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2Thermal considerations

Energy consumption

© Actu-environnement

New thermal regulation

RT2012

Evolution of the energy consumption in French dwellings as a function of the construction year
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Energy performance diagnosis (DPE)

© Ambition-habitat

BEPOS  

Positive energy homes

Passive house

© Actu-environnement

2012 Regulation

level

1970 houses

French average
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Energy demand

© ADEME

1990 2011

Heating Hot water Cooking Electrical appliances
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Thermal exchanges in a building

© He Sust. Cities Soc. 50 101647 2019
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Thermal exchanges in the city

© He Sust. Cities Soc. 50 101647 2019
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1. THERMAL TRANSFERS – GENERAL OVERVIEW

1. Convection

2. Radiation

3. Conduction
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1.1. Convection

© Nuclear-Power

Newton’s law :



9Thermal considerations

1.1. Convection

© Energyeducation

Forced convection
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1.1. Convection

© Nuclear-Power

Forced convection
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1.1. Convection

Wind towers for water reservoir, Isfahan, Iran
© Eric Lafforgue

Natural convection

Windcatchers, Iran
© Erika Alatalo



12Thermal considerations

1.1. Convection

© Solaripedia

Natural convection
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1.1. Convection

© Spech Architects

Natural convection
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1.1. Convection

© Spech Architects

Natural convection
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1.2. Radiation

© Sun.org

Black body radiation:
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1.2. Radiation

© Wikipedia



17Thermal considerations

1.2. Radiation

© Nuclear-Power

Emissivity :
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1.2. Radiation

© Saflex

Low-e glass:
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1.2. Radiation

© Kieran Timberlake

Low-e glass:
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1.3 Conduction

© Aldawi Proc. Eng. 56 661 2013

Fourier’s law :
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1.3 Conduction

Insulating panels

Glazing

Metallic window

carpentry

IR imagery
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2. THERMAL TRANSFERS ON A BUILDING’S

SCALE

1. Mechanisms

2. Thermal transfer map

3. Thermal inertia

4. Evaporative cooling

5. Thermal comfort
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2.1 Mechanisms

Form factor:

Surface 𝑭𝒔𝒆,𝒂𝒆 𝑭𝒔𝒆,𝒔𝒌

Vertical 0.5 0.5

Horizontal 0 1

45° 0.15 0.85
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2.2 Thermal transfer maps

© Nuclear-Power
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2.3 Thermal inertia

Specific heat in J/kg.K, density in kg/m3, thermal conductivity in W/m.K

© Greenspec



26Thermal considerations

2.3 Thermal inertia

© Cibse
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2.3 Thermal inertia

© Niall J. Sust. Design & App. Res.4 2 2016
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2.3 Thermal inertia

© Echelon Masonry
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2.3 Thermal inertia

© St Gobain
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2.3 Thermal inertia

© St Gobain
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2.3 Thermal inertia

© St Gobain
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2.3 Thermal inertia

© St Gobain
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2.4 Evaporative cooling

© Climclim.fr
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2.4 Evaporative cooling

© Joho.fr
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2.4 Evaporative cooling

© Joho.fr
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2.4 Evaporative cooling

© OutlookIndia
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2.4 Evaporative cooling

© Widera
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2.4 Evaporative cooling

© Slate

© Misfit’s architecture
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2.4 Evaporative cooling

© Wikipedia

© Liviaaugustae
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2.4 Evaporative cooling

© Beehive, Ant Studio

50°C → 35°C
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** Other cooling methods ? **
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** Other cooling methods ? **
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2.5 Thermal comfort

© Payette

Parameters that influence subjective perception:
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2.5 Thermal comfort

© Sia180:2014

Optimum operative temperature: 

MET = Metabolic

Equivalent of Task

1met = 4.184 kJ/kg.h
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2.5 Thermal comfort

© Norm Sia180:2014

Optimum operative temperature: 

Comfort temperature = 

16.5°C +\- 3°C
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3. THERMAL TRANSFERS AT THE CITY’S SCALE

1. Phenomena to be taken into account

2. Urban Heat Island effect
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3.1 Phenomena to be taken into account

© He Sust. Cities Soc. 50 101647 2019
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3.1 Phenomena to be taken into account

© He Sust. Cities Soc. 50 101647 2019
© Tobyr Smith
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3.1 Phenomena to be taken into account

© Gandehari Sci. Rep. 8 2224 2018

Emissivity

Temperature

Brightness temperature
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3.2. Urban Heat Island Effect

© Oke et al., Urban Climates, Cambridge University Press
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3.2. Urban Heat Island Effect

© Portland State University

Vegetation :

• Larger albedo than concrete

• Absorbs and retain rainwater

• Evapotranspiration

© Ressources naturelles Canada
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3.2. Urban Heat Island Effect

© NASA

New York « Cool Roofs » Initiative
© Huffington Post

© Gaffin et al.
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2.3 Thermal inertia

Specific heat in J/kg.K, density in kg/m3, 

thermal conductivity in W/m.K

© Greenspec

© Guzman-Sanchez Bldg & Env. 141 182 2018
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Class activity

Determine the temperature in an igloo.

Introduce your assumptions and determine what is the most efficient way to heat the igloo.

Parameters you may find useful:

© Turbosquid



55Introduction to Physics & Architecture

Class activity

Wikipedia:
• Text = -45°C, Tin = -7 – 16°C

Ice hotel:
• Text = -25°C, Tin > -5°C

© Ice Hotel
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ASSIGNMENT for March 5th

On Dokeos/Documents/Physics_and_Architecture/Bibliography_Thermal_Considerations,
choose one article and summarize it.

Alternatively, choose a subject in relation with thermal issues in the building or in the city, 
research it and summarize your findings.

Start by giving the article’s main point (usually stated in the « abstract »).
Mention whether it is a theoretical study, a modeling or an experimental work.
Outline the main arguments and shortly discuss them (critically).
A schematics is also acceptable if properly labeled.

Between ½ a page to 1 page should be enough. Post it on Dokeos/Travaux/


