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o Environmentallelementsithatiaffectpeopletsicomfort

Energy mediator devices= Human skin & Building skin
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

HOW THE BODY EXCHANGE THERMAL ENERGY

[ CONVECTION
33%
Envelope p .
: stases 240/0 samee  Evapocalion
Air temperature o " Sweating

Air speed

Humidity

Metabolism

RADIATION
41% of heat
loss

Clothing

Modified from Frisancho 1993:33
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conduction
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B Environmental'elementsithat’affect’people’sicomfort

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

HOW THE BODY EXCHANGE THERMAL ENERGY

Environmental Temperature

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

The body exchanges:
-62% of this heat via radiation,

changes in air temperatures (Ballinger 1992).
This gives rise to the importance of recognising the
overall Environmental Temperature [T(env)], as

-15% by evaporation,
-10% by convection,
-10% by respiration and
3% by conduction.

opposed to jus

http://www?2.ecospecifier.org/

- the dry bulb temperature.

Y

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




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

Body actions to mantain thermal equilibrium

e Lol

f}g‘-
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B Environmental'elementsithat’affect/people’sicomfort

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

Body actions to mantain thermal equilibrium

temperature

Radiation:
Photons

Air: 19°C

KMe

Fig. 21-1
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

EFFECT OF WIND ON TEMPERATURE (Apparent Temperature)

Wind Speed (mph)

Temp (°C) 10 20 30 40 50 60
20 17 15 14 13 12 11
15 12
10 7
5 2
0 -4
-5 -9 -18 -21
-10 -15 25 -28
-15 -21 -32 -35
-20 -27 -38 -42

Significant Severe Extreme

Wind chill equivalent temperatures from Steadman

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

Apparent temperature (AT) as a Wind Chill - after Steadman 1994

Temperature (°C)

D= = RN WWWE =MD

- o
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-17
3 8 -17 -16
Apparent termperature with no radiational heating and relative humidity fixed at 70%
Farmula from Norms of goparent temperature in Australiz | Aust. Met. Mag, %ol 43, 1994 1-16.
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Environmental'elementsithatiaffect'people’s’comfort

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

i
%

0 to -10 Low 10 to 25 Moderate  -25 to - 45 Cold 45 to 59 Extreme 80 Plus very Extrerme [[NNEGTNNENEGEGEG
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B Environmental'elementsithatiatfectipeople’sicomfort

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

| Decreases in bar width
indicates decrease in effect “

Bacteria
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o (O~ I - - L - 27 b Per Cent Relative Humidity

Finoa 29 C° Nessun disagio

Da30a34C® Sensazione didisagio

Da35a39C° Intenso disagio. Prudenza: imitare le attivita fisiche pill pesanti
Da 40345 C® Forte sensazione di malkessere. Pericolo; evitare gl sforzi

Da 46 N Pericolo grave: interrompere tutte le attivita fisiche

Pericolo di morte: colpo di calore imminente
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Environmental’elements'that’atrect'people’si‘comrort

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

HUMIDEX- PERCEIVED TEMPERATURE AND DISCOMFORT INDEX
(range 20°C-55°C)
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Humidity Ratio (gm Water / gm of Dry Air)



Psychrometric Chart

Sl {metric) units

Barometric Pressure 101.325 kPa (Sea level)
based on data from

Carrier Corporation Cat. No. 794-001, daled
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Dry Bulb Temperature (°C)
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

Psychrometric C

SI {metric) units

Barometric Pressure 101.325 kPa (Sea leve
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Humidity Ratio (gm Water / gm of Dry Air)



B Environmental'elementsithatiatfectipeople’sicomfort

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

EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE

% 65% T0% T5% 80% B85% 90% 95% 100%

43 45 Sapeag

2 4 45 47 53 5
40 42 44 45 47 51 o
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Finoa29C®  Nessun disagio

Da30a34 C® Sensazione didisagio

Da35a39C° Intenso disagio. Prudenza: imitare le attivita fisiche pill pesanti
Da 40345 C® Forte sensazione di malessere. Pericolo: evitare gl sforzi

DA 46 a 532 Pericolo grave: interrompere tutte ke attivita fisiche

Pericolo di morte: colpo di calore imminente

The humidex is a Canadian creation first used in 1965
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Dry Bulb Temperature, °F
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1

Fig: 8-8. Nomogram for the “new,” effective temperature
(E¥*), including data points for US Army heat deaths
provided by Hardy. ashrae: American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, Inc; clo: unit
of clothing insulation, 1 clo = 0.155 m* K/W; MET: unit of
metabolism, 1 MET = 38.15 W/ m". RH: relative humidity.
Nlustration: Adapted with permission from ASHRAE. Copy-
right 2005 © American Society of I‘Wting,
and Air-Conditioning Engineers, Inc (www.ashrae.org). Re-
printed with permission from the 2005 ASHRAE Handbook —
Fundamentals. (This text may not be copied nor distributed in
either paper or digital form without ASHRAE's permission.)
Data source: Hardy JD. Thermal comfort and health. ASHRAE
J. 1971;13:43.
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE

LS Armry heat stroke
danger line = ET*35

0 3 10 15 20 25 30 35 40 45 30 C

30 40 50 &0 70 80 %0 100 1o 120 °F
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE _ Using wet bulb temperature

US Army heat stroke é’ Ory Bulb Temperature, °F

30 40 50 &0 70 80 90 100 1o 20 °F
#|—ion
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Environmental'elementsithat'affectipeople’s’comfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE _ Using wet bulb temperature

US Arry heat stroke
danger line = ET*35
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Environmental'elementsithat'affectipeople’s’comfort

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE _ Using wet bulb temperature

US Army heat stroke
danger line = ET*35

Dry Bulb Temperature, °F
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A

Ambient air and wet bulb Temperature [°C],
rel. humidity [%])

Monthly averages of air and
wet bulb temperature,
relative humidity and global
radiation on a horizontal
surface in Dubai.

A

IDENTIFYING THE COMFORT PERIOD

~—+- Ta[*C] = Twb [°C] « RH[%] — G_Gh[kWh/m2]

- - N
= R S

Global horizontal radiation sum

A4

0 T T T T Y T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

4 -_iCAD
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B Environmental'elementsithatiatfectipeople’sicomfort

& 3

v

IDENTIFYING THE COMFORT PERIOD

+ Ta[’C] =+ Twb[C] + RH[%] G_Gh [KWh/m2]

N

Ambient air and wet bulb Temperature [°C],
rel. humidity [%]
o 2

Monthly averages of air and
wet bulb temperature,
relative humidity and global
radiation on a horizontal
surface in Dubai.

+ 250
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Global horizontal radiation sum



IDENTIFYING THE COMFORT PERIOD

~+ Ta['C] = Twb [°C] « RH[%] — G_Gh[kWh/m2]
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Global horizontal radiation sum
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Ambient air and wet bulb Temperature [°C],
rel. humidity [%)]
3

- -

Monthly averages of air and Jan Feb Mar Apr i May Jun Jul Aug Sept Oct Nov Dec

wet bulb temperature,
relative humidity and global
radiation on a horizontal

surface in Dubai. comfortable period period to be cooled
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IDENTIFYING THE COMFORT PERIOD

—+- Ta[*C] = Twb [°C] « RH[%] — G_Gh[kWh/m2]

dehumidification

NI

Ambient air and
wiNININR

o L] L L L L L - L] ) | L
Monthly averages of air and !

wet bulb temperature, Jan Feb Mar Apr May Jun Jul Aug Sept Oct
relative humidity and global

radiation on a horizontal

surface in Dubai. comfortable period period to be cooled
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Global horizontal radiation sum
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Environmental'elementsithat'affect/people’s’comfort

IDENTIFYING THE COMFORT PERIOD

LOCATION: MATSUMOTO, -, JPN
Latitude/Longitude: 36.25° North, 137.97° East, Time Zone from Greenwich 9
Data Source: IWEC Data 476180 WMO Station Number, Elevation 2004 ft
RELATIVE HUMIDITY 100% 80% 60%
DESIGN STRATEGIES: JANUARY through DECEMBER /
11.3% 1 Comfort(991 hrs) "'_:'“;_-.J;:_&; ‘028
2 Sun Shading of Wnndows(ﬂ, h
3 High Thermal Mass(0 hrgl¢f .
4 High Thermal Mass Nigh¥ Flushed(0
5 Direct Evaporauve Coolll)g(o hrs)
6 Two-Stage Evaporative Cnolmg(o hrs) ;‘g:;g::gu“ .024
8.8% 7 Natural Ventilation Cootig:z hrs) Y 4 DEG. F AS
10.8% 8 Fan-Forced Ventilation C g(950 hrs) A-“;ﬂ 80
23.3% 9 Internal Heat Gain(2042 hrs) eyl /
9.1% 10 Passive Solar Direct Gain Low Mass(?QB hrs) 020
11 Passive Solar Direct Gain High Mass(0 hrs) S
12 Wind Protection of Outdoor Spaces(l:l hrs) a
13 Humidification Only(0 hrs) 4‘1’
14 Dehumidification Only(0 hrs) ) 2 o
15 Cooling, add Dehumidfication if needéd_(o hrs) = =.016 g
16 Heating, add Humidification if needed(0 hrs) >
48.4% Comfortable Hours using Selected Strategies ' e a
(4237 out of 8760 hrs) £ =
< =
Comfort Zones show: |4 Dr2n
Summer clothing on right, E 802
Winter clothing on left. /
50 50 - .008
4 . =
3
. S omfort area
: N PRl a 10:
} L 3 ~ |
10 20 30 40 50 100 110

DRY-BULB TEMPERATURE, DEG. F

Ecotec output from climate-consultant http://www.energy-design-tools.aud.ucla.edu/
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o Environmentallelementsithatiaffectpeopletsicomfort

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

labile 4 Typical Metabolic Heal Goene ration for
Variows Aotivities

[T T nuEt®
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Sleepung |13 ' i)
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Scated, guiet i 1% 1o
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f’: > Walking (on ig¥el surface)
R 29 tps (2 wiph) AT 20
b d 4.4 s (2 mph) 1% 14
_-:_;’ 59 fps (4 nph) Bl 1x
(Mhce Activiies
Reading, seated & 1.1
10 e Wniting |& i
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Wallang about i L7
g g L 2
1met = 50kcal/hm?=0,05815Kw/hsgm E rioeecng ’ '
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1 BTU/h ft2=5,6783 w/h mq Heavy yilficle 59 12
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. _ H H _ Hawscckanmg 17 b 52 20 3d
http://www.the-engineering-page.com/conv/u.html o i, R % b
Machine work
sawing (table saw) L L%
1 BTU = 252 Cal lsght (elecwical mduswry) 17 w44 Jilm 24
_ heavy T4 an
1BTU = 1’055056 k) Hatulimg 110 1 bags i | 40
1 W: 3’412 BTU/h = 1_]/5 Pk and shovel work T4 us BE dih o K
Misceblamemus Leissir Adivites
1 Kcal= 0,00116 Kw/h Dincing, seciel okl Al
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I._.I i N — Sowrvvy: Coripiled Thonii vabeows soscses. For additional mibmmation see Fedkik

(1960, Passmarry anad Durnin g 196 7 amd Webh (1964
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Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

Sitting Activity Met =1 Average body surface
= 50kcal/hsgm=0,05815Kw/hsgm Male=2 mq

Female=1,75

it g

100 watt/h 100 watt/h
i»|..iCAD
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B Environmental'elementsithatiatfectipeople’sicomfort

Converting the excess heat generated by the
Stockholm Central Station’s 2500 daily users
to hot water and pump it to the nearby
Kungsbrohuset office block.
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o Environmentallelementsithatiaffectpeopletsicomfort

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

0 0.1 0.3 0.5 o.n 1.0 1.5 3 clo
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Ideal Environmental
temperature

Winter 19°-21°C
Summer 25°-26°C
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THERMAL COMFORT ZONE

CBE Thermal Comfort Tool ASHRAE-55 EN-15251 Compare Ranges Upload
Select method: PMV method - + Complies with ASHRAE Standard 55-2013
Air temperature PMV -0.13
25 : ofy Use operative temperature PPD 5%
Sensation Neutral _

ta 00 °C s
th 00 % /
- Ws 00 guhkges y
tw 00 °C 25
S te 00 °C

Typing: 1.1

20

Humidity Ratio [gw / kgda]

point on the chart has the same MRT, which defines

In this way you can see how changes in MAT affect thermal comfort.
also still use the operative temperature bution, yet each point will have the
same MRT.

>to access the tool: http://comfort.cbe.berkeley.edu/EN

The PMV model can be applied to air conditioned buildings,
The Adaptive model can be generally applied only to buildings where no mechanical systems have been installed

& .. ICAD

Prof Gluseppe Sidelfi, PhD




MODELING HUMAN BEHAVIOURS AND
COMPUTING COMFORT CONDITIONS

WIND & VENTILATION



Wind and Ventilation

Air movement: WIND & CROSS VENTILATION

emperature balance
e Quality of indoor air [ Minimal air change = 0,5 vol/h]
ilitate human transpirati




Wind and Ventilation

Air movement: WIND & CROSS VENTILATION
f [work done f(pressure), cinetic energy f(velocity)+potential gravitational energy f(high)]

BERNOULLI PRINCIPLE= higher speed lower pressure



Wind and Ventilation

Air movement: WIND & CROSS VENTILATION
f [work done f(pressure), cinetic energy f(velocity)+potential gravitational energy f(high)]

Bernoulli principle= higher speed lower pressure

©, S

High pressure Pressure pressione
Low speed speed

Ceiling
25% to 35%

Walls
10% to 20%

i ey

Floor
10% to 20%

[ Zona & norcoio oel fusso



Air movement: WIND & CROSS VENTILATION

From higher temperature (lower density, lower weight, higher pressure)

To lower temperature (higher density, higher weight, lower'pressure)

Winter.time

Summer time

Ceiling

25%

Windows
11% to 20%

DAY

Air leakage

‘ cold

y &

to 35%

Walls
10% to 20%

AN

Floor

Ceiling

1-& hot

25% to 35%
Windows walls
25% to 35% 15% to 25%
e ——
[—— 2
warm
Sy

A K T
&‘ <

Air leakage / Floor
T, 10%to 20% 5%to 15% 10% to 20%
-— —
- Ceiling
Ceiling I d I
25% to 35% co R— Ccoo
Windows Walls 1:.\;;?0;05% 10;'?";0?
11%to 20% I I 10% to 20% - | ] B

&

— warm__|

NIGHT

oty
AT =i

Air leakage
15% to 25%

o

Floor
10% to 20%

¢: warm__|

[——
ST » T
b ke

Alir leakage Floor
15% to 25% 10% to 20%




- Wind
Air movement: WIND ANALYSIS

L=W=H ' ﬁ
- i LOW PRESSURE
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Wind and Ventilation

Air movement: WIND ANALYSIS

_ LOW PRESSURE




- Wind'and Ventilation
Air movement: WIND ANALYSIS

HOW TO VISUALIZE WINDS — Airflow Modeling

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 fornatural ventilation and can significantly reduce costsof air-conditioning provisions.
There are Computational Fluid Dynamics (CFD) tools available that can help simulate the air-flow patterns within built-
spaces as well as for whole building estates

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

Other popular software tools:

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

References

AIA (The American Institute of Architects) (2012) An Architect’s guide to integrating energy modeling in the design process

ERI@N (Energy Research Institute @ NTU) (2013) Nanyang Technological University (NTU), Singapore

NREL (2009) A handbook for planning and conducting charrettes for high-performance projects, National Renewable Energy Laboratory (NREL),
Sept 2009



Wind and Ventilation

. Dati Climatici pronti per la simulazione

Air movement: WIND ANALYSIS

1- determine the coldest and the hottest seasonal period and hours
2- for that periods find the most frequent wind directions

() Download dal Server Strusoft Climate
() Usa file ASHRAE IWEC, TMY, WTEC2

Sorgente Clima: ITA_Roma-Ciampino.162390_IGDC.&

Tipo climatico:

[ Marino (C)

Tipo Dato:

| Velocita del vento

Protezione dal vento
h Parzialmente protetto
1.: Parzialmente protetto

v 11 Protetto

1: Parzialmente protetto 1 Parzialmente protetto
Sud I Non protetto 1_ Non protetto
Sud-Ovest 1: Parzialmente protetto
Ovest 1: Parzialmente protetto
Nord-Ovest 1: Parzialmente protetto

| Annulla | E—QK»—J




Wind and Ventilation

Air movement: WIND ANALYSIS

3- define wind speed for the hottest and coldest periods
4- reduce the speed according to altitude and roughness of the site

. Dati Climatici pronti per la simulazione 500 =
() Download dal Server Strusoft Climate 400 -

(#) Usa file ASHRAE IWEC, TMY, WTEC2 [ Sfoglia. |
Sorgente Clima: ITA_Roma-Ciampino.162390_IG8 G 300 -
Tipo climati Identificatore zona climatica:
ipo climati 200 -
| Marino (©) # 3c
Tipo Dato: Vista: 1 00 -
| Velocita del vento ;| EE o o

Figure 1—General wind velocity profile near
surface (from Rothermel 1983).



-
Air movement: WIND ANALYSIS

5- Orient the model according to the wind direction

VLIl L s) Lriessuie raj)

vao
61 (0] “oony
.
20145 1467631" % @ o,
16,448 -93,527] e Pl
]
11631 (-140.291] Sornsne
0 [-187.054]

Status:
v
Ana

Voxel size: 0,010 (m)




Wind and'Ventilation
Air movement: WIND ANALYSIS

6- Set the wind velocity & analyze results (low, high pressure zones)

20.281 Status:  Transient
17.564 Analysis: 3D

Wind Speed:  10.000 (m/s)
14.341 Length:  6348.934 (m
10.141 _[5?5%URFACE SETTINGS 11.481 (m)

612.892 (m)
Value (m/s) 15.715 (m)
Opacity

Boundary

Cancel




-

Air movement: WIND ANALYSIS

VERLILY 7S] IFTE3UIE (Fal)

12.186 [28.646] Status:
10,553 [10.797) Analysis:

Wind Speed;
8617 [-7.053] Length:
6.003 [-24.903] e Width:

0[42.753) - X - . Height:
o " b Voxel size:

o VEIULILY |13 [FiEssule \Faj|

14.337 [44.346]
12417 [15.593]
10.138[-13.159]
7.169 [41.912]
0[-70.664]1

Transient
30

10.000 {m/s)
10.575 (m)
0.833 (m)
1.666 (m)
0.025 {m)

Status:
Analysis:

Wind Speed:
Length:
Width:
Height:
Voxel size:

Transient
3D

10.000 (m/s)
10.841 (m)
1.522 (m)
1.997 (m)
0.024 (m)



Wind and Ventilation

Air movement: WIND ANALYSIS

7- Design buildings according the wind pressure zones and cinetic forces

15% to 25%



Wind and Ventilation

Air movement: WIND ANALYSIS
7- Design buildings according the wind pressure zones and cinetic forces

e Designing skin openings for good cross ventilation

@ U ')
=203 ol
B ) ; 9 J With L not very big -



Wind and Ventilation

Air movement: WIND ANALYSIS
7- Design buildings according the wind pressure zones and cinetic forces

e Designing skin openings for good cross ventilation

R Qa
.) J Diagonal wind (around 45°) is / b) J
better than hortogonal



Wind and'Ventilation
Air movement: WIND ANALYSIS

7- Design buildings according the wind pressure zones and cinetic forces
e Designing skin openings for good cross ventilation

VENTURI EFFECT | Higher speed if the entrance is smaller than the exit

ventio esterno onenialo a 45°

-

-
ve I-u. it m'mlm;l ﬁ"qv -
— l"W’ "..

\ -.[ X 'lil'Ilf‘dI:.l "“T__ f .;" |

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



MODELING HUMAN BEHAVIOURS AND
COMPUTING COMFORT CONDITIONS

STACK EFFECT & VENTILATION



Stack Effect and
Air movement: VERTICAL VENTILATION
f [work done f(pressure), cinetic energy f(velocity)+potential gravitational energy f(high)]

Height
Increase movement




Stack Effect and Ventilation:

Air movement: VERTICAL VENTILATION

Stack Effect >>> BUOYANCY EFFECT

From higher temperature (lower density, lower weight, higherpressure)
To lower temperature (higher density, higher weight, lower pressure)

In addition, the stack effect use the difference in altitude (potential gravitational energy)

Typically, at night, wind speeds are
slower, so ventilation strategies
driven by wind is less effective.
Therefore, stack ventilation is an
important strategy.




Stack Effect and Ventilation
Air movement: VERTICAL VENTILATION

Multiple sources airflow

ormmnce ana conrerence room
spaces in plan and section. CFD
was used to verify the potential
for natural ventilation to provide
adequate cooling even when
outdoor windspeeds are low.

Source: Courtesy of KEMA Energy
Analysts.

9.2

Airflow within a room is created
by multiple sources air rising from
(1) heat sources (such as a lamp,
person, or a floor warmed by
solar irradiation) due to buoyancy
creating thermal stratification (red
and blue overtones); the
interactions of forced air from a

NATURAL VENTILATION AND MIXED-MODE OPERAT R oramecha-lmcal cystem
and (3) outdoor air speed and

Natural ventilation channels direct outside air to do one or more of the following: provide fresh air, direction, channeled by building

provide cooling, or provide airflow to increase human comfort levels. The ability to use natural ventilation geometry into and out of a room.

Aamanmde Alinata wiica Al maall fkbaviar Ffammmavatiiean AamAd tlha hiimidib calar vadiabian mmAd il A



] Stack Effect and Ventilation

Air movement: VERTICAL VENTILATION




Stack Effect and Ventilation

Air movement: VERTICAL VENTILATION




Stack Effect and Ventilation

Air movement: VERTICAL VENTILATION

Air exhausted through high
ows in stairwell

pen windows Open Stairwt]l



Stack Effect and Ventilation:
Air movement: VERTICAL VENTILATION

Working with natural ventilation Air movement: Cross ventilation + Stack effect room diagrams

\ Cromes - Nentllation | Gngle Panked 2 Deey Room
\ Aane K oome Petween

N
Gtack

Ventllation Gections

€ Gtair ae Gtack
Room Orpanization Gtratesies That Facilitate Both Cross and Gtack -Ventilation



VIOD ELING HUNMANIBEHAVIOURSTAND.
COIVIRUMINGICONVIEQRIFCONDITIONS

¢ To heat/cool through thermal convection

e to refresh through the sweating acceleration

e to clean exhausted indoor air

e to prevent condensation, moisture, and germs



Workingiwithinaturaliventilation

Multiple sources airflow

R}
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Wind Towers




| Workingwith!natural ventilation

Wind Towers
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Working withinaturaliventilation

Wind Towers
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- Working withinaturaliventilation

Wind Towers

912

Stack diagram showing the
important inputs into a natural
ventilation model.
A (Te [exterior temp] -
Tj linterior temp at outlet])

Te
Internal loads = Vent.area -
[z] room area ¥ Min: ([a,+a,+a,+a,] inlet area
internal gain/SF Min [b,+b,] stack area,

[c] outlet area)



Workingiwithinaturaliventilation

Wind Towers

9.5

Natur al vent”ation Exhaust Vent \l:l:::ral ventilation exhaust




Workingiwith'natural\ventilation

o

Wind Chimney

Mode 1 :I

Heating Season.
Minimum outside
air admitted.

Mode 2 [

Swing Season.
QOutside air quantity
de coolin,
sh al ind
chimney on

Mode 4 -

Cooling Season.
Skylight roof fans
maximize outdoor air
for cooling. Nighttime
purging as necessary.

Mode 5 -

Peak Cooling.
Minimum fresh air.
Cooling provided by
radiant slab.



\Working withinaturaliventilation

Wind Chimney

LEVEL § : 9.13

C T EL +1e80" T @

@ Section through window showing

™ window uses and sizes.
N MECHANICALLY OPERATED,
i SIZED AND CONTROLLED | 9.14
| X FORVENTILATION NEEDS = 3

in Natural ventilation diagram

showing airflow into the offices
and up through each floor's
stacks.

| lll,
= LJ LL[[L [[t

et | -'“1 [, [
M J | g
I_I.CL 06 0o g




Working withinaturaliventilation
Operable Windows

N : 9.16
e, Outgoing Air
NN

0 A

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.

Incoming
£l Al




MERELING RUMAN BERAVIQURS AND

COMPUTING COMIFORT CONRITIONS
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- \Workingiwithiwaterlevaporationlinihotidnyiclimate

Wind A ind

,,:%W_EFIW

i
water
reservoir oo




LATENT HEAT vs SENSIBLE 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 motion and vibration.

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.



- WaorkingjwithiWaterlevaporationlinihotidnyiclimate

How much energy in water state transformation

— LATENT HEAT ABSORBED =>

I _% -
%EE_- Melting 2 E\apcrationi
b - Freezing . gdensatiun
0,09 W/h solid uld (water) Gas
0,079 kcal <« LATENT HEAT RELEASED — """
: Temperatura di
Sostanza fusione (°C)
Acqua 0
Azoto -210
Alcol etilico 108 -114
Ammoniaca
Mercurio
Zolfo
630 W/h =y 1litro=45W
Calore latente di Tempo medio 15-20°
Sostanza

ebollizione (J/g)

Azoto 200 -196

Alcol etilico 855 78,3
Ammoniaca 1369 -33
Mercurio 294 357
Zolfo 1406 445




- Workingiwithiwaterievaporationlinihotidryiclimate

How much is the benefit from evaporative cooling

ATOEBE IS THE PROCESS

OF EYAPORATIVE COOLING RELATIVE HUMIDITY. %

WET BULBE TEMPERATURE,°C 20 C
/
10 e "
/ \ :.:
— o
T | | T
0 10 20 30 40 50

DRY BULB TEMPERATURE,®C

MOISTURE COMTEMNT



IIII Workingjwithiwaterfevaporationlinihotidryiclimate

How much is the benefit from evaporative cooling

ATO B IS THE PROCESS

OF EYAPORATIYE COOLING RELATIVE HUMIDITY, %

DRY BULB TEMPERATURE,°C

IBRRENBERERE

MOISTURE CONTENT

REAL TEMPERATURE:
30° (40%) >> 22°(80%) >> diff -8°
APPARENT TEMPERATURE

34° >> 30° >>diff -4°
34° >> 28 >> diff -6°
34° >> 32° >> diff -8°

IRBNEBBEERLEES

& Ve YBE2sEEE

PEREREE ]
FEEFREFFF IS

IETITPERE: -

IRLREREEE L]

YW L eSS s



Workingiwithiwaterievaporationlinihotidnyiclimate

Figure : Muscatese Evaporative cooling window system (Rosa Schiano 2007)

Sun Shade
Hot air escaping

from high clavstre _
work opening

Shutters ” ¥
contr@l air ——— . ’
movement

Evaporative cooling
a8 breaze passes
over surface of |
porus waler pol

Porous Water Pot
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WaorkingjwithiWaterlevaporationlinihotidnyiclimate

Passive Air
Cool Tower

Vanluri Sywtem
Kaaps Exhaust Seoop
Facing Sway From YWind
(Deawing & Varuum)

Exhaust

Venluri Syssem
—

¥ acing Wind

Tail k?eps [::j’ﬂ Fipe
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into wind Fioof

Eeanngs Hot
| dirr
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Agl-mr Flost
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Workingjwithiwaterievaporationlinihotidry/climate!

evaporative cooling can be made more
efficient by coupling it with a solar chimney
to increase air movement and velocity
through the building

shade water bodies to further reduce
temperature of the water and
enhance its capacity to absorb

heat from incoming air

nozzles can be used e effect

2./ tocoolincoming air s

/ downdraughi tvaporat

louvers to catch wind spray water or mist

insect screens air is cooled

ugl' evaporation.

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

water bodies in enclosed
courtyards are ideal for
evaporative cooling

in hot and dry climates

o
e

g
gy
dretomear T



\WorkingjwithiWaterlevaporationlinihotidnyiclimate:

Tetto verde izolato et

RBaffrescamento radiante
ad attivarione della massa

Ventilaziones notturna
——

frasversale

EE) ARIA FRESCA ESTERNA
=

- RAFFRESCAMENTO RADIANTE

ARIA CONDIZIOMAT A

ARIA DI RIPRESA

;'.'- VENTILAZIONE NOTTURNA
- POMPE DI CALORE AD
AD AMBORKIACA
UNITA TRATTAMENTO ARIA CON
RECUPERATORE DI CALORE

T

ASSORBIMENTO

1

ihgresso aria esterma

; — e
9

S

S—

1 {h-
R egr—

- c.:t/’rJEqnlmm arta esausta

Traltamente arja & scambio lermica

Refrigerazione acqua &
raffrescamento aria

Distribuzione acqua refrigerata

Estrazions aria esausta

Immissione aria condizionata



MODELNG HUNMANBEHAVIOURS AND
CONVIPUNING COMEORIFCONDITIONS

WORKING WITH MASS LATENCY
or THERMAL LAG



What is THERMAL LAG?

describes a-body's thermal mass is the
with respect to time. A body with high thermal  thermal conductivity divided by density

mass (high heat capacity and low conductivity)  and specific heat capacity at constant
will have a large thermal lag. pressure

thermal mass is a property of the mass of a
building which enables-itto'store heat,
providing "inertia" against temperature
fluctuations. It is sometimes known as the
thermal flywheel effect.

This is distinct froma material's insulative
value, which reduces a building's

thermal conductivity, allowing it to be heated
or cooled relatively separate from the outside,




- Working with Mass Latency.or Thermal Lag

A thermal flywheel effect from Nature: Marine breezes




- Working with Mass Latencyor Thermal Lag

Benefit of Thermal Mass

Thermal'mass affects the temperature
within a building by stabilising internal
temperatures in three ways:
e stabllising<internal temperatures by
providing heat source and heat sink
surfaces forradiative, conductive and
_/convective heat exchange processes;
e providing o time-lag in the
equalisation of external and internal
temperatures; and
e /(providing a temperature reduction
across an external wall (the decrement
factor).

thermography



Working with Mass Latency or. Thermal Lag
Internal temperatures stabilisation

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 othertechnique 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 (see 2.3 below).

Thermal comfort exists when'a'body’s heat  Relatively'small-changes in mean radiant

loss equals its heat gain or vice versa. temperature have a far greater effect than similar
The body exchanges: changes in air temperatures (Ballinger 1992).

.62% of this heat via radiation, This gives r{se to the importance of recognising the
} overall Environmental Temperature [T(env)], as
15% by evaporation,

) opposed to_jus " the dry bulb temperature.
-10% by convection,

-10% by respiration and
3% by conduction.

http://www?2.ecospecifier.org/

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



Working with Mass'Latency or Thermal Lag

¥

§

b

INFEOR. AIR TEMQEMTVKE ()

Internal temperatures stabilisation

\ e POLYSTYRENE
- —— AU LANED
\ AERATED CONCRETE
\ [ - HOoLLOW LoteRETE
'| Pl kS
~ 3} — SO CONCRETE
N\ BlLock=

; \‘i S CUTDOOR. Al

TEMPERATURE

|| L i |

1
8

w ¥
1z = F= 29 %
TIME C HoLE=D

Thermal mass effects on diurnal indoor temperatures of various materials.

When heat entersa 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: 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 unventilated
spaces.



Working with Mass Latency or Thermal Lag

Temperature ("C)

Internal temperatures stabilisation using different structural materials
50

45
Exterr —~—
40 :
Lightweight Module
35 J _ Intermnal Air
a7, ST
= e AT 1L
UAIESAIASAN S
N WJ \\//
=7 y Brick with Insulation Module
Air
15
10 e~

1J°" O\Pxﬁ ﬁp\M i 39\#'

11 |\1'°" R d\'l#, “q‘\w 5 \P’

o
Time (Days)

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



Working with Mass Latency. or Thermal'Lag

Heat capacity by materials

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

Material Specific heat
(kJ/kg.K)

Water 4.186

Concrete | 0.920

AAC 1.100

Brick 10.920

Stone (Sandstone)

FC Sheet (compressed)
Earth Wall (Adobe)
Rammed Earth

Compressed Earth 12080 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



Working with Mass Latency. or Thermal'Lag

Radiant energy stored by different materials during the 24 hours
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Working with Mass'Latency or Thermal Lag

Time lag + temperature reduction

Times Lag-

The effect of using heat generated during the

day to warm at night in winter and vice versa in

Temperaure

respectively

Material (thickness in mm)
.Insu1ated Brick Veneer
Concrate (250)

Double Brick (250)

AAC (200)

Adobe (250)

Rammed Earth (250)

Compressed Earth Blocks (250)

outside temperature

— rOOM tem p. with lowtherm al m ass Sandy Loam (1000)
e room tem p. with high therm al mass

600 800 10:00 12:00 14:00 16:00 1800 20:00 2200 0:00 200 400 600 Table 4: Time lag figures for various materials

Time (Baggs, SA, JC, DB., 1991) and (Think Brick Australia, 2008).

Hour‘i

H EXTERNAL summer is known as the ‘thermal flywheel’

¥ i / effect. The effectivenessiof the flywheel
depends on the time lag introduced to a
building by an external wall or other boundary
element. As can be seen from Figure 3, time
‘lag’ is the time delay between external
maximum or minimum temperatures and
internal maximum or minimum temperatures

Time lag (hours)
5.0
6.9
7.0
7.0
9.2
10.3
10.5

30 days



Working with Mass Latency. or Thermal'Lag

Effect of Thermal mass storage

COOLING vs HEATING: Thermal storage strategy

80°F

70°F

7.11

Diagram showing air
temperatures over a 24-hour
period for an office with and
without thermal storage.

Source: Modified output from an

Autodesk Ecotect building model.

Courtesy of Callison.

=== Internal Temperature
with Thermal Storage

=== Internal Temperature
No Thermal Storage

- = Qutdoor Air Temperature
— - Direct Solar Irradiation
------ Indirect Solar Irradiation

THERMAL STORAGE

Although thermal storage can be an important part of maintaining comfort with minimal energy inputs,
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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Effect of Thermal mass storage

- = - e e o e e e e e o e -

33% Peak Solar Load Reduction
due to Thermal Mass SOLAR ENERGY TIME DELAY

A

Heat gain for low-mass Interfor

Cooling Load ——p-

19] 200 21] 22| 23 24)
2% 2% 2%| 2% 1% 1%

High Thermal Mass Example
9 |Low Thermal Mass Example

7.12
Solar irradiation values on a south-facing window in Toronto with a:50 glazing to: ratio'were imported onto a spreadsheet to calculate thermal mass effects on
peak solar loading using the Radiant Time Series (RTS) method. Each hour s transmltted solar energy becomes a cooling load to the zone over the next 24 hours
according to the percentages below for a low-mass and high-mass interior, which are color-coded to show the cumulative effects. At 9am, the solar irradiation that
enters is colored red (1), and can be tracked over the next several hours until it becomes nearly negligible. For the low-mass option (2), 55% of the solar energy
becomes a cooling load within the same hour it reaches the zone, and 27 % is delayed until the second hour, with 9% becoming a cooling load in the third, etc.
Each hour has been assigned a color to track it through the day, with the high-mass system including a small remaining solar load from the previous day (3) over
the first several hours. The Radiant Time Series method (ASHRAE, 2013) is used to estimating peak cooling loads and contains an accurate but simplified version

of estimating the time-delay of solar gain in low-, medium-, and high-mass constructions. The low-mass construction contains carpet, while the high-mass
construction exposes concrete floors. The time-delay of other elements, such as exterior walls and solar energy absorbed by the glazing, was not considered.

Solar irradiation values calculated in Autodesk Ecotect.

Source: Courtesy of Callison.
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Locating mass in a building

HIGH IMPACT on
CLIMATE DOMINATED BUILDING

’// /i -

DED NON-VENTILATED -
RNAL MASS

dential,

1 Z

INTERNAL on
DOMINATED BUILDING

edium and high-rise commercial and
educational 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
heating benefits.)
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Locating mass in a building and operations in buildings with thermal mass

¢ External walls require minimum levels of added insulation for wall types under 200kg/m2
In the case of if adequate solar heat various kinds of earth walls such as adobe, rammed earth
earth blocks, with their tim 11+ hours, is recommended left unsealed or fini
paint.

and compressed
eathable’

Summer Winter

Device night

Windows, doors closed

Blinds (external) closed

closed

Curtains (internal) closed

pen closed

Table 2: User control of shading and ventilation devices
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Locating mass in a building

ESEMPI DI SISTEMI Di CAPTAZIONE SOLARE
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Locating mass in a building

THERMAL STORAGE FOR HOT ARID CLIMATE

MER

MNIGHT

Aidkii




Trombe wall

Working with Mass Latency. or Thermal'Lag
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Modified Trombe wall

RO \
3' OVER HANG 3

AT TEE TOP HINGING ©
TQ HLLOW AIRTO ENTER
THECOLLECTOR

(APPROXIMATELY 4° X 8")

¥"THICK CLOGED CELL STYROFOAN 4"’,/
OH QUTSIDE OF WALLS WITH SIDING

- i MODIFIED TROMBE WALL



h_

R

" __:_

"

-
!

5
-
'©
S
=
(%)
£
=
=
(o)
o=
]
@
-
(7))
72
(0
>
£
=
=
Q0
=
=L
e
=

Locating mass in a building




MODELING HUMAN BEHAVIOURS AND
COMPUTING COMFORT CONDITIONS

DAYLIGHT



Daylight vs thermal (and visual) comfort
A conflictual relationship
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VISIBLE RADIATION

Pone o St e | N N

Atmosphere?

Ultraviolet = X-ray Gamma ray
102 1070 10 2

Visible

Radiation Type Radio Microwave Infrared
Wavelength (m) 10° 16:*% 1=

Approximate Scale
of Wavelength

Buildings Humans Butterfies Needle Pc

ans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

Emperature of
objects atwhich
this radiation is the
most intense
wavelength emitted

10,000 K 10,000,000 K
9,727 °C ~10,000,000 °C

1K 100K
=272 °C =173 °C
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ABSOLUTE ENERGY IN THE VISIBLE SPECTRUM

= Increasing Frequency i¥h
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Irradianza (W/m2/nm)

ABSOLUTE ENERGY IN THE VISIBLE SPECTRUM
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relative intensity of the

DAYLIGHIT

100 T

solar radiation (%)

RELATIVE ENERGY IN THE VISIBLE SPECTRUM

= Rcaraning by (31

o IR

s Wi 11+

TR T
e —

400-700 nm

transparency of glass

Un confronto con la figura precedente mostra che il vetro non é trasparente nel range di emissione dei corpi a

-
-

~ 10 10*
visible

wavelength (nm)

Fig. 7. Range di trasparenza del vetro rappresentato sullo spettro della radiazione solare.

temperatura ambiente o di poco superiore.
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TRASPARENCY OF GLASS & % OF RADIATION PASSING THROUGH GLASS

A 400 - 3500

700

100

rencyof glass

relative intensity of the
solar radiation (%)

visible

wavelength (nm)

Fig. 6. Spettro della radiazione solare.
Sull’asse orizzontale e indicato il range di emissione relativo ad un corpo a 300 K. Lo spettro di emiss
questo corpo non ¢ rappresentato e sarebbe interamente sotto la curva dello spettro solare.



DAYLIGH

relative intensity of the
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GLAZING MATERIALS AND GEOMETRY.
Spectrally selective coating

g

relative intensity of the
solar radiation (%)

Fig. 7. Range di trasparenza del vetro rappresentato sullo spettro della radiazione solare.
Un confronto con la figura precedente mostra che il vetro non & trasparente nel range di emissione dei corpi a
temperatura ambiente o di poco superiore.

6.5

Spectrally selective coatings allow
glazing products to reflect solar
irradiation outside the visible
spectrum without significantly
reducing visible light
transmittance. This allows low-
SHGC products with high Tvis.

Source: Courtesy of PPG Industries.
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Envi ylight: G PROPERTIES

Glaring & Shading

T e— L
] g e 0.25
| ———
visible b g' -17 "-_?._:‘_‘lﬂl' _.__'.'T‘;I.,I_L
Trasmittanc ;
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o — g
0.3C : 2
~p— —
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Coefficient (SHGC) g e . S : [
- ; 0.23 4
. - ;
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Solar Heat Gain — 1 / 4
COefficient (SHGC) is the g U 1 _--'_45%
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solar radiation trasmitted = —y M5
through a windoes plus 2 a
the portion absorbed and @ ; &
subsequentilly released 1O —— —— — -
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KT (—
O 0.25
T I I

6.4

Glazing properties from some widely manufactured insulated glazing units (IGUs).

Source: Courtesy of Callison. Chart based on © ASHRAE Handbook of Fundamentals (2005), 31.20.
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GLAZING MATERIALS AND GEOMETRY.

Reflectance & Trasmittance f(angle of incidence)

6.6

Translucent materials transmit
some light and heat directly, and
diffuse the rest of the transmitted
light. In most cases, the diffused
light is more concentrated around
the directly transmitted light.

40° Angle
8% Reflected

77° Angle
50% Reflected

Transmittance and Reflectance

1.0

.80

.60

40

.20

\ 45° Angle
8 8% Reflected
50% Transmitted Directly
42% Diffused

Transmittance

Reflectance

30° 60°

Angle of Solar Incidence on Window

90°
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GLAZING GEOMETRY & MATERIALS

Daylight factor

Daylight factor is based on the
amount of indoor light as a :
percentage of outdoor light levels. ¥
Using a CIE overcast sky, it
reports the percentage of outdoor
light that arrives at a given point.
Point A has access to significantly
more sky than point B, with a
proportionally higher daylight
factor.

... -
..... ————

-------
.....

Source: lllustration by Amal
Kissoondyal.
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GLAZING GEOMETRY & MATERIALS

Illuminance levels

éﬁ% %

A s
T i A e

Plan-view studies showing
illuminance levels for three
window options on a north
facade under overcast skies. The
room's contrast ratios across
width and depth are also shown,
with lower contrast being
preferable, but difficult to
achieve, with side-lighting.
Lighting designers typically
include a room’'s contrast ratio in
their studies to ensure even
lighting throughout a space.

Source: Courtesy SERA Architects.
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GLAZING GEOMETRY & MATERIALS

False Color llluminance levels

False color illuminance levels for 2
p.m. on March 21 at a work plane
height of 30" above floor level
show that the majority of the
space is at or above 250 Lux,
meaning the space is well daylit

i | and likely needs no electric lights

i | | to be on.

Source: Autodesk Ecotect output of
Radiance data overlaid on an

it ! illustration by Amal Kissoondyal.

\

P T SERET TN TR Y SRV MR [ O

1000 Lux

500 Lux

i, 0 Lux
llluminance
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GLAZING GEOMETRY & MATERIALS

Day light false color analysis

Federal Center South, Building
1202, is a 60'-wide office plate in
the form of a U-shape around a
daylit atrium. The false color
results of a daylight factor
simulation on the ground floor
show good daylight based on

sectional properties, including: . — e R g = e o = _—Q\I —— ‘
office plate width, skylight l‘lLl - e = - e
geometry and glazing properties. _ ' i 1] . ARL
. = p— = di o T 11
Source: Courtesy of ZGF Architects I . - "y Tr R SH !
ELP: ) -
B - - 3.0% (6.0%)
\ OO : [ i - B8 1.5% (3.0%)
B = : - -
. — SIS y? - o 0.0%
> k = - _ | Daylight Factor. The
o sommmesens = .
_— : o wm—— results include a 50%
VY ' -~ decrement since interior

furnishings were not
modeled
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GLAZING GEOMETRY & MATERIALS

o o
Daylight analyis
’0 Options J @ Windows O Colour J @ Select ‘ ‘ @ View ’@ Display H 7 7
4 4 A A »
e ;
0.0
1l

Daylight Settings “ Internal Reflections W J Overiay 3D H x Displace

http://andrewmarsh.com/software/app-daylight/
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Glaring & Shading

2,000 Btu/ft?

1,000 Btu/ft?

'\ : |'| 0 Btu/ftz
Typical Window Frame 4" deeper 1 12" Horizontal Shade 24" Horizontal Shade Vertical and Averags Dally
| - ' » Horizontal Shades  Irradiation
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Glaring & Shading

Daylight assessment: Point-in-time vs annual analysis

2.6
5000+ Lux 100% DA
3500 Lux 70% DA Plan view of an open office space,
I1500 L ! a=5 4 *.h 30% DA showing a fagade with columns at
0 Lux T f1-2 = 0% DA the bottom. A point-in-time (PIT)
lllumination levels " ++4 y-'. Daylight Autonomy, analysis (left) provides
at 3pm on RS INEEL . E annual percentage of

Him e wiln umination information about daylight levels
- levels > 300 Lux and potential for glare at 3:00
p.m. on the winter solstice, for
example. An annual daylight
autonomy analysis (right) shows
areas that are successfully daylit
for a certain percentage of the
year. Both use false colors to

December 21.

on investment of 3 years. If the project team assumes that.occupants will turn off the lights when they illustrate lighting levels; they are
Autodesk Ecotect outputs of

| t night nsors may onl rojected to reduce lighting ener se by 20%, with a
eave at night, occupancy senso ay only be projected to reduce lighting gy use by , Wi RadFEATd DagsiY Salysss,

return on investment of 10 years. As a broader example, ASHRAE 90.1's baseline building energy use respectively.

is uniaue to everv design. leading to industrv-wide misunderstanding regarding a building's modeled
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Glaring & Shading

8.12

Daylight glare probability studies
of atrium skylight options using
DIVA software shows .26 and
.29, both considered
imperceptible glare. Each area
within a field of view that
contributes to glare is assigned a
random color to show its location.

Source: Courtesy of SERA
Architects.
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8.13

An east-facing viewpoint within a
south-facing office space
experiences glare primarily during
times with low-angle sun in the
Fall and Winter. Diva for Rhino
software creates a blinds schedule
to minimize glare, based on
research of building occupants'’
tendency to lower them based on
glare but raise them infrequently,
per the Lightswitch model
(Reinhart, 2002). The blind
schedule helps create a lighting
usage schedule that can estimate
lighting energy use savings to
compare design options.

Source: Courtesy of Jeff Niemasz.

Glaring & Shading

™ |ntolerable Glare >.45
Disturbing Glare .40-.45
Perceptible Glare .35-.40
Imperceptible Glare <.35

Jaylight Glare Probability (DGP)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

mm Blinds down
= Blinds up

Annual blinds
schedule to
mitigate glare

Annual DGP with
manual blind use

6am

Noon

Bhm Lt L e AL e
Lights off
“ Lights on

Annual electric
lighting schedule
in daylight zone
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Glaring & Shading

Systems for daylight diffusion

ESTATE INVERNG



Environmental parameters affecting daylight: WINDOWS GEOMETRY

Physical scale model to evaluate daylight and glare
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Glaring & Shading

LIGHTING vs GLARING: Shaping windows and shading

707

Facade shading studies testing
options with (1) horizontal shade
only, (2) vertical and horizontal

fins with the horizontal element
as a light shelf, and (3) vertical
and horizontal fins with the

(2

tle=

horizontal as sill reflector. Each
option was tested with 3 glazing
percentage options (4). The
orange number shows the

# | ¢ |

rim |

percentage of the glazing that is
shaded in each option.
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Glaring & Shading

7.18

Daylighting studies testing the
same 9 shading options as 7.17.
The large orange number shows
the average daylight factor in the
16' perimeter zone, and the small
number shows the contrast ratio
across this area.
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GIarig Shading

8.14

S
A physical daylighting model
showing use of light meters to
calculate the daylight factor. An
overcast sky is simulated by the
light box, which has highly
reflective ceiling and walls to
create uniform light levels.

Source: Courtesy of SERA
Architects.

And a physical daylighting model
showing use of a heliodon at the
Energy Studies in Buildings
Laboratory in Portland, Oregon,
to predict daylighting levels under
sunny sky conditions. The large
wheels rotate the model through
specific solar angles in relation to
a bright electric light.

Source: Courtesy of SERA
Architects.
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3.6

A study prepared for lowa State
University by ZGF Architects LLP
rates four window options for
user controllability, daylight
availability, visual comfort, and
heat gain. While simulations
predict lighting energy savings
due to the use of daylight, these
savings are only realized when the
system successfully blocks glare or
allows users to block glare
without blocking daylight.

Source: Courtesy of ZGF Architects
LLP.

Glaring & Shading

Visual Comfort/Glare Improvement Strategies

&
Positive -

Neutral - -

Negative - o

Ideal As Designed

Occupant Cont\ q I
Daylight Availability -
Visual Comfort -
Heat Gain -

11

Bottom-Up
w/ Stops

T T

Top-Down
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7.30

The Agua Tower. The parametric
aesthetic of the Aqua Tower was
investigated using the Shaderade
method of shading design.
Source: Photo by Jeff Nlemasz.
.3

Shaderade Boston cube. Each
colored cell shows net higher
(red) or lower (blue) energy
use if a shading device
occupied its area.

7.32

Section through a typical window,

showing ideal shading device
depth at the inflection point of
higher and lower energy use.

ng & Shading

Cell 854. Hourly contiibution to heat gainvioss through the yeaF.
e If shaded, building usés + Wmﬂmmmwmm at Cell 854.

Net Energy Increase +

Net Energy Savings *

Jan i JU it Deg

< cenizsa @
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Glaring & Shading

The inflection point.

7.34

Plan view of optimized shading.

Interior

)

The Shaderade approach, which advanced earlier work by Eran Kaftan and Dr. Andrew Marsh,
involves mapping the annual energy consequences of each position where a shade could affect energy
transmission through a window (1) in two or three dimensions (2).

The method begins by running a single simulation of a building shaded only by context, which

B LI N PRI MUBN, SN U v 2, SN NSy 1755 1] ey L N ISR | BN, A NI M b =0 g . b A et St A
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Glaring & Shading

FADAYSIM 3.1b (beta) - [C:/DAYSIM/projects/]

Zone Description [ "zone* 4
~Occupancy Profile ~User Requirements and Behavior
Salact Occupancy Tvos [standard otfce = || eee——
Arival Time psoo [| s psbaver
Departure Time [nm ' = p&nmsm;mmuwmmmﬂ
Lunch & Intermediate Breaks = |active Blind Control - User avolds discomfort glare (0GP >0.4). |
Rayicht 5avings Tine ¥ It
~Lighting and Shading Control System
2oe e o i B
Riing Control [hotovabie shadng  v']
Lighting Contral hmwwawnd-dﬁmiqsm A —i = Soedly |
start Dayioheng anatvsss |

A given sensor that reports a DA of 75% means that electric lights would not be necessary at the
sensor during 75% of the occupied hours each year. DA presents a best case scenario for lights to be
dimmed or off, since glare may cause blinds to be deployed, reducing light levels at the sensor. DA
software requires the input of various assumptions about the building or users’ operations of blinds as

8.10

Daysim software, that estimates
daylight autonomy, has a user-
inputted minimum lighting
threshald, generally the
illuminance level recommended
for electric lighting. The
characteristics of the occupants,
thethours of operation, and other
information are necessary to
accurately estimate when electric
lights may be dimmed or off on
an annual basis.
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DAYLIGHT AUTONOMY vs DAYLIGHT AUTONOMY MAX ANALYSIS

8.24

Plan view of reading room
showing annual DA and DAmax.

The skylight geometry is shown
to provide enough daylight

throughout most of the year

with over-lighting in only a

few places for only around

-

10% of occupied hours.

1 g

| : \
‘ SasEs %
100% DA | 25% DAmax
50% DA 10% DAmax
0% DA 0% DAmax

Daylight Autonomy - 30fc Daylight Autonomy Max - 300fc
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8.53

Sectional line drawing looking
south, showing trees at two
potential distances from the
facade.

Courtesy of Skidmore, Ownings &
Merrill, Chicago.

8.54

Creation of digital tree geometry.

Courtesy of Skidmore, Ownings &
Merrill, Chicago.

_ il
~ —b‘fa 4

lllustrator
(1

Photoshop

Simulation

This simulation was performed by SOM's Design Perfarmance Group, which specializes in early design
simulations. The Revit-based model was imported and re-built in Rhino for this tree canopy study in the
design development phase.

Research was conducted into modeling and defining the optics and seasonal behavior of a Thornless
Honeylocust to create a simulated tree. A vector outline (1) of the species was projected onto two sides
of a 3D volume. The canopy openness was approximated in the Rhino model (2) to allow direct, dappled
light from various directions and a variation of light passing through and reflecting off leaves. This approach
reduced meshed surfaces and simulation time.

Research and guidance from Christopher Meek at the University of Washington Integrated Design
Lab (IDL) into the optical properties (3) of the leaves were used to create a Radiance material (4) for
the leaves using Optics 6 Software. The tree leaves were scheduled to be present in the model between
May 15th and October 15th to simulate deciduous vegetation.





