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ABSTRACT

This paper explains for the architect the physics of airflow patterns, the aerg-
dynamics of buildings and their implications on effective ventilation., Alsg dis-

. Cussed are ventilation influenced design strategies of sunshading, day]iqhtinq and
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INTRODUCTION

Human comfort reavirements in hot humid climates can only be achieved through re-
duction of solar insolation and increased air movement (as explained in Reference
l). The architect can maximize air movement by site manipulation,-buildinq orien-
tation, fenestratfon, roof design and landscaping., However, thig form of venti-
lation oriented design results in large window space and hence requires design for
daylight control. Also important is the reduction of solar insolatiop through
techniques of roofing, sunshading and landscaping. The first step in ventilation
oriented design is tg understand the underlying principles of airflow and their
design implications.

PRINCIPLES OF ATRFLOW

-

The exact analysis of airflow patterns in buildings is extremely complex (Chandra,
1980)  and involves the modeling of three dimensional bluyff bodies with appertures

openings and external landscape, However, a qualitative understanding of airflow
icteristics ig adequate for building design. Thege are:

V' Air moveg from high pressure reqions to low pressure regions;
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Fig. 1 4irflow for a "Box" hiuilding, "Box" building nf Fig. 1.

(II) Air has inertia and, hence, changes direction only when obstructad (it
does not always travel in straiaht lines);

(IIT) Friction is developed when moving air comes in contact with surfaces and
this causes the air stream to slow down and form eddies;

(IV) Airflow is laminar, but when it comes into contact with buildings or other
obstructions, it turns turbulent.

We now examine the airflow past a rectanaular "box" building (Fia. 1). The ale-
vation view shows how a wedae of hiagh pressure is built up on the wal] facina the
wind (windward side) and a low pressure reaion is created at the rear (leeward
side). The plan view shows the extent of these regions and it is noticed that a
larae area on the leeward side is protected from the wind. This region of low air
movement is termed “windshadow". Fia. 2 describes the relative pressure distri-
bution on the "box" buildina of Fia. 1,

BUILDING LOCATION

Locatina the building directly on the leeward side of a neiahborina stricture (i.e.,
in its windshadow) will result in low airflow around the buildina and hence poor
ventilation. [t js very important during desian to locate the building away from
the wind shadow of neighboring structures. Conventionally the windshadow depth is
taken as "six times width". Fig. 3 illustrates how staqaering of buildings areatly
reduces the wind shadow problem and in fact increases the wind velocities due to a
funnelina effect, aiding ventilation.

BUILDING ORIENTATION:

Conventiona]ly, it is supposed that maximum ventilation is achieved when the buil-
ding faces the wind direction, but Fig. 4 explains how 3 45 deqree orientation is
superior as it causes a larger "width" of air (b>a in Fiq. 4) to act on the build-
ing. But in an unsymmetrical building, the long direction should face the wind as
this makes cross ventilation easier,
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Fig. 5 Window location effect on airflow.

FENESTRATION

The actual entry of air into the building is through its fenestration (windows) and
so ventilation is greatly influenced by the size, shape and location of the windows .
For air to flow through a building, there should be an opening (inlet) in the high
pressure reaion which causes air to enter the building, a passage through the buil-
ding, and a corresponding opening (outlet) in the low pressure region to allow the
air to exit from the building. As shown in Fig. 2, the center section of the wind-
ward side has the highest pressure and so this is the ideal location for an inlet
window,

To maximize coolina, the airflow should be at the body surface level and this in
turn depends on the activity being performed in the room (like bed level in a bed-
room and sitting level in a dining room). The height at which the windows are
located affect this airflow height and Fig. 5 shows the effect of window Tocation on
airflow patterns.
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Fig. 6 In-line windows. Fig. 7 Staggered windows. Fig. & Inclined winds,

0f the four window location strateajes shown in Fig. 5, the central/ipw inlet com-
bined with hiaoh outlet is most effective. The hiah outlet also helps exhaust hot
air as it rises to the top of the room, while the inlet can be positioned to cause
maximum airflow at body level.

Air movement in a room is also influenced by the relative location of windows in
plan. For windows directly facina each other (Fig. 6), air tends tc just pass
throuah the room and causes air movement in only a small portion of the room. But
if the windows are staagered as shown in Fia. 7, the air is forced to change
direction and this causes air movement in a laraer section of the room. Another
effective strateay as shown ip Fia., 8 is to position the wall containing the inlet
at an incline to the wind and cause the air to enrter the room obliquely. The above
effects of windows can be further enhanced both internally and externally. Internal
partitions can be used both to deflect the incomina airstream for areater air move-
ment and to channel the airstream to desired locations. Moveable partitions allow
the occupants to channel/ deflect the airstream to suit the activity in the room
internally. Wina walls and extended eaves can be used to increase airflow in a room
or to modify the direction from which the wind enters a room. As shown in Fia. 9,
these external projections can even be used to create an inlet for a wall which is
usually in a low pressure reqion.

Window sizes should be determined by the function of the room, but the inlets should
always be smaller than the outlet as this creates desirable higher windspeeds near
the inlet and the entering fast airstream can be directed to 'reauired spaces using
internal partitions.

Another aporoach (traditionally used in India) is "breathing walls" or hollow brick
walls. These are walls built up of bricks in a lTattice form with many variations.
The resulting aeometric pattern is aesthetically pleasing, allows ventilation and
protects from glare. Applications include double layered exterior walls with a 4"
aap (which satisfies exterior load bearing wall criteria) and interior partitions
which separate space but enhance volume by giving the place an airy look.

[n hot humid climates during the time it is actually rainina, there is usually a
strong wind outside but windows have to be kept closed to prevent the wind from
drivina the rain inside. Louvres can be used to allow air entry without rain.
Conventional louvres can be used in conjunction as double layers or spec1al louvres
as tested by Koenigsberger, Milar and Costopoulos (Reference 3).



495

(6(\(

Wind velocity

Fig. 3 Wing walls. Fia. 10 Wind velocity Fia. 11 Double roof.
gradient.

ROOFS AND STILTS

Tnese two techniques are included here as they are both based on airflow and airflow
aradients. Air velocity is low, close to the around and increases with altitude as
shown in Fig. 10. For stilts to be usable, there should be a strong, cold airstream
12ar the ground as in seaside areas. If this is not there, stilts are ineffectual
and in fact, contact with the around can help cool the building as the ground can be
raqarded as a "reservoir of coolness". Often roofs in urban areas are waterproofed
“1at concrete slabs which are terrible from the solar input viewpoint, In summer
the sun heats up the roof and hence the air below it. This hot air should be vented
Oy upward cross drafts with outlets at the highest point in the room (as hot air ac-
cumulates there). Alternatively, pitched roofs with appropriate openinas can be
ssed. But in some parts of the world (as in India), people use the roof to sleep an
it night in summer and so pitched roofs are not applicable. Another approach is to
1se a double roof, the exterior pitched roof is constructed at a height of about 6
fzet above the flat roof and wind is allowed to circulate in this area (by support-
ing the exterior roof on a porous structure like piltlars or hollow brick wall).
thown in Fia. 11, this acts as an insulation from solar heat during the day and also
crovides a cool, ventilated area in the evening and night. An effective technique
usad by the British colonials in the tropics is to have houses with very hiah roofs.
“uring the day the hot air rises to the top, this is vented out at night, replaced
9v cool night air and this cool night air is used to provide coolness the next day.

“orrect selection of colour and material of the roof can increase reflection and
hence decrease heat buildup inside. Insulation adds to this effect, and a layer of
aluminum foil on the roof increases reflection.

SUNSHADING

Sunshadina is required to minimize heat buildup from solar insolation (both direct
sun as well as reflected heat from neighbouring structures). This can be through
sunshading devices on the house or extraneously through landscaping and neighbouring
structures. An important criteria for the design of sunshading is that it should



496

I N
|
| |
Fig. 12 Hori-antal Sunshades. Fig. 13 Inclined Sunshades.

not decrnase ventil:zsinn. Hence, the shade from a neighbouring structure can be
used onlv if it doe<1't coincide with its windshadow. Landscaping is very effective
for sunshading, and -his topic is discussed under "Landscaping". Sunshading on the
house itself can be by shades that are vertical, horizontal or a combination there-
of. (One such comb<1ation is the "eqg-crate" shade). Vertical shades are essential
on the north side s they obstruct the morning and evening sun. However, vertical
shades are ineffectial on the east and west sides and long horizontal shades are
preferable. The c<iperposition of sunpaths on the building plans can be used to
determine the types of shades required and their dimensions. Shades should be
separated from the tuilding to prevent heat conduction into the building and also to
allow venting of thz hot air that collects below the shades. Conventional hori-
zontal shades (as shown in Fig. 12) reflect heat onto the upper sections of the
house, but this can he averted by inclining the shades (as shown in Fig. 13). Shades
need not be restr-cted to windows, but can also be used on entire walls. An
extension of this c-ncept is.a verandah extending around the house which acts both
as a shading devicz and helps cool the air entering the house. Since shading de-
vices have no structural function, they need not be made of concrete, and can be
made from cheaper, lighter, nonstructural materials. Other ways of shading are by
hollow brick facadss (an extension of the "egg-crate" concept) and reflective
louvres. In addit‘on to shades, heat buildup in the house can be reduced by having
reflective exterior walls. This can be easily done by whitewashing exterior walls.

DAYLIGHTING

Naylightina can be in the form of direct (or reflected) sunlight or diffused sun-
light. Direct sunlight has a 4lare problem, i.e., if part of a room is 1it by an
external concentrated light (direct sunlight), then for visibility in the room, the
backaround 1ight (provided by artificial 1ighting) must be of a comparable inten-
sity. Hence, as direct sunlight requires intense internal lighting, it is not
- desirahle. Since most houses have external shades for sunshading and rain protec-
tion, these obstruct direct sunlight and reduce the glare problem. Luckily, due to
ventilation requirements, houses in hot humid climates have large window area and
the diffused liaht enterinag from these windows is adeguate lighting for most rooms.
Some of the internal rooms may require additional lighting through skylights or
north liahts. For lightina requirements in the evening and night, fluorescent
liahts are superior to incandescent lights as they provide "cooler" light. Light-
coloured walls with a "matte" finish also help diffuse artificial lighting and make
it more comfortable. It is interesting to note that individuals have inherent dif-
ferences in the rods and cones of their eves, so there can be no common universal
criteria for a "comfortable" lighting level. i
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Fig. 14 Mrﬂn\; contrnl through landscaping.

LANASCAPIN

The micro-climate of a site can be areatlyv improved throuah landscapina. Landscaoninag
can help decrease thelheat buildup in the house throuah shadina. A major advantage
of natural shading jis that plants constantly rearranae and reposition their Teaves
for maximum solar exmsure and hence maximize shadinag, while man-made shading is
in€lexible. However, as ventilation is more crucial in hot humid climates, land-
scaaing should be usdd for shading only if it doesn't decrease airflow into the
housa. Vines and creepers on peraolas and vertical trellis works provide excellent
chaiting without decre¢asing airflow. Bushes and shrubs can he planted on the east
ard west sides to prgvent insolation due to mornina and evenina sun. Veaetation can
be ssed as around cover to reduce ground reflectivity and thermal emission (dark
gre2n plants are less reflective than lighter ones). [n urban areas, trees can be
ws23 to block thermal reflection and radiation from asohalt roads, sidewalks, park-
ing lots and bare around. Vegetation also helos reduce noise effects in urban

sitas.,

T

Plants can be used to obstruct, filter and aquide airflow and hence affect venti-
Jatian. Theyv are better than man-made wind controls as they do not re-radiate heat.
Plants (hedges) cin be used as wina walls to deflect wind into an opening as shown
in Fig. 9. Trees can help increase ventilation by acting as windcatchers over
glavation as showp in Fia. 14, Plants can also be used as windbreaks to keep out
urdesirable hot dry summer winds and cold winter winds.

Actual plant selglctinn far landscaoning depends on the function (like short qrasses
for around cover apd bushy hedees for wing walls). Selection is also controlled by
loral site condifinns and factors affecting plant survival like snil preference,

owth rate and hapits, life expectancy, moisture requirements, disease suscepta-
ility and leafipa habits. Lncal site conditions like restricted water supply will
affect selection. | An example of site location is that deciduous trees in U.S.A. are
very aood landscaeina material as they pravide shade in summer and vet in winter,
b2ina leafless, aflnw the sun to heat the house. I[n contract, deciduous trees in
India are less ofliaina as they are leafless in summer and provide shade in winter!
"t is advisable nét to plant larae trees very clase to houses as their ront systems
may damaae the fpundation and there is the danaer of fallina branches during storms
and stronag winds.: Other disadvantages af plants are that they may harhour insects
ar snakes and that they reauire maintenance (pruning and dead leaf remaval).
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CONCLUSION

In this paper, basic airflow principles have been used to explain and evolve desian
strategy. This should be supplemented and reinforced by local observation of ajp-
flow patterns in already constructed houses in the vicinity of the site. A word of
caution is required on natural ventilation, as this is based on winds and in nature
there are days with little or no winds. Hence, a ventilation based desian should
include a back-up mechanical ventilation system consisting of suction fans (placeg
near the floor to suck cold air into the house) and exhaust fans (placed near the
roof to push out the hot air from the house).

A well ventilated house is the only affordable design strateqy to provide comfort in
hot humid climates.
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