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This study focuses on the improvement of a security system against the 

pollutants dispersing from Industrial chimneys. In order to simulate the 

system, we study numerically a turbulent flow generated by a heated 

open cone at the extremities. Different control parameters were used to 

improve the thermal and dynamic behavior of the considered flow. In 

this study, the interaction of pollutants with its surrounding 

environment simulated by the cone walls was investigated.  This study 

was focused on convection, which is natural, turbulent, steady, 2-D, 

incompressible flow passing through a vertical conical channel with a 

heated source at the center of the cone inlet that performed uniform 

heating at a constant temperature. The interior of the conical wall 

channel was reheated via the thermal radiation emitted by the hot 

source. The studied system was mathematically presented by the 

continuity, Navier stokes, energy and K-epsilon equations. The 

computational fluid dynamics analysisand ANSYS-FLUENT software 

were used. The optimal cone can provide further control of the 

pollutant's velocity at the exit. The thermal and dynamic profiles 

exhibitedgood stability and homogeneity at the cone exit. 
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Introduction:- 
The dispersion of pollutants considered in this study is an application of the interaction of a turbulent thermal plume 

with its environment. This phenomenon is presented in this study by the thermal plume induced by the hot plume 

source and surrounded by a heated cone.  

 

Many scholars have experimentally studied thermal plumes to characterize the general structure of this flow. 

Although a large amount of research has been conducted to simulate the natural convection between two vertical 

plates, there is, however, a crucial lack of numerical investigations on natural convection in a conical channel. C. F. 

Kettleborough [1], has described transient natural convectionin open-ended vertical channels. Results are obtained 

for Pr = 0.733 and Grashof number Gr=100 and 10000. He showed that the maximum temperature on the centerline 

at the channel's exit increases as the Grashof number decreases, he found that for larger Grashof numbers the flow 

reaches the steady state faster. Laminar flow between two parallel vertical walls heated symmetrically was studied 

by V. I. Terekhov et al. [2]. They aimed to determine the effect of aspect ratio on natural convection. The study was 

for Pr=0.7, and Rayleigh number rangesRa = 10 to105.Navier-Stokes equations were solved by the finite volume 

method. Their findings revealed that the temperature of the flow inside the channel increases with the increase of the 

aspect ratio while the Nusselt number decreases. Moreover, Reynold (Re) number increases when the Rayleigh 

number and aspect ratio (AR) increase due to the buoyancy effect. Finally, as Rayleigh and Reynolds number values 
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increased the Nusselt number value increased. A laminar buoyant plume created by a heated sphere inside a cylinder 

was simulated by S. K. S. Boetcher et al. [3]. Their simulation was for air Pr=0.7 and Grashof number varying 

between 50 to 5x106. The effect of the height of the solution domain was examined for domain heights Z=11, 20, 

and 30. They showed that the velocity of the plume increases with elevation but approaches a fully developed state 

at sufficiently high elevation and the temperature decay with the increase of elevation and attains a self-similar 

shape at high elevation. Finally, they found that the similarity solutions exist at high elevations above the heat 

source, and the approach to reach the similarity solution is faster at low Grashof numbers. Seung-Min Ohk et al. [4] 

examined the influences of different parameters (length, diameter, and Prandtl number) on the natural convection 

flow inside a vertical pipe. The study was conducted for diameters varying between 0.003m to 0.03m, the length 

varying between 0.2m to 1m, Prandtl number Pr=0.7, 20, 1 and, local Grashof number GrL = 3.4 × 108to 4.2 ×
 1010 .Numerical analysis was done using FLUENT 6.3. They found that, for all Prandtl numbers, as the diameter 

increase the heat flux increased and, as the length of the channel increased the heat flux decreases. The experimental 

study of the global structure of the flow of natural convection generated by a hot source placed at the entrance of an 

open vertical cylinder was carried out by A. O. M. Mahmoud [5]. The author has shown that the vertical evolution 

of the flow can be divided into three zones. A first zone is characterized by the formation of rotating rolls above the 

hot source, a second zone of the turbulence transition and, a third zone where the flow becomes established in the 

upper part of the cylinder. The region at the wall vicinity was not discussed in this study.  

 

This study aimed to investigate numerically the improvement of the security system against the dispersion of 

pollutants using the cone shape, the development of a thermal plume inside a cone is justified owing to its role in 

improving the understanding of the mechanisms involved in this application in industry. In addition to its 

importance from a fundamental perspective, the utilization of a cone allows hot air to be strongly evacuated at the 

exit of the flow [6]. The flows investigated in this study were natural convection, turbulent, steady, two-dimensional 

(2-D), and incompressible flows. Further, mathematical modeling based on the Navier-Stokes equations was 

conducted and the velocity-pressure coupling was resolved using the SIMPLE algorithm. The general structure and 

thermal and dynamic behavior of the flow were obtained using ANSYS-FLUENT software. 

 

Numerical Modeling and Geometric Configuration:- 

This section mainly presents the problem of the study system, wherein the natural convection flow is turbulent. This 

resulted in the governing equation of a turbulent flow from which we deduced the mean dimensionless equations. 

Subsequently, through discussions on a k-ε model, this study focused on K-epsilon (2 equation) and deduce that the 

k–ε equations must render them in a dimensionless form. 

 

Consequently, we present discretization equations followed by an explanation for a meshing step, which affects the 

fluid flow by partitioning a continuous geometry into discrete control volumes and swiftly calculating the physical 

quantities. Finally, we used SIMPLE algorithm to solve them. 

 

 

H 
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Figure1:- The proposed security system 

 

Figure 2:- The study's problem plan. 

Governing equation of turbulent thermal plume:- 

Dimensionless equations 

In fluid mechanics problems, the governing equations are rewritten in a dimensionless form to simplify them, where 

the quantities in the dimensionless equations no longer have units. 

The dimensionless governing equations for turbulent flow is obtained as the equation of continuity: 

The equation of continuity: 
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The equation of energy: 
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The 𝒌-equation: 
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The 𝜺-equation: 
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Boundary conditions:- 

To obtain an exact solution, first, the initial and boundary conditions must be identified. 

At the outlet of the cone (z=L), 
𝜕𝑣𝑟

𝜕𝑧
= 0,   

𝜕𝑣𝑧

𝜕𝑧
= 0 ,   

𝜕𝑝

𝜕𝑧
= 0  , 

𝜕𝑇

𝜕𝑧
= 0        𝑖𝑓𝑉2 > 0 

On the axis of the cone 

 
𝜕𝑣𝑟

𝜕𝑟
= 0, 

𝜕𝑣𝑧

𝜕𝑟
= 0,

𝜕𝑇

𝜕𝑟
= 0 

 

 

At the walls 

(r=a) 

 

𝑣𝑟 = 0,   
𝑣𝑧 = 0,     
𝑇 = 𝑇𝑤 (𝑧) 

At the entrance of the cone (z=0) 

0 ≤ 𝑟 ≤ 𝑟𝑠  ;  𝑣𝑟 = 0,   𝑣𝑧 = 0,        𝑇 = 𝑇𝑠  

𝑟𝑠 ≤ 𝑟 ≤ 𝑎 ;  𝑣𝑟 = 0,   
𝜕𝑣𝑧

𝜕𝑧
= 0,        𝑇 = 𝑇0 

 

Figure 3:Boundary Conditions of the Geometry. 
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Results:- 

We used in this numerical study the critical parameters indicated by A.O.Mahmoud et al. [6] in their study. Their 

experimental results show that the critical parameter that controls the thermal and dynamic behavior of the flow is 

the ratio of the cone radius C=0.65, the radius ratio R*=0.6, and the shape ratio A=0.75 which is defined as the inlet 

diameter divided by the height of the cone. In this study, the parameters are A=0.75, C=0.6, and the R*=0.6 with 

Prandtl number of the air 0.72 and Rayleigh number 𝑹𝒂 > 𝟏𝟎𝟏𝟎 also Grashof number 𝑮𝒓𝒂 > 𝟏. 𝟓 × 𝟏𝟎𝟗 for 

turbulent flows. 

 
Figure 4:- Axial development of the temperaturein thecone. 

 

 
Figure 5:- Axial development of the velocity in the cone. 

 

The profiles of figures 4 and 5 show three variations in the temperature and velocity of the air along the plume axis. 

 

At Z≤ 0.1, the position of the heat source at the cone inlet significantly impacted the plume flow. 

 

The air temperature and velocity fluctuations along this zone were relatively minimal. This little recirculation region 

focused on the axis of the source, where the air did not actively contribute to the flow growth, causing the low 

variance. 
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In the second zone (𝑍≤ 0.14), the variations in the air temperature and velocity and the flow mixture began to 

activate. 

 

When the forces of viscosity and buoyancy were balanced at Z = 0.14, the maximum axial velocity was attained. A 

slowdown process started in this part. These profiles were similar to the study [6]. 

 

 
Figure 6:- Comparison of the dimensional air temperatures at the entrance and the exit of the proposed system. 

 

 
Figure 7:- Comparison of the dimensional air velocity at the entrance and the exit of the proposed system. 

The inlet (z=0.03) and outlet (z=0.19) zones were compared in figures 6 and 7. The zone near the hot source appears 

the temperature was very high above the hot source and low temperature both sides of the source, with raises in the 

height the temperature decreases, the confinement effect on the flow rate and introduces the homogeneity of the 

velocity and the temperature, the cone walls confined the airflow, which gives the stable temperature at the exit.  

 

Conclusion:- 
Turbulent, steady, incompressible natural convection flow evolving through the conical channel was studied. This 

work aimed to study the dynamical and thermal evolution of this flow to improve and develop system securities 

against the industrial emissions that cause air pollution. 

We showed gradually the fundamental physical principles and the mathematical governing equations in the 

conservative general form for all physical quantities that governed the fluid flow.  
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To simulate the studied problem mathematically and numerically, the selection of methods was necessary as the 𝐤- 𝛆 

model and the Finite-volume methodfor discretization.  

esults obtained using the software ANSYS-FLUENT indicated that the cone shape and the parameters A=0.75, 

C=0.6, and R*=0.6 with Prandtl number of the air 0.72 and Rayleigh number 𝑹𝒂 > 𝟏𝟎𝟏𝟎improve the thermal and 

dynamic behavior of the flow.Consequently, improve the security system.  
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