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SUN, WIND & LIGHT

ARCHITECTURAL DESIGN STRATEGIES
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Texts used in the preparation of this presentation.
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The tiered approach to reducing carbon for
COOLING:

Mechanical Cooling

Tier 3 : :
Passive Cooling

Tier 2
Heat Avoidance

Tier 1

Maximize the amount of energy required for mechanical

cooling that comes from renewable sources.
Source: Lechner. Heating, Cooling, Lighting. HEL



Passive Cooling, General Principles:

Passive cooling is the counterpart of passive heating.
While passive heating is driven only by the sun,
passive cooling can use various heat sinks and climate
Influences to decrease heat.

1. Ventilative Cooling
2. Radiative Cooling

3. Evaporative Cooling
4. Dehumidification
5

. Mass effect Cooling
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Strategies of Climate Control
(chart modeled after Watson “Climatic Building Design”)




4 main strategy modes for PASSIVE COOLING design
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But first,

think about



If it does not get IN, you
don’t have to deal with it!

One way to avoid heat gain

Is by modifying the glazing.

Atrium buildings have long
had issues with solar gain,
so some of the glass is
opaque to give the
appearance of “sky”
without the solar gain.
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Blinds mu‘%st be manually drawn by the librarian é‘very sunny day to
avoid baking the children in the IOV\{er library areal
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Before resortlng to
expensive glass, think
sEading systems!
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Shading systems need not
be complex or highly
technical!




It is important to recognize that passive
cooling is much more dependent on
climate than passive heating. Thus the
passive cooling strategies for hot and
dry climates are very different from
those for hot and humid climates.

Often the temperate climate is the
hardest to design for to balance heating
and cooling requirements as neither
dominates for decision-making.







Hot humid climates cou@atural!,&/ent' ation

." light weight materials as the diay to night temper:
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Temperate and cold climate buildings must hit the middle ground as not to compromise
their more dominant heating season passive gain strategies.



Phoenix Public

Library




Passive Cooling: What is it?

As much as possible, passive cooling uses natural
forces, energies, and heat sinks.

Since the goal is to create thermal comfort during the
summer (the over-heated period), we can either :

1. cool the building by removing heat from the
building by finding a heat sink

2. raise the comfort zone sufficiently to include the
high indoor temperature by increasing the air
velocity so that the comfort zone shifts to higher
temperatures.



Passive Cooling: How do we do it?

Passive cooling relies on two primary strategies:

1. First and foremost, HEAT AVOIDANCE,
prevent heat from getting into the building! If it does
not come in, we don’t need to get rid of it.

- use shading devices
- create a cool microclimate to discourage heat buildup
2. Get rid of unwanted heat that comes into the building

- in cold and temperate climate, mainly via ventilation



I ‘H}W y Poeek shade

o
46. Schematic bioclimatic index.




Cooling thru microclimat Whadmg:
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FiGE, 36h vy makes excellent
sun control device for west ex-
posures. Perennial types pro-
vide seasonal benefits and—
unlike storm windows and

screen doors—are sell-install- HELL=S N
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Cooling thru microclimate and shading:

FIG. 4a “X” marks the spot for existing
on-site sun protection. Look for sites
shrouded by trees on west side. Inthis
example, trees are on upslope, enhan-
cing their shading ability. Don’t sacri-
fice winter southern exposure, though!







Cooling thru microclimate and shading:
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FIG. 4b. Planttall canopytrees
on south side of house to
shade roof and walls.

=0}
Trees planted close to the building on the south side can shade the walls
and roof.



Cooling t | shading:

FIG. 4c. Plant dense trees,
shrubs, hedges on west side
of house to intercept after-
noon sun.

Trees on the west and east sides can block low sunlight in the ﬂﬂ
morning and afternoon.
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Exterior shading
cools the microcl
More
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Cooling thru microclimate and shading:

]‘m VAN AAAA rﬂr 73
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FIG. 4d. Attached overhead

shading structures can provide
multiple benefits. Not only
does this patio cover shade
the wall, it also reduces re-
flected gain from loading on
the wall.

Trellises can provide shade to the building and outdoor rooms.
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Watch for
falling ice if
you dare sit
on.those-

benches!
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What is Ventilative Cooling??

1. Exhausting warm building air and replacing it with
cooler outside air

2. Directing moving air across occupants’ skin to
create convection and evaporation

3. Achieved by the wind, stack effect or fans.

You have to not only provide openings but also, locate
them correctly, make sure they are large enough, for
this to work properly!!
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Figure 10.5a Air flows either because of natural convection =57 ai;&- -
or because of pressure differentials. ey i bR
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Reason for the air to flow:
1. Natural convection currents caused by differences in temperature

2. Differences in pressure
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Figure 15.4: Ventilation principle #2 — Air has mass (and thus momentum) and it will
tend to continue in its direction until altered by an obstruction or adjacent airflow.
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Figure 15.5: Ventilation principle #3 — The overall effect of wind at a site is so large that
locally deflected airflow (by trees or buildings, for example) will tend to return to the
direction and speed of the site wind.




Figure 15.6: Ventilation principle #4 — “Laminar” airflow is smooth with adjacent air
moving in similar direction and speed. Slow, gentle alterations of flow direction will
preserve laminar flow, while abrupt alterations results in Hurbulent flow” whereby
adjacent air currents separate abruptly into swirling, unpredictable directions. When
two currents of air are traveling in opposite directions, they will always be separated by
eddies because adjacent particles of air always move in the same direction.




How does ventilation work?

Figure 15.7: Ventilation principle #5 — The “Bemoulli effect” causes a decrease in
pressure when air is accelerated in order to cover a greater distance than adjacent
airflow. The classic example is the airplane wing which is shaped so that air passing
over the top must travel further than that passing below; the Bernoulli effect reduces | He4
pressure on the top of the wing as the air is accelerated, creating “lift.”




Ventilation:
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Figure 15.8: Ventilation principle #6 — The “Venturi effect” causes an acceleration
when laminar airflow is constricted in order to pass through an opening (because the 0
same volume of air must now pass through a smaller area). If the constriction is so J
abrupt as to create turbulence, Venturi acceleration is minimized.




Figure 15.13: Staggered building arrangements result in reduced wind shadows. (After
Bowen, 1981.)




FIG. 10d. A compact form-in
plan as well as section—is the
first rule in minimizing wind ex-
posure. Orientation is equally
important: plan B has the
same configuration and area
as plan A, yet orientation in-
creases its apparent width to
the same as C when rotated
45°,

IR A
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HCL
Figure 15.11: Low-pressure zones occur along the sides parallel to the wind and on the J
leeward side of the building. (After Bowen, 1981.)
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Figure 15.10: Ventilation principle #8 — Cross-ventilation requires an outlet as well as
an inlet. (Analogy: water cannot be put into a bottle that is already full unless some old
waler is removed first —through a hole in the opposite end of the bottle, for example.)




Figure 15.19: Openings of opposite walls relieve high pressure on the windward side,
creating good cross-ventilation through the interior. Maximum air exchangeis created ﬂ
when the inlet and outlet areas are equal, making this the optimum configuration when
building cooling is the goals. (Affer Bowen, 1981.)




HCL
Figure 15.21: If the inlet is larger than the outlet, velocity in the room is reduced J
(although velocity outside just to leeward of the outlet is increased). This has potential
for cooling a localized exterior area such as a patio. (After Bowen, 1981.)
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HCL
Figure 15.20: Maximum interior airspeed is created when the inlet is smaller than the J
outlet, making this the optimum configuration when people cooling is the goal. (After
Bowen, 1981.)




Figure 15.28: An inbaror pariion sddod paraBol towindliow fas & minimum alfect on
wedocity and dicection, while a similar partition positioned porpendicular redingcts the
pattern and reduces the veloclly, (After Bowan, 15881.)
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excellent poor

Fin walls can m ﬂ

significantly i
Increase A
ventilation through 9°°d st
windows on the

same wall. =

Poor ventilation exce”ent good

results from fin
walls placed on the
same side of each
poor poor

window or when
two fins are used
on each window.

FJQH-II'D 15 17: Wing wall design patterns Imtwq:rw.n-:luwr.cnn1hcsamcmadjaccnlwa.ls
showing probable airflow patterns and wind directions for impraved ventilation perfor-
mance due 1o wing walls: (a) excellent, {b) poor, (c) good, (d) peor, (&) excallent,

{f) goedd, (g) poor, and (h) poor. (After Chandra et al,, 1983.)




Figure 15.14: A low building placed in the windward path of a tall building produces a
large amount of turbulence between the two. (After Bowen, 1981.)

"
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Figure 15.15: Raising a tall building on piloti reduces the high pressure on the windward
side by allowing airflow under the building. (After Bowen, 1981.)

A ml W g

Figure 15.16: An opening on windward side only results in poor ventilation; an additional
leeward opening — completing the connection between high and low pressure regions
— is essential to promote airflow through the structure. (After Bowen, 1881.)




Figure 15.25: The verical position of the ilet window is important in maximizing the
airflow through the lower, occupied portion of the room; the low inlet is best for cooling.
The outlet location has litle effect on flow within the room. (Affer Bowen, 1881.)
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Figure 15.26: An overhang above the inlet window directs the interior airflow along the ﬂ
ceiling out of the occupied zone; the addition of a slot separating the overhang from the

building redirects the flow down into the room, increasing the useful cooling effect.

(After Bowen, 1981.) :




FiG. 26c. Theopenplancan be
executed in an overlooking
mezzanine arrangemant to
preserve privacy between
quarters.




HWALL VENT N OFENINGS

FIG. 13¢c. “Piano nobile”"—the elevatea
living floor—is a design practice com-
monly found in the tropics and coastal
states where high humidity levels de-
mand the most of ventilation. Air cur
rents are stronger higher above the
surface, and elevated design Keeps
the underside of the house dry.




FIG. 13d “single pile"—one
room deep—houses are com-
mon vemacular throughout mid-
Atlantic states. Stacking rooms
high instead of deep offers
best cross ventilation oppor-
tunities. The two story, one
room deep style is known as an
“I” house.




FIG. 5b. Wind Funnels r

W | B
Tree planting can be used to guide | Loy
wind into unit. Here tree funnel lines '
are ‘“disguised” as driveway and

property line planting to better blend
with siting.
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FIG. 5c. Wind Dams, continued




FIG. 47d. The type of window -
can have considerable effect /
on the path of internal air flow

and its cooling value. There is
little mystery in the effect pro-
duced by these windows—

they are just as expected. ._n_u_a...u...mT




FIG. 5d. Wind Deflectors i

Hedge and shrub planting out-
side window relieves un-
wanted pressure component,
fosters downward deflections
of air stream. Effect will be
produced for distances Dup to
15 to 20 ft.

Influence of tree canopy outside the window is to “lift” or warp the airstream upward by relieving
downward pressure (opposite of shade-effect). Iftree is immediately outside window it will produce a
ceiling wash flow. At a distance from the house, canopy may warp the airstream suffi ciently to miss
the house altogether,




Green on the Grand, Kitchener:

For operable windows to be able to work,
you have to have enough of them as well as
provide for through ventilation.




IMPORTANT!

For natural ventilation to work you
need:

OPERABLE WINDOWS - the more
the better In our climate

FLOW THROUGH ABILITY - air must
be able to move




Stack Effect (i ir rises):

amr out

Figure 15.9: Ventilation principle #7 —The “stack effect” results when air in the building "ﬂ
warms, becomes more buoyant than outside air, and rises to escape out of openings
high in the building.




FiG. 27b. (Right) Stack action can be
coaxed through conventional house
 without unorthodox architectural style
if adequate passage is provided. Floor
grates, louvered cellings, gable ends or
ridge vents can provide the route.

FIG. 27a. Central stair to vent capped
with skylight & monitor makes an ex-
cellent “central ventilating’’ system as
well as a potential sales appeal item.

HASE
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Assisted Stack Effe

Figure 15.27: A high window acling as a windscoop inlet together with a low outlet must
overcome the stack-effect tendency of the warm inside air to rise; reorienting the
windscoop to leeward reinforces the stack effect and increases airflow.




YMCA Environmental Learning Centre
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YMCA Burrows:




What is Evaporative Cooling??

The exchange of sensible heat in the air for the latent heat of water
droplets of wetted surfaces. It may be used to:

«Cool the building (where wetted surfaces are cooled by evaporation),

eCool building air (directly by evaporation or indirectly by contact
with a surface previously cooled by evaporation),

«Or cool the occupants (where evaporation of perspiration cools the
skin surface.)

Sensible heat is the dry heat in the air.

Latent heat is the wet heat released into the air as water changes
from liquid to vapour by evaporation or boiling.



Direct Evaporative Cooling

HOT g \ %I HOT AND DRY
AlR

AND WATER
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Figure 10.11a Evaporative coolers (swamp coolers) look a Figure 10.11b Evaporative coolers are widely used in hot and dry
great deal like central Air Conditioning units, but their cooling regions. This is an example of a direct evaporative cooler on the roof
mechanism is very simple and inexpensive. They are appropriate of a house.

only in dry climates.




Direct
Evaporative
Cooling

Talizain West Pheoenix, Arizona

Frank Lliowd Wright

Wind passing over the
water can pick up
humidity in dry
climates and carry it
into the building.

"I-'ﬂii.déii-'. Weat Phoenix, Arizona  Frawk Llsyd Wright
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£CO Houses: Wind Towers
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Figure 10.2e Some wind towers in hot
and dry areas cool the incoming air by
Evaporation




SOME CROSS SECTIONS
TYPICAL HOUSE YAZD




WIND DRIVEN
EVAPORATIVE
COOLING

Architecture\Weeak.com'|






Cine bedroom flat with Pedpstrian acoess Organla cofé ) shop 3 bed maimonetle with Wehicuber mevs - Workspaces with limber 3 bod mossonelte with Southern as
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Solar Chimneys:

[ TR, "R oA e L TR

Figura 15.32: Verical solar chimneys provide the greatest stack height for a given I'H:'.“'I
collector size but thig tiltis not effective for summer collection. Sloped chimneys provide
a better summer collection angle but must be taller to provide sufficient vertical “stack”
height.




Solar chimney at the computer building, York University



What is Radiative Cooling??

Transfer of heat from warmer surface to cooler
surrounding surface (or outer space). It may be used
to cool the building (where warm building surfaces
radiate heat to the sky) or to cool the people
(where the warm skin radiates heat to the cooler
building surfaces -- to the cool walls of an
underground building, for example.



Figure 10.10a On clear nights with little
humidity, there is strong radiant cooling.

@ Figure 10.10b Humidity reduces radiant
cooling, and clouds practically stop it.

HCL
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Cooperative Howmeoteads Project Detroif, Michigan  Frank Lisnd Wrig i
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Figure 7.3c Section of Jacobs Il house. ’ IiV| Il :

Figure 7.3a The Jacobs Il House, Architect, Frank Lloyd Wright, Madison, Wi Figure 7.3d Interior view of Jacabs Il House. (Photograph
crca 1948 (Fhotograph by Ezra Stoller © Esto.) by Ezra Stoller © Esto.)
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Special Roofs:
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The Harold Hay House, Atascadero, CA 1967
The house uses a roof pond system for cooling and heating the
building. | -
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Figure 7.18d During the winter day, the black plastic bags of water Figure 7.18e During the winter night, a rigid insulation panel is
ale exposed to the sun, in the roof-pond system. slid over the water I'H-'.'Ll
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Figure 10.10c During a summer night, the insulation Figure 10.10d During a summer day, the water is
is removed and the water is allowed to give up its heat insulated from the sun and hot outdoor air, while it

by radiant cooling, acts as a heat sink for the space below.
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The steel pan roof is
used to transfer the
heat from the water
bags on the roof to
the room, or from
the room to the
water bags, as a
function of the indoor
and outdoor
temperatures.




View at the
back/north side of
the house. Here you
can see the black
bags that hold the
water partially
exposed to the sun.

Since it i1s 95F
outside and only
85F inside, this
exposure Is causing
heat transfer to the
Interior.




Here we can see the insulating cover panels being pulled back to
expose the pond roof to the sun.



Roof panels ful'ly open and Roof pan'ei"'“s;_f:gmmencir]g '
stacked over the carport. . & closure. .




Roof panels are almost fully closed, preventing heat transfer to

the i_nterior.
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Green roof on the Vancouver
Public Library

9 ‘(A SURBACE- TEMP FLUCTUATION

it L A S RN FIG. 33. The etfect of a sod roof is to
oSS R average day and night temperatures.

; Care must be taken in detailinginsula- CBD
tion and drainage design. J
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Green roof on the Stantec Building,










What is Dehumidification Cooling??

The removal of water vapour from room air by
dilution with drier air, through condensation, or
dessication.

This process can be very difficult to achieve in a
passive way in hot humid climates where there is no
dry air available to use to dehumidify and the
relative humidity is above 80%.



Integrated
desiccant

dehumidification

and vapor

compression

cooling
technologies,
utilizing SSCR
rotors.

EconoSorb:

Energy consumption is 25% of a
standard desiccant dehumidifier and
50% of a mechanical unit rated at 68 F
and 60% RH.

Available in standard and tropical
designs.

Capacity range: 500 to 20,000 scfm. 20
to over 400 Ibs/hr of water removal

CoolSorb:

Energy consumption is 33% of a
standard desiccant dehumidifier and
60% of a mechanical unit rated at 68
F and 60% RH, requiring only one air
stream.

Capacity range: 800 to 12,000 scfm.
8 to over 130 Ibs/hr of water
removal




What is Mass Effect Cooling??

The use of thermal storage to absorb heat during the
warmest part of the day and release it during a cooler
part. “Night flushing™, where cooler air is drawn through
a building to exhaust heat stored during the day In
massive floors and walls is an example of daily-cycle-
mass-effect-cooling.

A good strategy to couple with direct gain passive solar
systems that will tend to absorb heat from its thermal
mass component during the day of hot cycles.



Night Flush Cooling
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Figure 10.9b During the day, the night-flush cooled mass acts as a heat sink. Light

colors, insulation, shading, and closed windows keep the heat gain to a minimum.
Interior circulating fans can be used for additional comfort.
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10.8b Frank Lloyd Wrights Robie House (1909) in Chicago had
while wialls of dooss and wandows that opened for natural wentilabion.







LopAn Honse Tampa, Florida Rowe Holmes Asove.




Lopan House  Tawmpa, Floriaa Rowe Holmes Assos.
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£hurch in the Philippines
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CHurch in the Philippines
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Cacoon House Saraseta, Flerida Paul Rudelph
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Fension Building  Washington, Do Montpomery © Meins

You have to make them to explain this, and they sure e
had better be based on sound thought...



tratification:

[G. 25. Although an open interior is
seful for natural ventilation, during the
_seasonltlsaliablllty Make sure

= ...rett.

SON...




Remaining “Wicked Problems”



Natural Ventilation

e A key way to reduce the energy required to
power a building is via the elimination of A/C

e Not all buildings can tolerate the resulting
numidity or fluctuations In interior
environment that can result from no A/C

e Urban environments can be too “dirty” for
natural ventilation

e Urban environments can be too noisy for
natural ventilation
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