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HUMIDITY IN RELATION TO DRY BULB TEMPERATURE & APPARENT TEMPERATURE
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HEATING IN WINTER
REDUCES RH
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ADDING SENSIBLE HEAT*
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Architettura

HUMIDIFICATION: ADDING STEAM
ISOTHERMAL Humidification
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HUMIDIFICATION: ADDING WATER
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SENSIBLE HEAT vs LATENT 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.

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
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 phase with
higher density like JtF
y as the molecules come closer together and lose
energy from motion and vibration.

_

HEAT ENERGY TAKEN FROM ENVIRONMENT
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Vapor
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E HEAT ENERGY RELEASED TO ENVIRONMENT
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LATENT HEAT & ADIABATIC PROCESS

expansion compression

process Process
D&

Cold

. releasin
getting <:| E> 8
energy out to

energy in from ;
: the environment
the environment 0 O
Warm v
o ()

LATENT TEMPERATURE
& ADIABATIC PROCESS

Altitude

3

High

Cool

Warm
Temperature

. J !
5000 _ -8°C . Wet
- adiabatic rate
' (temperature of
.70 rising air drops at
4000 SR . 5°C/1000 meters)
— 3000 ~ ... Condensation Y
E level ;
3
Ry
i 2000 |
Dry
adiabatic rate
(temperature of
1000' rising air drops at
10°C/1 000 meters)
SUffaCG ."‘:"' — '. & 2. ‘_-3\ ‘49 x

0 Phase fosihon sdid - \\q)ué Latert heot of fusien s

o ook old \nds

@ Pag tawsihon hgud = ges . Lesdent heat of vaprisates

N~
v~ ’00.
§
—y
% 0

Rising air cools at
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condensation
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HUMIDIFICATION: ADDING WATER

ADIABATIC Humidification " -Q
produce cooling because the S
air evaporation
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U E OF HUMIDITY TO CHILL

"adiababatic cooling or evaporative cooling]
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of water pools for the same effect
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Yakhchal
(from Parsi Ice pit)
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water |l
reservoir [ x--.e.

Water deposit cooled with badgirs in the Yazd desert, in Iran. Image courtesy of Flickr user dynamosquito, CC BY-SA
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Sensible Chilling Increases
[the traditional air conditioning] relative humid ity
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Adiabatic Chilling increases

[the Evaporative Cooling system] relative humidity
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Adiabatic Chi||ing increases ..but up to 7 times
[the Evaporative Cooling system] relative humidity = more efficient than
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Adiabatic Chilling
in HOT ARID CLIMATE
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Adiabatic Chilling can be applied in this context as well
In HOT HUMID CLIMATE
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Latent Chilly
in HOT HUMID CLIMATE
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Adiabatic Chilling  DIRECT EVAPORATIVE COOLING

[the Evaporative Cooling system]

wetted pad or any other
evaporative media \

~ cool,
S S
7 humid air

J
y
AR
)
LB LS B0 L8 L8 LS 5 A L5 L8 L) 6 ) e

e 45 L3 L L

-§‘-: cool,
¥ dryair

[

® RH

Warm

direct evaporative cooling
only dry season
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Adiabatic Chilling DIRECT EVAPORATIVE COOLING

[the Evaporative Cooling system]

wetted pad or any other
evaporative media \

r35

cool,
humid air

HUMIDIFIER

SUPPLY AR

FRESH AIR

==

direct evaporative cooling
only dry season

f RETURN AIR

EXHAUST AIR
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Adiabatic Chilling DIRECT EVAPORATIVE COOLING

[the Evaporative Cooling system]

vAg
QQD R;::;'io" Warm Air
v N\ * , S Watel Ambiem

o - - \
A. Direct Evaporative Cooling M B Wanzudl
When water evaporates in the indoor air, the temperature M
drops but the humidity goes up. In hot and dry climates, & i Absort f
. . o B . o ysornel W
the increase in humidity actually improves comfort. Chimney <4—  plate P < Spray
Misting the air has Nozzle
T T ARt I —————— , )
become quite a popular, e — = » ok
: = | Water Filim
d' 1 e c WATER = TR T = R g
ll’E(.:t evaporative- O~ g WATER § L e lation =1 oom §
cooling strategy. Water 5, 9 | o
under high pressure is T L — ““é South =1 . Lee=2.5m o
. . . > 3 1 (i) &5 amn e = o o]
atomized into tiny ] . .\ Wall =g ® | o
droplets, which th : [y g e 5 | 2\ L=201 X Ve
roplets, which then : (0 ] o L ) Le2om & Va
readily evaporate to cool I i o) — A ¢ Circulating
the air s _— - oo (T v Pump
Evaporative coolers (swamp coolers) SEE I =R Cool and Drainage
- ey Humid air
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heat exchanger 1

warm outside air

Cold

indirect evaporative cooling
only wet season
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Isothermal Chilling INDIRECT EVAPORATIVE COOLING
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0.030

This indirect evaporative cooling This indirect evaporation cooling §

system uses a roof pond. Note no system uses floating insulation ;0020 3

humidity is added to the indoors. instead of a second roof. g
Indirect evaporative coolers 5
reduce the indoor air temperature JoreeeeGone
without increasing its humidity. i

0:604
0.00125

Dry Bulb Temperature (°C)

Delta temp.=35-22=-7°C
Delta appar. temp.=42-30= 8°C
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Isothermal Chilling LOW TECH INDIRECT EVAPORATIVE COOLING

. B. Indirect Evaporative Cooling B. Indirect Earth Coupling
! ) s 3 ¢
WMM Indirect earth cooling is
T e T possible by means of tubes
g 3 };f : : buried in the ground.
i | { i i ¥ e IS Sloped tubes and a sump
: | : : T T s gre required to catch
?} . e A — ‘ l l s G :

L : = . K — - condensation. An open-
This indirect evaporative cooling This indirect evaporation cooling loop system is shown, while
system uses a roof pond. Note no system uses floating insulation a closed- loop system would
humidity is added to the indoors. instead of a second roof. return the air from indoors.

Tubes must be absolutely
| tight to prevent radon gas
or water from entering.

Indirect evaporative coolers
reduce the indoor air temperature

without increasing its humidity.
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Isothermal Chilling LOW TECH INDIRECT EVAPORATIVE COOLING

«. IV Earth Cooling

= & st oEn N 3 B. Indirect Earth Coupling
P G TP W Before one deciding for
— earth-cooling Indirect earth cooling is

GROUND SURF ACL

techniques one should
check the thermal
properties of soil must

possible by means of tubes
buried in the ground.

2 , R
—td ; be considered. The = .‘lfx'ﬁ"'.(:‘».'.-‘.;&..’33&‘.‘.’."!..&‘1.’!"«"./'..; b Sloped tubes and a bl b
. : temperature of soil near — are required to catch
- the surface follows the condensation. An open-

MMM WINTER b AR
TE WS RAT LR

AN SLIVIME 1§ ANT
TENPERAT U )

air temperature and loop system is shown, while

N A
> 0 s gy change from reBign a closed- loop system would
Soil temperatu'r@ Varies with time of year and depth below gradet.0 region. return the air from indoors
: N 2
Cooling the Earth
\g h \ In dry climates, soil can be cooled significantly Tubes must be absolutely
\ N . below its natural temperature by shading it and ti ght to prevent radon gas

" \/ by keeping it wet for evaporative cooling.

or water from entering.
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Isothermal+Adiabatic Chilling INDIRECT EVAPORATIVE COOLING+DIRECT EVAPORATIVE COOLING

wetted pad or any other
evaporative media w

heat exchanger +

warm outside air

'\-.\ cool,
' humid air

-/
y
” .

- -0 - S
WM NN e - - — v -

-
e e B T R

——— ———— - — " w .
. - - -
' v .

: -~
- ?‘ovﬂ - or

indirect evaporative cooling direct evaporative cooling
only wet season only dry season

€ TWO STAGE =——= >
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Isothermal+Adiabatic Chilling INDIRECT EVAPORATIVE COOLING+DIRECT EVAPORATIVE COOLING
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TWO STAGE COOLING + COOLING COIL

wetted pad or any other
evaporative media w

chilled water
supply from chiller

cooling coil reheating coil RH
heat exchanger & @ -2
cool,
warm outside air | , f I dry air
= cool, i
5 e e ?
4 humid air (o) | | __--,)/
@« |

Warm

Air Handling Unit with cooling coil

indirect evaporative cooling direct evaporative cooling
only wet season only dry season
¢ TWO STAGE =——= >

¢ THREE STAGE >,
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FRESH AIR
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Isothermal & Latent Cooling/Dehumidification
in HOT HUMID CLIMATE
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Isothermal & Latent Cooling/Dehumidification
in HOT HUMID CLIMATE

indirect evaporative cooling
Isothermal Cooling,

rs.% S

direct evaporative cooling

Latent Cooling
-

.

S
@
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Psychrometric Chart

SI (metric) units
Barometric Pressure 101.325 kPa (Sea level)

Psychrometric Chart
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9.12

Stack diagram showing the
important inputs into a natural

ventilation model. Temperature=
A (Te [exterior temp] -
Tj [interior temp at outlet])
Height -
A (avg. outlet ht.-
avg.inlet ht.)
Te
Internal loads = Vent.area-
(z] room area X Min: ([a,+a,+a;+a,] inlet area
internal gain/SF Min [b,+b,] stack area,

[c] outlet area)



e © @
e w MAILAB ENVIRONMENTAL DESIGN

MULTIMEDIA | ARCHITECTURE | INTERACTION prof. arch. Giuseppe Ridolfi

Cinetic
force PN

—>

Wind Tower

A B OO0 and — e : i) Efect Exhaust Wind Wind Direction
fosmesr mow g | . s Osarod . \
e ol growrd lvawd .

8
Air Drawn
into Qanat
| LI

Cooled
Basement

La7fressure zone N
Earth

Earth

Cood roure b oy ey use

s omdiow ) vl \ehae

Air Current (cooled by convection and evaporation)

S ——

~ Water flowing in ganat

Earth




UNIVERSITA ©C @
o MAILAB ENVIRONMENTAL DESIGN

Arenitetiura MULTIMEDIA | ARCHITECTURE | INTERACTION prof. arch. Giuseppe Ridolfi

Cinetic
force i

- N i Wind Tower
_
AM B QOO AN : ol Efucr Exhaust Wind Wind Direction
foser mov g . Shsarod - -~
Hhae ol growrd leend N 1

Air Drawn
into Qanat
Cooled
Basement
| LOfmure zone i
Earth
-l / i
r Current (cooled by convection and eva ion) '
b hETRAL ater nat A EA W\—j’j‘
Earth




Scuola di MAI LAB

Architettura
MULTIMEDIA | ARCHITECTURE | INTERACTION

ENVIRONMENTAL DESIGN
prof. arch. Giuseppe Ridolfi

. : nozzles can be used to spray water or mist
\ .' _ .“}.‘. 2/ to cool incoming air sucked by passive
\ th’:} ] :‘ﬂ% _/ downdraught evaporative cooling tower

.........
.....
--------
-’

L4

earthen pots filled with water placed in the
path of air flow are a traditional
technique of passive evaporative cooling

s~.
------

Evaporative pad
(Wet surface)

Ty, g1|—> Tz_'il_>|—>

Hot |
ambient air Interior |
(Dry) supply air
(Moist)

Recirculation pump

—
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Passive Air - \::::: System
Cool Tower - ¥ scing Wind

Keops Exhaust Scoop A
Facing Away From Wind .

(Orawing A Vacuum) Ducting - 4 Cooler Pads
hhouot_ ot ’ :‘l::l’:::
Scoop = Float Valve
Assembly

Pressurized

ﬁ - Water Line
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Tail keeps Fipe
scoop facing
into wind
e | s = Hot
dx v
n1x
Upwind scoop -
»2roof
suppomrt
Two
CEL-dek -
pads |
§ ~Floor _Float
- Valve
_Water
, 20 gallon tank line
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ingresso ana esterna / Espulsione aria esausta

Trattamento aria e scambio termico

Telto verde isolato : .
' Refrigerazione acqua e
raffrescamento aria
Raffrescamento radiante Distribuzione acqua refrigerata

ad attivazione della massa

Estrazione aria esausta

Ventilazione notturna
trasversale

Immissione aria condizionata R

.\"'-.- L9 ‘-";:!7 .7-.‘}.1',..

Bl ARIA FRESCA ESTERNA
=

RAFFRESCAMENTO RADIANTE

ARIA DI RIPRESA

7 VENTILAZIONE NOTTURNA

- POMPE DI CALORE AD ASSORBIMENTO
AD AMMORIAGA

UNITA TRATTAMENTO ARIA CON
RECUPERATORE DI CALORE

N T 4
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/ Torre del vento

/ Camino Solare
|
—°°-1d. A Raccolta sabbia ¢ detriti

Specchio d'acqua per raffrescamento
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o — IPOTES| 1 — IPOTESI 2
T La prima Ipoteel Ideata ¢l foncava sulla formazione di ur _— Abblarc declso di dar vta a unc spazic centrale prctetto
~ camino sclare cantrale. Ta 2 soluzione pard aboligava 7 ma illum nate. con unn spaccric d’'acqua che possa
/’/ i Iap2-tura di molte finestre sulla paretz perimetrale ¢ n un ,/'/ I — ‘atirascare I'amh 2nte nz2turaiments; il camino solare é
—_— = 5= - Bl — - 2 - = — - - - 1a:= —g- —~ o3 3 3 .
- — amb ente molto ventgse 2 sabbicsc come il nostro, poteva - = diventatc una torre del vento che riesce a caprare e a

@ vroigllare wllii forli venli Jdella cuna ney'i ambienti inLerni.

A @ essers un problema. /
g

e IPOTESI 3 e IPOTLSI 4
o Scyguende 'orientamento principale dei venti freschi, Spostande la torre del vento, si ¢rea uno gpazio
’/,/ _ anhizma inclinata Il progetto di 15° 1a 1orre del venta &8 //\ percorribile il ombra = protetta dal vent attorna
,,,/ /’ 3 slata spostzta al ¢ fuor del per mentro della pianta e he e // a | edificio; - 5 permette di far arrivare la luce a~che alla
i - —_— assunio la dual c= funzione di barriera dz detriti € venti ,,’\\ o~ //\ ) ——.  Darete rivolta ve-so il retro. Assumendo la forma a *gradoni’
(\ - \\ caldi proven anti dalla direzione coposta rispetto alle sue \{\ (,,/ \ z torre del vento si adztta zl'a forma del tsrrenc o Impatta
\

© aperture, L'ar & captala, passanco al di ectto della strottura, A \ 0 minorments in mezzo al bagsaggio cazartico
B vi ri@ntra in maniera it amogeneéa & nan puntiiorme Coma 4\
-~

nella arecedeniz ipatas’,
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Pepsi Pavillion, A.E.T. Osaka EXPO 1970, Osaka. Image courtesy of A.E.T.
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Esféra Bioclimatica, EXPO Sevilla 1992.
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Calle Torricelli, EXPO 1992, Sevilla. Image Courtesy of Mapio


http://mapio.net/s/32015889/
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Blur Building, by Diller+Scofidio, Swiss EXPO 2002. Image courtesy of david huang


https://vimeo.com/122910558
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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


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



