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using Autodesk CFD
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Learning Objectives

1 Create a simulation-ready CAD model that is representative of a parking garage
1 Set up material assignments and boundary conditions for a scalar mixing analysis
1 Understand basic meshing principles, concepts, and goal

1 Set solver settings and convergence criteria

1 Post process results and make design changes based on simulation data

Description

Autodesk CFD is a great tool for virtually prototyping and understanding the performance of
fluid-thermal systems. This class explores leveraging Autodesk CFD to test the performance of
a ventilation system in a parking garage before the design is finished and implemented. Parking
garages require carefully designed and engineered ventilation systems to keep air quality high
and car exhaust, specifically toxic carbon monoxide, levels low. You will learn mathematical
background and design criteria, as well as how to prepare simulation-ready CAD, set up
boundary conditions, mesh settings, and solver options. By the end of this class you will be able
to perform your own CFD car exhaust analysis in a garage or tunnel.

Speaker(s)

Matt Bemis is a CFD technical support specialist and CFD Knowledge Domain Expert at
Autodesk, responsible for providing customer support in the Americas. Matt spends his days
interacting with end users and helping them solve their engineering problems by best leveraging
CFD. He is well versed in modeling electronics cooling, turbomachinery, external aerodynamics,
automotive, and biomedical applications. Before joining Autodesk, Matt did product support and
consulting for an application specific CFD tool which models airflow and cooling inside of data
centers.
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Background

Some automobile parking garages in metro areas can be fully enclosed, which presents
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concerns due to toxic car emissions. The primary concern is emission of Carbon Monoxide,

which is already well studied and understood in terms of toxicity. Internal combustion

automobiles produce other toxic fumes, such as nitrogen oxides, sulfur gases, carbon dioxide,
and so on. Regardless, it is assumed if a design is built to ventilate carbon monoxide levels to
safe concentrations, other hazardous gases will reach satisfactory concentrations as well.

The number of cars operating at any given time varies, especially depending on the use of the
building. Apartment buildings or shopping areas tend to have more distributed, continued use,
while sports stadiums or office facilities can reach much higher levels of usage. It is assumed
that distributed use facilities see 5-10% of all cars operating at once, while a peak-use facility

could reach 20%.

Several assumptions will be made about CO production among cars. It is assumed an internal
combustion engine is an air pump, with a flow rate as follows:
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It is assumed each car will be emitting 11.17 g/min of CO, which represents an average of the
Winter Hot and Cold emission rates for 1996.

Table 8 Predicted CO Emissions in Parking Garages

Hot Emission (Stabilized),

Cold Emission,

g/min g/min
Season 1991 1996 1991 1996
Summer, 32°C 2.54 1.89 427 3.66
Winter, 0°C 3.61 33 20.74 18.96

Results from EPA MOBILE3, version NYC-2.2 (1984); sea level location.
Note: Assumed vehicle speed is 8 km/h.
CO EMISSIONS FOR VEHICLES ARE OUTLINED ABOVE. THIS ANALYSIS WILL ASSUME 11.17 G/MIN OF CO

EMISSION.
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With the calculated flow rate of each car, as well as the CO generation, a total mass flow rate
and PPM at car exhaust outlet can be derived.
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Each car will have an average outlet CO concentration of 4,538 PPM CO, with the rest being
air.

ASHRAE Guidelines

Operating internal combustion automobiles in a partially underground/fully enclosed parking
garage reguires mechanical ventilation to ensure toxic fumes do not harm the occupants.
Carbon Monoxide is highly toxic and usually guidelines/standards to dilute CO will sufficiently
dilute other toxic gases. ASHRAE Standard 62.1 has defined a recommended exhaust flow rate
of 0.0075 m3/s per m2 of floorspace. Although this rule-of-thumb has been used for many
years, it does not address many unknowns. Some garage designs may require much less than
0.0075 m3/s per m2, while others may require more. As discovered with many CFD models in
the AEC space, ASHRAE guidelines or industry standard rules-of-thumb do a poor job meeting
the needs/design criteria of a specific design.

The historic value of 0.0075 m3/s per m2 at times has proven much too conservative.
Considering todayds energy standards and expectat
even by a few % can yield massive annual energy/cost savings.

Different agencies and governing bodies worldwide have different criterion or guidelines, but
there is a general consensus that ventilation systems should be designed to maintain a CO level
of 35 ppm, with a maximum of 120 ppm.

Several different designs are considered, and the best approach is obtained via evaluation of
CO concentrations and criterion.
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Parking Garage Layout

The parking garage model used is a 177 space, 7352 m”2, underground space with a car
entrance on the left side and a car exit on the far right. The room is 3.5 m in height.

THE PARKING GARAGE LAYOUT USED HAS 177 SPACES, WITH CARS ENTERING ON THE LEFT SIDE AND
EXITING ON THE RIGHT.

Parking Garage Idealization

The simulation CAD model will remove all car bodies as they do not have a sizable impact on
simulation results. Furthermore, exhaust emitter CAD bodies will be constructed. These will be
assigned as internal fans once in CFD, and will emit the exhaust fumes from them.

The CFD analysis will evaluate the ventilation performance of the parking garage with 18 cars
idling indefinitely, which represents 10% of the rated car capacity.

Traditionally, users have used 1 emitter device, per emitting car, however this uses a lot of
mesh and require more clicks to preprocess a simulation. This model will use 1 emitter per 2
cars. The rate at which CO is emitted will simply be doubled for each device. All the CAD
changes necessary for simulation will be done in the Fusion 360 Simplify workspace.

Page 4



{\ AUTODESK.

UNIVERSITY
we- B0 @ @B W = & = B
7 o —me .E/‘

}.znmnlvt DESIGN [
PATCH
MESH
RENDER

ANIMATION

DRAWING

D @ (b eteustrn

COMMENTS o S-aovQ Q- @E .-
SWITCH FROM THE MODEL WORKSPACE TO THE SIMULATION WORKSPACE.

Enter the Simulation workspace.
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) Choose "Simplify..." to clean up your CAD model for simulation,
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v study.
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Stress

Help me choose a study type. Cancel

WHEN PROMPTED TO SELECT A SPECIFIC SIMULATION MODULE, SELECT SIMPLIFY.
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Click to select the Simplify workspace.
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RIGHT CLICK ON CARS AND REMOVE.

In the Design tree, right click on the Cars component and select Remove.

Next, the emitters will be built and cloned. First, it is necessary to hide the ceiling, and air
volumes

1. Within the Design tree, expand the building component by left-clicking on the horizontal
arrow.

2. Expand the Bodies under the building component.

3. Hide ceiling, air, and air(1).
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Next, the emitters will be built and cloned.

1. Inthe ribbon, select CONSTRUCT to access the drop-down menu. Select Offset Plane.
2. Select the vertical face of the bottom floor. Enter 14.2 meters. Click OK.
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In the ribbon, select Sketch > Rectangle > 2 Point Rectangle.

Click the plane to start the rectangle sketch.

Click BOTTOM on the view cube to align your view.

Use the scroll wheel to zoom and align on the left-most section of the floor.

Click the corner of the floor and drag to the upper right corner to create a rectangle.
Enter 0.5 m x 0.5 m dimensions, using Tab to dimension the perpendicular side.
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ON THE PLANE, CREATE AN 0.5 M X 0.5 M SQUARE.

9. Select Stop Sketch.

10. Click to select Sketch > Rectangle > Center Rectangle.
11. Select the middle of the rectangle.

12. Create a 0.3 m x 0.3 m rectangle. Select Stop Sketch.
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USE THE CENTER RECTANGLE TO CREATE A 0.3 M X 0.3 M RECTANGLE.

The sketch will now be extruded.

1. Inthe ribbon, click Create, and Extrude.
2. Click to select the outer sketch. Extrude 0.6 m and keep New Body as the Operation.
3. Select OK.
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EXTRUDE THE OUTER PATTERN 0.6 METERS.

4. Repeat this process for the internal rectangle, making sure to set the Operation to
New Body.

EXTRUDE THE INNER RECTANGLE 0.6 M. MAKE SURE TO SET THE OPERATION TO NEW BODY.
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The results parts should look like the above geometry. This will serve as the CO emitter in the
CFD simulation.

Next, the emitter needs to be moved into an appropriate location and cloned.

1. Sel ect the AFronto view in the View Cube.
2. Inthe ribbon, select the Modify drop-down and choose Move/Copy.

3. Click to select both bodies, and move the emitter 35 m in the +X direction.

4, Select OK.

MOVE THE EMITTER BODIES 35 METERS IN THE +X DIRECTION.

Use the Move/Copy function to create a copy 7 meters in the +X.

Select Move/Copy, and select both bodies of the emitter.
Select the Create Copy checkbox.

Enter +X 7 m.

Select OK.
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