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Autodesk Revit MEP software can be a very powerful modeling tool that enables you to explore the building design for 
a mechanical system. Once the energy calculations are done (either natively in Revit or externally), an optimum 
design for the building air systems needs to be developed. Traditionally, this has been done using a rule-of-thumb 
approach or by using simple modeling techniques in Revit. With the seamless translation of models between 
Autodesk Revit MEP and Autodesk Simulation CFD software, you can quickly explore design alternatives for diffuser 
layouts in your models. You can compare design scenarios in Autodesk Simulation CFD using various performance 
metrics and thus determine the most efficient and best possible layout for your building design. 
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Model and edit ductwork in Autodesk Revit MEP 

Introduction 

 

During this class we will see how Autodesk Revit MEP and Autodesk Simulation CFD can be 

used together to develop the best possible design for the airflow. The room that we would be 

analyzing is part of the new office for CAD Technology Center and the focus of our study would 

be a break room in this office space that has two exterior walls. The new office would be located 

in an existing building and hence the existing layout and/or flow parameters of diffusers and 

grilles might not be ideal since they are based on a different design criterion. We will analyze 

this using Autodesk Simulation CFD and then make appropriate changes to our model in Revit. 

Layout of office space 

 

The proposed office space is to be located on the fourth floor as shown in the image below and 

our area of interest is a break room located in the north-east corner of the building. One of the 

reasons this room was chosen for the analysis is because it has two exterior walls as shown. 
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As can be seen in the 

image alongside, the 

break room is 

assumed to be 

designed for about 3 

occupants and based 

on this assumption the 

load calculations are 

performed and the 

required flow rate for 

this room is about 482 

cfm at a supply 

temperature of 56.8 F 

for cooling. 

Using this data, we 

can now model the 

diffusers and choose an appropriate location for them. 

Diffuser selection and placement 

For our room, we have primarily considered the following types of diffusers: 

1. High sidewall diffusers 

2. A combination of perforated ceiling diffusers & square ceiling diffusers 

3. Linear slot ceiling diffusers 

High sidewall diffusers - option 1 

 

A type of linear slot diffusers are selected to be used as 

high sidewall diffusers based on a manufacturer’s catalog 

and they are modeled as face-based families by the 

manufacturer.  
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Once the family is downloaded, it can be loaded into the project by going into Insert>Load 

Family and browsing to the location of the family as shown below: 

 

After this, we can click on ‘Air Terminal’ on the ribbon and this should open up a dialog box that 

would allow us to select the air terminal and place it in the model. 

 

When placing face-based families, 

there are basically three placement 

options as shown in the image 

alongside. The ‘Place on Vertical 

Face’ option is useful for placing the 

model on items like walls. The ‘Place 

on Face’ would allow us to place this 

diffuser on any face including a wall, ceiling, roof or a floor. The ‘Place on Work Plane’ can be 

the best option as it would allow placement of the fixtures so that they are completely 

independent from the way the architect treats the various elements in their model.  

Tip: use the ‘Place on Face’ option for ceiling diffusers only if you are certain that the ceiling will 

not be deleted because if they are, then you would have to re-host them sine they become 

orphaned. 

 

 

 

 

In our case, we go with the ‘Place on Vertical Face’ option and then we can place the diffusers 

as shown, in a floor plan view 
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As can be seen in the image below, we used three 4-feet long diffusers with 4 bars for the 

supply and one 10.7’ feet long diffuser with 2 bars for the return. These selections were made 

based on the manufacturer’s catalog and flow requirements for the room. The diffusers were 

placed at one foot below the ceiling. 

Also notice that in the image below, the light fixtures have been modified from the out-of-the-box 

configuration to include cylindrical volumes that would represent the light sources in the CFD 

model. 
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High sidewall diffusers - option 2 

Another option that was considered for 

the high sidewall diffusers involved a 

similar configuration to the previous 

option but this option uses a different 

family for the diffuser as shown in the 

image alongside. 

 

The image below shows the diffusers 

laid out for this configuration and we can 

see how similar it is to the previous 

configuration. In this case we have used 

three 4 feet long diffusers with 4 slots each for the supply and for the return we have one 10 feet 

long diffuser with 3 slots based on the flow requirements. 

 



Using Autodesk Simulation CFD and Autodesk Revit for optimum airflow design 

8 
 

 

A combination of perforated ceiling diffusers & square ceiling diffusers - option 1 

In a similar manner, we can also 

select perforated ceiling diffusers 

for the return (shown in the 

image alongside) and square 

ceiling diffusers for the supply 

(shown in the image below) and 

have different combinations for 

the placement. Let us consider 

the first option. In this option too, 

diffusers are selected from the manufacturer’s catalog and are placed in a ceiling view as shown 

in the image below. These families are also created as face-based families by the manufacturer 

and hence we would again have the three placement options as mentioned earlier. In this case 

we can go with the ‘Place on Face’ option and place these diffusers directly on the ceiling. 
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Supply diffuser used in the combination option mentioned above. 

 

A ceiling plan 

view showing 

the placement 

of diffusers for 

option 1. 

 

 

 

 

 

 

 

 

Tip: when placing diffusers on a ceiling, try to use the ceiling plan views in Revit since this 

would make it easy to view the ceiling grid as you place them in your model. 
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A combination of perforated ceiling diffusers & square ceiling diffusers - option 2 

In this option, we considered using three supply diffusers instead of the two used above and 

also changed the placement of these diffusers.  A placement along the perimeter walls was 

considered since that way most of the cooling load from the walls and windows could be offset. 

For the supply, 

6” dia. diffusers 

were selected 

instead of the 8” 

diffusers used 

earlier. The 

placement of 

these diffusers 

is as shown in 

the images. 
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Linear slot ceiling diffusers - option 1 

In this technique, we have again used diffusers from the manufacturer’s catalog as shown in the 

image below 

For the supply, we have used four 

diffusers with a length of 48” each 

and 6 slots. 

 

 

 

For the return, we used two 

diffusers with a length of 48” each 

and 5 slots. 
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Linear slot ceiling diffusers - option 2 

 

In this method, we used six supply diffusers with 2 slots at a length of 48” each and for the 
return we used two diffusers with 4 slots at a length of 48” each. 
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Apply best practices for exporting models from Autodesk Revit to 

Autodesk Simulation CFD 
 

Model Simplification 

When exporting to Simulation CFD, it is recommended that we use a model that is as simplified 

as possible, since this would ensure a smaller number of nodes, avoid chances of overlapping 

geometry and hence meshing problems and would also result in quicker solve times. In the 

following sections, we would see areas where this simplification can most commonly be 

applied. 

Curtain Walls 

Curtain walls are good examples where geometric simplification can be done. When curtain 

walls are modeled in Revit, all the elements that are required to convey the design intent are 

used. However, when the model is exported for CFD analysis, this level of detail is not 

necessary.  

The image 

alongside shows a 

curtain wall and the 

level of detail to 

which it has been 

modeled in Revit. If 

this model were to 

be exported the 

way it is then it 

would result in an 

unnecessarily large number of nodes and the resulting time to mesh and analyze the model 

might increase (the concept of nodes and the process of meshing is explained later).  

To simplify this we would have to select the curtain 

wall and edit its ‘Type Properties’ and this should take 

us to the Type Properties dialog box where we can 

change the properties indicated to ‘None’. 
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Using Autodesk Simulation CFD and Autodesk Revit for optimum airflow design 

15 
 

On doing this we 

would get a warning 

which tells us that 

the gridlines will 

become non-

associated. We can 

then select ‘Delete 

Gridline’ as 

indicated. 

 

Another warning that 

might show up would 

indicate that the 

mullions between 

panels being joined 

will be deleted. 

Selecting the ‘Delete 

Element(s)’ button 

would then result in 

the curtain wall 

showing up as 

indicated below. 

 

 

 

Further simplification of the 

geometry can be done by 

selecting the mullions at the 

top and bottom and deleting 

them and this result in a 

much more simplified window 

model that can be used for 

the export. 



Using Autodesk Simulation CFD and Autodesk Revit for optimum airflow design 

16 
 

Tip: this technique of setting the horizontal and vertical mullions to ‘None’ might be the best 

strategy to represent a simplified curtain wall for export to Simulation CFD. 

 

Another possibility that could be 

explored is by using a window family 

which we shall see next. 

 

 

 

 

 

Windows 

With windows and doors the editing 

can be done inside the family itself so 

that the right level of detail is present 

in the model. 

The image on the left shows the 

window framing that has been 

modeled and this can be edited inside 

the family by selecting it and clicking 

on the ‘Edit Family’ button on the 

ribbon. 

 

Once inside the family, we can go into the floor plan view and draw an extrusion that 

represents the glass body and corresponds to the window dimensions. This extrusion would 

represent the window as a simplified glass body when all the other elements of the window are 

turned off inside the project and in order to do that, we would have to assign a sub-category to 

this extrusion and control its visibility in the project. One of the ways in which the extrusion can 

be assigned a sub-category is by going into the ‘Visibility/Graphics’ dialog box and selecting 
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the ‘Object Styles…’ as indicated in the 

image and this will open up the ‘Object 

Styles’ dialog box. 

 

 

 

 

 

 

 

 

 

 

In this dialog box, we can click on ‘New’ under ‘Modify Subcategories’ and create a new sub-

category for windows and call it Glass-CFD. 
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Once this is done, we can select our extrusion (that was just created for the glass) and in the 

‘Properties’, change the ‘Subcategory’ parameter to Glass-CFD and also set the ‘Material’ 

parameter to ‘Glass’ if the default glass material is also going to 

be used in the project. 

Tip: If the glass material inside the family is going to be 

customized, then it is recommended that the default glass 

material not be used because it would be overridden by the 

glass material inside the project.  

Hence it is recommended that a duplicate be made for the glass 

material inside the family and renamed appropriately if it needs 

to be customized for use in the project.  

 

 

 

When this family is now loaded 

into the project, we can go into 

the ‘Visibility/Graphics’ dialog box 

and turn off all the sub-categories for the window as appropriate. 

Notice how the ‘Glass’ sub-category is turned off but the ‘Glass – 

CFD’ sub-category is left on and this will result in a much more 

simplified model for the window that can then be used for 

exporting to Autodesk Simulation CFD. 
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Doors 

The same concept that we had applied to windows can equally be applied to doors in order to 

simplify them before exporting to Simulation CFD. However, with doors, an additional 

consideration needs to be made. In most cases, the door item in Simulation CFD would be 

suppressed, meaning that it would not be meshed and used in the analysis. If this is going to 

be the case, then you might consider not modeling the door at all in the CFD model. 

Tip: an occasion where you might want to model the door would be to study infiltration and/or 

exfiltration. If this is the intent, then you would have to model a door with a small gap at the 

interface of the door and the floor and also have an external volume that has an appropriate 

boundary condition in Simulation CFD. 

Furniture 

Another great example where modeling simplification can be done is with furniture. The image 

on the left below shows the chair geometry and the details on it. But we can simplify the chair 

geometry as shown in the image on the right and develop a simpler mesh and reduce the 

chances of receiving errors when we try to run the simulation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Using Autodesk Simulation CFD and Autodesk Revit for optimum airflow design 

20 
 

In this case, we have further simplified the geometry and 

represented the chair as shown in the image alongside. 

 

 

 

 

 

Export from a 3D View 

Tip: It is always recommended that the export be made from a 3D 

view. If this is not done then the export quality may not be as clean and 

may result in significant modeling elements missing. To do this we 

could create separate views just for export to Autodesk Simulation 

CFD or use a view template in Revit. Another important point to keep 

in mind when exporting is to turn off all your linked files as Revit will 

export whatever it sees in the view! 

 

 

Tip: Users familiar with Revit would really see the advantage of using 

‘View Templates’ in this process to create a view very specific for exporting to Autodesk 

Simulation CFD. By having a ‘View Template’, we need not even have a separate view for the 

export. We could instead use the ‘Temporary View Properties’ option in Revit 2014 to 

temporarily apply the view template to this view for the export and then restore the view 

properties after the export is done. 

 

Once this view is made the active view, we can go to the 

‘Add-Ins’ tab and select ‘Launch Active Model’ on the 

‘Autodesk Simulation CFD 2014 panel of the ‘Add-Ins’ tab 

and this will launch the application and give us some 

options that we can configure as shown below. 
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On the ‘Design Study Manager’ dialog box shown above, we can define the name and location 

for our model. We can also assign a design name and a scenario name. On this dialog box, we 

also get the option to add to an existing design study and update the design. The option to add 

to an existing design can be useful for studying different types of designs like different diffuser 

layouts while the ‘Update Design’ option can be useful when changes have been made to the 

Revit model and those changes need to be updated for the CFD model. 
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Run analyses and compare modeling scenarios in Autodesk Simulation 

CFD 
 

High sidewall diffusers – option 1 

 

Geometry Tools 

Once the model is launched 
into Autodesk Simulation 
CFD, we may see the 
‘Geometry Tools’ dialog box 
that would automate some 
basic clean-up of our model 
before we can begin doing 
any work on it. The tool can 
be useful for removing sliver 
spaces that might prevent a 
successful mesh generation.  

 

 

Tip: try to generate the mesh without using the ‘Geometry 

Tools’. If the mesh fails to generate, we can always come 

back to the ‘Geometry Tools’ to further diagnose the 

model. 

 

 

 

Tip:  when the model is first brought into Simulation CFD, 

the ‘Output Bar’ should show that ‘There were 2 additional 

parts generated’. These additional parts correspond to the 

air volumes in the room and the plenum which we did not 

model in Revit. Thus, as long as the air volume is fully enclosed inside Revit, Simulation CFD 

should automatically generate this air volume when the model is brought into it. If this is not the 

case, you might want to go back into your CAD model and verify that all volumes are 

completely enclosed. 
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Materials 

The next step 

we need to take when setting up the model 

for CFD analysis is to assign a material to 

the various geometric entities present in the 

model. This can be done by selecting a 

piece of geometry in the model and clicking 

on the Edit button as shown.  

On clicking the Edit buttons at either location 

indicated, we are directed to the ‘Materials’ 

dialog box where we can select the material 

type and name a material from the list.  

 

 

 

Selecting ‘Edit…’ for the Material value would 

allow us to edit individual properties for the 

material thereby customizing it. 

A database can also be selected if we have a 

customized library of materials to choose from. 
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Rules 

Rules can be a very useful technique to assign materials and 

boundary conditions automatically into any file that is brought into 

the software. It can be accessed by clicking ‘Rules’ on the Setup 

tab of the ribbon. 

This would bring up the ‘Rules Manager’ where we can begin 

defining our rules. In the ‘Rules Manager’ we can click at the spot 

indicated (1.) to launch the ‘Rule Creation’ dialog box. 

In the ‘Rule Creation’ dialog box we can define a name for the rule, select the way we would 

like the rule to filter out items and then finally select the material we would like to have applied 

on these CAD parts. Selecting OK here and then selecting ‘Apply Now’ would automatically 

find all the geometric entities that have the word ‘Furniture’ in them and it would assign them 

the wood (soft) material. 

This process can be repeated in a similar manner for other pieces of geometry in the model 

and we would end up with a number of different rules. 

Tip: Since there is no direct way right now to ensure that materials assigned in Revit would 

automatically get mapped and translated into Simulation CFD, we can use rules to automate 

this process. 

Simulation CFD would also remember the rules created in one session and would 

automatically map items based on those rules for any new model as well. 

The following assumptions were made for the materials in the model in general: 
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Note: glass-wool has been assumed as the 

material for the floor since the floor is on the 

fourth level and not exposed to external 

environmental conditions. 

Air has been assumed as the material for a 

part of the diffusers since we can apply the 

boundary conditions to it and have an 

interaction with the air volume inside the 

space. 

 

 

 

Additionally, the air volume has been assigned 

a “variable” environment parameter value so 

that the effect of natural convection 

(buoyancy) can be taken into account and the 

property values can vary as the simulation 

progresses. 

 

 

 

 

 

This process of material assignment can be applied to the various models and options we have 

considered for this room.  

 

 

Geometry Type Material 

Interior Walls Gypsum Board 

Exterior Wall Concrete 

Diffuser body Aluminum 

Diffuser inlet/exit  Air 

Furniture Wood (Soft) 

Windows Glass 

Floor Flooring (plank) 

Seated Occupant Human 

Ceiling Glass wool 

Lights Glass 
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The image alongside shows 

the sidewall diffusers and 

also the air volume that has 

been applied to the casing 

of the light fixtures. 

 

 

 

 

 

 

 

 

 

 

Boundary Conditions 

What are boundary conditions? 

Boundary conditions are known conditions. In other words, if we know certain properties at 

certain locations for the surface or volume of geometry then we can assign these values at that 

geometry as known conditions. Boundary conditions act like inputs to the model and help in 

defining the simulation problem. 

 

Pressure boundary condition 

 

To begin assigning 

boundary conditions, 

we can click on the 

boundary conditions 

button of the ribbon. 
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We now need to access the surface of 

the diffusers to assign this boundary 

condition. In order to do this, we 

would have to hide certain elements in 

our model. This can be done by 

selecting the element (for example the 

roof) and then right-clicking as shown 

in the image alongside. We can now 

select the ‘Hide’ button and this will 

hide this particular roof element in the 

view. 

 

 

 

 

Tip:  if we are able to select surfaces of objects 

instead of volumes, then the selection of 

elements can be changed at any point from 

surfaces to volumes and vice-versa. The tool to 

do this would be found on the ‘Selection’ panel 

of the ‘Setup’ tab. 

After hiding elements in this way, we can re-orient the model so that we can view the diffusers 

and select one of them, in this case, the return grille. 

On selecting this surface, we would 

be able to see the shortcuts to edit or 

remove the boundary condition. We 

can now click the button shown to 

edit the boundary condition and we 

would be able to access the 

‘Boundary Conditions’ dialog box 
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We can set up the pressure boundary condition in this way 

as shown in the image alongside for the return grille. A 

zero gauge pressure is a good way to approximate the 

return grille since it would represent the atmospheric 

pressure at the outlet. 

 

 

 

 

Flow boundary condition 
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Since we know that the linear slot diffusers are set to supply 482 CFM among 3 units, we can 

assign a volumetric flow rate of 120.5 CFM each to the three diffusers in the break room as 

shown in the image above by hiding appropriate surfaces and selecting them. 

Tip: when assigning this boundary condition, make sure that the flow direction and units are set 

correctly. We can edit the flow direction by clicking on ‘Reverse Normal’ as shown in the image 

above, if need be.  

Also, note that the flow has been defined as fully developed. This would be the option to use in 

this case since we are not studying entrance effects and so it is a more realistic representation 

of the model. 

Temperature boundary condition 

In addition to the flow boundary condition defined above, we also need to define a temperature 

boundary condition for the inlets since we intend to study the effects of heat transfer as well. We 

know that the required supply air temperature is 56.8 F and so we can select the surfaces (as 

previously selected) and set an inlet temperature of 56.8 F. 
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We also need to assign a film coefficient or a temperature boundary condition on the walls to 

simulate the exterior surfaces. Using a film coefficient as a boundary condition might be a more 

appropriate choice however, in some cases, using this boundary condition to simulate exterior 

walls has been known to cause divergence. 

Tip: if this is a scenario you run into then consider using a constant temperature boundary 

condition instead of using the film coefficient boundary condition. 

Thus, we can select the exterior walls and windows and assign a constant temperature 

boundary condition of 88 F as shown in the image below 

 

Tip: if running a transient analysis, the temperature boundary condition can also be set to be 

time-variant allowing you to study problems involving thermal storage. 

Note: the roof has been modeled but the roof load has been ignored in the load calculations 

since it cannot be applied as a boundary condtion. This is because Simulation CFD currently 

does not support a simulation where a surface boundary condition is immersed within the 

volume (we will elaborate on this point later on). 
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Heat generation boundary condition 

Based on the load calculations, the seated occupant in the room is set to generate 450 Btu/hr. 

of heat (sensible and latent total).  

We can now select the seated occupant by hiding all the 

surrounding volumes. The selection type can be set to 

‘Volumes’ and we can now select the seated occupant 

and click on ‘Edit’, as before and we can set the type to 

‘Total Heat Generation’ and unit to ‘BTU/h’ and then we 

can set the value to 450 as shown in the image below. 

 

In a similar manner, the volumes representing the lights can also be selected and assigned a 

heat generation of 30 W each (or 15 W for each half as shown below) 

 

Thus to summarize, the following boundary conditions have been applied on the model  
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Geometry Boundary Condition 

Exterior walls 88 F 

Human 450 Btu/h 

Lights (each) 30 W 

Supply diffuser (each) 120.5 CFM, 56.8 F 

Return diffuser  Zero gauge pressure 

 

Meshing 

What is meshing? 

Meshing is the process of breaking down the model into a number of smaller elements. These 

elements are connected together by what are called nodes and the calculations are performed 

at these nodes. 

Autodesk Simulation CFD simplifies the process of meshing by automatically generating a 

mesh. Things like the geometric curvature, gradients and proximity to neighboring elements are 

all taken into account during the automatic meshing process. 

Suppress parts 

During the analysis, there could be parts that do not contribute to the analysis in any way. We 

can select these parts in the model and suppress them and Autodesk Simulation CFD will not 

mesh these parts, thus resulting in a fewer number of nodes and elements and quicker ‘solve’ 

times.  

In order to suppress a part, we can select it under ‘Materials’ and right-click on it. In the list of 

options visible, we can now select ‘Suppress’ and this will suppress the part in the model. Parts 

suppressed in the model would appear with a strike-out across them. 
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Tip: perform the part suppression process before meshing the model since suppressed parts 

are not meshed. If this is done later, then the mesh would have to be re-defined. 

Tip: the air volume in the plenum would have to be 

suppressed as shown here because if this is not done then 

Autodesk Simulation CFD will not be able to detect the inlets 

and outlets when we run the simulation. This happens 

because Autodesk Simulation CFD can detect surface 

boundary conditions only if they are defined at the outer 

surface of the model. In other words, the inlets and outlets 

cannot be immersed within the air volume being analyzed. 

For the same reason, the roof has been modeled but the roof 

load has been ignored in the load calculations (and also has 

not been applied as a surface temeprature boundary 

condition) since the air volume adjacent to it has to be 

suppressed.  

Tip: suppressing parts can have a significant impact not only on the solution time but also the 

generation of the solution itself. As a first option, always try running the simulation with the 

minimum number of parts suppressed, i.e. only parts that have to be absolutely suppressed. If 

more parts are suppressed than necessary, divergence might occur in the solution process. 

Automatic Meshing 

Once the parts have been suppressed, we can click 

on ‘Mesh Sizing’ on the ribbon and we would then 

have access to the meshing tools. 

 

 

We can then click on ‘Autosize’ and this would show us the 

node positions in our model. 
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Preview Mesh 

We can further analyze the mesh by right-clicking on an empty space in the window where the 

model is visible and then click the ‘Select All’ button as indicated below. 

We can then right click again and we have the option to 

‘Preview’. Selecting this would allow us to preview the mesh 

and make further adjustments to the mesh like refining it or 

coarsening it. 

 

 

 

 

 

  

 

 

 

 

 

 
 
 
 
 

 
 
Notice how the automatic mesh sizing 
process would automatically generate a 
coarse mesh around the corners of the 
model and a fine mesh on and around the 
occupant. The selective refinement of the 
mesh would result in a more gradual 
change in fluid properties when analyzed in 
the model. 
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Solve 

 
We are finally in a position to analyze the model. In order 
to do this, we can click on ‘Solve’ and this would open up 
the ‘Solve’ dialog box. 
 

 

In here, we can choose the number of 

iterations to run. The results would be 

compared between successive 

iterations and if their values fall below 

a certain threshold, then the results 

are said to have converged. In this 

case, we ran the simulation for 100 

iterations. 

The next thing we need to do, is go 

into ‘Result Quantities’ as indicated in 

the image and this would direct us to the ‘Result Quantities’ dialog box. 

In this dialog box, 

we need to make 

sure that the 

option for ‘Thermal 

Comfort’ is 

selected so that 

we can view the 

‘Predicted Mean 

Vote (PMV)’ and 

‘Predicted 

Percentage 

Dissatisfied (PPD)’ 

values for our 

model. 
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We can also click on the ‘Factors…’ button and 

verify the thermal comfort factors as shown.  

The values shown are based on the ASHRAE 

Handbook – Fundamentals for metabolic rate 

and clothing. 

 

 

 

 

 

 

Once this is done, on the ‘Physics’ tab, we can select the kind of physics we would like to have 

involved in the model. 

By default, we just have the 

flow option selected. In order 

to simulate our analysis, we 

need to apply heat transfer 

and radiation so that the 

effects of heat generation can 

also be taken into account 

during the analysis. 

Tip: if the radiation option is 

not selected, then we would 

not be able to view the PMV 

and PPD results. Thus, in 

order to study thermal comfort 

and look at PMV results, the 

radiation option must be 

selected. 

Once these settings have been configured, we can click on ‘Solve’ and this will run the 

simulation. 
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If using Simulation CFD 360, we can use the 

‘Simulation Job Manager’ to track the process of 

uploading, running and downloading the 

simulation. 

 

 

 

 

 

 

The image alongside shows an example of the simulation 

running on Simulation 360. 

 

 

 

 

 

Results 

 

Once the analysis has been completed, we can view the convergence plot which gives 

convergence information about the different variables.  

 

Tip: the convergence monitor might be a good tool to access the model and see if convergence 

has been achieved manually. Flatter curves indicate that the values are not changing 

significantly from iteration-to-iteration and so can be used to declare convergence. This method 
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of manually observing the convergence plot might be particularly useful for models that simulate 

rotating, motion or vortex shedding analyses to declare convergence 

What are the measures of an optimum airflow design?* 

This might be a good time to discuss the factors that should be considered for determining if the 

design is optimized for the airflow in a given space. Some of these measures are as listed 

below: 

1. Predicted mean vote (PMV): PMV basically indicates how comfortable a group of 

occupants are in a conditioned space based on the ASHRAE thermal sensation scale 

shown below 

 

 

 

 

 

2. Predicted percentage dissatisfied (PPD): PPD is a quantitative prediction of the 

percentage of people dissatisfied with the thermal conditions, as determined by the 

PMV. 

3. Velocity must be at or below 50 feet per minute (fpm) within 1 foot from the walls and 

vertically between 6” and 6’ 

4. Difference in temperature between ankle and head positions (for a seated occupant) is 

3.6 F 

5. The average air temperature is between 73-77 F 

6. There is maximum mixing of air in the room 

In addition to these guidelines, for maximum energy conservation, the goal must be to maintain 

proper temperatures at the lowest possible speed. 

* These are comfort limits set by ASHRAE Handbook, ASHRAE Standard 55 and ISO Standard 

7730 

With these points in mind, let us look at the results for the high sidewall diffuser case. 
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PMV 

Since ‘Thermal Comfort’ was selected as a result 

quantity, we can view this by go to the ‘View’ tab 

and set the ‘Visual Style’ to ‘Outline’ as indicated 

for the entire model. 

 

 

 

 

The next thing we need to do is set the 

seated occupant to a shaded style by 

selecting it in the ‘Results’ portion of the 

‘Design Study Bar’ and right-clicking on it 

as shown in the image to the left. 

 

Once this is done, we can then set the ‘Global Result’ quantity to ‘Predicted Mean Vote’. On 

doing this, we should see an image similar to the one shown below 

As can be seen in this image, 

the occupants would be feeling 

hot for this configuration.  

Thus this setup might not be 

ideal for the room under 

consideration. 

 

 

 

 

 

 

 



Using Autodesk Simulation CFD and Autodesk Revit for optimum airflow design 

40 
 

High sidewall diffusers – option 2 

Materials 

The material assignment process is similar for this option and would result in a model that would 

appear as shown below. 

 

Boundary conditions 

In this case the boundary conditions used are as described in the table below 

Geometry Boundary Condition 

Exterior walls 88 F 

Human 450 Btu/h 

Lights (each) 30 W 

Supply diffuser (each) 160.6667 CFM, 56.8 F 

Return diffuser  Zero gauge pressure 
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Meshing 

The default mesh configuration was used and based on that, the mesh distribution shown below 

was obtained 

 

Solve 

The same settings that we had for the option 1 were used for this option as well for describing 

the solution process. 

Results 

The convergence monitor plot for this option is as shown below. 
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Based on the convergence plot shown above, we can see that the temperature profile is 

reasonably flat while the velocity profiles are still fluctuating. Thus, running the simulation for a 

higher number of iterations might help in obtaining flatter curves for the velocities as well. 

PMV 

 

As can be seen from the image above, the PMV for the scale indicated shows that the 

occupants sitting closer to the exterior wall would be slightly warm on the upper body while the 

lower body would be on the slightly cool side of the scale. 

PPD 

We can see that the PPD value for the scale shown results in some localized hot spots for this 

option. 
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 Velocity must be at or below 50 feet per minute (fpm) within 1 foot from the walls and 

vertically between 6” and 6’ 

This result can be 

validated be creating an 

iso-surface. An iso-

surface allows showing 

surfaces that have the 

same value for a 

particular parameter. 

As can be seen in the 

image, the iso-surface 

is showing all points in 

the model where the 

velocity is 50 fpm and 

the coloring is based on 

the temperature scale 

shown. We can see 

here that apart from the 

area around the inlets, 

this criterion is being 

met by this option. 
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Difference in temperature between ankle and head positions (for a seated occupant) is 3.6 F 

In order to verify this we could use planes. We can draw a plane at the approximate mid-

position of each occupant and pick points near the ankle and head and plot the temperature 

profile.  

 

This can be done for each of the three occupants and a plot similar to the one shown below can 

be obtained which would automatically draw a line connecting the two points picked as shown 

above and add a third point mid-way between them as can be seen in the plot below. We can 

average out the difference in values for each occupant and then compare the value with the 

recommended value 

of 3.6 F. In this case, 

the difference in 

temperatures between 

the head and ankle 

positions is 4.633 F 

which exceeds the 

recommended value. 
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The average air temperature is between 73 and 77 F 

This result can be tested by clicking on ‘Summary File’ on the ‘Results’ tab and this should open 

up a window that shows the summary results for the model. 

In this case we 

can see that the 

mean temperature 

after 100 iterations 

is 80.88 F. 

 

The average velocity can also be obtained for this configuration and it is as shown below in feet/ 

second. 

 

Mixing of air 

This result can again be verified by using an iso-surface. In this case, the iso-surface shows 

areas in the model where the velocity is 20 fpm and the coloring is based again on the 

temperature scale. As can be seen from the image below, there are large areas within the 

model where the velocity is below 20 FPM. Thus, we can conclude that for this option, the 

mixing is not as effective as we would desire. 
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A combination of perforated ceiling diffusers & square ceiling diffusers – option 1 

Materials 

For this model, the material assignment process can be done in a similar manner to the high 

sidewall diffuser. The only exception here would be the application of a resistance material to 

represent the 

perforated face of 

the return 

diffusers. This can 

be done by 

selecting the 

diffuser face as 

shown (1.) and 

then clicking on the 

browse button (2.). 

This would open 

up the ‘Flow 

Direction’ dialog 

box, where we can 

select ‘Z’ to 

indicate the 
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positive Z direction for the flow. 

Tip: a resistance material would be ideal for any geometry that has perforations on it. This could 

include items like filters and even perforated floors that might be used in data centers. 

We can also click on ‘Edit…’ on ‘Material’ (shown above) and this would open up the ‘Material 

Editor’ dialog box that would allow us to customize this material by changing the ‘Save to 

database’ option and then assigning a different free area ratio for this resistance material. The 

free area ratio is the ratio of open area to total area for the surfaces of the volume.  

Tip: saving materials to a unique database would allow using this material for other simulations 

as well in the future. 
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Boundary Conditions 

Boundary conditions are also assigned in a similar manner to the previous case however; in this 

case, since we have just 2 inlets for the air, we would have each one of them diffuse 241 CFM. 

The table below presents a summary of the boundary conditions 

Geometry Boundary Condition 

Exterior walls 88 F 

Human 450 Btu/h 

Lights (each) 30 W 

Supply diffuser (each) 241 CFM, 56.8 F 

Return diffuser  Zero gauge pressure 

 

Meshing 

For the meshing, the automatic mesh sizing was performed with the default settings. 

Solve  

Similar settings to the high sidewall diffuser case were used to define the solution parameters. 

Results 

The image alongside shows the 

convergence monitor plot for this 

case and as can be seen here, 

the velocity components are 

highly unstable for this 

configuration which has led to 

divergence.  

 

Thus, this solution also might not 

be the best possible solution for 

effectively cooling our room. 
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A combination of perforated ceiling diffusers & square ceiling diffusers – option 2 

Materials 

The process of material assignment would be similar to option1 above and would appear as 

shown below 

 

Boundary Conditions  

Assigning boundary 

conditions would be 

done by selecting 

surfaces and volumes, 

depending on the type 

of boundary condition 

that needs to be 

assigned.  
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In general, the following boundary conditions have been used: 

Geometry Boundary Condition 

Exterior walls 88 F 

Human 450 Btu/h 

Lights (each) 30 W 

Supply diffuser (each) 160.66 CFM, 56.8 F 

Return diffuser  Zero gauge pressure 

 

 Meshing and Solve 

For this option, the meshing and solution settings would be very similar to option 1. 

Results 

 

In this case, we are able to get results up to 100 iterations and we can see that there is some 

flattening of the temperature curve (in red) but the velocity curves are not as flat as we would 

like. 
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PMV 

We can again set the 

current variable to PMV 

for the global results and 

then view the predicted 

mean vote as shown in 

the image alongside. 

 

As we can see in the 

image, the upper body 

of the occupants is in 

the neutral to slightly 

warm range and the 

lower body is in the 

neutral to slightly cool 

range. 

 

PPD 

The PPD results reinforce the results we see for the PMV. We can see here also that the upper 

body of the occupants for the most part has a PPD value less than 10%. The shoulders and the 

ankle portion have a slightly higher PPD value. 
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Velocity must be at or below 50 feet per minute (fpm) within 1 foot from the walls and 

vertically between 6” and 6’ 

This point can be addressed using an iso-surface. Iso-surfaces are great tools to identify flow 

patterns in the simulation model. 

 

The iso-surfaces in the image above show areas in the model where the velocity is 50 fpm and 

the coloring is based on the temperature scale. The image above shows that this option does 

not meet the condition as we can see a fairly large area (away from the walls) at the 50 fpm 

value. Additionally, we can also observe that we have a column of air at 50 fpm from the 

diffusers and, thus we might want to increase the number of diffusers so that the temperature 

requirements are met at a lower velocity.  

Difference in temperature between ankle and head positions (for a seated occupant) is 3.6 F 

In order to verify this we could again use planes as before. We can draw a plane at the 

approximate mid-position of each occupant and pick points near the ankle and head and plot 

the temperature profile.  
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In this case, the average temperature difference is 4.9 F which is higher than the recommended 

range. 
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The average air temperature is between 73 and 77 F 

As can be seen here, the mean 

value for the temperature is 

80.65 F which is slightly above 

the recommended range. 

Note: given that we have run 

only 100 iterations, the 

magnitude of these results 

should not be taken as highly 

accurate. Ideally, we would want 

to run a higher number of 

iterations and also perform 

mesh adaptation so that the 

results are truly mesh 

independent. 

 

The image below shows the mean velocity in feet/second (ft/s) for this option. 

 

Mixing of air 

We can use iso-surfaces again to identify areas of stagnation (velocity less than 15 fpm) within 

the model. This might indicate alternate locations for the return diffusers to promote mixing and 

more efficient operation of the supply units if a higher return air temperature from the stagnation 

region results. 
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The image above shows surfaces in the model where the velocity is at 20 fpm and the color is 

based on the temperature. We can also see the stagnation region and thus consider moving 

one of the return diffusers to that location to promote better mixing of air. 
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Linear slot ceiling diffusers – option 1 

Materials 

The process of material assignment again is very similar to what we have been seeing so far. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The image alongside shows how the linear 

diffusers are having an air material (blue 

color) assigned to the inlet (and outlet) and 

aluminum material assigned to the slots. 
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Boundary Conditions 

The boundary conditions can be applied in a similar manner for this option as well. In general, 

the boundary conditions shown below have been used for this option. 

Geometry Boundary Condition 

Exterior walls 88 F 

Human 450 Btu/h 

Lights (each) 30 W 

Supply diffuser (each) 120.5 CFM, 56.8 F 

Return diffuser  Zero gauge pressure 

 

Meshing and Solve 

The “Auto-Size” option was used for meshing the model and the default node and element 

locations were considered for this option. The options on the “Solve” dialog box were also set up 

similar to the other options that we have looked at so far. 

Results 

 

The convergence plot here shows that there is some flattening of the temperature curve 

however the velocity components are still fluctuating and so running the simulation for a larger 

number of iterations might result in flatter curves for the velocity as well. 
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PMV 

The image shown 

alongside follows 

the same trend we 

have been seeing 

so far with the 

upper body in the 

neutral to slightly 

warm range and 

the lower body in 

the neutral to 

slightly cool range. 

 

 

 

 

PPD 

The PPD results 

show that the lower 

body is within the 

10% range 

whereas the upper 

body on the front 

and back sides are 

roughly in the 15-

20% range. 
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Velocity must be at or below 50 feet per minute (fpm) within 1 foot from the walls and 

vertically between 6” and 6’ 

 

We can again use ”iso-surfaces” to obtain an image similar to the one that is shown above that 

highlights surfaces that are at 50 fpm for the velocity and are colored based on the temperature 

scale. Comparing this image with the one we had for the previous case, we can see that there is 

a smaller spread of high velocity air in the room and the vertical column of air is limited to the 

diffuser locations in this case. 

Difference in temperature between ankle and head positions (for a seated occupant) is 3.6 F 

This result can again be verified by creating a plane as in the previous case and in this case, the 

average temperature difference between the ankle and head positions turned out to be 0.7333 F 

which is well within the recommended range of 3.6 F. 
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The image alongside 

shows one such 

plane that is used to 

obtain the 

temperature 

differential between 

the ankle and head 

positions. 

 

 

 

 

 

 

 

 

 

The average air temperature is between 73 and 77 F 

We can view the 

“Summary File” in 

a similar manner 

to the previous 

case and make a 

note of the 

average 

temperature 

across the room. 

In this case again 

we see that the 

average room air 

temperature is 

slightly over the 

recommended range. 
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The average velocity in 

the room is shown for 

each of the iterations in 

feet per second. 

The value at the 100th 

iteration is higher than the 

corresponding value for 

the previous case and so 

at this point, the previous 

case might be a better 

option from an energy 

standpoint since it 

achieves approximately 

the same temperature at 

a lower velocity. 

Mixing of air 
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As can be seen in the image above, we can see that the points where the average velocity is at 

or above 20 fpm is greater than in the previous case. Since there are no stagnation areas 

identifiable in this case, we can assume better mixing of air than in the previous case. 

Linear slot ceiling diffusers – option 2 

Materials 

In this option, the material assignment would follow the same process that we have been using 

so far. 

 

 

 

 

 

 

 

 

 

 

 

 

 

We can see the fewer number of slots 

being used for this model. 
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Boundary Conditions 

Geometry Boundary Condition 

Exterior walls 88 F 

Human 450 Btu/h 

Lights (each) 30 W 

Supply diffuser (each) 20.5 CFM, 56.8 F 

Return diffuser  Zero gauge pressure 

 

The table above is a summary of the boundary conditions that are being used for this option. 

Meshing and Solve 

The meshing and solve options are again set up the way they were for the previous cases. 

Results 

 

Again, we see from the convergence plot that the temperature and y-component of velocity are 

flat. To obtain flat curves for the other variables, we may want to consider running a higher 

number of iterations. 

 

 

 

 

 

 

 



Using Autodesk Simulation CFD and Autodesk Revit for optimum airflow design 

64 
 

PMV 

The PMV results 

again show the 

same trend with 

the upper body 

in the neutral to 

slightly warm 

range and the 

lower body in the 

neutral to slightly 

cool range. 

 

 

 

 

 

 

PPD 

The PPD results show that 

the head and upper body 

areas are very close to 0% 

whereas the lower body is 

in the -0.6-0.8% range. 
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Velocity must be at or below 50 feet per minute (fpm) within 1 foot from the walls and 

vertically between 6” and 6’ 

 

Again, creating iso-surface, we can see that in this case, there is a fairly large spread of high 

velocity air than what we had for the previous case with linear slot diffusers. 

Difference in temperature between ankle and head positions (for a seated occupant) is 3.6 F 

This point can again be verified by creating planes and plotting the temperature variations 

across the ankle and head positions. 
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In this case, the average temperature difference was found to be 0.916 F. Thus as far as this 

point is concerned, we could go with either of the two linear slot diffuser options for the layout. 

The average air temperature is between 73 and 77 F 

Again, looking at the “Summary 

File”, we can see the average 

temperature across the room.  
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The average velocity can also be found out and is as shown in the image below (ft/s) 

 

Note: given that the velocity components on the convergence plot are still fluctuating, we cannot 

consider these values as highly accurate at this point. 

Mixing of air 

 

Again, we see that we have better mixing patterns than the case with square ceiling diffusers. 

Conclusion 

In conclusion, we have tangible results for four of the six cases we have considered for the 

layout of diffusers in this room. The sidewall option 1 showed us that the occupants would not 

be comfortable. This could either be due to the placement of the diffusers or the type of diffusers 

used. The first option for the combination of perforated ceiling diffusers and square ceiling 

diffusers showed us that the velocity profiles were highly unstable and this lead to divergence. 

The table below summarizes the results for the remaining four cases that we had looked at. 
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Comparison 

parameter 

High sidewall 

diffuser -  

option 2 

A combination of 

perforated 

ceiling diffusers 

and square 

ceiling diffusers – 

option 2 

Linear slot ceiling 

diffusers – option 

1 

Linear slot ceiling 

diffusers – option 

2 

PMV Slightly warm 

upper body 

slightly cool 

lower body 

Neutral to slightly 

warm upper body 

and neutral to 

slightly cool lower 

body 

Neutral to slightly 

warm upper body 

and neutral to 

slightly cool lower 

body 

Neutral to slightly 

warm upper body 

and neutral to 

slightly cool lower 

body 

PPD Localized hot 

spots with 

higher percent 

dissatisfied 

Higher 

percentage 

dissatisfied 

Minimum percent 

dissatisfied  

Higher 

percentage 

dissatisfied  

Velocity must be 

at or below 50 

feet per minute 

(fpm) within 1 

foot from the 

walls and 

vertically 

between 6” and 

6’ 

 

Fewer number 

of points with 

velocity at 50 

fpm 

Large number of 

points with 

velocity at 50 fpm 

Fewer number of 

points with 

velocity at 50 fpm 

Large number of 

points with 

velocity at 50 fpm 

Difference in 

temperature 

between ankle 

and head 

positions (for a 

seated 

occupant) is 3.6 

F 

 

Does not meet 

this criterion 

Does not meet 

this criterion 

Meets this 

criterion 

Meets this 

criterion 

The average air 

temperature is 

Exceeds 

criterion 

Exceeds criterion Exceeds criterion Exceeds criterion 
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between 73 & 77 

degree F 

 

(80.88 F) (80.65 F) (80.104 F) (79.73 F) 

Average 

velocity (ft/s) 

0.154 ft/s 0.0444 ft/s 0.142 ft/s 0.158 ft/s 

Mixing of air 

 

Poor mixing Poor mixing Good mixing Good mixing 

Thus, based on the above comparisons, we can conclude that both options for the linear slot 

ceiling diffusers might work better compared to the square ceiling diffusers and high sidewall 

diffusers. The first option has four supply diffusers compared to six in the second option and so 

the first option might allow for a lower first cost as well. 

Future work 

The following items can be considered as future work that would enhance the results and add 

variations to the different configurations considered. 

Run the simulation for a higher number of iterations 

The solution process is iterative and so the results from the previous iteration are used in 

the current iteration and this process is repeated till the difference in values for 

successive iterations falls below a certain threshold. Thus one way to obtain 

convergence and more accurate results is by running the simulation for a higher number 

of iterations. 

Perform mesh adaptation studies 

This might also be necessary to obtain more accurate results for our models. The results that 

are obtained initially might be dependent on the given mesh. Thus the mesh would have to be 

refined to a point where the results are not changing significantly from the previous mesh 

distribution. This is when the results are said to be mesh-independent. Autodesk Simulation 

CFD can automate this process by performing mesh adaptation cycles where the results from 

the first mesh are saved in a new scenario and run on a more improvised mesh. Thus, mesh 

adaptation would have to be performed to get mesh independent results. 

Optimize design for minimum and maximum air flow 

This is another area that can be explored to see if it is possible to find the layout that would 

meet all the criteria highlighted above for the minimum flow and the maximum flow for a VAV 

system. 
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Update and develop optimized designs in Autodesk Revit MEP 
 

Once the design optimization has been performed in Simulation CFD, we can then finalize this 

design in Revit.  

We can do this by opening up the view that shows the last diffuser layout that we had for our 

model 

 

Let us assume that we would 

like to use the first option with 

linear slot ceiling diffusers to 

lower down the first costs. 

Thus, we can now select the 

diffusers in the middle and 

delete them as shown.  

We can now move the other 

remaining diffusers to the 

positions that we had for the 
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first option with linear slot ceiling diffusers. 

 

If parameters are being used to control the size and number of slots, we can then edit these 

values to match the configuration we had used and the resulting layout should resemble the first 

option we had used for linear slot ceiling diffusers. 
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Tip: the use of design options might also be a good idea to study different diffuser layouts and 

compare them in Simulation CFD and once the best layout has been selected, the other design 

options can be removed. 

References: 

Titus Diffuser Catalog 

Titus Engineering Guidelines 

Trane Trace 700 

 


