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RECOGNIZING ENERGY FORMS

FORMS of ENERGY EXCHANGE HUMAN BODY ENERGY EXCHANGE WITH THE ENVIRONMENT
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RECOGNIZING ENERGY FORMS

FORMS of ENERGY EXCHANGE INDOOR SPACE EXCHANGE WITH THE ENVIRONMENT
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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.

Thermal comfort exists when a body’s heat loss Relatively small changes in mean radiant
equals its heat gain or vice versa. temperature have a far greater effect than similar
The body exchanges: 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.

-62% of this heat via radiation,
-15% by evaporation,

-10% by convection,

-10% by respiration and

3% by conduction.

http://www2.ecospecifier.org/

T(env) =  2/3 Mean radiant surface temperature + 1/3 Air temperature
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DEFINING PASSIVE DESIGN STRATEGIES

INSOLATION / INSULATION

RADIATION ANALYSIS
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Architettura

FUNCTIONAL LAY OUT ACCORDING
TO THERMAL BLOCKS VOCATION

. I 1 Blocco hall/ingressi Blocco cucina/bar
71 B —l > CUCINA BAR HALL OSPEDALE
E 5 g ‘ E E | I Blocco sanitario Blocco degenze
DEGENZA _L':'u L | 2 —_— " Blocco ambulatori Blocco servizi
r PRELIEVI ;}'
DEGENZA [ E— SALA E SALA SALA RX —T: ; % B
OPERATORIA OPERATORIA E 5 E_] 5 l |
DEGENZA - PRE-OPERATORIA sg::;ﬂ:‘;ﬂ PRE-OPERATORIA SALA GESSI CAPPELLA I E=1
] SALA D’AT-TESA I
PRONTO socconsol
DEGENZA RISVEGLIO INGRESSO
y ( ., % m/s met do
' =2
<> | Vo= 4w
Hall | Sale d'attesa 50m? 30°C 78 % 4.1 1.2 0.6
Cappella multiwlto 10m? 30 °C 78 % 4.1 1.0 0.6
Ambulatori I5m? 285°C 60 % 0.45 1.0 0.6
Sala gessi 20m? 285°C 60 % 0.45 1.0 0.6
Sala RX 20m? 27 °C 45 % 05 1.0 0.7
Sale operatorie 36m? 27°C 45 % 05 14 0.7
Sala preoperatorio 15m? 27°( 45 % 0.5 1.4 0.7
Sala postoperatoria | Degenze 25m? 30 °C 70 % 0.45 0.8 0.5
Cudno 20m? 295°C 50 % 1.5 1.8 0.6

Bar 20m? 30 °C 60 % 1.5 1.0 0.6
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outer surface temperature operative temperature

ALL DAY IN COLD PERIOD
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outer surface temperature operative temperature

COLD HOURS IN COLD PERIOD
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outer surface temperature operative temperature

WARM HOURS IN COLD SEASON
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outer surface temperature operative temperature

HOT HOURS
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outer surface temperature HOT HOURS at NIGHT operative temperature
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Considerando I'analisi della temperatura opera- In base al rapporto aervilumingnte da soddi- s, e
tva sludiala crececentemente si - osserva stare e glla funzione di ogni vane, le finestre 31.99 bz
come, nel periodo estivo e nell’ora pid calde, gl sonu  slale dimensionale  fenendo  conto 29.70 .
embisnti orizntatl a ovest raggiungonc una anche dell’orientamentc delle varie facciate. In Sees 50
temperatura di discomfort, circe 27.5 “C; ne- perticolare le aperture sono state Imitate a e <] S
cessitanc quindi di un ricaro dal calcre estive, nord -per evitare discerisicne termiche- e po- ) i
> - o _ sizionate in maggior nurero a suc eo est, per AN L 2.3
Langlisi termica delle superifici delle facciate SRR garantire iluminaziones e guadagne termico. e .9 201
permette une scelta piu censapevole delle verie I i cinsin s IEETE st sk ey oo < 3,24
esr . g 2 3 b i ! ' T . . L . PaI 15 12:00 Auc 15 18:00 <1120 JI L3 0D - Aug 157 00 =307
stratigrafie. Lo studio & slate condoltlo nel pe- pr— Lanalisi del guadegno e discersione termica |
riodi riu critici - piu celdo e pil freddo- cer . W= o hd delle finestre € stata condotte nuovamente nel Periodo piJ calce - ore pu calde Perindo oil caldo - ore piu fredde
comrprendere il comportamento  termico 2 ‘ periode piu calde e piu fredde, prendendo i -
dell'involucro. > ccnsiderazione separatamente le ore il (i o
. | . = calde (12.00- 18.00) e ciu fredce {1.0C-7.00). T B
Nello speficico nel pericdo piu calde (18 lu- . | i 1133 e[| P €.
glic-15agosto) la ccperiura 2 le facciata ovest T —— L'analisi evidenzia che a nord si ha la piu alta e ] Ny 1204 I ’ L4
, ' e 20.5-21.5 °C. le facciate d ed bl il o di sione e il mi a0s ~ = gl U NN W 379 B
raggiungono 2C, oL cciate sud e Ispersione e il minor guadagno solere., 2 s b
est sone le pit calde, 22-23°C. A nord, facciata | valori della dispersione & sud, sst e ovest o NGRS i i
non esposte al sole e plll fredda, la temperatura sonao invece similari, con I'unica eccezione i SN 16 2.5
superficiale & di 19°C. un guadagno di calcre maggiore nelle ore cit e -
' A . fres rmalized Surtace srargy Less/Tair « bWr/ma2 .
| ) calde d'estate per quante riguerde le finestre A ) S oy cnedes < QU D Im | Br1E 30 Feb 16700 Sl
Durante linvernc le temperature superticiali disposte a suc ed ovest. , . | . o
oscllano tra i +3°C e i -8°C Perindo pi.1 Teddo - ore pill calce Perindo pitl freddn - ore pll fedds

La copertura registre la minor temperatura o
(-7°C), le facciate sud ed est raggiungono tra | ST R
-3 e 1 °C, Ad ovest e nord circa -5°C,
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- Massima  protezionz dalle
basse temperzature in inverno

Beressere  termicoc  sia
dinverno che d'estate, du-
rente la qguale 'lrragglamento
potrelzbe risultare eccessivo.

FACCIATA OVEST

- Benessere lermico

- Benessere termicc

- Soddistacimentc del rap-
porte gorcilluminante per anm-
bienti grandi e fuibili lungo
tutto I'arco della giornata.

- Deflusso celle acque meteo-
riche

- Benessere termrico

- Protezione dall'abbagliame-
nte

COPERTURA

MULTIMEDIA | ARCHITECTURE | INTERACTION

REQUISITI

- Accurmule termico

- Garantire la massima cagta-
zione solare d'inverno per be-
neficlars del calcre

- Garantirz la mincre dissipa-
zione di celore

- Schermare d'estate a causa
del’eccessive  soleggiaments
che causa surriscaldamento

- (Garantire la massima capta-
zicne solare d'inverno per
I'accumulo termicc

- Soddisfacinanto dal rappor-
{0 azrolluminante

- Schermeture per |'eccessivo
solaggiamento o'astate

- Gerentire la massima capta-
zicne solare per beneficiare
della luce ¢ del calore.

- Garantire la minore dissipa-
zione di oalore

- Bvitare il deposito di acgua e
neve

- Limitazions dsai raggi diratii
cel sole

STRATEGIE

- Forte isclamento termico

- Aperture limitete

- Finestre con elevate presta-
zioni termiche

- Forte isolamentc termico

- Schermature scorrevoll per
le finestre

- Invclucro che permetta le
rmadesime qualitaisclanti delle
altre facciate d'invernc, ma
maggiare protezicne dai raggi
solari estivi

- Aperture liritate

- Forte isolamentc termico

- Schermaturs scorrevoli cer
le finestre

- Digrzositivi orizntabili per le
veTrate

- Grandi vetrate ccn vetri ter-
mici

- Faceiata ventilata

- Schernrature scorrevoli

- Falda inclinata

- Aperturz nzlla parte piu alta
per consentire la ventilazionz
icaming del ventc)

- Disgosltivi orisntabili per | 1u-
cernari

- Ultericre protezione dei di-
spositivi per evitare Il depaosito
di neve su di essi

CONFRCNTO

ISCOFAMENTO A CAPPOTTO)

PUNTI DI TORZA  Costa minore

DE3CLEZZ= Minor isclemento

TRIPLO VETRC

Soecizls raltaTemd SOLAFY

PUNTI DI FORZA  Elevato isolamento

DE3CLEZZ= Pid pesante

Coeto magg ore

DISFOSITIVI MOBIL
VERTICALI

La pcsizone otimale del brise soleil €
schermana preventivamente i raggi, evitande |l surriscaldamento ¢'estate.

Essi costutuiscono anche un'ulteriore

PLUNTI DI FORZA

DE2CLEZZ= Possoile abbagliamente

perche non intercettanc |
ragai sc ari

ALTERNATIVA MIGLICRE

FACCIATA VENTIE ATA

Maggic isolarmoento
Vaenza estetca

Costo maggiore

L a soluziane della facciata ventila-
ta & “ipre ?ta in copertura, cen il
tetto ven

DOPPIO VETRO
BASSO EMISSI

Elevato isolamenta

Piu legaoero
Cvostc;qq mnors

DISPOSITIVI MCBIL!
ORZZONTALI

al'ssternc delle vetrate, poichg

protezionz dal feddo se chiusi.

Scharmane | raggi olari
Fvitano I'abbagliamento

ULTERIORE “PELLE" DI VETRO

ENVIRONMENTAL DESIGN

La face ata verde ad ovest pre-
tegge dall'iragg anento clrstto
estiva. Utilizzando piante cadu-
cha che si seccano d’invernc, la
prestazioni termiche dell'involu-
Cro non si modificanc.

rewicz Nackbevnr - Helae
for a carpanzer. Hitt sau

gicre isclamento  rispstto
schermatue  semichiuse.
e georeranno  al intermo
ntecaﬁ1 cing dara dslla
facclata ventilata

CaLpdevile Arcaiects - Linkside
Resicerce, London

Pciché Tawvisio sl trova in un
luogo soggetto ad abbondant
nevicate, per svitare il deposito
di neve sul dispositivi oscuranti,
sara utlizzata a protezione
un'u teriore vetraia.

prof. arch. Giuseppe Ridolfi
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FACCIATA OVEST

ESIGENZE

- Massima  protezionz dalle
basse temperature in inverno

- Beressere  tormico sia
d'inverno che d'estate, ou-
rante la quale l'irraggiamento
potrelzbe risultare eccessivo.

- Benessare termico
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- Accumule termico

- Garantire la massima cacta-
zivne solare dlinverno per be-
neficlars cel calers

- Garantira la mincre dissipa-
zicne di celore

- Schermare d'estate a causa
del’eccessive  soleggiaments
che causa surriscaldamento

- Gerantire la massima capta-
ziche solare d'inverno  per
"accumulo termice

- Soddisfacimaento dal rapper-
1o asrolluminante

- Schermeture per |'eccessivo
solaggiamento o' astate

STRATEGIE

- Forte isolamento termico

- Aperture [imitete

- Finestre con elevate presta-
zioni termiche

- Forte isolamentc termico

- Schermature scorrevol per
‘e Tnestre

- Invclucro che permetta le
mzadesirme qualita isclanti delle
altre facciate dinvernc. mra
maggiare protericne dai raggi
solari estivi

- Aperture liriate

- Forte isolamentc termico

- Schermaturs scarrevoli cer
@ finestre

- Digositivi orizntabili per le
VeTrate

CONFRGCNTO

ISOFAMENTO A CAPPOTTO

PUNTI DI TORZA

DE3CLEZES

Minor isclamento

TRIPLOD VETRC

Soecikie rataTems SOLAF4

Gasto minoe

ESTEMNDG

ENVIRONMENTAL DESIGN
prof. arch. Giuseppe Ridolfi

ALTEENATIVA MIGLICRE

FACOIATA VENTIL AT

M:aagicr isolamonto
Vaenza estet ca

sto maggiore

La soluzione dellz facciata ventila-

1a € “ipreposta in copartura, cen il

etto vent alo

DOPPIO VETRO
BASSC EMISSVO

| vedro Basso smissivo, ollenule con bal-
tamento sula superficie del vetro ha ana
prestazione tormilea Mot simile: al vetrn
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ULTERIOR! RIVESTIMENTI

La face ata verde ad ovest pre-
tegge dall'irragg anmento clretto
estiva. Utlizzando piante cadu-
che che si seccano d’invernc, la
prestazioni termichz dell'involu -
Cro non si modificano.

SCHERNMATURE CHIUSE

Likrewicz NackbeLr - HCLSB
for a carpanter, Hitt sau
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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 envelopes

STRTTOT UG SR U~
B AN -‘.‘\., .;"f ; %@((@\\\
&x

N
\
A

=
/ }}7)-%/2 DELT | CA. 7O CHM. H1DER.
,-.\ L
S ‘ I///J% Tesi House No. XIiX.
Als Norsk 1lushygningskompani.

FULRUM, FORISCTITALT Av-

HULEZUM, HORISOTTTALT
DELT t A 7ocm, At

.

Test House No. XX.

Aly Norsk Husbygningskompani.

¥

1 shect impregnated pasteboard.
1 sheel cellulose pasteboaed,
Dilto.

Baeula plaster,

1 sheet impregnaled pasteboard.

1 sheel cellulose pasteboard,

. 8

Svstem “Sperck-Hasiund”

e st — —er

—

r.:?_‘_‘\_‘?‘ a;
— '»:_
= |

Ly

=

=

Test House No,
XX
Erected for
account of the
State.

Test Honse No. XX11.
Erected for
aceount of the State.

1 sheet asphalt paste-
bourd.

Sawdust.

1 sheet asphalt paste-
board.

1 sheel asphalt pasteboard.
Peat in mortar,
, 1 sheet impr, pasteboard.

S R s
e P A
.o
i B
HULRUM, HORIDONMTALT Avr
o DELT | CA. 70CM, HEIDE.
o
- =
8 i
24N R {F
v % o . .. ‘ .
e 0 o Test House No. XX11. ; Test House No.
. Do A v r
el G Erected for aecount ERE . \ ‘\XJ,” T
H ol Vs V4 < el of the State. Der|prmms— S ] 24 | e M H:“B[b' Fred-
1"y -1 , <"1k <33 riksstad,
Q¥ 57 X
: oL 3 em plaster on No. 2 “Hy-
] ) B 1 Rib", 2conting 2 e 001085
] oy . ) . e “1 18t coating contains 5%y ojl
o SO 1 f»lu el ._\.sp}mll—]mstvh(m|'(I4 R =t Smoothly plastered.
- " Dipped in elay sl i - Asph-zll-i'cll
; d° twisted round with straw. SRR t "} et om ])l:lsfel: on No. 2 “Hy-
B 3& 1 sheet impr, pasteboard. 547 Jalhs. nib®.
kol R ‘




st | e © @

IR\ 2 | FIRENZE

| i MAILAB ENVIRONMENTAL DESIGN
g MULTIMEDIA | ARCHITECTURE | INTERACTION prof. arch. Giuseppe Ridolfi

WALL TYPES | [mm

structural
types and positions of layers T external
g ' semi-inserted
] I"
2 T inserted
Current situation I l @) not insulated
§ = not structural
% * internal
Insulation from inside é) _
>_
iEI —————————
I'/\//\//\/ I‘/\//\//\/ Ig _ ..........................
} >

ereduction of internal space
¢ interference with normal activities

e thermal bridge
EXTERNAL INSULATION

I T —_— - AN’T‘-"V

I T

Insulation from outside emodification of the original external aspect
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... SCREENED / NOT SCREENED; HEAVY/LIGHT; ADAPTIVE/NOT ADAPTIVE; MONOCOQUE/....
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ROOF TYPES

types and positions of layers

vapor barrier

CLASS | (impermeable) <0.1 per

vapor retarder

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

From WIKIPEDIA:

.
A vapor barrier (or
vapour barrier) is

any material used
for damp proofing,
typically a plastic 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.

WARM ROOF COLD ROOF

TETTO ROVESCIO NON PRATICABILE

TETTO CALDO PRATICABILE

...:'O
: (-”o%

LYY P

HBLELEL LY "jf' jj

1 - intonaco
2 - solaio

1 - intonaco
2 - solaio
3 - massetto delle pendenze 3 - massetto delle pendenze
4 - barriera al vapore 4 - impermeabilizzazione
S5 -isolante 5 - isolante
6 - impermeabilizzazione 6 - strato di scorrimento
/ - strato di ripartizione 7/ - ghiaia drenante
del carichi
8 - strato di allettamento
9 - pavimento
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GREEN TYPES

types and positions of layers

Pictorial Meedows reen ool seet i Extensive green roof layers
(Sedum/drainage)

Green Fstate Green roof substrate mtan SE T'tan'um +
membrane

Filter Layer
= — =+ Drainaga | Resarvoir I
Fasteners —
Frotection Layer
Waterproof Memhbrane 'ﬂS‘J'ation T

e Insulaton Vapour control layer —

Vepour Bamier

Substrate —

Plywood Decx
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lower is the thermal conductivity higher is the insolation

I N S U LA I I O N CONDUCTIVITY f (DENSITY) >>> RESISTANCE= 1/ CONDUCTIVITY

Table A1 Thermal conductivity of some common building materials
Material Density (kg/m”) Thermal Conductivity (W/mK)
General Building Materials
Clay brickwork {outer leaf) 1,700 Q77
THERMAL PROPERTIES Clay brickwork (inner laaf) 1,700 0.56
Concrate block (heavyweaight) 2,000 1.33
Concrate block (medium weaight 1.400 Q.57
& H U M I D ITY E FFECTS Concrate block (autoclaved aerated) 700 0.20
Concrate block (autoclaved asratad) 500 0.15
Concrate block (hollow) 1800 0.835
Cast concrate, high density 2400 2.00
Cast concrata, madium dansity 1,800 1.15
Agrated concrete slab 200 0.16
Concraete scread 1,200 0.41
Rainforced concrate (1% steeal) 2,300 2.30
Reinfarced concrete (2% steel) 2400 2.50
REDUCTION OF INSULATION PROPERTY DUE TO HUMIDBITY Wall ties, stainless steel 7,900 17.00
Wall ties, galvanised steel 7,800 50.00
Mortar (protected) 1,750 0.88
3 Morar (exposed) 1,750 0.94
Variazione Conduttivita in funzione dellumidita External rendering (cement sand) 1,800 1.00
i & Fonte CSTH Plaster (gypsum lightweaight) 600 0.18
Plaster (gypsum) 1,200 0.43
Plasterboard 900 0.25
Matural =late 2500 2.20)
Concrate tiles 2,100 1.50
Clay tiles 2,000 1.00
Fibre cemeant slates 1,800 0.45
Ceramic/Porcelain tiles 2,300 1.30
Plastic tiles 1,000 0.20
Asphalt 2100 0.70
Fealt bitumen layars 1,100 0.23
Timber, softwood 500 0.13
Timber, hardwood 700 0.18
Wood wool slab 500 0.10
Wood-based panels (phywood, chipboard, 500 0.13
atc.)
Note:
The values in this lable are indicative only. Certified values, should be used in preferance, if availabie.
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STRATIGRAFIA STRUTTURA DIAGRAMMI DELLE PRESSIONI
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1 | +HBH8 =
From WIKIPEDIA: - | R \
The dew point is the temperature y | i 5 T o
at which the water vapor in air at c | EEEBH & Pr AN &
. 6 | tEEH L e “
constant barometric pressure - | %%g 5 7
condenses into liquid water at the 3 B el
same rate at which it evaporates. At 9 ' ) \\~
temperatures below the dew point, :? P09 B =-f
THERMAL PROPERTIES water willleave the air. The -
. Sp. 357 mm

condensed water is called dew

& H U M I D ITY EFFECTS when it forms on a solid surface. Tirec) | PeitPal | PritPal | URi%] | Tercl | Psetpal | PretPal | URe %]

DIAGRAMMI DELLE PRESSIONI 20.0 2337 1168 50.0 7.0 338 131 38.7

Ti = Temperatura interna; Psi = Pressione di saturazione interna, Pri = Pressione relativa intema, URI = Umidita relativa intema, Te =
Temperatura estema; Pse = Pressione di saturazione estema; Pre = Pressione relativa asterna; URe = Umidita relativa esterna
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INSULATION
MATERIALS

Morphology
& application systems

LOOSE MATERIALS
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Conventional Insulation
Conventional and include: fiberglass mineral wool, polystyrene, polyurethane foam, and multi-foils.
Natu re Of materials alternatives. On the downside, almost all conventional insulation materials contain a wide range of

I NSU I A I IO N EXPANDED PLASTICS (polystyrene, poliuretan (silicon-calcium- urea formaldehyde)
These materials are widely used because not only are they inexpensive to buy and install, but there is an
chemical fire retardants, adhesives and other additives, and the embodied energy in the manufacturing

MINERAL FIBERS (fiber glass, mineral wool)
assumption from the building industry that their performance ability is higher than the natural
process is very high.

Natural Insulation

EXPANDED ROCKS
CLAY
CELLULAR CEMENTS (silicon-calcium)

NATURAL FIBERS (wool-cotton-cellulose and other wood derived)

They are non-toxic, allergen-free and can be safely handled and installed. They also allow for a buildings to breathe by regulating humidity
through their absorbent properties, and reducing problems of condensation. This keeps the indoor environment comfortable and protects
any timber structures from rot.

Unfortunately, natural insulation materials are currently up to 3 times more expensive than conventional materials, which can be prohibitive
to builders, architects and developers.
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INSULATION
MATERIALS

Nature of materials

GT Class B Class SK

Polystyrene usually called polystyrol

Polyurethane or Extruded Sintered Expanded
Stiferite Polystyrene (XPS) Polystyrene (EPS)
Over time, R-value Over time, R-value Over time, R-value
Pannelli Stiferi .
Appliczioni G Iaclamento i copertare, pavimeati o part decreases steadily.  decreases decreases. Is
Applicazioni Class G: Isolamento sotto manti bituminosi Y F - . N . .
Applicazioni Class SK: Isolamento di pareti a cappotto T Is susceptible to minimally susceptible to
moisture infiltration moisture infiltration
Not only is polystyrene in walk-
ins made with recycled materials
and is 100% recyclable but it is Extruded POIYStyrene vs EPS has
- ) fficient and can save a e more density
I’isolante termico AN ey - ’
great deal of money in energy e around 5 times insulation properties

costs and reduce carbon footprint

over the life-cycle of the walk-in. * higher mechanical resistance
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INSULATION
MATERIALS

Nature of materials INSULATIONS FROM MINERAL FIBERS AND EXPANDED ROCKS

Y 4,

A LT -
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INSULATION
MATERIALS

Nature of materials INSULATIONS FROM NATURAL FIBERS & MATERIALS

WOODFIBRE

Cellulose Wood Fibre

A recycled product  Made from wood ] . Y - .

made from chips that have The green a.lternatlve to synt.hetlc msulatl.on is natural insulation. There
newsprint and been compressed are many different types available, including:

other cellulose into boards or Flax and Hemp

fibre. It is one of batts using water Natural plant fibers that are available in bats and rolls, and typically

the most favoured  or natural resins as contain borates that act as a fungicide, insecticide and fire retardant.
materials of a binder. It has ' Potato starch is added to flax as a binder. Both materials have low
natural builders very low embodied ‘i?- embodied energy and are often combined in the same product. Examples
because it can be energy and uses \ include Isonat and Flax 100.

blown into cavity by-products from ‘

walls, floors and the forestry Flax and Hemp

roofs or used as a industry. Examples It is obtained from the cork oak (Quercus Suber L) — a forest tree with the
loose fill. Also it is include: Pavatex, particular feature of allowing itself to be stripped of the outer casing
available in quilts, Thermowall and which it then regenerates in 9 to 10 years. In one cubic inch in size, there =
boards and batts. Homatherm 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 penetration of moisture, compressible,
resilient, resistant to the effects of friction and an ideal thermal and
sound insulation material.In addition, cork is much more chemically inert
than most materials, and is therefore capable of withstanding
deterioration through age.Cork does not support its own combustion and

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

other toxic gases.

Like hemp and flax
it contains borate
as an additive.
Products include:
Warmcell and
Ecocel.

Sheep’s Wool

This material usually needs to be treated with chemicals to prevent mite
infestation 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 exceptionally well as an insulation material.
Thermafleece is the most common commercial brand available.
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INSULATION
MATERIALS

Nature of materials INSULATIONS FROM NATURAL FIBERS & MATERIALS
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. THERMAL BRIDGE
INSULATION e

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

D ETAI LS condensed water is caI.Ied dew

when it forms on a solid surface.

T2l 3% 4
;:a"""'r?rwzrwﬁ-ﬂ*w'"r?' - e R TR E e R T N e

| | [

e < Ak

/\,\’\/\

X tess

- .UJ..-’ XY '.2&.

Us U

0,28 W/m2K

0,11 W/m2K
totale =0,12 W/ m2K & 743l
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THE BUILDING
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Overhangs
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Le Corbu, Curutchet House, La
Plata, 1949-55

\ \.‘ Giuseppe Terragni, Asilo
" Sant'Elia, Como 1936-1937
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The Brise Soleil Milam House Paul Rudolph
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THERMAL LAG




UNIVERSITA O O
PIRENZE MAILAB ENVIRONMENTAL DESIGN

Scuola di
MULTIMEDIA | ARCHITECTURE | INTERACTION prof. arch. Giuseppe Ridolfi

Architettura

THERMAL LAG

working with inertia,
thermal mass
& mass latency
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THERMAL LAG

enel’gy tl’ansmiSSion Internal temperature stabilization
by ra dia tion 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.

Environmental Temperature -T(env) =  2/3 Mean radiant surface temperature + 1/3 Air temperature
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is distinctive alternative from

that allows to smooth temperature fluctuations
known as the

What is THERMAL LAG?

: : . wikipedia
is related to a body with high Heali capacity or thermal capacity is a
thermal mass (high heat capacity and low bhysical property of matter, defined as the
amount of heat to be supplied to a given
conductivity) that will have a capacity to store mass of a material to produce a unit
thermal energy for a certain amount of time change In its temperature.l The Sl unit of

heat capacity is joule per kelvin (J/K).

THERMAL MASS is a property of the mass of a
ouilding which enables it to store heat,
oroviding " !

is the thermal
conductivity divided by density and
specific heat capacity at constant
pressure
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Specific heat is the amount of heat
needed to raise the temperature of one
kilogram of mass by 1 kelvin.

Heat capacity by materials

Material Density Specific heat Volumetric heat capacity
(Kg/m3) (kJ/kg.K) THERMAL MASS (KJ/m3.K)
Water 1000 4.186 4186 -
highest
Concrete 2240 0.920 2060
AAC 500 1.100 550 |
Autoclaved Aerated Concrete OWGSt
Brick 1700 0.920 1360
Stone (Sandstone) 2000 0.900 1800
FC Sheet (compressed) 1700 0.900 1530
Fiber Cement
Earth Wall (Adobe) 1550 0.837 1300
Rammed Earth 2000 0.837 1673
Compressed Earth 2080 0.837 1740

Blocks

Table 1. Density, specific heat and thermal mass of a range of materials

Note: Figures are based on a number of sources and include estimations and interpolations.
http://www?2.ecospecifier.org/knowledge base/technical_guides/thermal_mass_building_comfort_energy_efficiency
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TEMAERATURE (%)

TIME £ HaurS )

lTim e-lag (@)
I

Temperaure

outside temperature
w— rO0OM tem p. with lowtherm al m ass
= room tem p. with high therm al mass

G:00 800 10:00 12:00 14:00 16:00 18:00 20:00 2200 000 200 400 6:00

Time

The effect of using heat generated during the day to warm at night in winter

and vice versa in summer is
effectiveness of the flywhee
by an external wall or other

<nown as the ‘thermal flywheel’ effect. The
depends on the time lag introduced to a building

poundary 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

Material (thickness in mm)
Insulated Brick Veneer
Concrete (250)

Double Brick (250)

AAC (200)

Adobe (250)

Rammed Earth (250)

Compressed Earth Blocks (250)

Sandy Loam (1000)

Time lag (hours)

5.0

6.9

7.0

7.0

9.2

Table 4: Time lag figures for various materials
(Baggs, SA, JC, DB., 1991) and (Think Brick Australia, 2006).
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Thermal mass affects the temperature
within a building by stabilizing internal
temperatures in three ways:

e stabilizing internal temperatures by
providing heat source and heat sink
surfaces for radiative, conductive and
convective heat exchange processes;

e providing a time-lag in the
equalization of external and internal
temperatures;

e providing a temperature reduction
across an external wall (the decrement
factor).
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Internal temperature stabilization
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Thermal mass effects on diurnal indoor temperatures of various materials.

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.
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Radiant energy stored during the 24 hours

sunset

Radiant temperature

0 4 8 12 16 20 24
Midnight Noon Midnight
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Internal temperatures stabilization using different structural materials

50 - v X o
45 - — - - -
External Aie.__ .
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Thermal mass effects on diurnal indoor temperatures Time (Days)
of comparative insulated cavity brick & lightweight
structures (Think Brick Australia 2006)
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Effect of Thermal mass storage

COOLING vs HEATING: Thermal storage strategy

80°F
300 Btu/ft?
70°F b |
- INternal Temperature
with Thermal Storage
X | | | ,
60°F Heating Required - 150 Bogr === |Nternal Temperature
No Thermal Storage
- = Qutdoor Air Temperature
Direct Solar Irradiation
4am 8am Noon 4pm 8pm Indirect Solar Irradiation
7.11
Diagram showing air
temperatures over a 24-hour
period for an office with and
without thermal storage. THERMAL STORAGE
Source: Modified output from an Although thermal storage can be an important part of maintaining comfort with minimal energy inputs,
Autodesk Ecotect building model. S _ _ . '
Courtesy of Callison. over the past 200 years construction in much of the First World has tended towards lightweight, insulated

buildings. Lightweight buildings are typically less able to use solar energy, since they cannot delay or
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33% Peak Solar Load Reduction
due to Thermal Mass

1Z2am gam Noon 4pm Spm 12am
Heat gain for low-mass interior Heat gain for high-mass interior

Percentage of Solar Gain released during each hour after being transmitted through glazing

'
High Thermal Mass Example 27%| 13%
e Low Thermal Mass Example S5%| 17%

7% S%| 4%l 4% 3%| 3%| 3% 3%| 3% 3% 29| 2%[ 29| 2%| 2%] 2%| 2% 2%[ 2%| 2%| 2%| 1% 1%
9%| S%| 3%| 2% 2% 1%| 1% 1% 1%| 1% 1% 1% o o - - - o o - - 4 -
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e External walls require minimum levels of added insulation for wall types
under 200kg/m?2

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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ESEMPI DI SISTEMI DI CAPTAZIONE SOLARE Locating mass in a building
4 .. :
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10. WALL-CONIACT

11 EARTH-CQVERED

v.

GREEN ROOF

"’ A

SUSPENDED NON-VENTILATED
INTERNAL MASS

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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Trombe wall
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Modified Trombe wall

ROOF
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{1 wsed Kalewall braxd fherglass)
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SN I1"HOLEIN WALL
STUCCO FINISH
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3" X8"HOLEIN WALL
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FOOTING

2" THICK CLOSED CELL STYROFOAM
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WIND, AND PASSIVE VENTILATION

For cooling, better thermal distribution and indoor air quality

e To heat/cool through thermal convection

e to refresh through the sweating acceleration

e to clean exhausted indoor air, smoke,...

e to prevent condensation, moisture, and germs
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Architettura

RADIATION vs CONVECTION FOR INDOOR HEATING

Forced-Air Radiant

Heating Heating

System System
\\ I // Mean Radiant

Air ~ 0 | \\ Temperature
Temperature
Operature Operature
Temperature Temperature _ _
Radiant heating systems compensate a

lower air temperature with a higher radiant
temperature, while air heating systems
AIr compensate a lower radiant temperature

Mean Radiant 2\ I //

Temperature _~NA
P 7T\

dempardiv 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.

N\
- ( ’ -

a Il a

i !

I é" I 7 ] Air heating (left) versus radiant heating (right) in a

: u church building. Source: Fabric-friendly heating,

Dario Camuffo.
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Wind Speed (mph)
Temp (°C) 10 20 30 40 50 60
COOLING EFFECT ON APPARENT TEMPERATURE
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5 2
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TYPES & FACTORS OF AIR MOVEMENTS TYPES OF INDOOR VENTILATION
CROSS VENTILATION m— i
» .

@ A 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 STACK VENTILATION
upward draft

f [ temperature >thermal energy [ altitude > gravitational energy | velocity > cinetic energy [ humidity >hygrometry ]
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0 AIR MOVEMENTS BY DIFFERENT PRESSURE

Horizontal movement Vertical movement

O

LOW PRESSURE HIGH PRESSURE

Barometric pressure

TEMPERATURE: low high @
DENSITY: high low

f [ temperature >thermal energy [ altitude > gravitational energy | velocity > cinetic energy | humidity >hygrometry ]
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0 AIR MOVEMENTS BY DIFFERENT PRESSURE

LOW PRESSURE

TEMPERATURE: low
DENSITY: high
ALTITUDE: high
HUMIDITY: low

NB. Anche I'aumento di vapore acqueo
comporta una diminuzione di peso in quanto la
sua densita e minore degli altri gas che
compongono l'aria

HIGH PRESSURE

high
low
low

high

ENVIRONMENTAL DESIGN
prof. arch. Giuseppe Ridolfi

@ AIR MOVEMENTS BY DIFFERENT DENSITY
— Buoyancy Effect —

stack (or chimney) effect

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

HIGH pressure " Comenenc: - LOW pressure
O &

O

/e 711/

{coolin

~~ " Divergence

--------------
----------------

LOW pressure

Circolazione ciclonica Circolazione anticiclonica

1006 1014
1002

@) (&

LOW pressure HIGH pressure




o @

MAILAB ENVIRONMENTAL DESIGN
................................................................................ T et DL O @GR GIUSEPPE FICOM
AIR MOVEMENTS BY DIFFERENT DENSITY & PRESSURE
Divergence
HIGH pressure [ Comvergence LOW pressure

s

-------------

..............

LOW pressure HIGH pressure

Circolazione ciclonica Circolazione anticiclonica

)

LOW pressure HIGH pressure
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SEASONAL WINDS

Winter Monsoon Summer Monsoon
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SEA & LAND BREEZES
density & (&

——

o= —.
5 Retum 2ure2 . of conlir‘gRD o~ V )

,/ [ Cumulu™)

'\} y rlouds
(@) ;
c £ (®))
— e Rising cC
—~ Subsiderce _ ‘ " —
O ofcoldar Alrwamming cyar A al o)
O @ the land o
(& Advaction of cold sir % L pw pressure (&)

High pressure
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@ Kinetic f (air velocity) directional force

Wind pressure coefficients (C)) vary around buildings

Enclosed Bullding Partially Enclosed Building

— = = End section ¢ section

0 1 2
1 1 J

Scale of
Pressure Coefficient
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@ Kinetic f (air velocity) directional force

. Datl Climaticl pronti cer ‘a simulaz ona 500
) Dawnlnad dal Server Strusaf: Climate 400
() L.sa file ASHRAF IWFC, TMY, WTFC2 Sfaglia . ]

Sorgaente Clima: ITA_Qoma-CIanlnc».lGBQC_ CDG.epw Ny 300
Tipo cl matico: ldentificatore zona climat ca: 200
| Maring (O 2] 3c
Tipo Dato. Vista: 1 00
| Velocita del vents - | B @ — 0

mys
30

| ]n —/

il ” Y,

| Gar | Feb | Mar | apr | Mag | Giu

Figure 1—General wind velocity profile near
surface (from Rothermel 1983).
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@ Kinetic f (air velocity) directional force
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@ MOVIMENTI DELLUARIA PER PRESSIONE: CAUSE/EFFETTI DEI DIFFERENZIALI DI PRESSIONE

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

4 ) e—

s EXTERNAL WIND PRESSURE: GABLE VIEW
( f w " e “o D
\ @E J ’( g FIiNG FORG t‘r [ Lr..h' .ﬂl.\.‘.l.‘!
) ,;.,)‘ -~ / L \,/ \7 | . MIr PRESSL
| Fpure4 & |

Bernoulli principle= higher speed lower pressure

inininini

Pressure exerted by slower-moving air

O
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RICONOSCERE | DIFFERENZIALI DI PRESSIONE INDOTTI DAL VENTO SUGLI EDIFICI

L
.......
-” -

"1 et Voo non influerzato dalla costrunone
A = v "#' Pressure 4 I e — .
B V' 'Suction Lo so o — e,
)’ S - ,' / Targ
v  — Windward 4
— Wall !
L 4 :
'
_’ \‘ "
Wind Direction ——» \\ !
\ "
e . .
. \‘
) .
_) $ » S
K Leeward s -
2o Wall
’

Building Elevation
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HOILD3S

o — /\.
L=4H W=2H Y - /\n‘
Skinny buildings create 4 %21,
deeperlow pressure area t=eiw=s1 _ [N —UEREICS — =0
) , 325H ,

LOW PRESSURE

Taller buildings create

(proportionally) deeper
low pressure area

11.5H
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I LOW PRESSURE

\

\\)

///

|

gH,  sas Shorter building creates (proprotionally)

066 L 1 d deeper low pressure area
V4
/‘_\ — }.‘
! \- ——
> \ —

Longest building create
A deeper low pressure area
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COMPUTATIONAL METHODS

WINDS & AIRFLOW MODELING

Wind pressure coefficients (C)) vary around buildings
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High suction regions
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AIRFLOW MODELING

Computational Fluid Dynamics (CFD)

T \
v B t ¢ .
AT N Fal
E R A A 7
~ 2

» 1
ﬂﬂﬂﬂﬂﬂ r 3 C e e e
> > = i

-— e o -~ YHE . . . 7 e o wm mmow v

100 mm

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

AlA (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

Protezions dal vento : |

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

| ) | . pr— . L \
pr— pr— \ — “x
- S p—— - - — 3 ‘\v' - ‘u u h

- : Ly ' o, § = . — = - , ‘ ‘.. -
Orientamento Protezione dal vento i :{E.-M oy ‘ // ‘é:-'f‘cd
Neord L Barzialmente protetio ' Ll 7 . fowd. 100DV,
E ' : i N f e - -

A e,
Nerd Fat 1 Barzialmente pratetta | 11431 142260 h
C i Protetie ] ¢ 1) provetze .
Sud-ZIst 1: Parzlzimente protette 12 Parsialments protetio
Sud 1_Nor pratete 1 Nonprotetto
Suld- Owedt T Barzialmente protetic
[$ hﬁanialnwnrr- protetto
Nord -Ovest L Parzialmente protettc
CAnnulla | OK |
. * o

C 5 Run the simulation in Flow design

6 set the appropriate visualisation and analyse the results

ENVIRONMENTAL DESIGN
prof. arch. Giuseppe Ridolfi

1

-1.0 -0.7 -04 -01 0.2 05 0.8 1.0 0 02 04 06 08 10 1.2
C. [] I I |V/U,, [-]

Fig. 12. Contour plot of the pressure coefficient Cp (g.c.e.2.1) and the dimensionless veloeity magnitude (V| Uler)
(b.d.fh,j) in the vertical center plane for the five roof geometry cases.
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AIRFLOW MODELING. Procedures in Flow Design

A 1- determine the coldest and the hottest hours

2- for these hours find the most frequent wind directions

Pronezion€ dal vento

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

p— 7~ \ . — o - \
pr— pr— \ - ‘\.
- _E Ny W = ' Emm NV E W | =

wa— (N BTTVS SR

1280 (208840
- 8L 102900

Orientamento Protezione dal vento N e

Nord LF wzialmente proteto 49051 N

Neord Fst 1 Barzialmente pratetta g

TR i Perere ] ¢} rroverce

Sud-ZIst 1 : Parzlzimente protette 1 Parsialments protetio

Sud T_Nor protette 1 Noaprotetio

Suld- Owedt T Barzialmente protetic

[$ _Li_PaniAlnwntr- protetto

Nord -Qvest LParzialmente protetto
CAnnulla | OK |

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

-1.0 -0.7 -04 -01 0.2 05 0.8 1.0 0 02 04 06 08 10 1.2
C. [-] I I (VU (-] |

Fig. 12. Contour plot of the pressure coefficient Cp (g.c.e.2.1) and the dimensionless veloeity magnitude (V| Uler)
(b.d.fh,j) in the vertical center plane for the five roof geometry cases.
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Wind & Passive Ventilation
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-
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s ) 4
™ .
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3

1 y b‘.
a, Diagonal wind (around 45°)is ’

better than hortogonal for an
homogenous distribution of
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e Designing skin openings for good cross ventilation
Y L

h + Ah

o o |

A 0
: P

VENTURI EFFECT : Higher speed (lower pressure) if the entrance is smaller than the exit

vento esternd ancnlalo a 45°

4
_ -
-
% - -
"..‘." ._" s
.! N .__/:” - ‘+— — ."\
~ .
- - N i

Pairing a large outlet with a small inlet
increases incoming wind speed.
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When openings
Cannot be oriented to the prevailing breeze and if rooms
have windows in only one wall, landscaping or wing walls
Can alter the positive and negative pressure zones around
the building and induce wind flow throughiwindows paral-
lel to the prevailing wind directions (R. H. Reed, 1953, p.
56: Robinette, 1977, p. 29). If located correctly, vertical
fin projections create a positive pressure at one window
and a negative pressure at another. Qutward opening case-
ment windows can create a similar effect. The effect of
wing walls is limited to windows on the windward side

of 4 . ‘ -~ v . d& af m& Aﬂﬁ"&e
nd has no effect on leeward openings. Interior View of Alierons, Academy fi
of a building 2 and Guiana Chrigtiane Hauvette ¢ Jerowe Nouel
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HEATING

P D
L ONYTIY ITE

ks VR

By =9

riscaldamento a pannelll radianti

il sistema a pavimenti radianti garantisce una pit omogenea distribuzione delle temperature interne
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COOLING

—— : A

Sistema raffreddamento a piastra radiante
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Working with natural ventilation
Air movement: VERTICAL VENTILATION

=

:f.u‘v;-‘-'o e

REMEMBER:

Kinetic force (wind direction and intensity )
Difference of Pressure

Difference of density

\ A owen - Nentllation

\ Hane

N
Gtack \

Ventilation Sections \

|

| Gnple Panked 2 Deey Koom

R oome Petween

) F

5 Linked Roome / Vent
Through Circulatign

E Gtar ae Gtack

Cross ventilation + Stack effect room diagrams
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HOW TO INCREASE STACK EFFECT:
e OVERHEAT THE ROOF, THE CHIMNEY,..
 INCREASE THE DISTANCE BETWEEN INLET AND OUTLET
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Alr exhausted thro 1
windows in staim‘ligh high

Prevailing Breezes

R R : .
- 3
T Ok Ao TN
< .

pen windows

J
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L |

‘u

X

Open Stairwell
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. NEUTRAL NELTRALS
PLANE : PLANE

\

REMEMBER: winter time summer time

Kinetic force — Air within a building acts like a — Air within a building acts like a bubble of

Difference of Pressure bubble of hot air in a sea of cold air  cold air in a sea of hot air — Falls to the

- - — Rises to the to bottom
— Draws outdoorl-oair in from cracks/ — Drives indoor air out through cracks/gaps/

gaps/openings in the bottom openings in bottom — Outdoor air is drawn in
— Indoor air flows out through through openings in the top
openings in the top e Temperature differences usually lower in the

summer time so the amount of flow is smaller
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Ceiling
25% to 35%

Walls
10% to 20%

Windows
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aumento
cinetico
particelle

Air leakage
15% to 25%
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25% to 35%
alta PRESSIONE CINETICA bassa

Walls
15% to 25%

Windows
25% to 35%

Floor

5% to 15% 10% to 20%
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FROM HIGHER PRESSURE TO LOWER PRESSURE
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Winter time Summer time
Ceiling __ :*Hi hot
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Windows
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Air leakage Floor Air Ieakage
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Walls
15% to 25%
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Floor
5% to 15% 10% to 20%

10% to 20%

Ceiling

CO I d 25% to 35%

Ceiling
25% to 35%
Windows Walls

Windows Walls 119%8820%
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NIGHT
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Mode 1 :

Heating Season.
Minimum outside
air admitted.

Mode 2 -

Swing Season.

Qutside air quantity
varies to provide coolin,
and fresh air. Wind
chimney only.

Mode 3 :l

Early Cooling Season.
Cooling via wind chimne
and venting skylights.
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I X8 OPERABLE VENT
SUPPLEMENTA. FAN UNIT s

ACOUSTIC A35073ING
MATERIAL LINES SHAFT

Mode 4 -

Cooling Season.
Skylight roof fans
maximize outdoor a
for cooling. Nighttin
purging as necessa

Mode 5 -

Peak Cooling.
Minimum fresh air.
Cooling provided by
radiant slab.
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EFFECT OF BAROMETRIC PRESSURE  f(high)

FROM HIGHER PRESSURE TO LOWER PRESSURE
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Barometric prgessure
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Combination of Baramoteric Pressure and Indoor Pressure

the NEUTRAL PRESSURE PLANE (NPP)

o
[
1
¥

e TS
e —— " |

3
tHETH N

“

Npp *

STACK EFFECT

R 4 -
- s
E

'p-———

WINTER SPRING & FALL SUMMER

*Non = Neutral oressure nlane
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9.16

Photograph of the type of
operable windows used at the
Bullitt Center. Window diagram
shows equal opening size around
window's perimeter to reduce
wear and provide even, controlled
airflow.

Source: Photo and diagram

courtesty Shuco.
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Wind rose for Seattle Boeing

Field, showing frequency (darker
color) of wind direction and
velocity during summer
afternoons.

Incoming ;
! ‘J Alr "
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* The stack effect is magnified in taller buildings

Stack Effect Flow Out
(Exfiltration)

'.(- Pouise drops with
+ height slower than

Poesiae drops

than P,

MTeTe e

—

P atmosferica esterna P interna R isultante

ﬁ

Stack Effect Flow In
(Infiltration)
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Winter time Summer time
Ceiling CO | d b A h Ot
25% to 35% " Ceiling p. g
25% to 35% daarh
> Windows Walls
<L 11% to 20% 10% to 20% Windows Walls
D 25% to 35% 15% to 25%
Wwarm
: .'»(' b ' oS NG : o ¢
R Oy | e e
Air leakage Floor Air leakage Noor . -
15% to 25% 10% to 20% 5% to 15% 10% to 20%
Ceiling I d Ceiling I
At CO 25% to 35% COO

Walls
10% to 20%

Windows
11% to 20% 11% to 20%

¢Ewarm Q:warm
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Air leakage Floor
15% to 25% 10% to 20%

Walls
10% to 20%

Windows

NIGHT

Air leakage Floor
15% to 25% 10% to 20%
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Winter time

Ceiling C O | d
25% to 35%
Windows Walls
10% to 20%

z 11% to 20%
O

Air leakage
15% to 25% ' 9%
Ceiling I d
25% to 35% C O
Windows Walls
11% to 20% 10% to 20%

NIGHT

Air leakage
15% to 25%

o™
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Summer time

",'-’-\"A/‘j-:.’ h
Ceiling j Ot

25% to 35% e V—\l »

Windows Walls
25% to 35% \/ 159’3]to 25%

Air leakage
5% to 15% 10% to 20%

Ceiling

25% to 35%

Windows !
11% to 20% 10% to 20%

Air leakage
15% to 25% ¥
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Concept of the neutral level Stack driving flows in a building

— + —
\ External T _+ Indoor air > +
ressure 0 temperature eutra I
\ p } is greater i 1: ! E—> Indoor air Neutral
Y I N Y S S [ I I E— IS greater --—-—-———g-—— ressure 0 ______ temperature _______} ressure
\ gradlent R _ than plane } ii I:ses ihane { glane
\ Neutral E—> outdoor i P — outdoor —
\ h2 plane +|= — | + i + |-
\ Internal (A) (B)
\ pressure
\ ‘ gradient
—\ \ Indoor air warmer Indoor air cooler
h, than outdoor than outdoor
26 32

(b) Stack Driven Flow

+ Fositive with respect +
to outdoor pressure

Flow pattern for outside
temperature less than
inside tfemperature

Meutral” pressure
= plane

+

Megative with respect
= tooutdoor pressure
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Influence of wind and temperature (stack
effect) on ventilation and air flow pattern OO ez 10"

-+— Single Sided: Max Depth=2.5*h —m=

——
=
?TLTWWWQLQWWW

- Cross Flow: Max Depth=5%h -

Wind Direction
(V = speed inm/s)

Temperature Difference 3 2 3 ?
=20 K
1 1 > 4
(€) V=4 2m/fs (d) V =4 Bmjs
Q =0.37 ach Q=0 48ach

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



| ey ©C @
L MAILAB ENVIRONMENTAL DESIGN

Arehitettura MULTIMEDIA | ARCHITECTURE | INTERACTION pPDf- arch. Giuseppe Ridolfi

Natural and Mixed Mode Ventilation Mechanisms

o AT A

—_— . \ ——

Cross Flow Wind Wind Tower Stack (Flue) Stack (Atrium)

Mixed Mode Ventilation

heated/cooled
ceiling void
heated/coole Q.L F ,
ﬂ pipes ‘ —

chilled pipes

S

L] ]

N\

] b

Fan Assisted Stack

I
. p i
\

A

i {

Buried Pipes

Top Down Ventilatio

T T

Courtesy of Martin Liddament via Yuguo Li




w MAILAB ENVIRONMENTAL DESIGN

MULTIMEDIA | ARCHITECTURE | INTERACTION pr‘c)f, arch. Giuseppe Ridolfi

€) MOVIMENTI DELUARIA PER PRESSIONE: CAUSE COMBINATE

“Driving forces” of ventilation and infiltration: AP

AP = APwind + APstack + APmech

1. Three primary mechanisms generate pressure differences:
- Wind
e Caused by wind impinging on a building, creating a distribution of pressures on the exterior surface
e Depends on wind direction, wind speed, air density, surface orientation, and surrounding conditions
— Stack effect (natural buoyancy)
e Caused by the weight of a column of air located inside/outside a building
e 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)
e Fans are used to supply, recirculate, exhaust, and otherwise balance
pressures and flows in buildings
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 The stack effect is magnified in taller buildings

Stack Effect Flow QOut
(Exfiltration)
R Rm———

'.f Poaside drops with

Postside
Pousise drops
with height faster
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Stack Effect Flow In
(Infiltration)
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P interna

AIR MOVEMENTS IN HOT/COLD HOURS
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' by solar gain through tilted south
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Trickle vents for incoming fresh air

incoming fresh air
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Climatic Diagram
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Wil o2a Studio has unveiled their
\ ‘.‘.\.\ \‘l“‘,“ i;i",,m,',','”' "f proposal for the Lorry I. Lokey School
| of Management at Tel Aviv University.

Stack effect in atrium boosted
by solar gain through tilted south
facing skylights
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119.5m
Meiji University Liberty Tower, Tokyo, Japan

(source: Professor Toshihara lkaga, Keio University)

Wind Floor
for Hybrid —
Ventilation

Gross Floor Area: 59000 m?
completed in 1998
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Hybrid System:

The hybrid system combines various aspects of the above systems and is used fo classify building sys
that do not “fit” into a precise category. Such buildings may use a layer of screens or non-glazed mate

VENTILATION DUE TO WIND FORCES | pressure differential created by incoming force of wind
on either the inside or outside of the primary environmental barrier. The Tjibaou Center in New Calec

by Renzo Piano may be used to characterize this type of Hybrid system.

ghinismmipl el '
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— 3 4..“ "I“ m
e

i

T

ORI
I
ik

OPEN £ OPEN OPEN : OPEN =
OPEN ¢ .'iiiz — =2 CLOSED ¢ @ ~ = CLOSED - )| e
Y W = opEN T = = s OPEN = ———=
_ ) Figure 6: _ . STILL AIR OR LIGHT WIND MODERATE WIND & LIGHT BREEZES
Cross section of the Tjibaou Center by Piano illustrating the use of a hybrid system !
. ventilation relies solely upon wind forces | the height of the building is not utilized
OPEN
3, CLOSED ®, ® ®e (C|OSED l CLOSED o oo =——=x—
PARTIALLY OPEN: "W iv :=0pEN ¥V V¥ OpEN:
STRONG'WIND WIND FROM OPPOSITE DIRECTION
: ventilation relies upon convection & the : ;
:L __________ negative pressure created by the wind :

wind coming across lagoon rather than bay
' utilization of wind ventilation & stack ventilation

__________________________________________
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Torre del vento A ‘
v
\_ /

/ Flusso ventilazione
¢ 7
//’/ \\
/ Camino Solare N

-

? L
. I

A';H\ Raccolta sabbia e detriti Specchio d’acqua per raffrescamento
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- IPOTESI 1
//// La primg Ipotesi Ideata el fondava culla formazione di un
/ camino solare centralc. lalz scluzions perd obbl gave
- ; - . . .
o _ o I"apertura di molts finestre 3u||§ perete pgnmetra € g in un
- —— amb ente molte ventoso e sabbinso come il nostro poteva
l D essere un problems.
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- IPOTESI 3
/// Seguzanco l'crientamento prircicale dei venti freschi
- abbiamo inclnato il proget:o di 156°; la torra del vento &
/// //\ stata spns-ata al ~i funri el cerimentro della piznta & ha
b — assunlo le duzlice unzivne di barriera da delrili 2 venli

caldi provenienti dalla cireziane oppostia rispstto allse sue
aperture. L'ara capgtata. pascando al di sotto Jel a struttura,
vi rientra in manizra 0iu gmageneea ¢ non puntiforme cocme
nzlla pracadente ipotesi.

IPOTESI 2

/,// Abblamo decizo di dar v1a 3 uno g¢pazio centrale grotetto
// ma illumingto, ¢on uno specchio d acque che £ossa
// e — raffrescare | ambignte neturelrente: il camno sclars &
— ] diventato una torre del vanto chza riesce 2 captare e a
® pruiellare (ulli i lorli venli della cona neyli ambienti nlemi.
// | |
\
L__l e W
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~
/// ~——— “Z/A
—_—
R -
g B ~
// \\
N T
~ ~
/ \\\
\\\ /
R IPOTESI 4

Spostanco la torre del vento, si crea unc gpazio
percorribile all ombra & protetic dai venti attorno
al'edificin; ¢ 6 parmette di far arrivare a lucs anche zlla
parele rivolla varso il relro. Assumenda la [orrma a “grado i,
I€ torre del ventc ¢ acatta ala focrma dsl terreno e imgatta
minormente In mez2z2 al passageio desertico
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THE FIRST EXAMPLE: STEIFF FACTORY in GIENGEN 1903 {v_,
- N TH3 2UH3V WOAAN35AS CLUE L
M ILYA GOLOSOV

1926

e
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gy
]
(14
i
-

The Zuyev Workers Club. llya Golosov, 1926. A precedent of double skin glazed walls in Moscow before the Centrosoyuz.
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PRE-HEATING / REFRESHING SYSTEM EXHAUST DUCTING SYSTEM

Double Skin Facade as a central direct pre-heater of the supply air
Double Skin Facade as an exhaust duct

S el 1)

é | |
a3
|
W/mﬁ 2,

—}}
= [T

WINTER SIMMER .
. Double Skin Facade as an individual supply of the preheated air

Www%y
i

| Facade as a central exhaust duct for the ventilation system
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|
INDOOR COMFORT - GOOD
ENERGY SAVINGS - GOOD
i MAINTENANCE - POOR

22

INDOOR COMFORT - V. POOR INDOOR COMFORT - POOR
ENERGY SAVINGS - V. POOR ENERGY SAVINGS - V. POOR
MAINTENANCE - GOOD MAINTENANCE - GOOD

o AESTHETICS
0 BLOCK RADIATION -

o BLOCK RADIATION
o REDIRECT DAYLIGHT

o BLOCK CONVECTIVE
HEAT -

o DAYLIGHTING
o VIEWS -

3A.

INDOOR COMFORT - GOOD INDOOR COMFORT - GOOD INDOOR COMFORT - GOOD
ENERGY SAVINGS - FAIR/GOOD ENERGY SAVINGS - FAIR ENERGY SAVINGS - FARR
MAINTENANCE - POCR MAINTENANCE - FAIR N MAINTENANCE - FAIR

Y Y

ENERGY SAVINGS - FARR
MAINTENANCE - FAIR

J INDOOR COMFORT - GOOD

YW W W Y

I
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®
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WINTER/SUMMER

vA ¢
| -
N

HEATING REFRESHING CLEANING
Night-time ventilation ( exh au Sted 3 | r)

During the summer and in the some climates where there is sufficient varia-
tion in diurnal and outdoor temperatures and a good prevailing wind, night-
time ventilation can be used to cool down the thermal mass of the building
interior, reducing air-conditioning loads. Heat gains generated during the day
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Summer
|
Device \ c;ay
Windows, doors A clos_ed
Blinds (external) A closed
Curtains (internal) A |close<;

niggt
ropen

open

open

Table 2: User control of shading and ventilation devices
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Winter

day
\;Iosed
open

open

night
closed
closed

closed
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observer and office occupant, the wall section at the CDP does not greatly differ from a traditional fagade
system that incorporated both fixed and operable glazing panels.

return air partly &
into double
facade:

winter heat
recovery;
summer gains
purged outside

AN AR T i i L

manual/
automated
porous solar
shading screen |

it LA E LA

lnner glazing opens inward
for cleaning . ‘

selective
glazing (2)

|
%
|
|

|

l -7.7
' Y
| -

|

|

‘

operable ‘ );
window - small vent opening t@allow

| ' room air to retum‘ﬁwough
R double facade
displacement —§—4 i

- -.;..'-;.&..__g Al .. " sl

ventilation

900 mm

i =
:!" "t

-~
-...-Lc“!_-._A — -

Figure 9:
1 Interstitial space- seasonal climate buffer

Figure 7: Flgure 8: 2 Dayligh reflector and sunshade The room section at TB|US, Vancouve

. . . . . 3 Aluminum framed glazing curtain wall
Wall section detail of the CDP Interior view of the office space 4 Solar shade glass panel- ceramic frit
glass panel reduces solar heat gain
5 Operable windows-existing restored
6 Operable windows- new mechanized
7 Existing exterior wall- exposed concrete
8 Curtain wall hangers
9 Steel reinforcing for curtain wall frame
10 Raised office floor
11 Air plenum in raised floor
12 Air diffusers
13 Natural ventilation possible in moderate
temperatures
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THE BUILDING
ENVELOPE
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