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Three types of
  HEAT TRANSFER:

1) CONDUCTION
2) CONVECTION
3) RADIATION

A&E THERMODYNAMICS,
 plus Air Quality, and Health

https://etown.instructure.com/cou
rses/11461/modules/items/481337 

Heat 
Transfer # 1

CONDUCTION

R-Values
PANE

LATENT HEAT

SENSIBLE HEAT
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Phase Diagrams
SOURCE: https://sites.google.com/site/apchemistrypropertiesofliquids/phase-diagrams 
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TIME LAG
How is it possible that some walls with low R-values can behave as 
if they had high thermal resistance? For example, an adobe or 
stone wall with no insulation in a hot and dry climate can keep the 
heat out as if it had insulation. 
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INSULATING EFFECT OF MASS

If the temperature difference across a massive material fluctuates 
in certain ways, the massive material will act as if it had high 
thermal resistance. 

Consider a massive adobe or concrete house in the desert on a 
hot summer day. A wall of this building is shown at three different 
times of day (Fig. 3.16). 

At 11 a.m. the wall temperature is still lower than the outdoor 
temperature and heat will flow inward. However, most of this 
heat is diverted to raising the temperature of the wall.
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Heat Transfer # 2 CONVECTION
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https://commonsensehome.co
m/keeping-your-house-cool/ 

We will learn more about 
HUMIDITY later, as well 
as DEW POINTS and 
COMFORT… But for now, 
know that if the dew 
point is much lower than 
a hot or cold air 
temperature then there 
is a lot less water in the 
air … which is more 
comfortable …. Allowing 
skin moisture to 
evaporate much more 
efficiently
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WHEN
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NOTE: This definition is somewhat debatable

Heat in RADIATION (“Thermal Radiation”) is a form of Electromagnetic (EM) Radiation 

                                               -- peaking in the INFRARED range

Heat in CONDUCTION is via elastic collisions between molecules, and contact between mediums

Heat in CONVECTION is via motion by flow of the Medium (and includes some conduction)

Wavelength=(1/Frequency)

https://rockedu.ro
ckefeller.edu/com
ponent/electroma
gnetic-radiation/ 

Heat Transfer # 3 RADIATION
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https://www.britannica.com/science/greenhouse-effect 

Watch: https://www.britannica.com/science/greenhouse-effect/images-videos
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XXXXXXXX

= 87 Degrees Fahrenheit

+(35*310)
XXXXXX

xxxxxxxxxxxx
-------------------------------------------------- XXXXX

(every surface in a 360  

degree circle around head)

(1000 x 20)+(20 x 30)+(35 x 310)

Assume all other interior surface  

are at 35 Degrees Fahrenheit

Fireplace

Window



AIR INFILTRATION will TRANSPORT Heat
   Weather Stripping can help prevent

https://www.doorsofelegance.com/why-weather-stripping-is-so-important-for-your-doors/ 

https://projects.truevalue.com/maintenance_and_repair/cool
ing_and_heating/weather_strip_windows_and_doors.aspx 
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HOWEVER, don’t forget that the more you prevent air 
flow in and out of your building, the more you are 

reducing FRESH AIR EXCHANGES with the outside air !!

So, you will want to simultaneously make sure you have a means of 
naturally or artificially letting outside air flow into building, and 
letting inside air out.

• Typically 3 AIR EXCHANGES PER HOUR in modern times in 

building codes (and therefore considered ok regardless of viruses, 
mold, and asbestos if not disturbed 

• HOWEVER, with Covid-19 in AERISOL FORM, newer 
recommendations (sept 22, 2020) are for 

6 TO 9 AIR EXCHANGES PER HOUR

Watch: https://www.pbs.org/newshour/show/how-a-focus-on-

cleaning-surfaces-can-distract-from-actual-virus-spread

AIR QUALITY & HEALTH 
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https://www.cdc.gov/niosh/topics/aerosols/pdfs/Aerosol_101.pdf 

1um = 10^-6 meters

AVEOLAR means it 
is getting into your 
bloodstream 
through your lungs

COVID MOLD

ASBESTOS

FOREST FIRE SMOKE
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https://www.cdc.gov/niosh/topics/aerosols/pdfs/Aerosol_101.pdf


PM2.5 PARTICLES (from natural and manmade combustion)
PARTICLES SMALLER THAN 2.5um (i.e., 2.5 Microns) at 7:30am on 9/24/20

“OZONE”(can damage lungs and worsen chronic respiratory diseases, and 
compromise ability to fight respiratory infections.) at 7:30am on 9/24/20

OZONE (from natural and manmade combustion)

NOTE: this, 
and other 
parts of 
”Smog” 
typically get 
worse during 
the day 
around major 
cities due to 
automobile 
traffic

https://gispub.epa.gov/airnow/?mlayer=none&fclayer=forecasttomorrow&panel=1&tab=1

FOREST 
FIRE

AIR QUALITY & HEALTH 
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https://www.ucsusa.org/resources/
vehicles-air-pollution-human-health

“In 2013, 
transportation 
contributed more than 
half of the carbon 
monoxide and 
nitrogen oxides, and 
almost a quarter of 
the hydrocarbons 
emitted into our air.”

“Smog” is all the air 
pollutants combined – 
especially the visible 
ones

https://en.wikipedia.org/wiki/Smog 

AIR QUALITY & HEALTH 
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ASBESTOS

Asbestos exposure accumulates over time and may not become fatal until 
many many years later. Children are especially vulnerable.
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Asbestos is name for six different  mined minerals, used for insulating, 
fire-proofing, and structural-fill in composite materials. 

• Still used in products today

J Wunderlich worked for PSI inc in CA in 
1987/88 including needing to earn EPA 
certifications to test, Abate, and then 
redesign buildings. And typically restricting 

airborne particles to less than 0.1 
micron (0.1um) during abatement.

Random photo of some of the 
most dangerous kind of Asbestos
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MOLD (naturally occurring outdoors)

In the Midwestern U.S.
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MOLD (naturally occurring outdoors)

In the Southwestern U.S.
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MOLD (Building Damage due to moisture)
• Also harmful to humans

Flood Damage:

https://www.disaster-cleanup.com/home-restoration-
services-ny/mold-mildew-remediation/ 

https://www.aboveandbeyonduc.com
/what-causes-mold-around-house 
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MOLD (Building Damage due to moisture)
• Also harmful to humans

https://www.aboveandbeyonduc.com
/what-causes-mold-around-house 
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https://www.nejm.org/doi/pdf/10.1056/NEJMc2004973

“Titer” = Concentration

( COVID-19 )

(2003 “SARS”)

“SARS” is the potentially lethal “Severe Acute Respiratory Syndrome”

that can result from these coronaviruses
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https://www.nejm.org/doi/pdf/10.1056/NEJMc2004973
https://en.wikipedia.org/wiki/Severe_acute_respiratory_syndrome_coronavirus


https://www.nejm.org/doi/pdf/10.1056/NEJMc2004973

COVID-19 (SARS-Cov-2)
In Aerosol form,

In significant concentrations,
 for over 3 hours

 

“Titer” = Concentration
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JT Wunderlich PhD

Burning Coal to make Electricity

https://www.osha.gov/SLTC/etools/electric_power/illustrated_glossary/transmission_lines.html 

https://www.nps.gov/subjects/renewableenergy/transmission.htm 

NOTE: burning fossil fuels (coal and oil) is bad for the 

environment; Creating air pollution and therefore also acid 

rain which leeches heavy metals out of the soil, polluting 

waterways, the food supply chain, and making eating caught-

fish more risky

https://www.osha.gov/SLTC/etools/electric_power/illustrated_glossary/transmission_lines.html
https://www.nps.gov/subjects/renewableenergy/transmission.htm


JT Wunderlich PhD

Hydrogen Fuel Cells

Watch: https://www.youtube.com/watch?v=iJgMuDzkdkI 

https://www.youtube.com/watch?v=KJKWTtY2SOM 

To understand hydrogen fuel cells, first see how Batteries work: 

https://www.youtube.com/watch?v=9OVtk6G2TnQ 

Then see how hydrogen fuel cells use oxygen and  hydrogen to create  electricity and yield water  as a 

byproduct. Make sure you understand that hydrogen storage and  transportation is dangerous (highly 

explosive)

Like with a METHANE DIGESTER !

https://www.youtube.com/watch?v=iJgMuDzkdkI
https://www.youtube.com/watch?v=KJKWTtY2SOM
https://www.youtube.com/watch?v=9OVtk6G2TnQ


METHANE DIGESTER

JT Wunderlich PhD



SUMMARY

Balance the tradeoff between making a very tight 
building envelope for thermal efficiency and cost 

savings, versus new recommendations to increase 
AIR EXCHANGES from 3, to 6-to-9 to mitigate the 

the coronavirus (and future viruses)

Balance the tradeoff between using cutting edge 
hi-tech ACTIVE heating, cooling, and lighting 
methods, with the more sustainable and less 

error-prone PASSIVE ways of using the sun, wind, 
and natural environments

And don’t forget that licensed Architects and 
Engineers are ethically and legally bound to make 

decisions that keep the public safe!

JT Wunderlich PhD
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