How To Model Your Lab’s Airflow



Create a 3D CAD model of lab internal volume

Insert extrusions for
both Inlets and Outlets

If you don’t know how to do this,
follow this video on using Inventor

(Free CAD Software for students)
https://youtu.be/GIN87pw9jVO0

Include Leaks




Verify airflow from each outlet/inlet

* Inlet flow rate dependent on return

conductance.
* Include any high flow rate devices, such

as HEPA flow hoods, laminar flow hoods,
fans, chillers.




CFD Simulation assumptions used

* Isothermal ideal air
* (For low airflow rooms with high heat loads this is not valid)
e Segregated flow (Due to low speed flows)

 Steady state flow assumed

* Reynolds-Averaged Navier-Stokes
e K-epsilon turbulence model

(8]




CFD Software Options

Shown Here
* Ansys Fluent — Free Student Version Available
https://www.ansys.com/academic/free-student-products

Other Options:
* Siemens Star CCM+
* COMSOL Multiphysics


https://www.ansys.com/academic/free-student-products

Click Fluid Flow (Fluent), Import Geometry

0 ][=]&] /TF Project

Systems
@ Coupled Field Static

& Coupled Field Transient

€ Design Assessment

#) Eigenvalue Buckling

@ Electric

® Explicit Dynamics

© Fluid Flow - Blow Molding (Pc
© Fluid Flow - Extrusion (Polyflc
© Fluid Flow (CFX)

a @ Fluid Flow (Fluent)
@ Fluid Flow (Polyflow)

& Harmonic Acoustics
Harmonic Response
Hydrodynamic Diffraction
& Hydrodynamic Response
4 IC Engine (Fluent)

@ Magnetostatic

@ Modal

& Modal Acoustics

@ Random Vibration

) Response Spectrum

& Rigid Dynamics

@ Static Acoustics

@ Static Structural

@ Steady-State Thermal
Thermal-Electric

€ Topology Optimization
@ Transient Structural

@ Transient Thermal

@ Turbomachinery Fluid Flow
@ Component Systems

@ Custom Systems
@ Design Exploration
@ ACT

View All / Customize

1™, Unsaved Project - Workbench

File View Tools Units Extensions Jobs Help

dlImport... | <% Reconnect [2) Refresh Project 7 Update Project

Project Schematic

- A

2 @ Geometry
3@ Mesh

4 @ Setup

5 @ Solution
6 @ Results

IFluid Flow (Fluent;

2 ACT Start Page

L

Fluid Flow (Fluent)

= Job Monitor...

ZNo|

0)&]=]&] /5 Project
dlImport...

8 Analysis Systems

(& Coupled Field Static

[ Coupled Field Transient
4 Design Assessment

# Eigenvalue Buckling

@ Electric

9 Explicit Dynamics

@ Fluid Flow - Blow Molding (Pc
@ Fluid Flow - Extrusion (Polyfic
@ Fluid Flow (CFX)

@ Fluid Flow (Fluent)

@ Fluid Flow (Polyflow)

(@ Harmonic Acoustics
Harmonic Response
Hydrodynamic Diffraction
& Hydrodynamic Response
4 IC Engine (Fluent)

(@ Magnetostatic

@ Modal

& Modal Acoustics

@ Random Vibration

il Response Spectrum

& Rigid Dynamics

@ Static Acoustics

@ Static Structural

@ Steady-State Thermal

@ Thermal-Electric

& Topology Optimization
@ Transient Structural

& Transient Thermal

@ Turbomachinery Fluid Flow

Design Exploration
@ ACT

w All / Custom
@ Double-click component to edit.

™, Unsaved Project - Workbench

File View Tools Units Extensions Jobs Help

<9 Reconnect [2) Refresh Project # Update Project |

Project Schematic

- A
1

3@ Mesh
4 @ setup
5@ Solution
6 @ Results
Fluid Flow (Fluen

Fluid Flow (Fluent)
2|® Geom
0 B New SpaceClaim Geometry...

I New DesignModeler Geometry..
Import Geometry
& Duplicate
Transfer Data From New
Transfer Data To New
7 Update
Update Upstream Components
[ Refresh
Reset
Rename
Properties
Quick Help
Add Note

= Job Monitor... & No DPS Connection

Show Progress

v 2 x

2 Show 0 Messages



Open Mesh Editor
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Add named selections to each inlet/outlet
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Generate Mesh — Adjust mesh to desired level
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Update Mesh and Launch Fluent
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Select velocity inlets for both inlets and outlets and set velocities
Leaks are left as pressure outlets
Select the k-epsilon turbulence model in the viscous model settings
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Set segregated flow and Run
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General notes about attaining convergence

* Ensure mesh resolution is fine enough in “high” velocity areas (>0.5m/s)
* Ensure mass conservation is attained
e Residuals <~0.001 usually indicate reasonable convergence

* If non converging, stop and plot results. Use areas of unphysical results
as indications of possible problems with the model



Once Convergence Reached, Plot Results
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