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This time and last time 

Last time: 
•  Infectious disease transmission 

This time: 
•  Applications and standards 

–  Software and practical guidance 

**No class next week 
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Final project papers and presentations 
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Team Topic 
1: Ivan Jose and YiYun Fan Emissions from enclosures 
2: Kyleen Hoover Indoor carbon monoxide 
3: Muhammad Akbar and Harshil Modi Pollen and control 
4: Jihad Zeid E-cigarettes 
5: Torkan Fazli and Sina Nabavi Particle filtration 
6: Tongchuan Wei and Sibo Liu Radon 
7: Boyang Lu and Shujun Zhang Plants and IAQ 
8: Haoran Zhao and Zhice Hu Cookstoves and IAQ 
9: Andi Mele, Dan Zhao, and Sheng Xiang Swimming pools and IAQ 

Papers due Tuesday, December 9 by 5 PM in class or uploaded to BB 
•  7000 words max., follow the template on BB 

Presentations given Tuesday, December 9 in class 5-7 PM 
•  12 minutes maximum – I will cut you off if you go long! 



APPLICATIONS AND STANDARDS 
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Applications: Software 

•  I think we should all be aware of some of the software tools 
available for modeling air pollution in indoor environments 

•  You can always build well-mixed mass balance models in 
Excel or other programs (e.g., Matlab, Mathematica, python, 
R, etc.) 
–  Time-varying (dynamic) or steady state 
–  Multi-compartments if necessary 
–  Monte carlo for testing sensitivity to inputs 

•  Other tools include: 
–  CONTAM 
–  CFD 
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CONTAM 

•  Multi-zone airflow and contaminant transport analysis software 
•  Can be used to account for: 

–  Airflows (infiltration, exfiltration, room-to-room airflows, wind-driven flow, 
stack effects) 

–  Contaminant concentrations and mechanisms (dispersion indoors, 
transformation, adsorption, desorption, filtration, deposition, and others) 

–  Personal exposures 
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http://www.bfrl.nist.gov/IAQanalysis/CONTAM/ 



CONTAM 

•  You can build a building and 
set flow rates and boundary 
conditions everywhere 

•  It solves mass balances for 
you 

•  Does not give spatially-
resolved concentrations unless 
you build a compartment for it 
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CONTAM 
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CONTAM 

9 Persily and Martin 2000 A Modeling Study of Ventilation in Manufactured Houses National Institute of Standards and Technology. NIST Report 



CONTAM 

10 Persily and Martin 2000 A Modeling Study of Ventilation in Manufactured Houses National Institute of Standards and Technology. NIST Report 



CONTAM 

11 Howard-Reed et al. 2005 Indoor Air 2005 Conference 



CFD 

•  If you want more highly resolved spatial detail, turn it 
computational fluid dynamics (CFD) 

•  CFD programs solve the Navier-Stokes equations for 
viscous, heat conducting fluids 
–  Accounts for conservation of momentum, energy, and mass 
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CFD: Navier-Stokes Equations 
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CFD simulations 

•  Involves discretizing an indoor space into a “mesh” 
–  Thousands of small cells representing individual nodes 
–  Develop a system of equations to solve Navier-Stokes 
–  We use software for this (e.g., Fluent, AirPak, openFOAM, IES, others) 
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Take real geometry…. 
… and convert to model geometry 

Images courtesy Atila Novoselac, UT-Austin 



Defining a mesh 
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Peter V. Nielsen 
  
 Images courtesy Atila Novoselac, UT-Austin 



CFD outputs 
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Images courtesy Atila Novoselac, UT-Austin 



CFD outputs 
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Rim et al. 2009 Indoor Air 



CFD outputs 
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IES <Virtual Environment> 



Advantages and disadvantages of CFD 

•  Advantages 
–  You can model complex phenomena in great detail 
–  Easy to understand outputs 

•  Disadvantages 
–  Time consuming and computationally intensive 
–  Garbage in = garbage out 
–  Solutions are limited merely to the specific environment and input 

conditions 
•  It can be difficult to generalize results 
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IAQ STANDARDS AND GUIDELINES 
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IAQ standards 

•  There are only a few indoor air quality standards in the US 
•  Primarily: 

–  ASHRAE Standard 62.1  
–  ASHRAE Standard 62.2 
–  Various state and local governmental standards 

•  Most just refer back to ASHRAE 
–  For individual materials:  

•  GREENGUARD certification for chemical emissions from building 
materials, finishes, and furnishings 

•  GREENGUARD certification for chemical and particle emission from 
electronic equipment 

•  Secondarily (involves IAQ but not the entire focus): 
–  USGBC’s LEED for New Construction 
–  USGBC’s LEED for Homes 
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ASHRAE Standard 62.1-2010 
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ASHRAE Standard 62.1-2010 
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ASHRAE Standard 62.1-2010 
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ASHRAE Standard 62.1-2010 
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ASHRAE Standard 62.1-2010 
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Ventilation rate procedure 



ASHRAE Standard 62.1-2010: VRP 
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ASHRAE Standard 62.1-2010: VRP 
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ASHRAE Standard 62.1-2010: Required exhaust flows 
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ASHRAE Standard 62.2-2010 (actually showing 2007) 
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ASHRAE Standard 62.2-2010 
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ASHRAE Standard 62.2-2010 
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ASHRAE Standard 62.2-2010 
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ASHRAE Standard 62.2-2010 
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ASHRAE Standard 62.2-2010 
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ASHRAE Standard 62.2-2010 
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Green building rating systems and IAQ/IEQ 
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System of 110 possible points; 
•  Site (26) 
•  Water (10) 
•  Energy and atmosphere (35) 
•  Materials and resources (14) 
•  Indoor environmental quality (15) 
•  Innovation in design (6) 
•  Regional priorities (4) 

15/110 = 14% related to IEQ 

System of 136 possible points; 
•  Innovation and design (11) 
•  Location and linkages (10) 
•  Sustainable sites (22) 
•  Water efficiency (15) 
•  Energy and atmosphere (38) 
•  Materials and resources (16) 
•  Indoor environmental quality (21) 
•  Awareness and education (3) 

21/136 = 15% related to IEQ 



LEED-NC 2009: IEQ 
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LEED-NC 2009: IEQ 
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LEED-NC 2009: IEQ 
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LEED-NC 2009: IEQ 
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LEED-NC 2009: IEQ 
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LEED-NC 2009: IEQ 

43 



LEED-NC 2009: IEQ 
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LEED-NC 2009: IEQ 
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LEED for Homes 2008: IEQ 
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LEED for Homes 2008: IEQ 
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LEED for Homes 2008: IEQ 
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LEED for Homes 2008: IEQ 
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LEED for Homes 2008: IEQ 
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LEED for Homes 2008: IEQ 
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LEED for Homes 2008 
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LEED for Homes 2008 
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LEED for Homes 2008 
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LEED for Homes 2008 
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Emissions standards 
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ASHRAE IAQ Guide 
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ASHRAE IAQ Guide 
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ASHRAE IAQ Guide 
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ASHRAE IAQ Guide 
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ASHRAE IAQ Guide 
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COURSE REVIEW 
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Course information 

Course Catalog Official Description 
•  Indoor air pollution sources, indoor pollutant levels, 

monitoring instruments and designs; indoor pollution control 
strategies: source control, control equipment and ventilation; 
energy conservation and indoor air pollution; exposure 
studies and population time budgets; effects of indoor air 
population; risk analysis; models for predicting source 
emission rates and their impact on indoor air environments. 
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Course objectives (in my own words) 

To introduce students to important concepts of indoor airborne 
pollutants, including their physical and chemical properties, emission 
sources, and removal mechanisms. By taking this course students 
will be able to: 

1.  Describe particle-phase, gas-phase, and biological pollutants 
found in indoor environments 

2.  Model indoor pollutant emission, transport, and control 
3.  Manipulate and perform calculations with aerosol distributions 

and gas-phase compounds 
4.  Analyze indoor pollutant control technologies and determine 

their effectiveness  
5.  Read and critically analyze articles in the technical literature 

on indoor air pollution  
6.  Prepare and review written and oral technical communication 
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Indoor mass balances and mechanisms 
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Ventilation/ 
Air Exchange 

Ventilation/ 
Air Exchange 

Outdoor 
Pollutants 

Indoor 
Emission 

Deposition/
Surface 

Reactions 

Adsorption/ 
Desorption 

Homogeneous 
Chemistry 

Control/Filtration 

T/RH 

Phase change, partitioning & 
byproduct formation 

Review of course topics… 



Course topics 
•  Introduction: Human exposure, indoor and outdoor atmospheres 
•  Reactor models, ventilation, and human exposure patterns 
•  Pollutant types and sources 
•  Gaseous pollutants (VOCs and others) 

–  Sources, adsorption/desorption, emission models, reactive deposition, homogeneous 
chemistry, byproduct formation 

•  Particulate matter 
–  Single particle physics, particle size distributions, respiratory deposition, sources, 

surface deposition and resuspension, filtration and air cleaners 
•  Biological matter 

–  Dust, pollen, mold, microbes generally 
•  Semi-volatile organic compounds (SVOCs) 

–  Pesticides, flame retardants, etc. 
•  Measurement techniques and sampling campaigns 
•  Health effects: epidemiology and physiological responses 
•  IAQ in developing countries 
•  Applications: standards and manufacturer ratings 
•  Infectious disease transmission and risk 
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Course evaluations due 

•  Monday November 17 through Sunday December 7 
–  Available online now in MyIIT 

•  Very important that you complete the evaluation 
–  It’s the only way I get graded 
–  It’s the only way our courses get graded 
–  It’s one of the best ways for us to improve courses/

teaching 
–  It’s anonymous 

•  We usually only get about 50% response rate 
–  We’re at about 30% right now 
–  Let’s try to do better than this 
–  If you have an internet connection you can do it right now 
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