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[HYGROMETRIC	COMFORT	
hysothermal	humidification	vs	adiabatic	humidification

[adding	steam] [adding	water]
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The daily temperature and relative humidity cycles, ISO 9223 relative humidity threshold  

nightnoon
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HUMIDITY	IN	RELATION	TO	DRY	BULB	TEMPERATURE	&	APPARENT	TEMPERATURE

the	daily	cycle	of	relative	humidity	
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The daily temperature and relative humidity cycles, 
ISO 9223 relative humidity threshold  
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HEATING	IN	WINTER	
REDUCES	RH
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heating	air
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ADDING	SENSIBLE	HEAT*	
REDUCES	RH

sensible	heat	increasing	
(no	water	quantity	changes)
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heating	air RH	60%
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humidification	by	water

HUMIDIFICATION:
ADIABATIC Humidification
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Latent	heat	is	the	energy	absorbed	by	or	released	from	
a	substance	during	a	phase	change	from	a	gas	to	a	liquid	
or	to	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	motion	and	vibration.

Sensible	heat		is	the	energy	required	to	change	the	
temperature	of	a	substance	with	no	phase	change.	
The	temperature	change	can	come	from	the	
absorption	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	conduction).		Energy	
moves	through	the	atmosphere	using	both	latent	and	
sensible	heat	acting	on	the	atmosphere	to	drive	the	
movement	of	air	molecules	which	create	wind	and	
vertical	motions.

SENSIBLE	HEAT		vs		LATENT	HEAT		
LATENT	HEAT		&	ADIABATIC	PROCESS
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getting		
energy	in	from	

	the	environment

releasing			
energy	out	to	

the	environment

expansion		
process

compression		
process

LATENT	TEMPERATURE		
&	ADIABATIC	PROCESS	

LATENT	HEAT		&	ADIABATIC	PROCESS
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RH	5
0%

RH10%

indoor	temperature	
after	humidification

indoor	temperature		
before	humidification

0.00125

humidification	by	water

HUMIDIFICATION:	ADDING	WATER
ADIABATIC Humidification
produce cooling because the
air evaporation
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heating	air

RH
	50
%

RH10%

indoor	temperature	
after	humidification

indoor	temperature		
before	humidification

0.00125

humidification	by	water

ADIABATIC Humidification
Pre-Heating air in order to get
a comfortable RH

sensible	heat	increasing	
(no	water	quantity	changes)
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USE	OF	HUMIDITY	TO	CHILL	
[adiababatic	cooling	or	evaporative	cooling]
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Yakhchal	
(from	Parsi	Ice	pit)

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      

         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN



Water deposit cooled with badgirs in the Yazd desert, in Iran. Image courtesy of Flickr user dynamosquito, CC BY-SA
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INdoor	
temperature	
AFTER

OUT	door	
temperature	
BEFORE
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	40
%

0.00125

0.004

										Delta	temp.=35-23=	12°C	
Delta	appar.	temp.=35-24=	11°C

Sensible Chilling
[the traditional air conditioning]

increases		
relative	humidity

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      

         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN

sensible	heat	decreasing	
(no	water	quantity	changes)
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INdoor	
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OUT	door	
temperature	
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RH
	80
%

0.00125

0.004

										Delta	temp.=35-22=	-13°C	
Delta	appar.	temp.=35-28=	7°C

Adiabatic Chilling
[the Evaporative Cooling system]

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      

         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN

latent	heat	decreasing	
(water	quantity	changes)

increases		
relative	humidity		
&	quantity	of	water
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Adiabatic Chilling
[the Evaporative Cooling system]
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latent	heat	decreasing	
(water	quantity	changes)

increases		
relative	humidity		
&	quantity	of	water

…but	up	to	7	times	
more	efficient	than		
the	traditional	system
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Adiabatic Chilling
in HOT ARID CLIMATE
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latent	heat	decreasing	
(water	quantity	changes)

it’s	the	best	context	fro	this	system



RH	60%
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0.004

										Delta	temp.=35-29=	6°C	
Delta	appar.	temp.=48-43=	5°C

Adiabatic Chilling
in HOT HUMID CLIMATE
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can	be	applied	in	this	context	as	well



RH	90%

RH
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%

0.00125

0.004

										Delta	temp.=38-28=	10°C	
Delta	appar.	temp.=47-41=	6°C

	-	NOON	-Adiabatic Humidification
in HOT HUMID CLIMATE

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      

         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN



RH90%

INdoor	
temperature	
AFTER

OUT	door	
temperature	
BEFORE

RH
	90
%

0.00125

0.004

										Delta	temp.=35-32=	2°C	
Delta	appar.	temp.=51-50=	1°C

	-	NIGHT	-Adiabatic Humidification
in HOT HUMID CLIMATE
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Latent Chilly
in HOT HUMID CLIMATE
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Adiabatic Chilling
[the Evaporative Cooling system]

RH RH

DIRECT	EVAPORATIVE	COOLING
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Adiabatic Chilling
[the Evaporative Cooling system]

DIRECT	EVAPORATIVE	COOLING
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Adiabatic Chilling
[the Evaporative Cooling system]

DIRECT	EVAPORATIVE	COOLING

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      

         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN



Isothermal Chilling

RH RH RH

INDIRECT	EVAPORATIVE	COOLING
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OUT	door	
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0.004

										Delta	temp.=35-22=	13°C	
Delta	appar.	temp.=39-26=	13°C
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Isothermal Chilling INDIRECT	EVAPORATIVE	COOLING
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0.00125

0.004

										Delta	temp.=35-22=	-7°C	
Delta	appar.	temp.=42-30=	8°C

LOW	TECH	INDIRECT	EVAPORATIVE	COOLINGIsothermal Chilling
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LOW	TECH	INDIRECT	EVAPORATIVE	COOLINGIsothermal Chilling
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LOW	TECH	INDIRECT	EVAPORATIVE	COOLINGIsothermal Chilling
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Isothermal+Adiabatic Chilling

RH RH RH

INDIRECT	EVAPORATIVE	COOLING+DIRECT	EVAPORATIVE	COOLING
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0.004

										Delta	temp.=35-22=	13°C	
Delta	appar.	temp.=39-28=	11°C
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	50
%

Isothermal+Adiabatic Chilling INDIRECT	EVAPORATIVE	COOLING+DIRECT	EVAPORATIVE	COOLING
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RH RH

RH

RH
RH

TWO STAGE COOLING + COOLING COIL
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heat recovery conditioning system
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0.004

										Delta	temp.=35-22=	13°C	
Delta	appar.	temp.=48-25=	23°C

Isothermal & Latent Cooling/Dehumidification
in HOT HUMID CLIMATE
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RH40%RH
	90
%

										Delta	temp.=35-22=	-7°C	
Delta	appar.	temp.=42-30=	8°C

RH25%

tempera

RH
	50
%

										Delta	temp.=35-22=	-13°C	
Delta	appar.	temp.=35-28=	7°C

direct	evaporative	cooling indirect	evaporative	cooling

Isothermal & Latent Cooling/Dehumidification
in HOT HUMID CLIMATE

Latent Cooling Isothermal Cooling
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Cinetic	
	force
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Cinetic	
	force
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Pepsi Pavillion, A.E.T. Osaka EXPO 1970, Osaka. Image courtesy of A.E.T. 
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Esféra Bioclimática, EXPO Sevilla 1992.
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Calle Torricelli, EXPO 1992, Sevilla. Image Courtesy of Mapio 
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http://mapio.net/s/32015889/


Blur Building, by Diller+Scofidio, Swiss EXPO 2002. Image courtesy of david huang 
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https://vimeo.com/122910558


Media Tree, Ecobulevar, Ecosistema Urbano, Vallecas 2004. Image courtesy of Ecosistema Urbano 
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Miroir d’eau, Michel Corajoud, 2006, Bordeaux, France. Image courtesy of Tony Hisgett CC BY 2.0 
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https://www.flickr.com/photos/hisgett/3796391556/in/photolist-6MtuWQ-8oLXXg-6we6od-8ba8WA-5rQ3HH-bRTt7z-rTspD4-eY8yjg-6waaeM-nLEAdE-84DKUC-5nJHSy-5dzA2Y-6QB4j5-afhAn6-dg9zG4-bNkD3M-7MciRJ-7tmZ8P-9GFZTs-ejaEJi-ejgokG-AVRZgW-eU8wYK-79YRrb-eUjW4q-aSFcra-dw3qBF-5PXpJw-53xDXs-39fagg-eU8xdv-6MtrTA-eUjVMo-6MtKoo-fHsqpS-Gf1CzE-d1PFSh-eUjX4L-eU8y5x-eU8wRF-eUjWnd-dfnTqR-5w1JST-pgU5Xh-6Y5iuY-eUjWDu-zgSBqa-eibafU-dbnxUZ


Fog Assembly, Olafur Eliasson, Versailles 2016. Image courtesy of Olafur Eliasson, Anders Sune Berg
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