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Among the many experiments Which deals with the study of the characteristics of flow, 
a numerical study of flow air (Pr=0.71) crosses a circular cylinder is conducted. 
Variations in flow and thermal characteristics such as average Nusselt number, local 
pressure coefficient and drag coefficient are presented around the cylinders for Reynold 
numbers ranging from 100 to 5000 by solving the incompressible two-dimensional 
unsteady Navier-Stokes and energy equations. Commercial software package FLUENT 
19 is applied to solve the equations. The diameter of the circle is D = 20 mm, the width 
is 20 times the diameter of the cylinder. The results obtained are compared with data 
of previous study for Nusselt Number values showed acceptable agreement.  The results 
of the drag coefficient confirm a noticeable decrease in the transition from low values 
of Reynolds numbers to the high values. 
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1. Introduction 
 

This review is an important area in investigations to know the behavior of fluid flow and the heat 
transfer. It is the basis for many thermal applications, such as bridge piers, submarines, overhead 
cables etc. Despite the normal and simple geometry of the cylinder, it remains important and 
interesting physical phenomenon. A series of tests were performed by Igarashi [1,2] at high values of 
Reynolds Numbers to find the results of drag coefficients and pressure around two circular cylinders.  
The impacts of changing the longitudinal distance between cylinders and their diameters were 
studied. Kawamura and Kuwahara [3] show intrest in this aspect and studied the characteristics of 
flow around a circular cylinder with roughness and smooth surface for a turbulence flow (Re= 103-
105). The results show that the drag crisis phenomenon on surface roughness for the critical value of 
Reynolds number was small when compared with that of the smooth cylinder. Similarly, Mehrabian 
[4] conducted an investigation by applied forced convection to exam the rate of cooling of a copper 
cylindrical. Also, investigation has been done to measure the heat transfer characteristics of the 
system. Sumer [5] have investigated this problem for a wide range of Reynolds numbers 40 < Re < 
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200, by studied the forming of the laminar vortex shedding in the wake of the cylinder. Also, by using 
a numerical analysis with turbulent flow of Re range 2.3 × 103 to 4 × 105 kolos [6] performed tests of 
flow Around a Cylinder. Yuce et al., [7], conducted investigation to test 2D laminar flow around 
circular cylinder for (Re=2) and turbulent flow for (Re=4×106) and performed a comparison with 
square and triangle. Rao [8] tested numerically the flow over a circular cylinder for Reynolds numbers 
≤ 200 for 2D flow, where investigated the vortexes that forming after the circle during the flow.  
Rahman et al., [9], investigated the behavior of 2D flow by test the wake zone downstream the 
circular turbulent and laminar, by computing the drag and pressure  coefficients  for  the range of 
Reynolds numbers (Re=103 to 3.9×103) . Furthermore, Jibran et al., [10] completed an investigation 
deals with the flow characteristics across circular cylinder as single circular cylinder and arrays of 
cylinders by using different Reynolds number changed from 40 to 10000.   In regard to the current 
study, 2d flow across single circular cylinder with various values of Reynolds numbers ranging from 
100 to 5000 is studied numerically with diameter of circular cylinder D = 20mm. The study 
investigates the behavior of the flow across the circular cylinder by testing the Nusellt number with 
various Reynolds number. In addition, drag coefficient and Local pressure coefficient is tested. 
 
2. Computational Methods 
2.1 Model Description 
 

A 2D analysis test is conducted as the length of the cylinder is much larger than its diameter, as 
clarify in Figure 1. The diameter of the circle is D =20mm. It is imposed that the distance from inlet 
to the origin is 20D. The width is kept much larger (25 times) than the diameter. The fluid was 
assumed to be air at (293 K), where the density was ρ = 1.2 (kg/m 3). 

 

 
Fig. 1. Computational domain 

 
2.2 Governing Equations 
 

The actual geometrical size with the test model was created employing ANSYS-19. All the 
equations involved in the system are solved. These governing equations equation of continuity [11], 
conservation of momentum equations and energy equation [12] are: 

Equation of continuity:  
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y component of conservation of momentum: 
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Energy equation: 
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where 𝑣,u : dimensionless velocity in x,y directions. The inlet velocity was found by the following 
formulae   by using Reynolds number (Re) as a basis: 
 
𝑅𝑒=𝜌𝑢𝑎𝑣𝑔.𝐷ℎ/𝜇                                                                                                                                                      (5) 

 
The avarage Nusselt number is introduced as follows [13]: 

 

𝑁𝑢 =
ℎ .𝐷ℎ

𝑘
                            (6) 

 
2.3 Meshing and Grid Independency 
 

An unstructured mesh was produced for the geometry modeled where the mesh is fine near the 
circular cylinder. Figure 2 focuses on the mesh in the proximity of the circular cylinder. The density 
of mesh is preserved intensive near the cylinder for resolving the boundary layer in accurate manner. 
The featured points of the mesh are known as nodes. 

 

 
Fig. 2. Meshing near the cylinder and the domain 

 
In order to gain accurate and reliable results, it is essential to use accurately the grid number. For 

that purpose, the test of grid independency was executed with respect to the drag coefficient. Four 
different meshes were generated, Mesh 1, Mesh 2, Mesh 3 and Mesh 4. Table 1 shows the meshes 
and corresponding numbers of elements employed in this investigation at Re= 100. Mesh 4 was 
chosen for the work. With medium smoothing and defeature size =0.25mm. 
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Table 1  
Effect of Mesh elements on Average Nusselt Number and drag 
coefficient at Re = 100 
Case Mesh elements Nu The deviation Cd The deviation 

Mesh 1 685491 7.846 - 0.9547 - 
Mesh 2 695895 9.233 0.1502 1.4977 0.362 
Mesh 3 703525 11.167 0.1731 2.0065 0.255 
Mesh 4 704364 11.483 0.0275 2.1989 0.09 

 
2.4 Boundary Conditions 
 

Basically, The cylinder surface is no-slip wall and the lower and upper boundaries are free slip 
walls. In 2-D simulation, symmetry boundary conditions are utilized on the lateral planes of the 
domain of fluid, which sets the gradient of pressure normal to the plane and also velocity 
components, to (zero). Gravity is negligible. 
 
3. Results and Discussions 
 

In Figure 3, the differences of Nusselt number values along the cylinder is offered in comparison 
with the gained results of Krall and Eckert [13]. The results of Nusselt number have been extracted 
for Reynolds numbers 100 and 1000. The deviation between the results is 11%. The mismatch of 
results between the current research and comparative research is due to the difference in 
dimensional values and parameters. Furthermore, Krall and Eckert preserved the same boundary 
condition of uniform wall temperature and no slip on the cylinder as is achieved in the current study. 
 

 
Fig. 3. Comparison Nusellt number results of the current study and 
Krall and Eckert [14] 

 
As regard to local Nusselt number along the cylinder, a comparison has been performed between 

the present study and the results of Krall and Eckert [14] for Reynolds number 100. As display in 
Figure 4. Ones again the obtained results of the comparison give a very good agreement. The 
deviation between the results is 8 %. In the graphs presented, the values obtained by the present 
study are slightly higher than Krall and Eckert [14]. 
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Fig. 4. Comparison of local Nusellt number of the current study 
and Krall and Eckert [14] at Re=100 

 
Figure 5 show the variation of the averaged drag coefficient with Re.  in a whole, the values of Cd 

display the expected inverse dependence on Reynold numbers values this due to the forming of the 
circulation zones that are created at the obstacles and make a negative drag coefficient. 
 

 
Fig. 5. Variation of drag coefficient with Reynolds number 

 
In addition, the analytical results of local values of pressure coefficient along the cylinder’s surface 

have been obtained. Figure 6 display the pressure distributions at Reynolds number of 100. A 
remarkable variant in pressure distribution around the cylinder it can be noticed. It obviously 
observes that the cylinder’s front face is exerted to a greater pressure. This can be interpreted 
according to the slowdown of the flow the front face of the cylinder and become stagnation region. 
After that, the flow accelerated at the lower and upper sides of the cylinder create a drop in pressure. 
the surface pressure in the separated zone is approximately remains constant. 
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Fig. 6. Variation of Cp (θ) at Re=100 

 
For Reynold number (Re) = 100, regarding the mean variables, mean drag coefficient, which is 

acquired by considering the period of the drag coefficients and as can be notice in Figure 7, due to 
the two-dimensional simulation, the drag coefficients oscillate  in an irregular manner and with larger 
amplitude. The drag coefficient varies randomly. This can be caused in unsteady regions of the flow 
field. 
 

 
Fig. 7. Time history of the drag coefficients at Re =100 

 
It is visibly that in Figure 8 the velocity contour for various Re. For the Re = 100 flow is organized 

and weak as observed. At higher Re values, the separated shear layer becomes smaller and unstable 
vortices form resulting to this instability. The high velocities occur at the lower and upper side are 
showed by red counters on the circular cylinder. In addition, the blue contours that shown at the 
front and rearward represent the decreasing in velocity contours. the separation of boundary layers 
creates at an angle about 75o. This becomes clear with Re increasing. 
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(a) 

 
(b) 

 
(c) 
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(d) 

Fig. 8. the velocity contour 2-D simulation (a) Re=100 (b) Re=500 (c) 
Re=1000 (d) Re=5000 

 
4. Conclusion 
 

Numerical investigation has been conducted to analyze flow characteristics past a single cylinder 
for various Reynolds numbers. It can be obtained the following conclusions from the results that: 

 
i. As regard pressure distribution on the cylinder surface, the cylinder’s front face is exerted 

to a maximum pressure. The lower and upper sides of the tested cylinder make a drop in 
pressure. 

ii. The gained results were found to be in very good agreement with earlier experiments by 
comparison  the results of average Nusellt number and local Nusellt number. 

iii. The high velocities give more circulation around the cylinder and this led to create vortices 
Thus, the heat transfer increases. 
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