
PASSIVE	DESIGN	STATEGIES	AND	DEVICES	

Part	1.		

prof.	arch.	Giuseppe	Ridolfi	PhD	

Scuola di 
Architettura

         

      

         

      

MULTIMEDIA | ARCHITECTURE | INTERACTION

Insolation/Insulation, Thermal Lag, Natural Ventilation & Double Skin Envelopes
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Human	skin																																																								&																																										Building	skin	

Energy	mediator	devices
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HUMAN	BODY	ENERGY	EXCHANGE	WITH	THE	ENVIRONMENTFORMS	of	ENERGY		EXCHANGE
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INDOOR	SPACE	EXCHANGE	WITH	THE	ENVIRONMENT
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Thermal	comfort	exists	when	a	body’s	heat	loss	
equals	its	heat	gain	or	vice	versa.	
The	body	exchanges:	
·62%	of	this	heat	via	radiation,	
·15%	by	evaporation,	
·10%	by	convection,	
·10%	by	respiration	and	
·3%	by	conduction.

http://www2.ecospecifier.org/

Relatively	small	changes	in	mean	radiant	
temperature	have	a	far	greater	effect	than	similar	
changes	in	air	temperatures	(Ballinger	1992).		
This	gives	rise	to	the	importance	of	recognizing	the	
overall	Environmental	Temperature	[T(env)],	as	
opposed	to	just	the	dry	bulb	temperature.	
								

T(env)	=							2/3	Mean	radiant	surface	temperature	+	1/3	Air	temperature

IMPORTANCE	OF	RADIATION	IN	THERMAL	COMFORT
Thermal	mass	influences	comfort	by	radiant	exchanges	with	
the	skin.	In	fact	radiant	exchange	with	mass	surfaces	is	
singularly	the	most	efficient	way	of	maintaining	comfort	
compared	with	an	other	technique	as	the	body	is	more	that	
twice	as	sensitive	to	radiant	losses	and	gains	than	all	other	
pathways	combined	(conduction,	convection,	respiration,	
evaporation)	and	more	than	four	times	as	sensitive	than	any	
other	single	pathway.
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DEFINING PASSIVE DESIGN STRATEGIES 

INSOLATION / INSULATION 
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INSOLATION
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INSOLATION or SUN HARVESTING
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FUNCTIONAL LAY OUT ACCORDING 
TO THERMAL BLOCKS VOCATION
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ALL DAY IN COLD PERIOD

operative temperatureouter surface  temperature
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COLD HOURS IN COLD PERIOD

operative temperatureouter surface  temperature
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WARM HOURS IN COLD SEASON

operative temperatureouter surface  temperature
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HOT HOURS

operative temperatureouter surface  temperature
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HOT HOURS at NIGHT operative temperatureouter surface  temperature
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INSULATION
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INSULATION
…	which	reduces	a	
building's	thermal	
conductivity,	allowing	
it	to	be	heated	or	
cooled	relatively	
separate	from	the	
outside.	
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from monolayer to multilayer envelopesA History of Heat Transfer in Buildings 87

BV_Thermo.indb   87 14.07.14   17:06
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…'SCREENED'/'NOT'SCREENED;'HEAVY/LIGHT;'ADAPTIVE/NOT'ADAPTIVE;'MONOCOQUE/….''
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      BUILDING'ENVELOPE'TYPOLOGIES'

WALL TYPES 
types and positions of layers

Current'situaGon'

InsulaGon'from'inside'

InsulaGon'from'outside'

•reducGon'of''internal'space'
•'interference'with'normal'acGviGes'

•'thermal'bridge'

•modificaGon'of'the'original'external'aspect'
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INTEGRATING'THE'EXISTING'FAÇADE'
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WARM'ROOF' COLD'ROOF'

From'WIKIPEDIA:'

A'vapor&barrier'(or'
vapour&barrier)'is'
any'material'used'

for'damp'proofing,'

typically'a'plasGc'or'

foil'sheet,'that'
resists'diffusion'of'

moisture'through'

wall,'ceiling'and'

floor'assemblies'of'

buildings'and'of'
packaging.'

Technically,'many'of'

these'materials'are'

only'vapor&retarders'
as'they'have'varying'
degrees'of'

permeability.'

VENTILATED'WALL'

ROOF TYPES 
types and positions of layers

vapor retarder
CLASS I   (impermeable) <0.1 per 

CLASS II (semi impermeable) 0.1 -1 perms 
CLASSIII (semi permeable) 1-10 perms 

vapor barrier

*
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GREEN TYPES 
types and positions of layers
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PROPERTY OF AIR AS INSULATION
using porosity and density

CONDUCTIVITY f (DENSITY) >>> RESISTANCE= 1 / CONDUCTIVITY

THERMAL PROPERTIESScuola di 
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REDUCTION'OF'INSULATION'PROPERTY'DUE'TO'HUMIDITY'

INSULATION'MATERIALS'

INSULATION 
MATERIALS 
THERMAL PROPERTIES 
& HUMIDITY  EFFECTS

lower is the thermal conductivity higher is the insolation
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From'WIKIPEDIA:'

The'dew&point'is'the'temperature'
at'which'the'water'vapor'in'air'at'

constant'barometric'pressure'
condenses'into'liquid'water'at'the'

same'rate'at'which'it'evaporates.'At'

temperatures'below'the'dew'point,'
water'will'leave'the'air.'The'

condensed'water'is'called'dew'
when'it'forms'on'a'solid'surface.'

VENTILATED'WALL'

INSULATION 
MATERIALS 
THERMAL PROPERTIES 
& HUMIDITY  EFFECTS
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From'WIKIPEDIA:'

The'dew&point'is'the'temperature'
at'which'the'water'vapor'in'air'at'

constant'barometric'pressure'
condenses'into'liquid'water'at'the'

same'rate'at'which'it'evaporates.'At'

temperatures'below'the'dew'point,'
water'will'leave'the'air.'The'

condensed'water'is'called'dew'
when'it'forms'on'a'solid'surface.'

VENTILATED'WALL'
DEW POINT
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From'WIKIPEDIA:'

The'dew&point'is'the'temperature'
at'which'the'water'vapor'in'air'at'

constant'barometric'pressure'
condenses'into'liquid'water'at'the'

same'rate'at'which'it'evaporates.'At'

temperatures'below'the'dew'point,'
water'will'leave'the'air.'The'

condensed'water'is'called'dew'
when'it'forms'on'a'solid'surface.'

VENTILATED'WALL'TYPICAL WALL VENTILATED WALLTYPICAL WALL
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PLASTER'&'FOAM' RIGID'PANELS''

LOOSE'MATERIALS'MATTS'

INSULATION'MATERIALS/morphologies'

INSULATION 
MATERIALS 

Morphology  
& application systems
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MINERAL'FIBERS'(fiber'glass,'mineral'wool)'

ConvenGonal'and'include:'fiberglass''mineral'wool,'polystyrene,'polyurethane'foam,'and'mulGHfoils.'
These'materials'are'widely'used'because'not'only'are'they'inexpensive'to'buy'and'install,'but'there'is'an'
assumpGon'from'the'building'industry'that'their'performance'ability'is'higher'than'the'natural'

alternaGves.'On'the'downside,'almost'all'convenGonal'insulaGon'materials'contain'a'wide'range'of'
chemical'fire'retardants,'adhesives'and'other'addiGves,'and'the'embodied'energy'in'the'manufacturing'
process'is'very'high.'

They'are'nonHtoxic,'allergenHfree'and'can'be'safely'handled'and'installed.'They'also'allow'for'a'buildings'to'breathe'by'regulaGng'humidity'
through'their'absorbent'properGes,'and'reducing'problems'of'condensaGon.'This'keeps'the'indoor'environment'comfortable'and'protects'
any'Gmber'structures'from'rot.'

Unfortunately,'natural'insulaGon'materials'are'currently'up'to'3'Gmes'more'expensive'than'convenGonal'materials,'which'can'be'prohibiGve'
to'builders,'architects'and'developers.'

EXPANDED'ROCKS'

CLAY'

CELLULAR'CEMENTS'(siliconHcalcium)'

EXPANDED'PLASTICS'(polystyrene,'poliuretan'(siliconHcalciumH'urea'formaldehyde)'

NATURAL'FIBERS'(woolHco(onHcellulose'and'other'wood'derived)'

ConvenBonal&InsulaBon'

Natural&InsulaBon&'

INSULATION'MATERIALS'

INSULATION 
MATERIALS 

Nature of materials
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Sintered&Expanded&
Polystyrene&(EPS)&

Polyurethane'or&
SBferite&
Over%&me,%R*value%
decreases%steadily.%
Is%suscep&ble%to%
moisture%infiltra&on%

Extruded&
Polystyrene&&(XPS)&&
Over%&me,%R*value%
decreases%
minimally%

Not'only'is'polystyrene'in'walkH
ins'made'with'recycled'materials'
and'is'100%'recyclable'but'it'is'

energy'efficient'and'can'save'a'
great'deal'of'money'in'energy'
costs'and'reduce'carbon'footprint'
over'the'lifeHcycle'of'the'walkHin.'

Extruded'Polystyrene'vs'EPS''has'

•'more'density,''

•'around'5'Gmes'insulaGon'properGes'
•'higher'mechanical'resistance'

Polystyrene%usually%called%polystyrol%

InsulaGon'from'petrochemicals''

INSULATION'MATERIALS'

Effect'of'moisture'in'EPS'

Over%&me,%R*value%
decreases.%Is%
suscep&ble%to%
moisture%infiltra&on%
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Different'density'for'different'applicaGons:'CLASS'OF'APPLICATION'(POLYURETHANE'FOAM'OR'STIFERITE)'

INSULATION'MATERIALS'

INSULATION 
MATERIALS 

Nature of materials

INSULATIONS FROM PETROCHEMICALS
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INSULATING'PLASTER'

INSULATING'PANEL'

FIBERGLASS& MINERALWOOD&

INSULATION'MATERIALS'
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.'
Expanded&Clay&Aggregate'
These'are'small'fired'clay'pellets'
that'expand'at'very'high'

temperatures'to'become'
lightweight,'porous'and'weightH
bearing.'They'can'be'used'in'

foundaGons'as'both'an'insulator'
and'aggregate.'They'have'

excellent'thermal'insulaGon'
properGes,'but'high'embodied'
energy.'

PERLITE&LIMECLAY&

INSULATION'MATERIALS'

INSULATION 
MATERIALS 

Nature of materials INSULATIONS FROM MINERAL FIBERS AND EXPANDED ROCKS
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HEMP&FLAX&

The'green'alternaGve'to'syntheGc'insulaGon'is'natural'insulaGon.'There'

are'many'different'types'available,'including:'

Flax&and&Hemp'
Natural'plant'fibers'that'are'available'in'bats'and'rolls,'and'typically'

contain'borates'that'act'as'a'fungicide,'insecGcide'and'fire'retardant.'

Potato'starch'is'added'to'flax'as'a'binder.'Both'materials'have'low'

embodied'energy'and'are'o]en'combined'in'the'same'product.'Examples'
include'Isonat'and'Flax'100.'

Flax&and&Hemp'
It'is'obtained'from'the'cork'oak'(Quercus'Suber'L)'–'a'forest'tree'with'the'

parGcular'feature'of'allowing'itself'to'be'stripped'of'the'outer'casing'
which'it'then'regenerates'in'9'to'10'years.'In'one'cubic'inch'in'size,'there'

are'approximately'200'million'of'minute'cells,'each'seperated'by'an'

impermeable'and'remarkably'strong,'resinous'membrane'(more'than'

50%'of'the'volume'is'air).'This'cellular'structure'makes'cork'light'in'

weight,'buoyant,'resistant'to'the'penetraGon'of'moisture,'compressible,'
resilient,'resistant'to'the'effects'of'fricGon'and'an'ideal'thermal'and'

sound'insulaGon'material.In'addiGon,'cork'is'much'more'chemically'inert'

than'most'materials,'and'is'therefore'capable'of'withstanding'

deterioraGon'through'age.Cork'does'not'support'its'own'combusGon'and'

chars'only'slowly'when'subjected'to'a'flame.'Unlike'some'syntheGc'
insulaGon'materials,'in'burning'it'does'not'produce'chlorides,'cyanides'or'

other'toxic'gases.'

Sheep’s&Wool'
This'material'usually'needs'to'be'treated'with'chemicals'to'prevent'mite'
infestaGon'and'reduce'fire'risk,'although'some'natural'builders'use'it'

untreated'with'success.'It'has'very'low'embodied'energy'(unless'it'is'

imported)'and'performs'excepGonally'well'as'an'insulaGon'material.'

Thermafleece'is'the'most'common'commercial'brand'available.'

STRAW& SHEEP&WOOL&

GREEN&INSULATION&
CORK&

INSULATION'MATERIALS'
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INSULATING'PLASTER' INSULATING'PANEL'

CELLULOSE& WOODFIBRE&

Cellulose'
A'recycled'product'
made'from'

newsprint'and'
other'cellulose'

fibre.'It'is'one'of'

the'most'favoured'
materials'of'

natural'builders'
because'it'can'be'

blown'into'cavity'

walls,'floors'and'
roofs'or'used'as'a'

loose'fill.'Also'it'is'
available'in'quilts,'

boards'and'ba(s.'

Like'hemp'and'flax'
it'contains'borate'

as'an'addiGve.'
Products'include:'

Warmcell'and'

Ecocel.'

Wood&Fibre'
Made'from'wood'
chips'that'have'

been'compressed'
into'boards'or'

ba(s'using'water'

or'natural'resins'as'
a'binder.'It'has'

very'low'embodied'
energy'and'uses'

byHproducts'from'

the'forestry'
industry.'Examples'

include:'Pavatex,'
Thermowall'and'

Homatherm'

INSULATION'MATERIALS'

INSULATION 
MATERIALS 

Nature of materials INSULATIONS FROM NATURAL FIBERS & MATERIALS
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INSULATION 
MATERIALS 

Nature of materials INSULATIONS FROM NATURAL FIBERS & MATERIALS
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INSULATION 
MATERIALS 

DETAILS
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From'WIKIPEDIA:'

The'dew&point'is'the'temperature'
at'which'the'water'vapor'in'air'at'

constant'barometric'pressure'
condenses'into'liquid'water'at'the'

same'rate'at'which'it'evaporates.'At'

temperatures'below'the'dew'point,'
water'will'leave'the'air.'The'

condensed'water'is'called'dew'
when'it'forms'on'a'solid'surface.'

VENTILATED'WALL'THERMAL BRIDGE
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Environmental'Design'Course'
Prof.'G.'Ridolfi,'PhD'

THE BUILDING 
ENVELOPE 

Hannes'Meyer,&Climatological&project&for&Birobidzhan,'1933'
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SHADING 
& REFLECTANCE
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THERMAL LAG
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THERMAL LAG
working with inertia, 

thermal mass 
& mass latency
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Environmental	Temperature	-T(env)	=							2/3	Mean	radiant	surface	temperature	+	1/3	Air	temperature

Internal	temperature	stabilization	

Thermal	mass	influences	comfort	by	radiant	exchanges	with	
the	skin.	In	fact	radiant	exchange	with	mass	surfaces	is	
singularly	the	most	efficient	way	of	maintaining	comfort	

compared	with	an	other	technique	as	the	body	is	
more	that	twice	as	sensitive	to	
radiant	losses	and	gains	than	all	other	
pathways	combined	(conduction,	convection,	respiration,	
evaporation)	and	more	than	four	times	as	sensitive	than	any	
other	single	pathway.

THERMAL LAG
energy transmission  

by radiation
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Thermal	Lag		is	related	to	a	body	with	high	
thermal	mass	(high	heat	capacity	and	low	
conductivity)	that	will	have	a	capacity	to	store	
thermal	energy		for	a	certain	amount	of	time

Thermal	diffusivity	is	the	thermal	
conductivity	divided	by	density	and	
specific	heat	capacity	at	constant	
pressure

What	is	THERMAL	LAG?																																												

thermal	mass	is	a	property	of	the	mass	of	a	
building	which	enables	it	to	store	heat,	
providing	"inertia"

INERTIA	vs	INSULATION Inertia	is	distinctive	alternative	from	insulation	
that	allows	to	smooth	temperature	fluctuations	
known	as	the	thermal	flywheel	effect.	

wikipedia
Heat capacity or thermal capacity is a 
physical property of matter, defined as the 
amount of heat to be supplied to a given 
mass of a material to produce a unit 
change in its temperature.[1] The SI unit of 
heat capacity is joule per kelvin (J/K).

THERMAL MASS

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      

         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN

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


http://www2.ecospecifier.org/knowledge_base/technical_guides/thermal_mass_building_comfort_energy_efficiency

Specific	heat	is	the	amount	of	heat	
needed	to	raise	the	temperature	of	one	
kilogram	of	mass	by	1	kelvin.

Heat	capacity	by	materials

THERMAL MASS (KJ/m3.K)

highest

lowestAutoclaved Aerated Concrete

Fiber Cement
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The	effect	of	using	heat	generated	during	the	day	to	warm	at	night	in	winter	
and	vice	versa	in	summer	is	known	as	the	‘thermal	flywheel’	effect.	The	
effectiveness	of	the	flywheel	depends	on	the	time	lag	introduced	to	a	building	
by	an	external	wall	or	other	boundary	element.	As	can	be	seen	from	Figure	3,	
time	‘lag’	is	the	time	delay	between	external	maximum	or	minimum	
temperatures	and	internal	maximum	or	minimum	temperatures	respectively

Time	lag	+	temperature	reduction
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A	thermal	flywheel	effect	from	Nature:	Marine	breezes
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Thermal	mass	affects	the	temperature	
within	a	building	by	stabilizing	internal	
temperatures	in	three	ways:	
•					stabilizing	internal	temperatures	by	
providing	heat	source	and	heat	sink	
surfaces	for	radiative,	conductive	and	
convective	heat	exchange	processes;	
•					providing	a	time-lag	in	the	
equalization	of	external	and	internal	
temperatures;	
•					providing	a	temperature	reduction	
across	an	external	wall	(the	decrement	
factor).thermography
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		When	heat	enters	a	space	directly	by	
penetration	of	sunlight,	lighting,	equipment	
losses	or	heating,	the	temperature	rise	will	
be	in	inverse	relationship	to	the	accessible	
volume	of	thermal	mass.	Therefore,	the	
indoor	temperature	will	rise	almost	
immediately	if	there	is	little	thermal	mass	in	
the	room.

Thermal	mass	effects	on	diurnal	indoor	temperatures	of	various	materials.

Internal	temperature	stabilization	
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Radiant	energy	stored	during	the	24	hours
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Thermal	mass	effects	on	diurnal	indoor	temperatures	
of	comparative	insulated	cavity	brick		&	lightweight	
structures	(Think	Brick	Australia	2006)

Internal	temperatures	stabilization	using	different	structural	materials	
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COOLING	vs	HEATING:	Thermal	storage	strategy

Effect	of	Thermal	mass	storage
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Effect	of	Thermal	mass	storage
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•	External	walls	require	minimum	levels	of	added	insulation	for	wall	types	
under	200kg/m2		
In	the	case	of	if	adequate	solar	heat	various	kinds	of	earth	walls	such	as	adobe,	
rammed	earth	and	compressed	earth	blocks,	with	their	time	lags	of	10-11+	
hours,	is	recommended	left	unsealed	or	finished	with	a	‘breathable’	paint.	
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Locating	mass	in	a	building
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Locating	mass	in	a	building
Baverstock	(1994)	has	shown	that	mass	used	in	

this	way	can	provide	27%	of	the	overall	
building	cooling	benefits	and	38%	of	the	
overall	building	heating	benefits.)
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THERMAL	STORAGE	FOR	HOT	ARID	CLIMATE	 Locating	mass	in	a	building
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Trombe	wall
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Modified	Trombe	wall
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NATURAL 
VENTILATION 
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NATURAL 
VENTILATION 
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•	To	heat/cool	through	thermal	convection	
•	to	refresh	through	the	sweating	acceleration	
•	to	clean	exhausted	indoor	air,	smoke,…	
•	to	prevent	condensation,	moisture,	and	germs

WIND,	AND	PASSIVE	VENTILATION
For	cooling,	better	thermal	distribution	and	indoor	air	quality
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Air	heating	(left)	versus	radiant	heating	(right)	in	a	
church	building.	Source:	Fabric-friendly	heating,	

Dario	Camuffo.

Radiant	heating	systems	compensate	a	
lower	air	temperature	with	a	higher	radiant	
temperature,	while	air	heating	systems	
compensate	a	lower	radiant	temperature	
with	a	higher	air	temperature.	The	
operative	temperature	--	a	weighted	
average	of	both	--	can	be	the	same.	Source:	
Radiant	Heating	&	Cooling	Handbook,	
Richard	Watson,	2008.	

RADIATION	vs	CONVECTION	FOR	INDOOR	HEATING
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WIND	CHILL-	Siple	e	Passel	del	1945	reviewed	in	2001

COOLING EFFECT ON APPARENT TEMPERATURE
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TYPES	&	FACTORS	OF	AIR	MOVEMENTS

1

2

3

∆	Pressure	f	(humidity,	altitude,	temperature)	from	high	pressure	to	low	pressure	

Density	f	(temperature,	altitude)	bottom	up	convective	air	movements	

Kinetic	f	(air	velocity)	directional	force		

f	[temperature	>thermal	energy	|	altitude	>	gravitational	energy	|	velocity	>	cinetic	energy	|	humidity	>hygrometry]	

TYPES	OF	INDOOR	VENTILATION

STACK	VENTILATION	

CROSS	VENTILATION	

upward draft

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      

         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN



DENSITY:
low

HIGH		PRESSURE

AIR	MOVEMENTS	BY	DIFFERENT	PRESSURE

kinetic		
stasis	of		
particles

kinetic		
increase	of		
particles	

TEMPERATURE:
high

high

low

LOW	PRESSURE

1

f	[temperature	>thermal	energy	|	altitude	>	gravitational	energy	|	velocity	>	cinetic	energy	|	humidity	>hygrometry]	
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Horizontal movement Vertical movement 

_

+

Barometric	pressure



DENSITY:
low

HIGH		PRESSURE

AIR	MOVEMENTS	BY	DIFFERENT	PRESSURE

kinetic		
stasis	of		
particles

kinetic		
increase	of		
particles	

TEMPERATURE:
high

high
low

LOW	PRESSURE

1

Il	surriscaldamento	
dell’aria	comporta	la	
dilatazione	del	gas	e	
conseguentemente	
riduzione	del	peso		
dell’aria	che	ne	induce	il	
movimento	verso	l’alto.	
Viceversa	il	suo	
raffreddamento	provoca	
il	fenomeno	inverso	

AIR	MOVEMENTS	BY	DIFFERENT	DENSITY2
–	Buoyancy	Effect	–

stack	(or	chimney)	effect

low highHUMIDITY:
NB.	Anche	l’aumento	di	vapore	acqueo	
comporta	una	diminuzione	di	peso	in	quanto	la	
sua	densità	è	minore	degli	altri	gas	che	
compongono	l’aria

ALTITUDE: lowhigh
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AIR	MOVEMENTS	BY	DIFFERENT	DENSITY2
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AIR	MOVEMENTS	BY	DIFFERENT	DENSITY	&	PRESSURE
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Gradient	W
ind

WINDS	AIR	MOVEMENTS	BY	PRESSURE
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GLOBAL	WINDS	
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Mountain	and	Valley	Breezes	
Mountain	and	valley	breezes	are	common	in	regions	with	great	topographic	relief	(Figure	7o-6	
and	7o-7).	A	valley	breeze	develops	during	the	day	as	the	Sun	heats	the	land	surface	and	air	at	
the	valley	bottom	and	sides	(Figure	7o-6).	As	the	air	heats	it	becomes	less	dense	and	buoyant	
and	begins	to	flow	gently	up	the	valley	sides.	Vertical	ascent	of	the	air	rising	along	the	sides	of	
the	mountain	is	usually	limited	by	the	presence	of	a	temperature	inversion	layer.	When	the	
ascending	air	currents	encounter	the	inversion	they	are	forced	to	move	horizontally	and	then	
back	down	to	the	valley	floor.	This	creates	a	self-contained	circulation	system.	If	conditions	are	
right,	the	rising	air	can	condense	and	form	into	cumuliform	clouds.	

During	the	night,	the	air	along	the	mountain	slopes	begins	to	cool	quickly	because	of	longwave	
radiation	loss	(Figure	7o-7).	As	the	air	cools,	it	becomes	more	dense	and	begins	to	flow	down	
slope	causing	a	mountain	breeze.	Convergence	of	the	draining	air	occurs	at	the	valley	floor	and	
forces	the	air	to	move	vertically	upward.	The	upward	movement	is	usually	limited	by	the	
presence	of	a	temperature	inversion	which	forces	the	air	to	begin	moving	horizontally.	This	
horizontal	movement	completes	the	circulation	cell	system.	In	narrowing	terrain,	mountain	
winds	can	accelerate	in	speed	because	of	the	venturi	effect.	Such	winds	can	attain	speeds	as	
high	has	150	kilometers	per	hour.

SEASONAL	WINDS
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SEA	&	LAND	BREEZES
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Kinetic	f	(air	velocity)	directional	force3
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Kinetic	f	(air	velocity)	directional	force3
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Kinetic	f	(air	velocity)	directional	force3
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+

_
Bernoulli	principle=	higher	speed	lower	pressure		

∆	Pressione	f	(velocità,	altitudine)	spostamenti	verso	la	bassa	pressione	
FROM	HIGHER	PRESSURE																													TO	LOWER	PRESSURE	

+ _

MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	CAUSE/EFFETTI	DEI	DIFFERENZIALI	DI	PRESSIONE3
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=

RICONOSCERE	I	DIFFERENZIALI	DI	PRESSIONE	INDOTTI	DAL	VENTO	SUGLI	EDIFICI	
	

+
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LOW	PRESSURE

Skinny	buildings	create		
deeper	low	pressure	area

Taller	buildings	create		
(proportionally)	deeper		
low	pressure	area

LEEWARD	
underpressure	zone

WINDWARD	
overpressure	zone

INTUITIVE	METHODS	
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LOW	PRESSURE

2L

0,93L

0,66	L

L
L L

Shorter	building	creates	(proprotionally)		
a	deeper	low	pressure	area	

Longest	building	create	
A	deeper	low	pressure	area
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COMPUTATIONAL	METHODS	
WINDS		&	AIRFLOW	MODELING



WINDS		&	AIRFLOW	MODELING
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Understanding	the	air	flow	and	distribution	patterns	for	buildings.		
The	building	form	and	shape	can	affect	how	air	flows	through	the	building	and	across	neighboring	developments	into	the	building.		
This	is	an	important	consideration	for	natural	ventilation	and	can	significantly	reduce	costs	of	air-conditioning	provisions.		
There	are	Computational	Fluid	Dynamics	(CFD)	tools	available	that	can	help	simulate	the	air-flow	patterns		within	built-spaces	as	well	
as	for	whole	building	estates		

Basic	software	tool:	
Flow	Design	http://www.autodesk.com/education/free-software/flow-design	(student	version	available)	

Other	popular	software	tools:	
Fluent	by	Ansys:	http://www.ansys.com/.	(student	version	available)	
FloVent	from	Mentor	Graphics:	http://www.mentor.com/.		
Comsol	Multiphysics	modeling	software:	https://www.comsol.com/.		

References		
AIA	(The	American	Institute	of	Architects)	(2012)	An	Architect’s	guide	to	integrating	energy	modeling	in	the	design	process		
ERI@N	(Energy	Research	Institute	@	NTU)	(2013)	Nanyang	Technological	University	(NTU),	Singapore		
NREL	(2009)	A	handbook	for	planning	and	conducting	charrettes	for	high-performance	projects,	National	Renewable	Energy	Laboratory	(NREL),	Sept	2009		
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AIRFLOW	MODELING.	Procedures	in	Flow	Design
1-	determine	the	coldest	and	the	hottest	hours	
2-	for	these	hours	find	the	most	frequent	wind	directions

3-	import	your	model	in	Flow	Design	
4.	Rotate	the	model	according	to	the	wind	direction	previously	found

5	Run	the	simulation	in	Flow	design	
6	set	the	appropriate	visualisation	and	analyse	the	results

A

B

C
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•	Designing	skin	openings	for	good	cross	ventilation			
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45

Diagonal	wind	(around	45°)	is	
better	than	hortogonal	for	an	
homogenous	distribution	of	
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•	Designing	skin	openings	for	good	cross	ventilation			
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VENTURI	EFFECT	:			Higher	speed	(lower	pressure)	if	the	entrance	is	smaller	than	the	exit	

Pairing	a	large	outlet	with	a	small	inlet	
increases	incoming	wind	speed.

•	Designing	skin	openings	for	good	cross	ventilation			
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•	Designing	fins	for	good	cross	ventilation			

_
+
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DENSITY	&	CONVECTIVE	MOVEMENTS	2 f	(temperature,	altitude)	bottom	up	convective	air	movements	
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il	sistema	a	pavimenti	radianti	garantisce	una	più	omogenea	distribuzione	delle	temperature	interne

HEATING
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COOLING

Sistema	raffreddamento	a	piastra	radiante
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Cross	ventilation	+	Stack	effect	room	diagrams

Working	with	natural	ventilation
Air	movement:	VERTICAL	VENTILATION

REMEMBER: 
Kinetic force (wind direction and intensity ) 
Difference of Pressure 
Difference of density

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      

         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN



HOW TO INCREASE STACK EFFECT: 
• OVERHEAT THE ROOF, THE CHIMNEY,..

• INCREASE THE DISTANCE BETWEEN INLET AND OUTLET
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winter	time	
–		Air	within	a	building	acts	like	a	
bubble	of	hot	air	in	a	sea	of	cold	air		
–		Rises	to	the	top	
–		Draws	outdoor	air	in	from	cracks/
gaps/openings	in	the	bottom		
–		Indoor	air	flows	out	through	
openings	in	the	top

summer	time	
–		Air	within	a	building	acts	like	a	bubble	of	
cold	air	in	a	sea	of	hot	air	–		Falls	to	the	
bottom	
–		Drives	indoor	air	out	through	cracks/gaps/
openings	in	bottom	–		Outdoor	air	is	drawn	in	
through	openings	in	the	top	
•		Temperature	differences	usually	lower	in	the	
summer	time	so	the	amount	of	flow	is	smaller

REMEMBER: 
Kinetic force  
Difference of Pressure 
Difference of density
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MOVIMENTO	ARIA
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Summer	time
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FROM	HIGHER	PRESSURE																													TO	LOWER	PRESSURE	

+ _
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Chimney
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FROM	HIGHER	PRESSURE																													TO	LOWER	PRESSURE	

+ _

_

+

Barometric	pressure

EFFECT OF BAROMETRIC PRESSURE     f(high)
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WINTER																													SPRING	&	FALL																				SUMMER					

The NEUTRAL PRESSURE PLANE (NPP)

Combination of Baramoteric Pressure and Indoor Pressure
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P	atmosferica	esterna		P	interna		 R	isultante	
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8

16

Natural driving mechanisms -- Buoyancy
Stack effect

17

Applications: Supply of outdoor air

• Supply of outdoor air  removal of pollutants
– In air changes per hour (AER or h-1) or liters per person per 

second (l/s-p)  
– What happens if you have a very tall space?

• Pollutant concentration = source strength/removal rate
– Removal rate includes dilution/exhaust plus deposition on 

surfaces or chemical interactions/transformation
– Chemicals: source strength expressed as mg of pollutant / m2-h 

or mg/h
– Dilution/exhaust rate expressed as dilution ventilation (air 

changes per hour)
– Deposition: gcm-1s-1

13

26

Concept of the neutral level
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pressure 
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Single-sided ventilation

16

32

Stack driving flows in a building
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Wind floor 18F

Memorial Hall

Entrance Hall

Lecture 
Rooms

Graduate School

Offices

Library Car Parking

Roof Garden

119.5m

Heat Storage TankRain Water Tank

Canteen

Roof Garden

Stack effect in a 
high rise 
building
Liberty Tower, 
Meiji University, 
Tokyo

Stack effect
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28

Influence of wind and temperature (stack 
effect) on ventilation and air flow pattern

(source: AIVC, 2009)

29

Cross flow ventilation 
(source: AIVC, 2009)

14

28

Influence of wind and temperature (stack 
effect) on ventilation and air flow pattern

(source: AIVC, 2009)

29

Cross flow ventilation 
(source: AIVC, 2009)
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Single-sided ventilation

4949

Natural and Mixed Mode Ventilation Mechanisms

Courtesy of Martin Liddament via Yuguo Li

Mixed Mode Ventilation

Sketch of school system
Sketch of B&O Building

Natural Ventilation

Cross Flow Wind

Mixed Mode Ventilation

Wind Tower Stack (Flue) Stack (Atrium)

Fan Assisted Stack 

heated/cooled
pipes

heated/cooled
ceiling void

Top Down Ventilation

chilled pipes

Buried Pipes

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      

         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN



“Driving	forces”	of	ventilation	and	infiltration:	ΔP		

1.	Three	primary	mechanisms	generate	pressure	differences:	
–		Wind	
•		Caused	by	wind	impinging	on	a	building,	creating	a	distribution	of	pressures	on	the	exterior	surface	
•		Depends	on	wind	direction,	wind	speed,	air	density,	surface	orientation,	and	surrounding	conditions	

–		Stack	effect	(natural	buoyancy)	
•	Caused	by	the	weight	of	a	column	of	air	located	inside/outside	a	building	
•	Depends	on	air	density	and	height	above	a	neutral	reference	level		

–		Density	is	a	function	of	temperature	(so	it	is	temperature	driven)	
–		Mechanical	air	handling	equipment	(fans)	
•		Fans	are	used	to	supply,	recirculate,	exhaust,	and	otherwise	balance	
pressures	and	flows	in	buildings

ΔP	=	ΔPwind	+	ΔPstack	+	ΔPmech

MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	CAUSE	COMBINATE3
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P	atmosferica		 P	interna		R	isultante	

WINTER																													COLD HOURS HOT HOURS

HOT HOURS

COLD HOURS

AIR MOVEMENTS IN HOT/COLD HOURS 
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WINTER																													

AIR MOVEMENTS  
IN COLD WINDY HOURS 

WIND



o2a Studio has unveiled their 
proposal for the Lorry I. Lokey School 
of Management at Tel Aviv University. 

https://www.archdaily.com
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Stack driving flows in a building
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Wind floor 18F

Memorial Hall

Entrance Hall

Lecture 
Rooms

Graduate School

Offices

Library Car Parking

Roof Garden

119.5m

Heat Storage TankRain Water Tank

Canteen

Roof Garden

Stack effect in a 
high rise 
building
Liberty Tower, 
Meiji University, 
Tokyo

Stack effect
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34

Wind Floor
for Hybrid 
Ventilation

Gross Floor Area: 59000 m2

completed in 1998

Meiji University Liberty Tower, Tokyo, Japan
(source: Professor Toshihara Ikaga, Keio University)

35

Natural ventilation in buildings
Francis Allard, Mat Santamouris, Servando Alvarez, European 

Commission. Directorate-General for Energy, ALTENER Program
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THE'FIRST'EXAMPLE:'STEIFF'FACTORY'in'GIENGEN'1903''

DOUBLE'SKIN'FAÇADE'
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The'Zuyev'Workers'Club.'Ilya'Golosov,'1926.'A'precedent'of'double'skin'glazed'walls'in'Moscow'before'the'Centrosoyuz.'

DOUBLE'SKIN'FAÇADE'
The DOUBLE SKIN FACADE
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      DOUBLE'SKIN'FAÇADE'+'MECHANICAL'VENTILATION'

PREHHEATING'/'REFRESHING''SYSTEM' EXHAUST'DUCTING'SYSTEM'
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      DOUBLE'SKIN'SHAFT'

WINTER' SUMMER'

HEATING'

CHIMNEY'EFFECT'

REFRESHING'

GREENHOUSE''EFFECT'

CLEANING'

(exhausted'air)'

WINTER/SUMMER'
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      DOUBLE'SKIN:'CORRIDOR'FAÇADE''
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Environmental'Design'Course'
Prof.'G.'Ridolfi,'PhD'

THE BUILDING 
ENVELOPE 

Hannes'Meyer,&Climatological&project&for&Birobidzhan,'1933'
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