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[bookmark: h.q3h1xvg4a19m]HVAC Design Exploration
[bookmark: h.mr5ptna8uopx]Brief description
[bookmark: _GoBack]This exercise will allow you to design an HVAC system in an office to ensure thermal comfort parameters are met. This will be done in a pre-setup simulation where alterations to the diffuser placement can be made and a new mesh can be produced within seconds. Boundary conditions (mass flow rate, temperature, etc) can also be made quickly. This allows students to quickly explore the design space to meet a design objective and understand cause effect relationships in this system.

[bookmark: h.eop8muhwol2e]Learning objectives
At the end of this exercise you should be able to ….
1. Iterate the process of changing the diffuser location, re-meshing, and running a new analysis.
2. Change boundary conditions and run a new analysis.
3. Compare new results to previous design iterations to understand cause/affect relationships between diffuser location, boundary conditions, and thermal comfort. 

Problem and Design Objectives
You’re in charge of reconfiguring the placement and flow rate for a diffuser located in a small bank office. There have been complaints from the bank employee about the room being too hot. You will need to find the best placement and mass flow rate for the diffuser such that the volume averaged thermal comfort zone temperature ranges between 67F and 82F and the velocity magnitude does not exceed 0.25 m/s. 
[bookmark: h.d1y3xhndz1zg]Steps you need to take
1. [bookmark: h.g3easmra264w]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 bank_office.sim. Select Open, OK.
5. Expand the Scenes node on the left. Double click Geometry and Results. This will open two scenes windows. Note there are two scenes tabs at the top of the viewing window.
6. To familiarize yourself with how scenes works, first click the Results scene tab and then click the scene/plot tab on the upper left of the screen. Under displayers you will notice a number of displayers showing different elements of your results (streamlines for example). You will notice that two of these displayers are not pale in color which indicates that these displayers are being used to show what is current seen in the results scene. The other displayers that are pale in color have had their visibility toggled off. To toggle visibility on/off, right click a displayer and select Toggle Visibility. 
7. 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: 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 this applies to the streamline and vector displayers only. 
8. Expand the plots node of the left, open the two plots not contained in the “Other” folder. These plots will help you to understand if the thermal comfort objectives are being met. When you change the diffuser location or diffuser conditions and complete your next analysis you will also be able to use these plots to numerically compare the performance of your new design to old designs.
9. If you want to change the diffuser location, see steps 10 - 11. If you would like to change the diffuser boundary conditions, see step 12.
10. Switch to the Diffuser Location scene. In the simulation tree expand Geometry, 3D-CAD Models, 3D-CAD Model 1, and Design Parameters. Here you will notice the design parameter for the diffuser location called “Diffuser1 Translation (CHANGE X OR Y ONLY)”. Click this. You will notice that in the properties window that the current value is: [-2.0, 1.0, 2.4] m. Note that the origin of the coordinate system ([0, 0 ,0]) resides directly above the occupant. If you desire to change the diffuser location, change only X or Y values in the properties window, keeping in mind the orientation of the X, Y, and Z axis shown in the bottom left of the viewing window. If the X or Y values are set too high or low, the diffuser will move outside of the room. Therefore keep X between 1m and -3m, and keep Y between -1m to 2m.
11. Once you have made the desired changes, go to Operations and expand this, right click Subtract, and select Execute. You should notice that the geometry will change.
12. To change the mass flow rate or total temperature for the diffuser, expand physics values for the diffuser boundary as depicted below, select the desired physics value and change the value in the properties window. [image: ]
13. Once you are ready to run the new simulation, select the following icon: [image: ]. Browse to the meshrun.java, and select Open. This will mesh your simulation if the geometry has changed (meshing takes 30 seconds and produces ~130,000 cells) and will run the simulation.
14. Monitor the drag and downforce plots values to ensure they all either come to a single value or oscillate about some value. Please ensure you let the simulation run enough solve iterations to meet this criteria, if you stop the simulation prematurely you will get misleading results. Depending on the scenario, the simulation should be finished in 700 – 1000 additional solve iterations. (15-20 minutes). Once the simulation is done select following icon: [image: ]
15. Review the results (scenes and plots), make changes as shown in steps 10-12 as needed and run the simulation till you reach the desired thermal comfort goals.


Disclaimer:
The focus of this lesson is on quick design exploration. Therefore, the mesh count required for this simulation needs to be reduced to approximately 130,000 cells to allow a larger number of computers to run these calculations. With this in mind, we cannot guarantee validation level results in the provided simulation. 
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