


Energy	mediator	devices=	Human	skin	&	Building	skin		



EFFECT	OF	WIND	ON	TEMPERATURE	(Apparent	Temperature)	
Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	



Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	



WIND	CHILL-	Siple	e	Passel	del	1945	reviewed	in	2001	
Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)	



WINDS	&	PASSIVE	VENTILATION	

f	[cine'c	energy	f(velocity),	gravita'onal	energy	f(al'tude),	thermal	energy	f(temperature),	mass/volume	f(density)]	
	



LA	RELAZIONE	TRA		ALTA/BASSA	PRESSIONE	&	ALTA/BASSA	TEMPERATURA	
	

IN	TERMODINAMICA	

BASSA	PRESSIONE	 ALTA	PRESSIONE	

DENSITA’	
+pesante	

Densita’	
+leggero	

freddo	 caldo	

BASSA	PRESSIONE	 ALTA	PRESSIONE	
con	espansione	del	volume	

e	riduzione	di	peso	

freddo	 caldo	
Il	surriscaldamento	
dell’aria	comporta	la	
dilatazione	del	gas	e	
conseguentemente	
riduzione	del	peso	
dell’aria	

IN	METEOROLOGIA	

Buoyancy	Effect	

UN	CHIARIMENTO	PRELIMINARE:	

stasi	
cine>ca	
par>celle	

aumento	
cine>co	
par>celle	



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	boIom	and	sides	(Figure	7o-6).	As	the	air	heats	it	becomes	less	dense	and	buoyant	
and	begins	to	flow	gently	up	the	valley	sides.	Ver>cal	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	circula>on	system.	If	condi>ons	
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	
radia>on	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	ver>cally	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	circula>on	cell	system.	In	narrowing	terrain,	mountain	
winds	can	accelerate	in	speed	because	of	the	venturi	effect.	Such	winds	can	aIain	speeds	as	
high	has	150	kilometers	per	hour.	

MOVEMENT	OF	AIR	BY	METEREOLOGICAL	PRESSURE	

Monson	season	

A	

A	

B	B	

B	 B	



Thermal	Circula>ons	
winds	blow	because	of	differences	in	atmospheric	pressure.	Pressure	gradients	may	develop	
on	a	local	to	a	global	scale	because	of	differences	in	the	hea>ng	and	cooling	of	the	Earth's	
surface.	Hea>ng	and	cooling	cycles	that	develop	daily	or	annually	can	create	several	common	
local	or	regional	thermal	wind	systems.	The	basic	circula>on	system	that	develops	is	
described	in	the	generic	illustra>ons	below.	
	
	
	
Figure	7o-1:	Cross-sec>on	of	the	atmosphere	with	uniform	horizontal	atmospheric	pressure.	
	
In	this	first	diagram	(Figure	7o-1),	there	is	no	horizontal	temperature	or	pressure	gradient	
and	therefore	no	wind.	Atmospheric	pressure	decreases	with	al>tude	as	depicted	by	the	
drawn	isobars	(1000	to	980	millibars).		
	
In	the	second	diagram	(Figure	7o-2),	the	poten>al	for	solar	hea>ng	is	added	which	creates	
contras>ng	surface	areas	of	temperature	and	atmospheric	pressure.	The	area	to	the	right	
receives	more	solar	radia>on	and	the	air	begins	to	warm	from	heat	energy	transferred	from	
the	ground	through	conduc>on	and	convec>on.	The	ver>cal	distance	between	the	isobars	
becomes	greater	as	the	air	rises.	To	the	far	lep,	less	radia>on	is	received	because	of	the	
presence	of	cloud,	and	this	area	becomes	rela>vely	cooler	than	the	area	to	the	right.	In	the	
upper	atmosphere,	a	pressure	gradient	begins	to	form	because	of	the	rising	air	and	upward	
spreading	of	the	isobars.	The	air	then	begins	to	flow	in	the	upper	atmosphere	from	high	
pressure	to	low	pressure.	
	
	
	
	
Figure	7o-2:	Development	of	air	flow	in	the	upper	atmosphere	because	of	surface	hea>ng.	
	
Figure	7o-3	shows	the	full	circula>on	system	in	ac>on.	Beneath	the	upper	atmosphere	high	is	
a	thermal	low	pressure	center	created	from	the	hea>ng	of	the	ground	surface.	Below	the	
upper	atmosphere	low	is	a	thermal	high	created	by	the	rela>vely	cooler	air	temperatures	
and	enhanced	by	the	descending	air	from	above.	Surface	air	temperatures	are	cooler	here	
because	of	the	obstruc>on	of	shortwave	radia>on	absorp>on	at	the	Earth's	surface	by	the	
cloud.	At	the	surface,	the	wind	blows	from	the	high	to	the	low	pressure.	Once	at	the	low,	the	
wind	rises	up	to	the	upper	air	high	pressure	system	because	of	thermal	buoyancy	and	
ourlow	in	the	upper	atmosphere.	From	the	upper	high,	the	air	then	travels	to	the	upper	air	
low,	and	then	back	down	to	the	surface	high	to	complete	the	circula>on	cell.	The	circula>on	
cell	is	a	closed	system	that	redistributes	air	in	an	equitable	manner.	It	is	driven	by	the	greater	
hea>ng	of	the	surface	air	in	the	right	of	the	diagram.	
	
	
	
Figure	7o-3:	Development	of	a	closed	atmospheric	circula>on	cell	because	of	surface	
hea>ng.	
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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	boIom	and	sides	(Figure	7o-6).	As	the	air	heats	it	becomes	less	dense	and	buoyant	
and	begins	to	flow	gently	up	the	valley	sides.	Ver>cal	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	circula>on	system.	If	condi>ons	
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	
radia>on	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	ver>cally	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	circula>on	cell	system.	In	narrowing	terrain,	mountain	
winds	can	accelerate	in	speed	because	of	the	venturi	effect.	Such	winds	can	aIain	speeds	as	
high	has	150	kilometers	per	hour.	

Mountain	and	Valley	Breezes	

MOVEMENT	OF	AIR	BY	WEIGHT	AND	PRESSURE	



Monsoon	Winds	
Monsoons	are	regional	scale	wind	systems	that	predictably	change	direc>on	with	the	passing	
of	the	seasons.	Like	land/sea	breezes,	these	wind	systems	are	created	by	the	temperature	
contrasts	that	exist	between	the	surfaces	of	land	and	ocean.	However,	monsoons	are	different	
from	land/sea	breezes	both	spa>ally	and	temporally.	Monsoons	occur	over	distances	of	
thousands	of	kilometers,	and	their	two	dominant	paIerns	of	wind	flow	act	over	an	annual	
>me	scale.	
	
During	the	summer,	monsoon	winds	blow	from	the	cooler	ocean	surfaces	onto	the	warmer	
con>nents.	In	the	summer,	the	con>nents	become	much	warmer	than	the	oceans	because	of	
a	number	of	factors.	These	factors	include:	
	
Specific	heat	differences	between	land	and	water.	
Greater	evapora>on	over	water	surfaces.	
Subsurface	mixing	in	ocean	basins	which	redistributes	heat	energy	through	a	deeper	layer.	
Precipita>on	is	normally	associated	with	the	summer	monsoons.	Onshore	winds	blowing	
inland	from	the	warm	ocean	are	very	high	in	humidity,	and	slight	cooling	of	these	air	masses	
causes	condensa>on	and	rain.	In	some	cases,	this	precipita>on	can	be	greatly	intensified	by	
orographic	uplip.	Some	highland	areas	in	Asia	receive	more	than	10	meters	of	rain	during	the	
summer	months.	
	
In	the	winter,	the	wind	paIerns	reverse	as	the	ocean	surfaces	are	now	warmer.	With	liIle	
solar	energy	available,	the	con>nents	begin	cooling	rapidly	as	longwave	radia>on	is	emiIed	to	
space.	The	ocean	surface	retains	its	heat	energy	longer	because	of	water's	high	specific	heat	
and	subsurface	mixing.	The	winter	monsoons	bring	clear	dry	weather	and	winds	that	flow	
from	land	to	sea.	
	
Figure	7o-8	illustrates	the	general	wind	paIerns	associated	with	the	winter	and	summer	
monsoons	in	Asia.	The	Asia>c	monsoon	is	the	result	of	a	complex	clima>c	interac>on	between	
the	distribu>on	of	land	and	water,	topography,	and	tropical	and	mid-la>tudinal	circula>on.	In	
the	summer,	a	low	pressure	center	forms	over	northern	India	and	northern	Southeast	Asia	
because	of	higher	levels	of	received	solar	insola>on.	Warm	moist	air	is	drawn	into	the	thermal	
lows	from	air	masses	over	the	Indian	Ocean.	Summer	hea>ng	also	causes	the	development	of	
a	strong	la>tudinal	pressure	gradient	and	the	development	of	an	easterly	jet	stream	at	an	
al>tude	of	about	15	kilometers	and	a	la>tude	of	25°	North.	The	jet	stream	enhances	rainfall	in	
Southeast	Asia,	in	the	Arabian	Sea,	and	in	South	Africa.	When	autumn	returns	to	Asia	the	
thermal	extremes	between	land	and	ocean	decrease	and	the	westerlies	of	the	mid-la>tudes	
move	in.	The	easterly	jet	stream	is	replaced	with	strong	westerly	winds	in	the	upper	
atmosphere.	Subsidence	from	an	upper	atmosphere	cold	low	above	the	Himalayas	produces	
ourlow	that	creates	a	surface	high	pressure	system	that	dominates	the	weather	in	India	and	
Southeast	Asia.	
	
Monsoon	wind	systems	also	exist	in	Australia,	Africa,	South	America,	and	North	America	

Sea	and	Land	Breezes	
Sea	and	land	breezes	are	types	of	thermal	circula>on	systems	that	develop	at	the	interface	of	
land	and	ocean.	At	this	interface,	the	dissimilar	hea>ng	and	cooling	characteris>cs	of	land	and	
water	ini>ate	the	development	of	an	atmospheric	pressure	gradient	which	causes	the	air	in	
these	areas	to	flow.	During	the	day>me	land	heats	up	much	faster	than	water	as	it	receives	
solar	radia>on	from	the	Sun	(Figure	7o-4).	The	warmer	air	over	the	land	then	begins	to	expand	
and	rise	forming	a	thermal	low.	At	the	same	>me,	the	air	over	the	ocean	becomes	a	cool	high	
because	of	water's	slower	rate	of	hea>ng.		
	
Air	begins	to	flow	as	soon	as	there	is	a	significant	difference	in	air	temperature	and	pressure	
across	the	land	to	sea	gradient.	The	development	of	this	pressure	gradient	causes	the	heavier	
cooler	air	over	the	ocean	to	move	toward	the	land	and	to	replace	the	air	rising	in	the	thermal	
low.	This	localized	air	flow	system	is	called	a	sea	breeze.	Sea	breeze	usually	begins	in	mid	
morning	and	reaches	its	maximum	strength	in	the	later	apernoon	when	the	greatest	
temperature	and	pressure	contrasts	exist.	It	dies	down	at	sunset	when	air	temperature	and	
pressure	once	again	become	similar	across	the	two	surfaces.	
	
At	sunset,	the	land	surface	stops	receiving	radia>on	from	the	Sun	(Figure	7o-5).	As	night	
con>nues	the	land	surface	begins	losing	heat	energy	at	a	much	faster	rate	than	the	water	
surface.	Aper	a	few	hours,	air	temperature	and	pressure	contrasts	begin	to	develop	between	
the	land	and	ocean	surfaces.	The	land	surface	being	cooler	than	the	water	becomes	a	thermal	
high	pressure	area.	The	ocean	becomes	a	warm	thermal	low.	Wind	flow	now	moves	from	the	
land	to	the	open	ocean.	This	type	of	localized	air	flow	is	called	a	land	breeze.	

MOVEMENT	OF	AIR	BY	WEIGHT	AND	PRESSURE	

Sea	and	Land	Breezes	



MOVIMENTO	PASSIVO	DELL’ARIA	NEGLI	EDIFICI	

Cine+ca	f	(velocità	del	vento)	spinta	direzionale	
	
∆	Pressione	f	(velocità,	al'tudine)	movimento	verso	bassa	pressione	
	
Densità	f	(temperatura,	al'tudine)	movimento	verso	l’alto	
	



MOVIMENTO	PASSIVO	DELL’ARIA	NEGLI	EDIFICI	

Cine+ca	f	(velocità	del	vento)	spinta	direzionale	
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MOVIMENTO	PASSIVO	DELL’ARIA	NEGLI	EDIFICI	

∆	Pressione	f	(velocità,	al'tudine)	movimento	verso	la	bassa	pressione	
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MOVIMENTO	PASSIVO	DELL’ARIA	NEGLI	EDIFICI	

FROM	HIGHER	PRESSURE																													TO	LOWER	PRESSURE		
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∆	Pressione	f	(velocità,	al'tudine)	movimento	verso	la	bassa	pressione	
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FROM	HIGHER	PRESSURE																													TO	LOWER	PRESSURE		
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∆	Pressione	f	(velocità,	al'tudine)	movimento	verso	la	bassa	pressione	
	



WINDS		&	AIRFLOW	MODELING	



WINDS	&	AIRFLOW	MODELING	
	
	
	
	
Understanding	the	air	flow	and	distribu5on	pa7erns	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	considera'on	for	natural	ven'la'on	and	can	significantly	reduce	costs	of	air-condi'oning	provisions.		
There	are	Computa'onal	Fluid	Dynamics	(CFD)	tools	available	that	can	help	simulate	the	air-flow	paMerns		within	built-spaces	
as	well	as	for	whole	building	estates		
	
Basic	sopware	tool:	
Flow	Design	hIp://www.autodesk.com/educa>on/free-sopware/flow-design	(student	version	available)	
	
Other	popular	sopware	tools:	
Fluent	by	Ansys:	hIp://www.ansys.com/.	(student	version	available)	
FloVent	from	Mentor	Graphics:	hIp://www.mentor.com/.		
Comsol	Mul+physics	modeling	sopware:	hIps://www.comsol.com/.		
	
References		
AIA	(The	American	Ins>tute	of	Architects)	(2012)	An	Architect’s	guide	to	integra>ng	energy	modeling	in	the	design	process		
ERI@N	(Energy	Research	Ins>tute	@	NTU)	(2013)	Nanyang	Technological	University	(NTU),	Singapore		
NREL	(2009)	A	handbook	for	planning	and	conduc>ng	charreIes	for	high-performance	projects,	Na>onal	Renewable	Energy	Laboratory	(NREL),	Sept	
2009		
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LOW	PRESSURE	

WINDS	&	AIRFLOW	MODELING	

Skinny	buildings	create		
deeper	low	pressure	area	

Taller	buildings	create	(propor>onally)	
deeper	low	pressure	area	



LOW	PRESSURE	
2L	

0,93L	

0,66	L	

L	
L	 L	

Shorter	building	creates	(propro>onally)		
a	deeper	low	pressure	area	
	
	
	
	
	
Longest	building	create	
A	deeper	low	pressure	area	

WINDS	&	AIRFLOW	MODELING	



1-	determine	the	coldest	and	the	hoIest	seasonal	period	and	hours	
2-	for	that	periods	find	the	most	frequent	wind	direc>ons	

WINDS	&	AIRFLOW	MODELING	//	wind	analysis	



3-	define	wind	speed	for	the	hoIest	and	coldest	periods	
4-	reduce	the	speed	according	to	al>tude	and	roughness	of	the	site		

WINDS	&	AIRFLOW	MODELING	//	wind	analysis	



5-	Orient	the	model	according	to	the	wind	direc>on	

WINDS	&	AIRFLOW	MODELING	//	wind	analysis	



6-	Set	the	wind	velocity	&	analyze	results	(low,	high	pressure	zones)	
	
NOTE:	in	order	to	get	a	beIer	visualiza>on,	wind	speed	can	be	propor>onally	increased	

WINDS	&	AIRFLOW	MODELING	//	wind	analysis	



WINDS	&	AIRFLOW	MODELING	//	wind	analysis	



7-	Design	buildings	according	the	wind	pressure	zones	and	cine>c	forces	

•	Effect	on	ven>la>on	related	to	the	building	rooms	dimension	

WINDS	&	AIRFLOW	MODELING	//	Passive	strategies	



40°	

90°	

Angles	less	the	40°	
induce	a	reduc>on	on	
ven>la>on	

7-	Design	buildings	according	the	wind	pressure	zones	and	cine>c	forces	

•	Effect	on	ven>la>on	related	to	the	building	angle	

WINDS	&	AIRFLOW	MODELING	//	Passive	strategies	
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7-	Design	buildings	according	the	wind	pressure	zones	and	cine>c	forces	

•	Designing	skin	openings	for	good	cross	ven>la>on				

WINDS	&	AIRFLOW	MODELING	//	Passive	strategies	



45°	

Diagonal	wind	(around	45°)	is	
beIer	than	hortogonal	for	an	
homogenous	distribu>on	of	
ven>la>on	inside	the	building	

7-	Design	buildings	according	the	wind	pressure	zones	and	cine>c	forces	

•	Designing	skin	openings	for	good	cross	ven>la>on				

WINDS	&	AIRFLOW	MODELING	//	Passive	strategies	



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.	

7-	Design	buildings	according	the	wind	pressure	zones	and	cine>c	forces	
•	Designing	skin	openings	for	good	cross	ven>la>on				

WINDS	&	AIRFLOW	MODELING	//	Passive	strategies	



7-	Design	buildings	according	the	wind	pressure	zones	and	cine>c	forces	

•	Designing	fins	for	good	cross	ven>la>on				

WINDS	&	AIRFLOW	MODELING	//	Passive	strategies	



STACK	EFFECT	&	VENTILATION	

	
Peso	f	(temperatura,	al'tudine)	movimento	verso	l’alto	
	



Mul>ple	sources	airflow	

Air	movement:	VERTICAL	VENTILATION	



FROM	HIGHER	WEIGHT								TO	LOWER	WEIGHT	

TEMPERATURE	 Lower	 Higher	
DENSITY	 Higher	 Lower	

MOVEMENT	OF	AIR	IS	RELATED	TO	GAS	DENSITY	

ALTITUDE	 Lower	 Higher	

f	[cine'c	energy	f(velocity),	gravita'onal	energy,	f(al'tude),	thermal	energy	f(temperature),	mass/volume	f(density)]	
	

Density	is	directly	propor>onal	to	pressure	
Temperature	&	Al>tude	are	inversly	propor>onal	to	pressure	
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Air	movement:	VERTICAL	VENTILATION	
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Air	movement:	VERTICAL	VENTILATION	

•	Density	is	directly	propor>onal	to	pressure	
•	Temperature	&	Al>tude	are	inversly	propor>onal	to	pressure	
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During	the	night		
the	stack	effect	is		
less	effec>ve	
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Air	movement:	Cross	ven+la+on	+	Stack	effect	room	diagrams	Working	with	natural	ven>la>on	

Air	movement:	VERTICAL	VENTILATION	



	
•	To	heat/cool	through	thermal	convec>on	
•	to	refresh	through	the	swea>ng	accelera>on	
•	to	clean	exhausted	indoor	air	
•	to	prevent	condensa>on,	moisture,	and	germs	

	
WORKING	WITH	NATURAL	VENTILATION	
	



Wind	Towers	
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Wind	Towers	



Wind	Towers	



Exhaust	Vent	Towers	



Chimney	



Wind	Chimney	



Operable	Windows	



	
WORKING	WITH	WATER	EVAPORATION	IN	HOT	DRY	CLIMATE	
	







Latent	heat	is	the	energy	absorbed	by	or	
released	from	a	substance	during	a	phase	
change	from	a	gas	to	a	liquid	or	a	solid	or	vice	
versa.		If	a	substance	is	changing	from	a	solid	
to	a	liquid,	for	example,	the	substance	needs	
to	absorb	energy	from	the	surrounding	
environment	in	order	to	spread	out	the	
molecules	into	a	larger,	more	fluid	volume.		If	
the	substance	is	changing	from	something	with	
lower	density,	like	a	gas,	to	a	phase	with	higher	
density	like	a	liquid,	the	substance	gives	off	
energy	as	the	molecules	come	closer	together	
and	lose	energy	from	mo>on	and	vibra>on.	

LATENT	HEAT		vs	SENSIBLE	HEAT		

Sensible	heat		is	the	energy	required	to	
change	the	temperature	of	a	substance	
with	no	phase	change.	The	temperature	
change	can	come	from	the	absorp>on	of	
sunlight	by	the	soil	or	the	air	itself.		Or	it	
can	come	from	contact	with	the	warmer	
air	caused	by	release	of	latent	heat	(by	
direct	conduc>on).		Energy	moves	
through	the	atmosphere	using	both	
latent	and	sensible	heat	ac>ng	on	the	
atmosphere	to	drive	the	movement	of	
air	molecules	which	create	wind	and	
ver>cal	mo>ons.	



0,09	W/h	
0,079	kcal		

0,63	W/gh	
0,54	Kcal/g	 1	litro	=	630	W/h	 1	litro	=	45	W	

Tempo	medio	15-20’	

How	much	energy	in	water	state	transforma+on	



How	much	is	the	benefit	from	evapora+ve	cooling	



REAL	TEMPERATURE:	
30°	(40%)	>>	22°(80%)	>>	diff	-8°	
APPARENT	TEMPERATURE	
	
34°												>>		30°						>>	diff	-4°	
34°												>>		28								>>	diff	-6°	
34°												>>		32°						>>		diff	-8°	

How	much	is	the	benefit	from	evapora+ve	cooling	













	
WORKING	WITH	MASS	LATENCY	

or	THERMAL	LAG	
	



Thermal	Lag	describes	a	body's	thermal	mass	
with	respect	to	>me.	A	body	with	high	thermal	
mass	(high	heat	capacity	and	low	conduc>vity)	
will	have	a	large	thermal	lag.	

Thermal	diffusivity	is	the	
thermal	conduc>vity	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	"iner>a"	against	temperature	
fluctua>ons.	It	is	some>mes	known	as	the	
thermal	flywheel	effect.	
	

This	is	dis>nct	from	a	material's	insula>ve	
value,	which	reduces	a	building's	
thermal	conduc>vity,	allowing	it	to	be	heated	
or	cooled	rela>vely	separate	from	the	outside,		



A	thermal	flywheel	effect	from	Nature:	Marine	breezes	



Thermal	mass	affects	the	temperature	
within	a	building	by	stabilising	internal	
temperatures	in	three	ways:	
•					stabilising	internal	temperatures	by	
providing	heat	source	and	heat	sink	
surfaces	for	radia>ve,	conduc>ve	and	
convec>ve	heat	exchange	processes;	
•					providing	a	'me-lag	in	the	
equalisa>on	of	external	and	internal	
temperatures;	and	
•					providing	a	temperature	reduc'on	
across	an	external	wall	(the	decrement	
factor).	

Benefit	of	Thermal	Mass	

thermography	



Thermal	comfort	exists	when	a	body’s	heat	
loss	equals	its	heat	gain	or	vice	versa.	
The	body	exchanges:	
·62%	of	this	heat	via	radia>on,	
·15%	by	evapora>on,	
·10%	by	convec>on,	
·10%	by	respira>on	and	
·3%	by	conduc>on.	
hIp://www2.ecospecifier.org/	

Rela'vely	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	recognising	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	

Internal	temperatures	stabilisa+on		

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	sensi>ve	to	radiant	losses	and	gains	than	all	other	
pathways	combined	(conduc>on,	convec>on,	respira>on,	
evapora>on)	and	more	than	four	>mes	as	sensi>ve	than	any	
other	single	pathway	(see	2.3	below).	



		When	heat	enters	a	space	directly	by	
penetra>on	of	sunlight,	ligh>ng,	equipment	
losses	or	hea>ng,	the	temperature	rise	will	
be	in	inverse	rela>onship	to	the	accessible	
volume	of	thermal	mass.	Therefore,	the	
indoor	temperature	will	rise	almost	
immediately	if	there	is	liIle	thermal	mass	in	
the	room.	Figure		uses	an	example	of	a	
simple	box	1150	x	1530	x	1570	mm,	with	a	
single	window	660	x	1010	mm	to	
demonstrate	the	effect	of	thermal	mass	on	
internal	air	temperature	using	a	variety	of	
materials.		
This	diagram	represents	unven>lated	
spaces.	

Thermal	mass	effects	on	diurnal	indoor	temperatures	of	various	materials.	

Internal	temperatures	stabilisa+on		



Thermal	mass	effects	on	diurnal	indoor	temperatures	of	compara>ve	insulated	
cavity	brick		&	lightweight	structures	(Think	Brick	Australia	2006)	

Internal	temperatures	stabilisa+on	using	different	structural	materials		



hIp://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	



Radiant	energy	stored	by	different	materials	during	the	24	hours	



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	effec>veness	of	the	flywheel	
depends	on	the	>me	lag	introduced	to	a	
building	by	an	external	wall	or	other	boundary	
element.	As	can	be	seen	from	Figure	3,	>me	
‘lag’	is	the	>me	delay	between	external	
maximum	or	minimum	temperatures	and	
internal	maximum	or	minimum	temperatures	
respec>vely	

Time	lag	+	temperature	reduc+on	



COOLING	vs	HEATING:	Thermal	storage	strategy	

Effect	of	Thermal	mass	storage	



SOLAR	ENERGY	TIME	DELAY	

Effect	of	Thermal	mass	storage	



-  skinny	buildings	
-  single	houses,	
-  medium	density	residen>al,		
-  low-rise	commercial	buildings		
-  small	scale	educa>onal	and	industrial	

buildings.	
	

HIGH	IMPACT	on		
CLIMATE	DOMINATED	BUILDING	

MEDIUM	INTERNAL	on	
LOAD		DOMINATED	BUILDING	

Loca+ng	mass	in	a	building	

-  medium	and	high-rise	commercial	and	
educa>onal	structures,		

(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	
hea>ng	benefits.)	



•	External	walls	require	minimum	levels	of	added	insula+on	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	>me	lags	of	10-11+	hours,	is	recommended	lep	unsealed	or	finished	with	a	‘breathable’	
paint.		

Loca+ng	mass	in	a	building	and	opera+ons	in	buildings	with	thermal	mass	



Loca+ng	mass	in	a	building	



THERMAL	STORAGE	FOR	HOT	ARID	CLIMATE		

Loca+ng	mass	in	a	building	



Trombe	wall	



Modified	Trombe	wall	



Loca+ng	mass	in	a	building	

4.6.2	Thermal	Mass	and	Phase	Change	Materials	
Thermal	mass	in	the	building	can	store	energy	absorbed	from	the	sun	
and	release	it	slowly	over	>me.	Conversely,	it	can	resist	hea>ng	up	too	
fast	from	solar	radia>on.	It	would	be	desirable	to	have	building	objects	
or	materials	with	high	thermal	mass	to	absorb	and	retain	heat,	thus	
slowing	the	rate	at	which	the	space	gets	heated	in	the	sun	and	cooled	
at	night.	In	absence	of	any	thermal	mass,	heat	that	has	entered	a	
space	will	re-radiate	back	and	make	the	space	overly	hot	when	
exposed	to	the	sun.	Also	when	the	sun	sets,	the	space	can	get	overly	
cool	when	there	is	no	thermal	mass	that	has	absorbed	and	retained	
the	solar	heat	during	the	day.	

In	loca>ons,	with	large	differen>al	temperature	between	the	day	and	
night	(e.g.	desert	climate),	the	thermal	mass	can	provide	an	effec>ve	
mechanism	to	reduce	mechanical	hea>ng	and	cooling	loads.	In	
loca>ons	that	are	constantly	hot	or	cold	throughout	the	day	and	night	
(e.g.	warm	tropical	climates	or	sub-polar	regions),	the	thermal	mass	
may	not	be	desirable	as	it	can	have	a	rather	detrimental	effect.	This	is	
due	to	the	fact	that	all	surfaces	will	tend	to	be	at	the	average	daily	
temperature	of	the	surroundings,	resul>ng	in	unwanted	radiant	gains	
or	losses	and	hence	occupant	discomfort	or	huge	energy	penal>es	to	
counter	the	effect	of	thermal	mass.	
Thermal	mass	can	be	implemented	in	the	building	architecture	as	thick	
concrete	floor	slabs,	water	containers	or	tubes,	and	interior	masonry	
walls	with	clay	bricks	or	natural	rock	and	stone.	A	large	surface	of	
interior	thermal	mass	with	direct	exposure	to	sunlight	is	most	
beneficial	for	passive	hea>ng.	Thermal	mass	can	also	be	effec>ve	for	
cooling	if	the	heat	gain	from	the	direct	sun	exposure	can	be	effec>vely	
dissipated	outside	or	to	the	ground	without	affec>ng	interior	spaces.	
However,	such	architectural	implementa>ons	of	thermal	can	lead	to	
bulky	buildings	with	excessive	weight.	
This	problem	of	bulky	thermal	mass	can	be	solved	by	using	phase	
change	materials	to	add	thermal	mass.	These	materials	absorb	and	
release	thermal	energy	during	the	process	of	mel>ng	and	freezing	in	
form	of	latent	heat.	Common	phase	change	materials	such	as	wax	and	
molten	salts	can	be	used	for	storing	heat	energy	at	appropriate	
opera>ng	temperatures.	As	a	rela>vely	large	amount	of	heat	is	
required	for	phase	change	at	a	given	temperature,	the	phase	change	
material	acts	as	thermal	mass	that	can	absorb	heat	from	hot	
surroundings	and	reject	heat	to	cooler	surroundings.	The	integra>on	
of	phase-change	materials	in	the	building	envelope	can	be	achieved	
through	micro-encapsula>on	and	is	a	subject	of	ongoing	research	and	
development	to	achieve	the	right	level	of	thermal	mass	effect	at	the	
right	surrounding	temperatures.	


