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Introduction The problem analyzed in this project is that of air flow around an immerse body. The object chosen is a cylinder. The analysis is performed on a two dimensional case, i.e. the length of the cylinder is not considered. A diagram of the set up is shown in Figure 1. The incoming fluid velocities that are considered for this problem are 15, 25 & 35 m/s and, as mentioned before, the fluid is air. The diameter of the cylinder is one meter. The flow of air will cause a pressure distribution along the cylinder which is broken down in two components. The force parallel to the incoming fluid velocity (in the x-direction) is called drag force and the perpendicular force (y-direction) is called the lift force. The lift force for a cylinder is assumed to be zero due to its symmetrical geometry1. The relevant force to be analyzed is therefore the drag force. For this problem, the flow is analyzed as a turbulent flow. As will be proven in the following pages, the Reynolds number is high enough to consider it so. The structure of turbulent boundary layer flow is very complex, random, and irregular. In particular, the velocity at any given location in the flow is unsteady in a random fashion and can be thought of as a jumbled mix of intertwined eddies of different sizes2. Because of these circumstances, analyzing turbulent flow becomes very complex. Because of the randomness in the fluid flow, the NavierStokes equations would have to be used at a very small scale, rendering them impractical to use. The best way to solve this problem is by using numerical methods through a computer program. This particular problem is solved using ANSYS software. In order to obtain an accurate solution, several considerations have to be made. As a fluid experiences turbulent flow, it will see a series of eddies which will reduce in size as they dissipate energy. This process is known as the energy cascade of turbulence. The ratio of smallest to largest scales of turbulence is determined by Kolomogorov’s number. This will require however a mesh whose elements’ sizes are considerably small and are therefore unworkable. Figure 1



1 2



(Munson, Young and Okiishi) pg. 535 (Munson, Young and Okiishi) pg. 509
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ANSYS Procedure The first step in developing the solution for this problem in ANSYS is to create a suitable area that describes this process. This is done by first creating a square area that would contain the fluid flow. The height of the square is thirteen times the diameter of the cylinder and its length is twenty-two times the diameter. It can be seen in Figure 2. The cylinder is placed six diameters from the left boundary. The area of the circle is then subtracted from the area of the square. The remaining area is where the air will flow through.



Figure 2



After the area is created, the boundary conditions are specified. As shown in Figure 2, these are set in the following way. For the upper, lower and left side of the square the velocity are u∞ and zero in the x and y-direction respectively. For the perimeter of the cylinder, all velocities are set to zero. Finally, the pressure in right boundary is set to zero. This completes the boundary conditions for the problem. The following step is to create the mesh. The mesh for this problem is created in the area in which the air will flow through, i.e. the area of the square minus the area of the cylinder. The mesh needs to be more refined near the surface of the cylinder since this is the area where turbulence occurs. For edges of the square, flow is more constant. The mesh is therefore given a global size which corresponds to these edges, while the surface of the cylinder’s mesh size will be half of the global size. Before running the program, some configurations need to be performed. The properties of the fluid need to be set to the corresponding properties of air. The solution options must be set to turbulent flow, this will employ the k-e model. The k-e model focuses on the mechanisms
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that affect the turbulent kinetic energy3. Finally, the number of iterations must be specified. For this problem, an analysis was performed for 100, 200 and 500 iterations using a fluid velocity of 15 m/s. Once these configurations have been selected, the program is run. When the program has finished, the results must be obtained to be analyzed. To do this, a path is created over the surface of the cylinder. Because of symmetry, the path will be placed only in the upper (or alternatively the lower) half of the cylinder. Once the path has been set up, the results must be read and mapped to the path. Finally, the results are saved to a list to be exported and analyzed.
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Data Calculations The first calculation that was performed was calculating Reynolds number for the different flow velocities. This was calculated using Equation 1, where µ is the dynamic viscosity of the fluid, ρ is the density of the fluid, u is the fluid velocity and D is the cylinder’s diameter. The results of these calculations are shown in Table 1. Equation 1



Table 1 u 15 m/s 25 m/s 35 m/s



Re 9.27E+05 1.54E+06 2.16E+06



The data points collected from the ANSYS path were collected in list format and then exported for analysis. These points represent discrete pressure points along the surface of the cylinder. Using these pressures, we can calculate the drag coefficients. The plots for various configurations of pressure around the cylinder are shown in Figures 5, 6 & 7. In order to calculate the drag coefficient of a certain flow, the pressure coefficient [CP] can be calculated first. This value can be calculated by using Equation 2. Once the CP for each discrete point has been found, Equation 3 can be solved using the Trapezoidal Rule4. Table 2 contains the calculated values of CP for certain discrete points. Table 3 contains the resulting drag coefficients. Equation 2



Equation 3
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Table 2 P 905.2 903.9 902.6 901.3 900.0 898.7 897.4



θ 0.000 0.346 0.692 1.038 1.384 1.730 2.076



Cp 1.2064 1.2046 1.2029 1.2012 1.1995 1.1978 1.1960



Table 3 u 15 m/s 25 m/s 35 m/s



CD 0.6909 0.6771 0.6802



The following values were used as properties of air:



ρ= μ=



1.225 kg/m3 1.98E-05 kg/m∙s
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Analysis Both the Reynolds number and the Drag Coefficient have been calculated. The relation between these two for a flow around a cylinder has already been calculated through experimentation. This relation is plotted in Figure 35. By using the calculated Reynolds Number, we can obtain a drag coefficient. The values obtained from Figure 3 and the values obtained by the calculations are listed in Table 4, they are also plotted in Figure 4.



Figure 3 [5]



Table 4 u 15 m/s 25 m/s 35 m/s



Re 9.27E+05 1.54E+06 2.16E+06



CD 0.6909 0.6771 0.6802



CD Act 0.50 0.65 0.70



% Error 38.18% 4.17% 2.83%



As can be seen from the table, the percent error for the last two cases is minimal. This error is probably due to not being able to obtain an exact reading from Figure 3. They can be considered fairly accurate. The percent error in the first case, however, is significant and must be analyzed further. One of the issues that may cause this disparity is the nature of turbulent flow itself. It may cause the computer program to obtain erroneous readings at certain points where the mesh is not sufficiently refined. A second probable cause is the proximity of the flow’s Reynolds number to point “E” in Figure 3. At this point, the boundary layer becomes 5
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turbulent and the wake narrows6. The proximity of this point may be the cause of this problem. As can be seen in Figure 4, the drag coefficient of this flow lies above the drag coefficient of the higher velocity flow. By comparing Figures 3 & 4, we can see a similarity with their shape at a nearby Reynolds number. The computer program may be interpreting the higher Reynolds number of u at 15 m/s as a point before Point “E”.
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Figure 4



Figure 5 shows the pressure distribution for the different velocities analyzed around the cylinder. It is plotted with respect to angle (in degrees). The pressure distribution looks similar to what was expected. For this problem, several iterations were chosen for the same configuration to be compared with each other. The solution yielded for each amount of iterations is shown in Figure 6. Even though the solution changes a little as the number of iterations are increased, it stays within a certain range. Because of the large amount of randomness in turbulent flow, this can be expected.
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Pressure at Different Velocities 1500 1000
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Figure 5



Varying the Iteration Amount 200 150 100
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Figure 6
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Finally, an analysis is performed to define how the solution changes as the mesh size is increased. Three mesh sizes were performed in which the element size was halved at the cylinder’s boundary, i.e. they were half of the global size. The trhee different global mesh sizes for which data was collected were 0.5, 0.25 & 0.125. The results of all three configurations are shown in Figure 7. Graphs for the Vector plots and Pressure plots are attached in the Appendix portion of this report.
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Figure 7
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Conclusions Calculations using CFD methods can simplify complex problems, like turbulent flow through a cylinder, significantly. Some knowledge is required to interface with the machine when using a computer program. The user must learn how to communicate with the machine. This fact, however, can be very misleading as it may become the only knowledge required to obtain a solution. Obtaining a solution using a CFD program does not always mean the solution is correct. It is important to check to see how accurate a solution is. This can be done by comparing results to benchmark results that have already been calculated. It is important for the user to understand how the computer employs numerical methods to obtain a solution. By having this knowledge, the user will be able to detect sources of errors and may identify why a set up is not working. It is also important to have knowledge of fluid mechanics. Solutions given by CFD code describe, after all, real life processes. The user must be aware of non-physical behavior of the fluid being analyzed if it shows it. For this project, the data was very close to what was expected. The biggest problem was the significant error found in the drag coefficient of the first case. This problem is considerable and should be looked into. A real life problem would need a further investigation and probably correct the source of error. The overall results, however, were good. They gave a high quality description of turbulent flow around a cylinder.
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Symbols Used u



Velocity



u∞



Incoming fluid velocity



µ



Dynamic viscosity of the fluid



ρ



Density of the fluid



D



Diameter



Re



Reynolds Number



CP



Pressure Coefficient



CD



Drag Coefficient
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