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GLOBAL CLIMATIC FACTORS




b LIS 90 ZONE of least heating
produces HIGH PRESSURE

Arctic circle 66 5°N

ZONE of greatest
Equat heating produces
LOW PRESSURE

Tropic of Capricorn
- iR

Antarctic circle 66.5°S ZONE of |least heating
produces HIGH PRESSURE

South Pole 90°N




CLIM

Region with certain conditions of
temperature, dryness, wind,
light,etc.

Integration in time of the
physical states of the
atmosphere environment,
characteristic of a certain
geographical location.

Integration in time of weather
condition.

Tropical climate are those where
heat is the dominant problem,

where for the greater part of t

year buildings serve to keep tF

occupants cool, rather than the

warm, where the annual mean

temperature is not less than
200

Tropical Dry Moderate Continental Polar
- Tropical wet I:ESemiaid CI Mediterranean ]:I Humid continental Tundra
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SOLAR RADIATION QUALITY

The earth receives almost all its
energy from the sun in the form
of radiation, thus the sun is the

dominating influence on climate.

The spectrum of solar radiation
extends from 290 to 2300nm.
According to human means of absorbed

e
Fabsorbed

perception we can distinguish: R A osph "3 . meEeh

Ultra-violet radiation, 290 to 380 -:“;f

nm, prOdUCing phOtO-Chemical '-— Radation from the sun
effects, bleaching, sun burn,etc. =~ oty it e Hght—-

Visible light, 380(violet) to S —

700nm (red) The spectral energy distribution varies
Short infra red radiation, 700 to with altitude due to the filtering effect of
2300nm radiant heat with some  the atmosphere. Some of the shorter

photo chemical effects. wavelengths are absorbed by the

atmosphere and reradiated at much

longer wave lengths.eg. Long infrared up
to 10000nm

Earth




SOLAR RADIATION QUANTITY

The intensity of radiation
reaching the upper surface of
the atmosphere is taken as the
solar constant.

The earth moves around the
sun in a slightly elliptical
orbit.one revolution is

complete e days,S

hours, 48 minutes and 46
seconds.

This orbit results from the
gravitational pull of the sun
and centrifugal force due to the
earth’s inertia and momentum.

EARTH'S ENERGY BUDGET

Reflected by Reflected Reflected from
atmosphere by clouds earth's surface
6% 20% 4%

Radiated to space

-Radiated
directly

Absorbed by

Absorbed by land
and oceans 51%




TILT OF THE EARTH’S AXIS

The earth rotates around its own
axis, each rotation making one 24
hour day.

The axis of this rotation is tilted to
the plane of the elliptical orbit, at an
angle of 66.5 and the direction of
this axis is constant.

Maximum intensity is receivedona
plane normal to the direction of
radiation.

If the axis of earth were rectangular

to the plane of the orbit, it would

always be the equatorial regions =~
which are normal to the direction of

solar radiation.

Due to the tilted position, however

the area receiving the maximum S

intensity moves north and south : O
BolWeEh thationic oiranterana e / | 5*Ang
tropic Capricorn. « - To the S

This is the main cause of seasonal Ecliptic
changes. G

Honzontal
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On 21 June areas along
|latitude 23.5N are normal to

the sun rays, longest daylight
period are experienced.

latitude 23.5S experiences the
shortest day and a radiation
minimum.

The Seasons
on Earth
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Autumn Summer

AR

Winter winter Summer
Solstice Solstice

The first day of P The first day of

‘winter in the ;
Summer in the
Morthern Hemisphere
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e\When the Sun is vertically above the equato
the day is of equal length all over Earth i.e.o
March and 23 September.

e R




RADIATION AT THE EARTH’S &
SURFACE

This earth —sun relationship affects the amount of radiation received
at a particular point on the earth's surface three ways:

1.The cosine law, which states that the intensity on a tilted surface
equals the normal intensity times the cosine of the angle of
incidence.

2. atmospheric depletion, i.e the absorption of radiation by ozone,
vapours and dust particles in the atmosphere. The lower the solar
altitude angle, the longer the path of radiation through the
atmosphere thus a smaller part reaches the earth’'s surface. This
atmospheric depletion is also affected by the momentary state of the
atmosphere its purity, vapour, dust, smoke etc., content.

3. duration of sunshine, ie the length of the daylight period.




Area C > Area B
Intensity C < Intensity B
lo = lgx cosfs




THE EARTH’S THERMAL BALANCE &

€ The total amount of heat
absorbed by the earth each year
IS balanced by a corresponding
heat loss.

€ Without this cooling the
thermal balance of the earth
could not be maintained.

€ The temperature of the earth

and its atmosphere would

Increase and would soon cease

to be favourable to most forms of

life.
w

Incoming
Sclar Energy




The earth’s surface releases
heat by three processes:

1. by long-wave radiation to
cold outer space.

surface Is cooled, as liquid

water changes into vapour and
mixes with air.

3. by convection: air hea:
contact with warm earthy
surface becomes lighter a ength of path through the atmosphere
rises to the upper atmosphere,

where it dissipates its heat to

space.




WINDS THERMAL FORCE.:
. Wmds are basically convection

e At the maximum heating@e air is
heated by the hot surface, it expands

the atmosphere

pr ure is decreased it becomes

even out the

hter, it rises vertically and flows of

heating of variou:

at a high level towards colder

« The patterns of movements is
modified by the earths rotation.

Showere & |
thunderetors

Air codleag _
it ie forced Air heate ag

it deecende

Windward

regions.

Part of this air, having cooled down
at the high level, descends to the
surface in the subtropic regions, from
where the cooler heavier air is drawn
in towards the equator from both
north and south.




e The area where the air rises, Lol
where these northerly and A
SOUthel’ly WlndS meet Where prevailing westerlies
the tropical front is formed is -

: . tropical easterlies
referred to as the inter tropical
convergence zone.

The area experiences either
completely calm conditions or
only very light breezes of
irregular directions and is

- Intertropical convergence zone (ITCZ}
tropical easterlies

587 ubtropical hig 8"

prevailing westerlies

referred to by sailors as o, CCCERS
“doldrums”.

Tornado in USA




The atmosphere rotates with
the earth.

As it is light in weight and
behaves as fluid held against
the earth’s surface only by
gravity and friction, it has a
tendency to lag behind the
earth’s rate of rotation where

&

TRADE WINDS: THE CORIOLIS FORCE

Due to the earth's rotation
Objects deflect to the right
in the northern hemisphere
Northern Hemisphere

Southern Hemisphere
Objects deflect to the left

o_j in the southern hemisphere

this rotation is the fastest,i.eat

the equator.

There is a “slippage” at the
boundary layer between the
earth and its atmosphere
caused by what is known as”
Coriolis Force’.

The actual wind is the resultant of
thermal forces and the coriolis force
north-easterlywinds north of the
equator and south-easterly winds
south of the equator.these are known
as North east and south east trade
winds.




POLAR WINDS

Towards the poles from latitudes
60N and S, the air flow patterns

come once more under the

influence of thermal factors.

The pattern is similar tothat
near the equator.

Alir at the surface moves from
the coldest to the slightly
warmer regions,i.e away from
the poles.

As the circumferential velocity _

of air at the poles is almost nil, R WX cooction |
the air will lag behind the nIoRaChds 7

rotating earth as it moves away

from the poles.

The northerly is deflected into
into south-easterly polar winds.

Strong polar winds due to low
friction




e During the course of each year
the global wind pattern shifts
from north to south and back
again, remaining broadly @
symmetrical about the inter
tropical convergence zone.

The location of the ITCZ
follows the maximum solar
heating,l.e, the zenith path of

Eulhish:um

the sun, with a delay about a ’ | CEATP S

month.

annual shift most regions of

the earth experience seasonal v 1 g

changes not only In R LITTLE
directions and in rainfall. G ot ok

CLEAR SKIES




INFLUENCE OF TOPOGRAPHY &

On a continental scale, wind and
weather are the result of an

Warm air
rises

interaction between broad global |

flow patterns and regional
pressure and temperature
patterns created by the sun’s
differential heating effect on
land, forest and water.

The force, direction and
moisture content of air flows are
strongly influenced by
topography.

Air can be diverted or funneled
by mountain ranges.

Air flow deflected upwards, as it
cools releases its moisture
content.

Thermal passed
More wind
hits you
Wind is
cooler

VISIBLITY REMAINS
BETTER IN MOUNTAINS -
LESS POLLUTION




CLIMATE RESPONSIVE




THE ELEMENTS OF CLIMATE

Temperature: data

Humidity: data

Precipitation Climatic information
Temperature:measurement
Driving rain

Sky conditions

Solar radiation:measurement
Solar radiation: data

Wind: measurement

Wind : data

Special characteristics
Vegetation

Graphic representation




CLIMATIC INFORMATION

The designer is interested in those
aspects of climate which affect
human comfort and the use of
buildings.

They include averages, changes
and extremes of temperature, the
temperature differences between
day and night, humidity, sky
conditions, incoming and outgoing
radiation, rainfall and its
distribution, air movements and
special features such as trade
winds, thunder storms, dust
storms and hurricanes.

Climatic records as gathered at
airports and meterological stations
are not primarily intended for the
use of designers.

Maximum Maonthly
Temperature

Minimurm Monthly
Temperature

hean Monthly Temperature
Temperature Range

bean Monthly Precipitation
Total Annual Precipitation

honth with Greatest
Precipitation

honth with Least
Precipitation

Average temperature
LA

Min Miax

25 k]!

25 30

24 30

24

=]

23

23
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TEMPERATURE MEASUREMENT

« The temperature of the air is .
measured in degree celsius ——r The dry bulb or” true air
most often with mercury ' temperature” is a value

thermome | = = th

taken in the shade, the
Beadlngs taken at specif o o
times of day, or if ¢

maximum minimu T WO :)fien 00X, known a :
thermometer is used one BV [ the “Stevenson screen
reading daily can give the | /\l"  ataheight of 1.20 to

momentary temperature as
well as the maximum and =

minimum temperatures ~ mounted m above the
reached in the past 24 hours. ground

1.80 thermometer being

Thermograph can be used,

which is based on a bimetallic
thermometer and givesa |
continuous graphic recordingp
of temperature variations ' |




TEMPERATURE DATA

Monthly mean temperatures can Sydney, Australia
be glven fOI’ eaCh Of the 1 33° 86' S, 151° 21' E, elevation: 128 feet
months. 120

100
80
60
40

The average is taken between
each day’s maximum and

minimum and then the average »
of the 30 days average Is found. 0

To give an diurnal variations this 0 o Feb. M Apr May Jun. Jul Aug. Sep. OGL Nov Dec.
Can be SupplementEd by — Mean maximum mon® — Mean minimum
monthly mean maX|ma and —— Extreme maximum Extrame minimum
minima. Exi & e and i tamper st a1+ fo. th pariod 1576 t 2000,
These will establish the monthly A e

mean range of temperatures.

It will be useful to indicate the
highest and lowest temperatures
ever recorded for each month,
l.e., the monthly extreme _
maxima and minima to establish
the monthly mean range of
temperatures.

temperature (°F)

\ \ g2 |

4 N i / /
- = = - O — ! v
~ il B o \ / i
T S \ \ ieme e
= A e

Locations of climate stations with mean

temperature data.
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HUMIDITY MEASUREMENT

The humidity of air can be
described as absolute humidity
l.e., the amount of moisture
actually present in unit mass or
unit volume of air, in terms of
gramme per kilogramme.

The relative humidity is however
a much more useful form of
expression, as it gives a direct
indication of evaporation
potential.

The amount of moisture the air
can hold depends o n its
temperature.

Relative humidity is the ratio of
the actual amount of moisture
present to the amount of
moisture the air could hold at the
given temperature.

RH=AH/SHX100 %




Humidity is usually measured with
the wet ‘and dry bulb hygrometer.

This consists of two ordinary
mercury thermometers mounted
side by side.

The first one measures the air
temperature. The bulb of the second

one is covered with a gauze or wick
and is kept wet.

Moisture evaporating gives a
cooling effect, thus the reading of
wet bulb temperature will be less
than the dry bulb temperature.

As In dry air the evaporation is
faster, the cooling is more

ronounced and the difference
petween the two readings is greater
in case of 100%RH the two readings
will be identical, as there is no
evaporation.

Having made the two readings the
corresponding RH can be found
from the psychometric chart.

S S — ] - D & 7 : \‘ﬂi
— ' | % AT
Wer oS WA
Ty AV 0 S 454
e
I 1 | RNoss 1 Sy
——DEW POINT——o™ =55 i i e i
‘ B S N N S0l 67 4 7%
| | | Q“E/:=§°'/ /.>"-,/ ?c‘ﬁ\ // |
L O — L T Tl |
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= e ox
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Psychometric chart.
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HUMIDITY DATA

to establish the monthly mean the maximum and monthly mean
minimum relative humidity values for each of the 12 months.

« This is only possible where continuous hygrograph recordings are
available.

 Where these are not available readings are made just before
sunrise,e.g at 6.00 hours (maximum value) and at 15.00
hours(minimum value)




VAPOUR PRESSURE

e 0

otherr dication or ex re sion
of atmospheric humidity is the
va our essure I.e the partial
SSUr| water vapor resent
n fip e .. . |

The at osphenc pressure |s the
sum 0 ar lat Bressure
air and artial vapour
ressure.

P=Pa+Pv

The air is saturated When th
va our pressure(pv) Is equal to

8re su oft e aturate
[% ur of t
perature pvs

Relatrve humr it dwa‘nwalfso be

expressed as t ra 0 of actual
va ourgressure tot
saturation point vapour

P I’ESSU 1€




PRECIPITATION

Precipitation is the collective

term used for rain, snow, halil,
dew and frost that is for all

forms of water deposited from
the atmosphere.

It Is measured by rain gauges,
l.e. calibrated receptacles, ano
expressed in millimeter per a
time unit.

Rain gauge




The maximum rainfall for any
24 hour period Is a useful
guide for the predication of
flooding and for the design of

surface drainage ( roofs, paved
areas, gutters and downpipes)
the maximum hourly rainfall
Intensity should be known.

Rain water drains off 2 =3 e \ . Ground draina ge
roof and away from : . ;

the foundation

Overhangs protect
wall and window
assemblies from
direct rain water

2007 Rainfall vs 30 year Average

Roof drainage
Values indicating the total

precipitation for each month of the
year would show the pattern of dry
and wet seasons.

Rainfall (ins)

~ Jan Feb Mar Apr May Jun Mﬂmﬁepﬂnthhuﬂec.
Ever recorded maxima and minima & 2007 L Lt s e 2 e SR

EBEXXyravg 1898 18 136 1.68 553 572 581 635 8.04 8.5 663 285
Months

would give an indication of the

reliability of rains.



DRIVING RAIN

The building designer may want
to know whether intense rains
are associated with strong winds
, 1N C words what is th
likelihood of driving rain.
The driving rain index
characterises a given location
and express the degree of
exposure.

It is the product of annual rainfall
and annual average wind
velocity.

Actual rain penetration will
depend instantaneous rain on
the intensity and the
simultaneous wind velocity.




SKY CONDITIONS <

Sky conditions are usually
described in terms of presence or
absence of clouds.

On average, two observations are

made per day, when the proportion

of sky covered by cloud is

expressed as a percentage.Few il e i
records exist of night time sky = T
conditions. e

It would be useful for the designer e e
to know the time of day and
frequency of observations.

A single average figure giving the 2007 (Inner ring) VS
sky conditions Tor a typical day of 30 year average (Outer ring)
a given month may conceal
significant differences, e.g.
between morning and afternoon
conditions, which may affect the

desgl]n of roofs, overhangs and
shading devices.

B ANNUAL AVERAGE SUNNY [ ANNUAL AVERAGE PCLDY
E ANNUAL AVERAGE CLDY




SOLAR RADIATIO

« A simple sunshine recorder will
register the duration of
sunshine, which can be
expressed in number of hours
per day, as an average for
each month.

A variety of more sophisticated ‘ —

instruments (solarimeter, iy a0 v e
heliometer, actinometer and ==

pyranometer) are used for the

quantitative recording of solar

radiation, but reliable and

comparable data is few and far

between.

solarimeter
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SOLAR RADIATION DATA

» Average daily amounts of solar
radiation for each month of the
year would give a fair indication of
climatic conditions, including
seasonal variations.

This could be supplemented by
the highest and lowest daily
totals for each month, to set
the limits of variations which
can be expected.for the
purpose of detailed design,
hourly totals or rather hourly
average intensities must be
known for typical day of each
month-or atleast for a typically
high and a typically low
radiation day of the year.

12 hour day typical solar insolation curve

]
=
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WIND MEASUREMENT

Wind velocity is measured by a
Ccup-type or propeller anemometer,
or by a pilot tybe and its direction
Is measured by a wind vane.

An anemograph can produce =
continuous recordings of wind
velocity and directional changes.

Measurements in urban areas are
taken at a height of between 10to
20m to avoid obstructions.

Velocities near the ground are a

good deal lower than the free wind 21,
speed.a wind forcescale @~ | =
developed by beaufort in 1806, |
based on visual observation, is :

still in use in spite of its completely w0 " Time oy
unscientific nature.

Anemometer

Anemograph




WIND DATA

The designer must try to

prevailing direction of winds,
whether predictable daily or
seasonal shifts occur and
whether there is a
recognizable pattern of daily or
seasonal velocities.

It is also important to note the
calm periods in each month.all
observatories record the

JAaN FEB MAR APR HMAY JUN JUL nAUG  SEP
Emonth 169 92 80 160 143 165 941 81 107
U-monthlZ.3 8.3 8.1 11.8 11.0 11.8 8.7 8.2 9.1
Weibull 4.7 2.4 2.0 3.9 43 46 2.9 2.3 2.4

MEAM MOMTHLY WIND SPEED Unonth in msz  (Uyear =

hurricanes, typhoons, or
tornadoes.

OCT HOU  DEC  fAuverage
112 107 123 118.3 Mh
9.4 9.118.0 9.8 ms
3.3 2.9 3.1 2.85 (k)

9.084 noz)
Eyear,est = 1419 Huh




SPECIAL CHARACTERISTICS

-

Most regions experience
conditions which are
particularly unfavourable such
as hail and thunder storms,

line or arched squalls,
earthguakes, _
tornadoes,hurricanes and dust
storms.

Although such events must be

rare it IS important to extract

from meteorological data their

L T e ——
nature.

The designer must classify —*ﬁ
rare events into those which ;
affect human comfortand
those which may endan%er the

e

safety of buildings and t
lives of inhabitants.




VEGETATION

The picture of climate is
iIncomplete without some notes
on the character and abundance
of plant life.

Although generally regarded as
a function of climate, vegetation
can in its turn influence the local
or site climate.

it is an important in the designof "
out door spaces providing sun

silﬁading and protection from

glare.

This section of the climatic
survey may range from a few
notes about local species of
plant life to a lengthy _
compendium of the major native
plants and trees- their shape
and colour, also their preferred
orientation and situation.

Current Vegetation

= Mainstam Mattola River
- Mixed Forest

I Hardwood

:l Herbaceous

- Other

Data Socures: CALVEG 2000 (COF-FRAP/UEFS.REL: Land Cover Mapping and Manitoring Program. and 1608
Vegetation Data from Sateliie Imagery)




LIGHTING

If the building envelope is thought of
as a barrier between the internal,
controlled environment and the
external pe rh apsunswable ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
conditions it must be realized that it
should be as a selective barrier or
rather a filter which excludes the
unwanted influences whilst admits
those which are desirable.




e« Light is narrow wave length band of
electro magnetic radlatlon from about

380 to 780 nm.

« Energy radiation shows dual

characteristics

. Energy patrticles —

2. Transverse wave m

otion

-Wavelength determines

- Light containing all visible waves is

perceived as white.

- Human eye’s senstivity varies with the
wavelength it is greatest around 550

nm.

the

(616

or

Velocity (¢)

Measurement
point for
frequency (v)



'RANSMISSIO

Materials when exposed to ligh

transmit a large part of it-
“Transparent”.

Materials which block the passage of
light- “Opaque”.

Behind an opaque object there will be
no light i.e it will cast a shadow.

Materials which transmit a part of the
Incident light but break its straight

passage scatter it in all directions

creating “diffuse light

Light incident on an object can be
distributed in 3 ways

reflected.

Absorbed.
Transmitted.

Tatal indernal

/ reflection

i
/ Ange>
i ‘..".3 ritical angle
y F,




REFLECTION:

— If the paralled rays of incident light remain
paralled after reflection from a surface, the
surface is a plane mirror- “Specular reflectio

The angle of reflection is the same as the an
iIncidence

Convex mirror- reflected rays — divergent.
Concave mirror — reflected rays — convergent.
Light reflected from a mait surface — diffused.
Mixture of the two kinds of reflection will occur.

Specular Reflection
(smooth surfaces)

a) semi diffuse - depend on the relative

Specular and Diffuse Reflection

b) spread _
-Some materials have same reflectance for all V y
wavelenghts of light. ' : %

-Other materials are selective in their reflectance e

Figure 2




COLORED LIGHT

Colored light from different sources can be
mixed.

Resultant color- wavelengths range- sum of
the wavelength ranges of components.

it Is a additive process.
: Colors which

add up to from white light.

These are materials with a high, but selective
transmittance.

They may reflect or absorbs most of the
wavelengths transmitting only the specified
narrow band. |

Subtractive process.

RGB = light colors (white)
CMY = surface colors (block)

Complementary Colors
&

&
& Yelow




MUNSELL SYSTEM

Classification of surface colors- Munsell
system.

It distinguished 3 colors concepts:

1. Hue: concept of color using the common
color terms; red, yellow, green, blue and
purple and further subdividing each into 5
categories.

2. Value: the light or dark appearance of

the color.

3. Chroma: the degree of colorfulness or
intensity of color distinguishing 14 classes.

&




PHOTOMETRIC QUANTITIES

The intensity of a light source is measured

Flux is a light symbol.

lllumination — amount of flux falling on unit
area- lux.

Luminance — Measure of brlghtness of a

ILLUMINATION:

lllumination from a point source reduces
with the square of the distance.




THE DAYLIGHT FACTOR
CONCEPT:

Due to variability of outdoor lighting
levels it is difficult to calculate interior
lighting in illumination terms .

In a given building at a certain point

the ratio of illumination to the
simultaneous outdoor illumination

can be taken as constant.

*The constant ratio is expressed as

the percentage Is the daylight factor |
« Df= E1/EOQ x 100 %.




DEVIATIONS WITHIN THE ZONE 2

Knowledge of the climatic zone to which a town or settlement
belongs and possession of published regional climatic data does not
eliminate the need for careful investigation of site climatic conditions.

It does, however usually provides enough information for the
designer to make a preliminary assessment of the climate and may
be sufficient to form the basis of sketch designs.

Every climate town or village and even a precinct in a town may
have its own climate, slightly different from the climate described for
the region- the macro climate.

Information published by the nearest meterological observatory
describes the macroclimate.

Such information may be useful guide to the climate of the site, but
Is seldom sufficient in accuracy as conditions can vary considerably
within a short distance from the point of observation.
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SITE CLIMATE

The term ‘site climate’ has been chosen deliberately rather than the
synonymously used term 'micro climate’.

The latter can imply any local deviation from the climate of a larger
area whatever the scale may be.

The botanist may consider the microclimate of a single plant leaf,
with its temperature and moisture conditions, its population of
Insects and micro organisms on the scale of a few centimeters.

For the urban geographer the term ‘ microclimate’ may mean the
climate of a whole town. 'site climate’ establishes the scale;
whatever the size of the project, it implies the climate of the area
available and is to be used for the given purpose, both in horizontal
extent and in height.




i e i

Factors which may cause local
deviation from this use:

Topography: i.e slope, orientation,
exposure, elevation, hills or valleys
at or near the site.

Ground surface: whether natural or
man made it reflectance,
permeability and the soll

temperature, as these affect Topography

vegetation and this in turn affects

the climate.

Three-dimensional objects, such

trees, or tree belts fences, walls

and buildings as these may

influence air movement, may cast a
shadow and may sub divide the

area into smaller units with
distinguishab|e T L

Ground surface

hummock «—— 1-meter scale —depression
ridge-+—— 100-meter scale —— slough




AIR TEMPERATURE

Air temperature is dependant upon
the amount of heat gained or lost
the earth’s surface and any other
surfaces with which the air has
recently been in contact.

: 1.7 Room Feels 9° Cooler ~ ;é
Heat exchange at surfaces varies | B |

ceiling

season, latitude and the time of year,
always influenced by the amount of
cold cover.

During the day, as surfaces are
heated by solar radiation, the air
nearest to the ground acquires the
highest temperature

In calm conditions the air within 2m
f the ground remains stratified in
ayers of differing temperature




At night, particularly onclear
nights, the ground loses

much heat by radiation and

soon after sunset its

mperature falls below that
air

he direction of heat flow
reversed; from the ground.




TEMPERATURE INVERSION

This phenomenon is referred to as
temperature inversion, as the day time
situation of decreasing temperature with
Increase of height is taken as normal.

Cold air tends to settle in the deepest
depressions and behaves as a liquid.

It does not flow quite as readily as water,
rather like a highly viscous liquid.

If it flows down the hill and along the floor of
a long, sloping valley it can add up to a
‘katabatic wind’ a concentrated and
accelerating flow of a cold mass of air.

Topography can thus strongly influence air
temperature, a difference of 7to 8 m in
height can cause a difference of 5 to 6C In air
temperature, under still air conditions.




HUMIDITY

amount of water vapour present in the air.

Du_rin%the day, as the lowest layer of air is
being heated by the ground surface, its RH
Is rapidly decreased.

With a lower RH the rate of evaporation is
increased, if there is water available to be
evaporated.

An open surface of water or rich vegetation
WO‘l(Jld provide an abundant supply of
water.

In such a case strong evaporation would:
increase the AH of the lowest layers of air.

With air movement the rate of evaporation
IS Increased, but with the mixing of air the

temperature and humidity differences tend
to be evened out.

.




With air movement the rate of
evaporation is increased, but with the
mixing of air the temperature and

out
At night the situation is reversed.

Especially on a clear night with still air

as the lowest layer cools,itsRH
increase, the point of saturation is soon
reached and with further cooling the
excess moisture condenses out in the
form of dew (dew point).

When the dew point temperature is
reached the formation of fog will start,

and if there is no further rapid cooling
and no air movement, a deep layerof o
fog can develop near the ground.




PRECIPITATION <

When moisture bearing winds occur Figura 19C: DiferentPates of Orogaphi el on Hawsian
an

frequently from the same direction, the
effect of hills on rainfall patterns can be
very pronounced.

Where the ground changes level by e

Typical Pattern of
Orographic Rainfall

Windward

more than 300m, the windward slope ME@::”’” patern RN
can be expected to receive a rainfall G e o

2k
CooL When frade winds are contanted by a skep cliff, ke e pad on

more than the regional average, and s Sy i
the leeward slope correspondingly less. | £

W'th the IaneaSG Of he|ght Ol’ P ———— — Rainfall Iil‘attern"ﬂnen mounmins
steepness of the hill formation, the e e 0 S000 a0 Nghr (e Maura
effect will be more pronounced.

In an extreme case it can happen that -

on a large site located on the top of a g
hill and extending down to both slopes, : Piedpt
the leeward half receives only 25% of ph o Evapotranspiration
the rain received by the windward _ Precipitation AAA

side. "
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The cause of the above phenomenon is that
the hill forces the air a mass to rise, as It rises |
cools gnd can no longer support the moisture
carried.

Conversely a descending air mass increase in
temperature and it can absorb more moisture
rather than to precipitate any.

A similar situation can develop over towns,
where the more absorbent surfaces reach a
high temperature and can produce an upward
air movement.

Such a upward current may divert any
horizontal air movement in"an upward direction
with a similar effects to a hill slope.

A_ctual|¥ a number of workers have reported a
higher frequency of rains of the cloudburst type
over dust storms.

If rainfall generally occurs associated with high
wind velocities, resulting in driving rain, the
effect will be more pronounced on the
windward side than on the leeward slope .

Orographic effect - Rain Shadow

Wam wat air

A alr ks lorced upward orier the moLnlans, it oool s,
COUSING Waltr VAROF 10 COndonsa and rmin Gut
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ekl

air flows
WIS,

evaporaten

g

+ Ardregion behind coastal mountain range

111

I

PRECIPITATION

VAPOR TRANSPORT

40

7

s

LAMD

EVAPORATION + TRANSPIBATION

'q'rl"Er‘-r

R

FRECIPITATION

EVAFORATION
425

385




SOLAR RADIATION

The amount of solar radiation may be
Influenced by local factors by three

ways:

1. the intensity on a theoretical _
horizontal plane above the ground Is
affected by local variations inthe
transparency of the atmosphere.
Atmospheric pollution, smoke, smog or

dust and local cloud formations can

produce substantial reductions.

2. The intensity on the actual ground
surface is influenced by the slope and
arientation of the site, this effect being
negligible around the equator, but
iIncreasingly important towards higher
latitudes. At mid-latitudes a site sloping
toward the pole will receive much less
radiation than one sloping towards the
equator.

SOLAR RADIATION AND

DIURNAL SU

RFACE WINDS




3.The daily total amount of

radiation may also be influenced @

by the slope but also by nearby
hills or even trees and existing
buildings, which may cast a
shadow over the site at certain
times of the day.this effect is most
pronounced when such
obstructions lie on the east or
west of the site.

When the sun Is on these sides, it
is at low angle and casts a long
shadow.

Radiation on a vertical building

Incoming
solar radic_s\tion
Earth’s albedo 100 units

30/100 30% reflected
and scattered

Prrer = A

4 20 6 Top of atmosphere

Atmosphere

19 absorbed
, by atmosphere
and clouds

Direct
and
diffuse

51 absorbed at surface .

surface will be ed by

orientation, but ne

and orientation




UNIT 1

GE
DESIGN OF SUNSHADING

DEVICE




THE SUN’S POSITION

« The sun’s position on the sky
hemisphere can be specified by
two angles;

e The altitude angle (also known as
the "solar elevation angle")
describes the angle measured
between a line from the
observer's position O to the su
and the horizon.

In the Northern Hemisphere, the
solar azimuth angle is the angular
distance between due South and
the projection of the line of sight
to the sun.




Thus

North= 0 deg or 360 deg
East= 90 deg
South = 180 deg

West =270
These two angles can be read directly for any date of the year and any

hour of the day from the solar charts or sun path diagrams.
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1.Azimuth angle
2.Elevation angle
3.Sun's path today
4.Sun's path on the 21st June
5.Sun's path on the 21st
December
6.Sun's path during the equinox

7.5unrise
8.Sunset
9.Horizon
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(also known as "solar path diagram", "sun chart" or
"solar chart") .

This path is formed by plotting azimuth (left-right) and elevation (up-
down) angles of the sun in a given day to a diagram.

To find out the position azimuth = 60, elevation = 30, for example, imagine
standing at the center of the diagram heading to the true north.

To find the azimuth angle 60, you must turn 60 degrees to the right.

Now the altitude angle 30 can be located by raising your head 30 degrees
from the horizon.

It can be seen from the diagram (3. "Sun's path today") that the sun rises
from the North-East (azimuth = 60) in Tampere at 05:37. Sunset happens
at 21:20 when the sun is in the North-West (azimuth = 300).

On that day the elevation angle is approximately 50 degrees at noon.




ANGLE OF INCIDENCE & OTHER ANGL@

The altitude and azimuth bearings of the
sun enable some further important sets
of angles to be computed.

The first is the angle of incidence, i.e Thig
is important information as the intensity
of direct irradiance is a function of the
angle of incidence being a maximum at
0° (the angle of incidence is always
measured from the normal to the
surface), and dropping off as the cosine
of the angle of incidence, until it reaches
zero at 90° incidence.

The second are the shadow angle, that is i .
the angle the sun makes on section (the The third is the wall solar azimuth,

vertical shadow angle e) and on plan (the g, Of a vertical or tilted surface,

vertical shadow angle d). These angles  which describes the angle
S el L s
buildings to be predicted and plotted on sun’s bearing (solar azimuth, 1).
sections and plans.




ANGLE OF INCIDENCE

From these two angles the sun’s position in
relation to the wall surface of any orientation (thus
the angle of incidence) can be established.

The horizontal component of the angle of

Reflected ray
Normal

Incident ray

incidence(6) will be the difference between the o -

-

solar azimuth and the wall azimuth. If, for the

—

i.

]

it
8= 270-239= 31° SfL /

i

The vertical component is the same as the solar
altitude angle itself (y), the angle of incidence (6 ),
i.e. the angle between a line perpendicular to the
wall and the sun’s direction, can be found by the
‘spherical cosine equation’.

CosB=cosbxcosy
In our example:

CosPB=cos31° xcosd40° =0.8572 x 0.7660 =
0.6566

B = 490
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This angle of incidence will be required both for selection the appropriate
solar gain factor in heat gain calculations through windows and for
calculating the incident radiation on an opague surface, e.g. when the sol-
air temperature is to be established.

As a first step, it must be decided when shading is necessary, at what
times of the year and between what hours of the day.

The best guide to this is the definition of the overheated period.
This should be quite easy, if the climatic data has been complied.
Alternatively, a temperature isopleth chart can be used.
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SHADOW ANGLES

e The performance of shading devices is specified by two angles, the
horizontal and the vertical shadow angles.

These are both measured from a line perpendicular to the elevation, and
indicate the limit, beyond which the sun would be excluded, but within
which the sun would reach the point considered.




UNIT Il PRINCIPLES OF THERMAL DESIGN
GS
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HEAT:

Energy

Appearing as molecular movement in substances or as
‘radiant heat'.

A certain wavelength band of electromagnetic radiation Iin
space (700-10000nm).

Joules (J).
HEAT FLOW RATE:
POWER: ability to carry out a certain work in unit time.

Joules.

nit work Is carried out in unit time,

SEE e e RS B




ENERGY FL OW:

Flow of heat through a
wall, the heat removed by
a cooling plant, the radiant
heat flow-from a electric
radiator.

The flow of electricity
through a light bulb, sound

energy emitted by a louo
speaker.

Sound energy output of an
electric motor.

Measured




CONDUCTIVITY:

In conduction through a body or through
bodies in direct contact the spread of
molecular movement constitutes-flow of
heat.

THERMAL CONDUCTIVITY:K value,

ILLUSTRATING UNIT CONDUCTIVITY = 1W/mK

Rate at which the molecular movement
spread varies with different materials and
IS described as property of material.

Heat flow from air on one side through
the body to air on the other side.

Conductivity and resistivity are properties
of material, the corresponding properties
of a body of a given thickness as
described as conductance ( C ).




CONDUCTION:

This movement may be
due to thermal forces alone or may be applied
force.

Rate of heat transfer in convection depends
on E e

o % -
R \

Radiation

Resistivity — 1/k.

Resistance: Product of is thlckness and the
resistivity of its material.

Bx1/k. R-b/k , where b- thickness in m.




MULTI LAYER BODY: @
If a body consists of of different materials.

B,/k; + b,/K, + by/k,.
Conductance ( C , ) = Reciprocal of resistance.
C,=1/R
C = 1/blk.
rd

—» Heat conduction
—3 Solar radiation




SURFACE CONDUCTANCE:

In addition to the resistance of a body to the flow of
heat , a body to the flow of heat, a resistance will be
offered by its surface, where

from the surrounding air..

Measured- surface or film resistance ( 1/f) m? deg C/W.

F — surface or film conductance (W/m? deg C).

Surface conductance — convective + radiant
components of heat exchange.
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AIR TO AIR RESISTANCE ( R ):

Sum of the body’s resistance and the surface resistance.
R = 1/fi+ R, + 1/f,.

f-film conductance.

l. e function of surface gualities and of the velocity of air
passing the surface.
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TRANSMITTANCE: U value

Reciprocal of this air- to air resistance Is the air- to — air
or

U=1/R..
Unit — same as conductance w/m? deg C.
Used : Building heat loss and heat gain calculations.
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RADIATION
— Partly absorbed and partly reflected.
— Proportion of these 2 components ( a ) and reflectance ( r).

arr=1_
Light colored, smooth and shiny surfaces — higher reflectance
l.e white surfacer=1,a =0.

Black body- r=0,a=1.

Emittance ( e ) — available.

e = heat =1.

Absorbance = emittance

a=e
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TEME URE

SOL Al MPERATURE CONCEPT :For building
design purposes, it is useful to combine the heating
effect of radlatlon incident on a building with the

1. =Ty X | X a/f,.
T.- sol air temperature In deg C

T, — outside temperature in deg C.
| — radiation intensity.

a- absorbance of the surface.

F,- surface conductance w/m? deg




SOLAR GAIN FACTOR:

Combined effect- reflective surface + thermal insulation.

Reduction : with
may be just as as more reflective with

Sol-air temperature- Ts-TO = |x a /f0.
Heat flow rate g = | x a/f; x U ( W/m?).

ittt i e e Al s IR RSl = Rt
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e SOLAR GAIN FACTOR: Heat flow rate through the
construction due to solar radiation

» Constant value for external surface conductance
fo = 20 w/im? deg C.

For Warm Humid 0.04 0.8
Climate.

Hot-dry season 0.03 0.6
(composite)




VENTILATION AND AIR MOVEMENT




FUNCTIONS OF &
VENTILATION

It has three distinctly different functions:
1. supply of fresh air

2. convective cooling
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SUPPLY OF FRESH AIR

Type of occupancy, number and activity of the occupants and
by the nature of any process. @~

Requirements may be stipulated by building regulations and
advisory codes in terms of m3 /h person, or in number of air

changes per hour but these are applicable to mechanical
installations.

Natural ventilation: Provision of “permanent ventilators” i.e of
openings which may not be closed may be compulsory.

These may be grilles or ‘air bricks’ built into a wall or may be
incorporated with windows.

The size of the openable windows may be stipulated in
relation to the floor area or the volume of the room.




CONVECTIVE COOLING

* The exchange of indoor air with
fresh out door air can provide
cooling.

e The moving airactsaheat =~
carrying medium.




PROVISION OF VENTILATION:

STACK EFFECT

Ventilation, i.e., both the supply of fresh air
and convective cooling, involves the
movement of air at a relatively slow rate.

The motive force can be either thermal or
dynamic (wind).

The stack effect relies on thermal forces, set
up by density difference (caused by

temperature difference )between the indoor
and out door air.

It can occur through an open window; the
warmer and lighter indoor air will flow out at
the top and the cooler, denser out door air
will flow in at the bottom.

The principle is same as wind generation.




WIND EFFECT, STACK EFFECT ARD
VENTILATION EFFECT

£

FTTiTT T

Wind effect Stack effect Combustion and ventilation effect




VENTILATION SHAFT

* The higher the shaft, the larger
the cross sectional area and the
greater the temperature

ifference; the greater the

motive force therefore, the
more air will be moved.

e The motive force is the ‘stack
pressure’ multiplied by the cross
sectional area.

e The stack pressure can be
calculated from the equation:
P=0.042 x hx At

e Where h =he(igf)1t of the stack
mj,
e At=temperature difference
(deg C)
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PROVISION FOR AIR MOVEMENT: WIND EFFECTS

Thermal forces will rarely be
sufficient to create appreciable air
movements .

The only natural force that can be
relied on is the dynamic effect of
winds.

Negative control- wind is too

much,-is easy, if windows and

Wind is generated by pressure
differences- so an air flow through
the building is the result of a
pressure difference between the
two sides.




e Air-although light-has a mass and as it moves, has a entum,
which is the product of its mass and as it moves, hasmctorial
quantity, which can be change in direction or in magnitude only
by another force.

When the moving air strikes an obstacle such as building, this will
slow down the air flow but the air flow will exert a pressure on
the obstructing surface.

This pressure is proportionate to the air velocity, as expressed by
the equation; P, = 0.612 X v 2

e whereP , =wind pressure(N/m?),V= wind velocity (m/ s)

Solid Obstruchion - Buildings




This slowing down process effects a roughly wedge-shaped
mass of air on the windward side of the building which in turn
diverts the rest of the air flow upwards and sideways.

A separation layer is formed between the stagnant air and the
building on the one hand and the laminar air flow on the
other hand .

The laminar air flow itself may be accelerated at the obstacle
as the area available for the flow is narrowed down by the

obstacle .

At the separation layer due to friction the upper surface of
the stagnant air is moved forward , thus a turbulence or




Due to its momentum, the
laminar air flow tends to maintain
a straight path after it has been
diverted, therefore it will take
some time to return to the ground

occupy all the available “cross
section’”.

Thus a stagnant mass of air is also

formed on the leeward side, but
this is at a reduced pressure. In
fact, this is not quite stagnant, a
vortex is formed, the movement is

light and variable and it is often =

referred to as ‘wind shadow’.




AIR FLOW THROUGH &
BUILDINGS

Air flow patterns is completely predicted on the basis of empirical rules
derived from measurements in actual buildings or in wind tunnel studies.

A wind tunnel is a research tool developed to assist with studying the
effects of air moving over or around solid objects .

The following factors can be isolated which affect the indoor air flow;
Orientation

External features

Cross-ventilation

Position of openings

Size of openings

Controls of openings




ORIENTATION

e The greatest pressure on the windward
side of a building is generated when the
elevation is at right angles to the wind
direction, so it seems to be obvious that
the greatest indoor air velocity will be
achieved.

A wind incidence of 45° would reduce

the pressure by 50%.

Thus the designer ascertain the
prevailing wind direction from wind
frequency charts of wind roses and
must orientate his building in such a
way that the largest opening are facing
the wind direction.




Building 45° a greater velocity is
created along the windward faces,
therefore the wind shadow will be
much broader, the negative pressure
will be increased and an increased
indoor air flow will result.

Optimum solar orientation and
optimum orientation for wind do not
coincide.

In equatorial regions, a north-south

orientation would be preferable for
sun exclusion but most often the
wind is predominantly easterly.




EXTERNAL FEATURES

Wind shadows created by

obstructions upwind, shouldbe
0 :Jed in positioning th
ling on the site and i

sitioning the openings in t

The wind velocity gradient is
made steeper by an uneven
surface, such as scattered
buildings, wall fences, trees.

But even with a moderate
velocity gradient such as over
smooth and open ground a low
buildings can never obtain air
velocities similar to a taller one.

For this reason the building is
ol BOCtopctle:.......-.-.--- -~~~
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* External features of the building itself can strongly influenced
the pressure build up.

For example, if the air flow is at 45° to an elevation, a wing
wall at the downwind end or a projecting wing of an L shaped
building can more than double the positive pressure created.

imilar fu ling effect can be created by upward
jecting e

Wing Wall Free Standing Strengthened/

Cantilevering Cantilever REinSfE'FIEEd
|

from Abutment Retaining Wall




CLASSIFICATI

TROPICAL CLI

Climatic zones

Tropical climates

Warm humid climates
Warm humid island climate

Hot dry desert climate |
Hot dry maritime desert climate
Composite or monsoon climate
Tropical upland climate



5%

2500-000
N/sg.m

High

2000-5000
mm/annum
500
mm/month

55-100%

17/50-2500

1250-1800
mm/annum
200-250
mm/month

10-55%

750-1500

Slight and
variable

50-155
mm/annum

50-90%

500-2500

Very low

b/w warm

&

humid and hot

dry climate

20-55%(Dry
Period),
55-95%(Wet
Period)
1300-1600
N/sg.m

Intense and
prolong

500-1300
mm/annum
200-250
mm in the
wettest
month.

ed

45-99%

800-1600
N/sg.m

Variable

1000mm




Little more
cloudy

Normally
clear

Fairly cloudy Normally

clear

e
Monsoon: Duh&lear and

Dry season: partly
clear with dark cloudy
blue color

Direct and
strong

Alternates
between
warm
humid and Hot
dry desert
climates.

Direct and
strong

Strong and
diffuse.
cause painful
sky glare

Strong and
mainly direct

Strong winds
occur during
Rain squalls

Higher

velocities
Occur
during

cyclones

Local whirl

winds are
often

Local,
coastal
winds

by unequal

heating and

cooling of
land and

Sad e
surfaces.

Monsoon
winds

are fairly
strong

and steady
bring rain
clouds
and humid
air.

Winds are
variable
drastically
deflected
by local
topography.




Grows
quickly.
The red or
brown late
rite soils.
Subsoil
water table
is high

High
humidity
accelerates
mould and
algal
growth,
rusting and
rotting.

The thunder
storms are
accompanie
d by
frequent air
to air
electrical
discharges.

Less
luxuriant.
Soil is often
dry with a
fairly low

water table

Tropical
cyclones or
hurricanes
with wind
velocities
from 45 to
70 m/s
which
constitute a
serious

changes.

Sparse

Soilsdry

quickly
after rain
and the

eglbenyy

water table
is very
low.

During
certain
months
dust and
sand

Sterms ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

may be
frequent.

Sparse
The ground
and rocks
are brown
or red.

Dust and
sand
storms
may occur.

Sparse

The soil is
damp during
the rains but it
dries out
quickly.

Dust and sand
storms may
occur.

&

Green

The soil is
damp during
the rains but it
dries out
quickly

Thunder
storms with a
fair proportion
of electrical
discharges air
to ground. Hail
may occur.
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