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Agenda

1. Fundamentals in heat transfer
2. Impact of the outdoor environment on the indoor of buildings
3. Mitigation strategies through passive design
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What are the important notions of heat transfer
in building science?
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Heat transfer

= rate at which energy is transferred from one hot body to a cold one
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Heat flux

A

q=0Q/A (inW/m?)
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conduction Thermal conductivity (k)

= heat transferred through a solid Wall

Outdoor Indoor
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Convection

= heat transferred between a solid surface and a gas or liquid

Forced

convection (hy)
Convective heat transfer
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Radiation

Emissivity (€ = @yqq/(0 - T%))
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Heat transfer by radiation
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Shortwave and longwave radiation

)

E Shortwave Longwave

E 200 - ) : 2y

E Utcavioler © visiole  photuaveuonguave A

- . - .

= Sunlight - /’ \

—_ {mean above -

E<:-\' 150 almﬂspherel : "‘ Earth Surfal:_e )

= X Thermal Emissions

& \ (288K blackbody)

2 \

g 100 A

&C"ﬂ \

0 \

5 \

o \

£ 501 A

- LY

J \

E A Y

& o
0 : =
0.1 6 1 2 3 4 6 10 20 3040 60 100 200

Sun

Wavelength (microns)

Building

Tree

Humans

11

Carnegie
Mellon
University



Incident shortwave radiation
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Gsor = (1 —cosO)Kgyir + FspyKair
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Sky view factor

Sky view limited by foliage Sky view limited by building

13

Golden Gate Bridge Eiffel Tower Time Square Singapore Zoo
San Francisco (US) Paris (FR) New York (US) Singapore (Asia)
(37,81008°, -122,47643°) (48,85283°, 2,34940°) (40,75734°, -73 98831°) (1,40290°, 103,79545°)

SVF = 0.87 SVF = 042 SVF =0.37 SVF=0.19
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How is heat transferred into a building?
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Heat transfer through walls or roofs
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Heat balance
AQstoreda = Qgen + Qin — Qout
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Outdoor heat balance
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Indoor heat balance
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Heat transfer through windows

VA
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Infiltration
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Air leaking into the house

A~ " from outdoors.

_»_ Air leaking from inside
_~==7" the house to the outside.
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Natural ventilation

Fresh air from
outside

Hot air from
inside
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How do some passive design strategies work?
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Insulated wall

Bricks

Concrete
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Wood

\ Insulation

Reduction of heat
penetration or loss
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Low-e glass

Double glazed

SHGC = 0.67
67% of solar heat
transmitted

P \ VT =0.78
78% of visible

light transmitted
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Low-e glass

U-factor = 0.25

SHGC = 0.42
42% of solar heat
transmitted

o \ VT =0.72
72% of visible

light transmitted
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Cool roof

Weathered Galv
Roofing 80+°C

Radiant energy
reflected before

Cool Roof
20°C - 40°C cooler
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Green roof

Evapotranspiration
(Cooling effect)

Vegetation
Growth substrate

Filter fabric
Drainage element
Protection layer
Root barrier

Insulation layer

Water proofing membran
Roof deck
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Retro-reflective facades

Conventional windows Conventional high-
reflective windows

Windows with retro-
reflective film
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