[bookmark: h.q3h1xvg4a19m][bookmark: _GoBack]Mesh Dependency in CFD, 2D airfoils 
[bookmark: h.mr5ptna8uopx]Brief description
This exercise will help you understand the relationship between different mesh refinements on a 2d airfoil and the effect on solution accuracy. All necessary refinements are setup in the provided simulation, users just need to enable higher levels of refinement and run to explore the relationship between these refinements and solution accuracy.
[bookmark: h.eop8muhwol2e]Learning objectives
At the end of this exercise you should be able to ….
1. Apply the necessary mesh refinements to obtain an accurate solution for a 2d airfoil.
2. Describe the relationship between different mesh refinements and its effect on results, cell count, and run time.
3. Interpret reports of drag force, lift force, solver iteration elapsed time, and coefficient of pressure.
4. Describe to others how specific mesh refinements can affect results.
[bookmark: h.d1y3xhndz1zg]Steps you need to take
1. Open STAR-CCM+.
2. File, load simulation.
3. Where appropriate, enter additional licensing options if needed/wanted (Power on Demand, put in your PoD key, select parallel, etc.).
4. Browse, go to the folder containing the sim file for this course, select naca4412_boundary_placement. Select Open, OK.
5. Select the Create/Open Scenes icon at the top of the screen ([image: ]), then select Open All Scenes. Note that multiple tabs will open above, you can click these tabs to switch between what is shown in the viewing window.
6. To manipulate the viewing of a scene:
a. Panning: To pan the image in the visualization display, hold down the right mouse button and drag the mouse in the direction where you want to move the object. The image appears to change its view angle as you pan. This effect is because the view is in the Perspective projection mode, which depicts three-dimensional space. In the Parallel projection mode, the view angle stays the same.
b. Rolling: To roll the scene, hold down the <Ctrl> key, and click and drag the mouse upward or downward. Using the <Ctrl> key rotates the object along an axis perpendicular to your screen.
c. Rotating (not enabled for 2d simulations): STAR-CCM+ uses a point on a part to rotate. If you select a point somewhere other than on a part, STAR-CCM+ uses the depth to that last point; the depth is normal to the view plane. The scene can be rotated around various axes, vertical, horizontal, or arbitrary, depending on the direction you move the mouse. To rotate, choose a point on or near the object in the visualization display, and click and drag (holding down the left mouse button) from that point. This technique rotates the object around the axis perpendicular to the direction of your drag. You set the location of the axis when you choose a point to begin clicking and dragging.
d. Zooming: There are two ways to zoom with the mouse:
1. Choosing a focal point: Choose a point inside the display, then click and drag downward using the middle mouse button. This action brings your view closer to that point. Moving the mouse straight up has the opposite effect.
2. Using the mouse wheel: Turning the mouse wheel toward you brings your view closer to the visualization display; the opposite wheel movement takes your view farther away.
ii. The mouse pointer must be within the visualization display for this operation to work. Its particular position within the display determines the direction of this type of zooming.
e. Hot Keys:
i. Side View, S key
ii. Top View, T key
iii. Front View, F key
iv. Flip vertical, C key
v. Reset View, R key
f. Animations: Click [image: ]  to play and [image: ] to stop. In this simulation, animations are enabled for the vector scenes only. 
7. Select the Create/Open Plots icon at the top of the screen ([image: ]), then select Open All Plots. These plots will help you to compare drag, lift, Cd, and Cl numerical. You will be able to use these plots to numerically compare the results of the new analysis compared to the old one. To zoom in/out on the plots, use the middle mouse wheel or this icon [image: ]. To reset the view hit R on the keyboard or the center icon shown here: [image: ].
8. With the plots tabs now open at the top of the screen, there are a number of tabs to sort through. To see the tabs that are hidden to the left/right of the screen, use the arrows ([image: ]) at the top right of your screen.
6. 
7. 
8. 
9. The starting mesh is uniformly sized and coarse. All refinements settings are already setup in the simulation but only the first refinement is currently enabled (which keeps the mesh uniformly sized). Answer questions 1 below.
9. We need to sequentially enable the next level of refinement, mesh, run, and then review the scenes and plots to record observations on the mesh, solution, and numerical results. Our numerical results will be recorded in the excel file named mesh_dependency_blank.xlsx. Please open this excel file and switch to the first tab named “1) No Refinements Uniform Mesh”. Note that this table is filled out but the other tabs are not. 
10. Expand the following nodes: Geometry, Operations, Automated Mesh (2D), and Custom Controls. You will notice that “1 Uniform Mesh” is enabled since icon next to it has full coloring. The subsequent refinements are disabled so they are pale in color. The following describe each refinement:
a. 1 Uniform Mesh: Restricts all cells within the domain to approximately the same size. 
b. 2 Wing Surface Refinement: Refines the surface of the airfoil and adds a single prismatic layer on the surface of the airfoil.
c. 3 Wing Prism Refinement: Adds 15 prismatic layers next to the airfoil surface.
d. 4 Wing Near Body Refinement: Refinement is applied within an arbitrary block near the airfoil surface.
e. 5 Wing Wake Refinement: This refinement uses a swept area of the wing (specified direction and distance) and contains the cell size within this area. 
f. 6 LE refinement: Refines the leading edge of the airfoil using an edge from the geometry.
g. 7 TE refinement: Refines the trailing edge of the airfoil using an edge from the geometry.
11. Select the next refinement under Custom Controls that is not enabled, in the properties window (bottom left of the screen) select the check mark box next to enable control. Then select the Generate Volume Mesh icon ([image: ]) to mesh the simulation. Once the meshing is complete, please enter the time to mesh and cell count in the excel document under the appropriate tab. You can find the time to mesh and cell count here in the properties window: [image: ]
12. Select the run icon ([image: ]). Let the simulation run until the drag and lift plots converge to a value (or oscillates about a value). This should happen in approximately 200 (for the coarsest mesh) to 1500 additional solve iterations (for the most refined mesh). 
13. Enter the drag, lift, and solver iteration elapsed time into the excel document. You may need to approximate these values by taking a median value between maximum/minimum oscillations. 
14. Answer questions 1 below.
15. Repeat steps 10 -12 and stop after you have tested the final mesh refinement.
16. Go to the excel sheet, switch to the Comparison tab. Review for the following discussion questions.
[bookmark: h.g3easmra264w]Discussion questions
1. Review the scenes/plots and write down observations about the effect of the current mesh setup on the solution accuracy. 
a. Is the simulation able to fully resolve the boundary layer, wake, flow separation, and forces on the airfoil? Why or why not?
b. How is the current mesh effecting the Validation (Cp) plot? Is this matching better than the last mesh configuration? If it is, why?
2. When solving, why do the coarser meshed cases converge faster than the more refined meshes?
3. What mesh refinements effect the drag and lift results the most? Which refinements have the least influence?
4. Which refinements add the most cells? Why?
5. Which refinements increase the solver iteration elapsed time the most? Why? 
6. Why is the cell count related to the solver iteration elapsed time?
7. If you needed accuracy to within a small percentage value compared to the real system, would you need all of the refinements?
8. If you did not need accuracy to within a small percentage value compared to the real system, which refinements might you possibly not use (in order to reduce run time)?
9. Explain how each of the additional refinements used in this exercise help to improve the solution accuracy. For example: The ___ refinement helped to capture the boundary layer.
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