.2 ≤ 𝐿𝑓 ≤ 0.6),  Richardson number (0.1 ≤ 𝑅𝑖 ≤ 1), 

and the location of the fin (0.2 ≤ ℎ ≤ 0.6). The finding indicates that the 𝑁𝑢𝑎𝑣𝑔 increases when high the 

location of the fin increases at the maximum height of this fin location is estimated to be 17% due to an 

increase in the fluid flow area on the hot wall caused by rising convective. The highest heat transfer occurs 

when the fin length equals 0.6 at the location(ℎ = 0.2). 

 

© 2023 University of Al-Qadisiyah. All rights reserved.    

1. Introduction 

The subject of convective heat transfer and fluid flow within enclosure 

areas has always drawn academics because of how prevalent it is. Convective 

heat transport is frequently split into three categories: forced convection 

(𝑅𝑖 < 0.1),  natural convection (𝑅𝑖 > 10),  and mixed convection (0.1 ≤

𝑅𝑖 ≤ 10). Convective heat transport has several applications, including heat 

exchangers[1], solar collectors [2], electronics equipment cooling [3, 4], etc. 

AL-Farhany et al.[5, 6] examined the impact of the inclined baffle on free 

convective in a container filled with different nanofluid (Al2O3-water) and 

(Cu-water). The left side was thick and hot, while the right side was cold, and 

the other were adiabatic. The outcome is reduced heat transfer when 

increasing the thickness of the hot wall. When the angle of the baffle was 

equal to 60, the stream function was at its maximum. As well as examine the 

impact of sinusoidal temperature AL-Farhany et al. [7]. Al-Maliki et al. [8] 

studied experimental free convective in a rectangular container filled with a 

hybrid nanofluid. PCM was attached to a heated wall; the opposite wall was 

cold, while the other parts were adiabatic. The result was that the PCM was 

also discovered to have the potential to lower the temperature of the hot wall 

by as much as 22%. Al-Farhany et al.[9, 10] studied the examination effect 

of MHD in a porous enclosure with two fins. Selimefendigil and Oztop [11] 

study the numerical impact of the baffle on mixed convective in a vented 

cavity. The horizontal walls were hot, while the vertical walls were adiabatic. 

The inclined baffle is fixed on half the lower wall. The upper limit of the 

Nusselt number was achieved at angles (∅ = 30, 90).  

http://qu.edu.iq/
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Sivasankaran and Janagi [12] analyzed mixed convective in an oblique 

channel under the impact of the baffle. Its focus on baffle length (𝐿𝑏), 

inclined angle (∅),  and Richardson number (𝑅𝑖) . It found that when the 

baffle length is greater, heat transference increases. Velkennendy et al. [13, 

14] studied mixed convective in a rectangular open enclosure. The fins are 

attached to the upper wall. The lower wall was adiabatic, while the others 

were hot temperature. Air was utilized as a working fluid. The result 

demonstrated the rise in buoyancy force enhances heat transport. Abdulsahib 

and Al-Farhany [15] experimentally studied mixed convective on a rotating 

cylinder in a porous nanofluid enclosure. The upper half was filled with 

(Al2O3-water), the lower half was porous media, and a rotating cylinder was 

situated in a central location. The vertical walls were at various temperatures, 

while the horizontal walls were adiabatic. The finding revealed that the upper 

part of the cavity had excellent temperature distribution, while the lower part 

was temperature only near the hot side. Additionally, the impact of MHD in 

three-dimensional (3D) open enclosures was studied by Selimenfendigil and 

Chamkha [16]. Mixed convective in a square chamber with several 

ventilation ports was studied by Alhussain [17]. Shaker et al. [18] examined 

the impact of a magnetic field on mixed convective in a vented cavity. The 

influence of altering factors Reynold’s number (200 ≤ 𝑅𝑒 ≤ 600),  and 

magnetic number (0 ≤ 𝑀𝑛 ≤ 5 × 107). The magnetic field’s i’fluence on 

heat and flow properties was less pronounced at the high Reynold number. 

Wang et al. [19] studied the influence of lid-driven in rectangular on mixed 

convective. Ali et al. [20] add to the work the effect of a magnetic field and 

cylinder in the center. The heat transfer rises by increasing the speeds of the 

cylinder, and reduce by increasing Hartmann number. Recently, many 

researches had been made for mixed convection with fins/ baffle in different 

an open cavity or channels [21-25].  

As seen from the above review, there is no research in the literature on the 

impact of single fin lengths and fin locations for mixed convective in a vented 

cavity system. This issue has numerous uses in cooling both thermal systems 

and electronic equipment. Consequently, the current study examines the 

impact of fin lengths (𝐿𝑓), fin locations (ℎ), Richardson number (𝑅𝑖), and 

Reynolds numbers (𝑅𝑒) on mixed convective in a vented cavity. 

2. Physical model description 

The two dimension (2D) square vented cavity is demonstrated in Fig. 1. The 

horizontal side walls are adiabatic, while the left and right walls are hot (𝑇ℎ), 

and cold (𝑇𝑐) temperature, respectively. The single fin is fixed to the hot 

vertical wall at various lengths (𝐿𝑓 = 0.2, 0.4, 𝑎𝑛𝑑 0.6), and various location 

(ℎ = 0.2, 0.4, 𝑎𝑛𝑑 0.6), while the fin thickness is assumed to be fixed and 

equal to (𝑡𝑓 = 0.02L). The thermal conductivity of aluminum fin is equal to 

239. The cold fluid inlet to the enclosure from the lower side at the open area 

is equal to (𝑊𝑖𝑛 = 0.1), and left the cavity from the outlet area on the right 

upper side  (𝑊𝑜𝑢𝑡 = 0.1). The fluid inlet at cold temperature (𝑇𝑐), while it is 

assumed to leave the cavity at atmospheric pressure. Water has been chosen 

as the working fluid at Prandtl number equal to (𝑃𝑟 = 7).  

 

Figure 1. Diagram of the model 

2.1. The equations of the conservation 

The governing equations in the current work for continuity, momentum, and 

energy are provided in their dimensionless form are [11, 12]: 
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+
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= 0                                                                                                 (1) 
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Nomenclature: 
 

 

g gravitational acceleration                            Greek symbols 
h fin locations β thermal expansion coefficient 

𝐾𝑟  thermal conductivity ratio, 𝐾𝑟 = 𝐾𝑠/𝐾𝑓 θ dimensionless temperature 

𝐿  length of the cavity ν kinematic viscosity 

𝐿𝑓   length of the fin α   thermal diffusivity 

𝑁𝑢  local Nusselt number μ   dynamic viscosity 

𝑁𝑢𝑎𝑣𝑔   average Nusselt number Ψ streamlines 

p pressure σ stress tensor 

P non-dimensional pressure ρ density 

𝑃𝑟  Prandtl number   

Re Reynolds number Subscripts 

Ri Richardson number c cold temperature 

T dimensional temperature h hot temperature 

U, V dimensionless velocity components f fluid 

W sizes of inlet and outlet holes s solid 
X, Y dimensionless coordinates r ratio 
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The energy equation of the fins: [5-7] 
𝜕2𝜃

𝜕𝑋2
+

𝜕2𝜃

𝜕𝑌2
= 0                                                                                               (5) 

The non-dimensional parameters in the above equations used are: 

𝑋 =
𝑥

𝐿
 , 𝑌 =

𝑦

𝐿
 , 𝐿𝑓 =

𝑙𝑓

𝐿
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𝑤

𝐿
, ℎ =

ℎ𝑖

𝐿
, 𝑈 =

𝑢

𝑈°
 , 𝑉 =
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𝜌𝑈°
2  , 𝜃 =

𝑇−𝑇𝑐

𝑇ℎ−𝑇𝑐
 , 𝑃𝑟 =

𝜈

𝛼
                     (6) 

Three dimensionless factors can be used to determine mixed convection: the 

Grashof number (Gr), Reynolds number (Re), and Richardson number (Ri) 

expressed as:   

𝐺𝑟 =
𝑔𝛽(𝑇ℎ−𝑇𝑐)𝐿3

𝜐2
 , 𝑅𝑒 =

𝜌𝑈°𝐿

𝜇
 , 𝑅𝑖 =

𝐺𝑟

𝑅𝑒2
                                                      (7) 

2.2.  Boundary conditions 

Non-dimensional boundary conditions are given in Table 1. As shown below.  

Table 1. Dimensionless boundary conditions 

Location  Boundary conditions 

The left wall 𝑈 = 𝑉 = 0 , 𝜃 = 1 ,  𝑋 = 0 ,  0 ≤ 𝑌 ≤ 1 

The right wall 𝑈 = 𝑉 = 0 , 𝜃 = 0  ,  𝑋 = 1 , 0 ≤ 𝑌 ≤ 1 

The bottom wall 𝑈 = 𝑉 = 0 , 𝜕𝜃 𝜕𝑦⁄ = 0,  𝑊𝑖𝑛 ≤ 𝑋 ≤ 1 , 𝑌 = 0 

The upper wall 𝑈 = 𝑉 = 0 , 𝜕𝜃 𝜕𝑦⁄ = 0, 0 ≤ 𝑋 ≤ 1 − 𝑊𝑜𝑢𝑡,𝑌 = 1 

At the inlet 𝑈 = 0,𝑉 = 1,  𝜃 = 0 , 0 ≤ 𝑋 ≤ 𝑊𝑖𝑛 , 𝑌 = 0 

At the outlet 𝑃 = 0 , (1 − 𝑊𝑜𝑢𝑡) ≤ 𝑋 ≤ 1 ,  𝑌 = 1 

The fin 𝑈 = 𝑉 = 0 ,  (𝜕𝜃 𝜕𝑛)𝑓⁄ = 𝐾𝑟(𝜕𝜃 𝜕𝑛)𝑠⁄  

2.3. Local Nusselt number 

The Nusselt number applies to express the characteristics of the heat transfer 

rate [5-7]: 

The local Nusselt number of the said left wall. 

𝑁𝑢 = −
𝜕𝜃

𝜕𝑥
|

𝑥=0
                                                                                             (8) 

The average Nusselt number of the said left wall. 

𝑁𝑢𝑎𝑣𝑔 = ∫ 𝑁𝑢 𝑑𝑦
1

0
                                                                                    (9) 

3. Numerical solutions 

COMSOL Multiphysics system version (6) has been used to implement the 

finite element technique in the current simulation. This system is significant 

as a strong alternate strategy for several models that consider variable 

resolution and allow the usage of unstructured grids. This approach solves the 

Navier stock and energy equations, and the model’s analysis is shown. 

Triangular elements are employed in the mesh generation. Fig. 2 depicts a 

two-dimensional (2D) domain in a Cartesian coordinate divided into many 

parts as triangular meshes. All of the variables (P, U, V, and C) are taken into 

consideration when the convergence of the following occurs: 

|
𝜉𝑖+1−𝜉𝑖

𝜉𝑖+1
| ≤ 10−5            (10) 

 Table 2 demonstrates how the average Nusselt number on the hot wall is 

impacted by mesh size for 𝑃𝑟 = 7, 𝑅𝑒 = 100, 𝑅𝑖 = 0.9, 𝐿𝑓 = 0.4, and ℎ =

0.4. The average Nusselt number (𝑁𝑢𝑎𝑣𝑔) of mesh 4 (22642 elements) which 

varies little from the outcomes obtained from the other mesh sizes, where the 

error was 1.74%. As a result, mesh 4 produced all the cases.  

 

Figure 2. The mesh generation for the cavity 

Table 2. Demonstrates the average Nusselt number (𝑵𝒖𝒂𝒗𝒈) on the hot wall 

and the mesh sizes for 𝑷𝒓 = 𝟕, 𝑹𝒆 = 𝟏𝟎𝟎, 𝑹𝒊 = 𝟎. 𝟗, 𝑳𝒇 = 𝟎. 𝟒,  and 𝒉 =
𝟎. 𝟒.  

Sizes of mesh Elements of Mesh Average Nusselt number 

Mesh 1 2191 8.8999 

Mesh 2 3440 8.9904 

Mesh 3 8735 9.3611 

Mesh 4 22642 9.5241 

Mesh 5 31244 9.5248 

3.1. Validation 

To ensure simulation accuracy for a cavity with a fin, Fig. 3 depicts work 

validation of isotherms and streamlines. The validation is done with 

Sathiyamoorthy and Chamkha's [26] work. Examination of free convective 

in a square shape with fixed fin in half the lower wall at Raynold number 

(𝑅𝑎 = 105), Prandtl number (𝑃𝑟 = 100),  and the fin length(𝐿𝑓 = 0.25) . 

The output results are accurate and of great quality. The second validation 

was done with Rahman et al. [27]. Mixed convective in an open enclosure 

filled with air. Table 3 illustrates the average Nusselt number on the right 

wall at 𝑃𝑟 = 0.71, 𝑅𝑒 = 100, and various Richardson number. 

Table 3. Average Nusselt number (𝑵𝒖𝒂𝒗𝒈) on the hot wall at 𝑷𝒓 =
𝟎. 𝟕𝟏, 𝑹𝒆 = 𝟏𝟎𝟎. 

 Rahman et al. [27] Present work 

𝑅𝑖 = 1 4.7 4.62 

𝑅𝑖 = 3 5.35 5.32 

𝑅𝑖 = 4 5.56 5.51 

𝑅𝑖 = 5 5.71 5.65 
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Present work Sathiyamoorthy and Chamkha [26] 

  

  

Figure 3. Comparison of isotherms and streamlines of the present results 

with Sathiyamoorthy and Chamkha [26] at 𝑷𝒓 = 𝟏𝟎𝟎, 𝑹𝒂 = 𝟏𝟎𝟓, and 𝑳𝒇 =

𝟎. 𝟐𝟓. 

4. Results 

Numerical analysis mixed convective is accomplished in a two-dimensional 

(2D) cavity with a present fin attached to the left hot wall. The cold fluid 

enters the enclosure through the open area (𝑊𝑖𝑛) in the lower left corner and 

escapes through the open area (𝑊𝑜𝑢𝑡 ) in the upper right corner. Water is 

employed as the working fluid and has been assigned the Prandtl number 

(𝑃𝑟 = 7). The outcomes of this study in this part demonstrate the influence 

of dimensionless characteristics: Reynold number (Re), Richardson number 

(Ri), fin lengths (𝐿𝑓), and fin locations (h). For all of the aforementioned 

factors, the findings are demonstrated in terms of streamline (Ψ), isothermal 

(θ), and average Nusselt number (𝑁𝑢𝑎𝑣𝑔). The dimensionless variable ranges 

are: 

1. Reynolds number (50 ≤ 𝑅𝑒 ≤ 200). 

2. Richardson number (0.1 ≤ 𝑅𝑖 ≤ 1). 

3. Fin lengths (0.2 ≤ 𝐿𝑓 ≤ 0.6). 

4. Fin locations (0.2 ≤ ℎ ≤ 0.6). 

4.1. Effect of Reynolds number with h 

Figs. 4, 5. Demonstrate the Reynold number’s (Re) impact on the streamlines 

(Ψ) and isothermal (𝜃) for various fin locations (ℎ) for 𝑃𝑟 = 7, 𝑅𝑖 = 0.1, 

and 𝐿𝑓 = 0.4. When the Reynold number is low, a large vortex forms above 

the fin, and when it is high, the impact of the inertia force causes the vortex 

to grow and be stronger. In the second column, for fin location (ℎ = 0.4), 

increase the flow in an enclosure, and vortices form adjacent to the lower wall 

due to the separation process. In the third column, which fin location was 

(ℎ = 0.6), the flow now occupies most parts of the enclosure because of the 

high location of the fin, where the flow is from left to right. Due to the 

increased inertial force, circular vortices in the lowest portion of the container 

became intensive. Fig. 5 demonstrates the Reynold number’s (Re) impact on 

isothermal (θ) for various fin locations. The isothermal lines are vertical, 

when Re is increased, we observe that the cooling process improves due to 

the increase in the flow of cold fluid. When increasing the height of the fin 

location (h), it was observed that the heat transport is limited in the area above 

the fin.                                                                                                                                                                          

4.2. Effect of Richardson number with h 

Figs. 6 and 7, demonstrate the Richardson number’s (Ri) impact on the 

streamlines (Ψ) and isothermal (𝜃) for various fin locations (ℎ) for 𝑃𝑟 =

7, 𝑅𝑒 = 100, and 𝐿𝑓 = 0.4. In the first column, at a low Richardson number, 

the flow is high due to the force convective being dominant. When the 

Richardson number rises, the flow takes the shape of an S, as it expands in all 

parts of the container. In the second column, there is the presence of a vortex 

in the upper half, and when Ri rises, it forms a small vortex in the lower. In 

the third column, which fin location was (ℎ = 0.6), very dense swirls in the 

lower half of the container due to the increased buoyancy force influence. 

Fig. 7 demonstrates the Richards number’s (Ri) impact on isothermal (θ) for 

various fin locations. In the first column, for (ℎ = 0.2)  at the lower 

Richardson number, the heat transport from the left side to the right side 

enhances, which is dominated by convective force. When rising Richards 

number (Ri), the chilly wall’s impact is starting to become apparent as the 

natural convective. When there is a high fin placement lower triangle 

becomes cold, while the upper triangle becomes hot. 

4.3. Effect of fin lengths with h 

Figs. 8 and 9. Demonstrate the fin lengths (𝐿𝑓) impact on the streamlines (Ψ) 

and isothermal (𝜃) for various fin locations (ℎ) for 𝑃𝑟 = 7, 𝑅𝑒 = 50, and 

𝑅𝑖 = 1 . In the first column, for (ℎ = 0.2),  the fluid takes up all of the 

container’s space, and the fluid restriction increases as fin length increases. 

In the second column, the fin location was (ℎ = 0.4). The flow is aligned to 

the walls, while a small vortex is formed in the opposite corner of the inlet 

hole. In the third column, the fin location was (ℎ = 0.6), form big circulation 

at the lower of the cavity; the flow takes a different shape when increasing 

the fin length. Fig. 9 demonstrates the fin lengths (𝐿𝑓) impact on isothermal 

(θ) for various fin locations. As the length of the fin rises, the process of heat 

transport improves due to the fin’s high thermal conductivity. At its fin's 

maximum height, the greatest heat exchange occurs between the fluid and the 

hot wall. 

4.4. Average Nusselt number 

Fig. 10. explains the influence of Reynold’s number on the average Nusselt 

number (𝑁𝑢𝑎𝑣𝑔)  at hot wall for 𝑃𝑟 = 7, 𝑅𝑖 = 0.9,  and ℎ = 0.2 . 𝑁𝑢𝑎𝑣𝑔 

increases with reduced length of fin (𝐿𝑓), and rising Reynold number (Re), 

respectively. When the Reynold number rises from 50 to 200 for fin length 

(𝐿𝑓 = 0.6), the average Nusselt number rises by approximately 50.68 % due 

influence of inertia forces. Fig. 11. explains the influence of Richardson’s 

number on the average Nusselt number (𝑁𝑢𝑎𝑣𝑔) at hot wall for 𝑃𝑟 = 7, 𝑅𝑒 =

100,  and ℎ = 0.2 . The average Nusselt number improves when the 

Richardson number increases. It can be seen that, the 𝑁𝑢𝑎𝑣𝑔 increases with 

decreasing of the fin length where 𝑁𝑢𝑎𝑣𝑔 = 7.31 , 𝑁𝑢𝑎𝑣𝑔 = 8.14  at 𝐿𝑓 =

0.6, and 𝐿𝑓 = 0.2, respectively. 

Fig. 12. explains the influence of Reynold’s number on the average Nusselt 

number (𝑁𝑢𝑎𝑣𝑔)  a’ the hot wall for 𝑃𝑟 = 7, 𝑅𝑖 = 1,  and 𝐿𝑓 = 0.2 . The 

average Nusselt number enhances with a rising Reynold number due to 

increasing the influence of the force of inertia. 𝑁𝑢𝑎𝑣𝑔 increases when high 

the location of the fin (ℎ) 𝑖𝑠, the increase at the maximum height of this fin  
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 𝒉 = 𝟎. 𝟐 𝒉 = 𝟎. 𝟒 𝒉 = 𝟎. 𝟔 

Re=50 

   

Re=100 

   

Re=200 

   

Figure 4. Streamlines for different Reynolds numbers and fin locations at 𝑷𝒓 = 𝟕, 𝑹𝒊 = 𝟎. 𝟏, 𝑳𝒇 = 𝟎. 𝟒. 

    

 𝒉 = 𝟎. 𝟐 𝒉 = 𝟎. 𝟒 𝒉 = 𝟎. 𝟔 

Re=50 

   

Re=100 

   

Re=200 

   

Figure 5. Isothermal for different Reynolds numbers and fin locations at 𝑷𝒓 = 𝟕, 𝑹𝒊 = 𝟎. 𝟏, 𝑳𝒇 = 𝟎. 𝟒. 
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 𝒉 = 𝟎. 𝟐 𝒉 = 𝟎. 𝟒 𝒉 = 𝟎. 𝟔 

Ri=0.1 

   

Ri=0.5 

   

Ri=0.9 

   

Figure 6. Streamlines for different Richards numbers and fin locations at 𝑷𝒓 = 𝟕, 𝑹𝒆 = 𝟏𝟎𝟎, 𝑳𝒇 = 𝟎. 𝟒. 
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Figure 7. Isothermal for different Richards numbers and fin locations at 𝑷𝒓 = 𝟕, 𝑹𝒆 = 𝟏𝟎𝟎, 𝑳𝒇 = 𝟎. 𝟒. 
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Figure 8. Streamlines for different fin lengths and fin locations at 𝑷𝒓 = 𝟕, 𝑹𝒆 = 𝟓𝟎, 𝑹𝒊 = 𝟏. 
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Figure 9. Isothermal for different fin lengths and fin locations at 𝑷𝒓 = 𝟕, 𝑹𝒆 = 𝟓𝟎, 𝑹𝒊 = 𝟏. 
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Figure 10. Average Nusselt number (𝑵𝒖𝒂𝒗𝒈) on the left wall for various Re 

and fin lengths (𝑳𝒇) at 𝑷𝒓 = 𝟕, 𝑹𝒊 = 𝟎. 𝟗, 𝒉 = 𝟎. 𝟐. 

 

 

Figure 11. Average Nusselt number (𝑵𝒖𝒂𝒗𝒈) on the left wall for various Ri 

and fin lengths (𝑳𝒇) at 𝑷𝒓 = 𝟕, 𝑹𝒆 = 𝟏𝟎𝟎, 𝒉 = 𝟎. 𝟐. 

 

Figure 12. Average Nusselt number (𝑵𝒖𝒂𝒗𝒈) on the left wall for various Re 

and fin locations (𝒉) at 𝑷𝒓 = 𝟕, 𝑹𝒊 = 𝟏, 𝑳𝒇 = 𝟎. 𝟐. 

 

Figure 13. Average Nusselt number (𝑵𝒖𝒂𝒗𝒈) on the left wall for various Re 

and Ri at 𝑷𝒓 = 𝟕, 𝒉 = 𝟎. 𝟐, 𝑳𝒇 = 𝟎. 𝟒. 

location is estimated to be 17% due to an increase in the area of fluid flow on 

the hot wall caused by rising convective.  

Fig. 13. explains the influence of Reynold’s number and Richardson's 

number on the average Nusselt number (𝑁𝑢𝑎𝑣𝑔) at the hot wall for 𝑃𝑟 =

7, ℎ = 0.2, and 𝐿𝑓 = 0.4. When the Reynolds number increases, the average 

Nusselt number rises, indicating that the inertia force is expanding, where 

𝑁𝑢𝑎𝑣𝑔 = 6.02 at 𝑅𝑒 = 50  and 𝑁𝑢𝑎𝑣𝑔 = 12.11 at 𝑅𝑒 = 200 . It is also 

increasing as Richardson’s number rises due to buoyancy force. 

5. Conclusion 

Laminar mixed convective in a vented square cavity with an existing fin is 

analyzed numerically in this paper. The fin is fixed on the hot vertical wall. 

The cold fluid enters the enclosure through the opening (𝑊𝑖𝑛) in the lower 

left corner and escapes through the opening (𝑊𝑜𝑢𝑡) in the upper right corner. 

Selection of the Prandtl number for fluid (𝑃𝑟 = 7). The findings focus on the 

impact of Richardson’s number (𝑅𝑖),  Reynold number (𝑅𝑒),  fin lengths 

(𝐿𝑓), and fin locations (ℎ). The significant findings of this work are outlined: 

 

1. Vortexes are very dense in the lower half of the container at a 

maximum fin location and high Richardson number due to the 

increased both buoyancy force influence and separation process. 

2. The average Nusselt number increases with fin length decrease 

where 𝑁𝑢𝑎𝑣𝑔 = 7.31 and 8.14 at 𝐿𝑓 = 0.6, and 0.2, respectively. 

3. When the Reynold number rises from 50 to 200 for fin length 

(𝐿𝑓 = 0.6), the average Nusselt number rises by approximately 

50.68 % due to the influence of inertia forces. 

4. 𝑁𝑢𝑎𝑣𝑔 increases when the height of the fin location (h) increases, 

at the maximum height of this fin location,  𝑁𝑢𝑎𝑣𝑔is estimated to 

be 17% and that was due to an increase in the area of fluid flow 

on the hot wall caused by rising convective. 
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