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PART I

INTRODUCTION



PART 1

INTRODUCTION

Climate and weather affect man's day-by-day life and activities.
Safe navigation of ships and airplanes depend on the proximity and
severity of turbulence, heavy rain, and thick fog. Farmers depend on
the proper proportion of rain, sun, and temperature for successfully
growing crops. Many of our social and cultural activities are also in-

volved with both climate and weather.

Weather and climate can be defined as the state of the atmosphere
at a particular place with reference to the amount of precipitation,
sunshine, wind, etc. However, weather is the local expression of cli-
mate, it changes from hour to hour and day to day, while climate varies

only slightly over the centuries.

As man spread out into all parts of the world, he was forced to de-
velop various methods of protection from the natural elements; heat, cold,
rain, and excessive dryness, or a combination of these. He accanplished

this by the design of his clothing and shelter (see Plate I).

As soon a8 the needs for survival were solved, man began to search
for more comfort. For instance, through triel and error he found that
if the temperature of his shelter remained socmewhere between 7h° and 780
F., his body felt more "comfortable.”" This was particulerly true if he
could maintain a relative humidity of 50 percent in the alr surrounding
him. Although it took him until comparatively recent times to translate
his "feeling" for comfort into usable data, he attempted to experiment

with and develop building materials and techniques that helped to over-
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PLATE I (CONTINUED)
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come climatic variations that were "uncomfortable"” to him. The devel-
opment of these "systems" -- & combination of material, building tech-
niques and crude mechanical devices =-- continued until the very recent
development of fairly sophisticated mechanical temperature control sys-
tems mede it possible for him to "specify" the degree of comfort to be

mainteined in his home.

As & result of the availability of these merely effective mechan-
ical devices, architects and builders tend to ignore design for comfort
and rely on mechanical devices, to not only meintain temperature com-

fort, but also overcome the inefficlency of bad design,

In this study, speciel emphasis is placed on "natural" means of
comfort control, however, basic principles of mechanical comfort control
systems are also included. There are three main objectives in this study
involved with climate and internal environmental comfort. The first ob-
jective of this study is to introduce the general nature of climate, the
different climatic types in the world, and the effect of climate on man.
The second cbjective is concerned with the development of an architectur-
al approach to design for the various climates., The third objective is
an approach to the design of residences that will help control objec-
tionable natural elements and also use favorable natural elements to

create a suitable and pleasurable environment.

Climate is one of the main elements effecting asrchitecture and the
development of internal comfort control (see Flate II). Houses in the
past were designed and oriented according to climatic conditions. The

use of various weather control elements such as sun shading devices,



windbreakers, etc., the design of interior courts, and features such as
the long deep arcedes of Greek and Roman buildings were built to protect
against adverse natural elements and help to provide necessary comfort.
In the design of shelters, if the building does not have a full
mechanical comfort control system, it is particularly necessary to consi-
der adverse climatic conditions and their influence on human comfort.
The orientation of the building and the proper design of roof, overhangs,
the use of natural wind-breakers and weather barriers, such as trees,
shrubs, and vines, are some of the design considerations that are very
important to help maintain comfort. However, the architect should al-
ways be aware thet the utilization of such design devices will also sig-
nificantly enhance the efficiency of well-equipped mechanical systems

and provide considereble saving.

This study hes been divided into four nsjof parts. The first part
defines the types of climate in the different parts of the world and the
climatic factors involving human comfort. The second part of the study
emphasizes the importance of climate on plants, enimals and men. The
third part is concerned primarily with comfort control with respect to
climate, employing both mechanical and non-mechanical devices. FPart
four of this study illustrates schematic approaches to design, with re-
gpect to several climatic zones. These schematic design studies illus-
trate how "natural" and non-mechanicel elements can be incorporated into

the design of man's shelter to improve his comfort.



EXPLANATION OF FLATES II AND III

These plates show the elements which influence the shape
and form of buildings. It consists of climate and other rela-
tive important elements (Flate II). Therefore, architects
should study these elements in order to maintain relative com-
fort in the ’auildings'aa well as the sesthetic impression of

their buildings (Plate III).
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PLATE IV
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PART Il

CLIMATE IN GENERAL

I. TYPES OF CLIMATE IN THE WORLD

Climate in the world can be classified into six different zones:
1. hot,
2. monscon (cold, dry winter, wet summer),
3, mediterranean (hot, dry summer, cold wet winter),
4, desert
5. temperate, and
6. cold.

But, for the purposes of human activities in different climatic

zones, some modifications are needed. C.E.P. Brooks thus d:l.ﬁdes the

world into nine climatic regions :1

1. Polar Regions and Tundras
These are inhabited, if at all, only by scattered hunt-

ing or fishing tribes; thelr chief economic product is fur.
These regions are Greenland, the northern part of Canada, and

the northern part of the Soviet Union.

2. Mountain Regions
According to C.E.P. Brooks, these generally have only

a scattered population; success is difficult. These regions

are important because of their healthfulness and winter re-

1 harles E. P. Brooks, Climate in , (New York:
Philosophical Library, 19513 s P. 10.
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creations.

3, Deserts (anmual rainfall below 10 inches)

Apart from irrigated regions, such as the Nile Valley,
and some mining centers, these also are very sparsely inhabi-
ted, These regions include the northern part of Africs, cen-
tral Australia, and some parts of the southwestern United

States.

4, Insolation Climates

These regions are where the main feature of life is the in-
tense solar radiation. They are rather dry and dusty in summer,
but generally have sufficient water for irrigation. Brooks point-
. ed out that the high day temperatures in these regions can cause
trouble with any materials which soften with heat, such as photo-~
graphic films, confectionery, electrical insulation, etc. These
troubles are aggravated by condensation at night, due to the very
large deaily range of temperature, and this causes powdered products
to cake. These regions are often subject to strong winds carry-
ing very fine, penetrating dust. He explained: "Activity is im-
possible during the hottest part of the day, and there is risk of
heat stroke. In spite of all these disadvanteges, they are often
economically important, owing to the high crop yields under ir-

rigation. Egypt is the outstanding exurple."z




1k

5. Deterioration Climates

These are regions of high humidity combined with steady
night temperatures which, however, are not extreme. The for-
ests have been masters of these regions, and they are of great
importance for the supply of tropical agricultural products.
These regions include some parts of Brazil and the Congo, most

parts of southeast Asia,

6. Typhoon and Hurricane Regions

These regions, such as the West Indies, southeastern
United States, parts of the coast of India and China, and sub-
equatorial islands, such as the Philippines, having climates
which are on the whole favorable, but which are liable to de-
structive winds. All the permanent buildings in these regions

must be specially built to withstand these forces.

7. Mediterranean Climate Regioms

According to C.E.P. Brooks, these regions are very
pleasant. The winter climate is ideal, but the summers are too
hot for sustained energy. They are most extensive on the coasts
of the Mediterranean Sea, whence they take their name, but they
also occur in southern California and a few other parts of the

world. They produce wine, olives, and similar deep~-rooted crops.

8. Cyclonic-Temperate Climates
The main feature of these climates i1s their changeabil-

ity. The passage of cyeclonic depressions maintains a contimuous

series of rapid changes of temperature in all seasons. Rainfall
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is sufficient at all seasons; persiestent extreme heat or cold is
rare. The mein regions included are parts of western and east-
ern United States and Canada, northwest Europe, Japan, parts of
Chile, southeastern Australia and New Zealand. Brooks believed:
"The climate is very stimulating, and the peoples of these re~

. gions are the most energetic and progressive in the wcbrld..“3

9. Winter Frost and Snow Climates

These regions include the northern part of the United
States, Canada, and the central portion of the Soviet Union.
Their main characteristic is the long, cold winter, in which

the ground is snow-covered for some months.

Although climate, unlike the weather, does not change from day to

day, there are some evidences suggesting that climate does change slow-

1y from century to century. One evidence was pointed out by Edwin H.

Colbert of the Americen Museum of Natural History and Columbia Uni-

versity. He explained in his article called "Vertebrate Paleoecology"

in the book, Climatic Change, that so far as past climates can be in-

terpreted from the record of fossil vertebrates, it would appear that

during much of earth's history, the world has enjoyed uniformly warm,

equable climates over most of its surface. He believed that the

earth's surface cools slowly, but each part of the surface has a dif-

ferent degree of cooling (or may be warmed differently by radiation

5Ibid., pp. 18-21.

[t
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from the earth's surface or the sun).u

The relationship of these nine climatic regions and six clima-
tic zones is that the different climatic reglons represent the geo-
graphical cheracteristics of that certain area in each continent,
while the climatic zones represent each country in general. The
United States, for instance, is generally classified as a temperate
climatic zone country, however, geogrephically, there are several oth-
ers: cold climatic types in the northern part, hot humid in the south-
eastern and the south, hot and dry in the southwestern, and temperate

in the western-central part of the country.

These are importaht to the architect in termj of a micro-climatic
study, or the local climatic condition study, because each of the mi-
cro-climatic zones of each land is different, to some degree. The site
in & hot, humid climate, for example, may differ greatly in temperature
and bumidity from other sites which are located on mountains or in val-
leys a few miles away, in the same climatic zone.

Therefore, the study of the different regional types, as well as
the different zones of climate, is very important to the architect who
wants to design and build shelters and who wants to take advantages of
nature into consideration of climate and its influence into design.
However, for the convenience of this study, we divide climate into four

different types: hot humid, hot dry, temperate and cold.

1+Ed.w-.tn H. Colbert, Climatic » (caubridge:' Harvard Uni-

versity Press, 1951), p. .
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EXFIARATION OF FPIATE V

Figure 1. Types of Climate of the World.

Figure 2. Areas of the World where temperatures for the warm-
est month do not exceed a mean of 75 F. and for the coldest
month do not fall below a mean of 32F, 20 or 10 F. Tropical
area within these limits have been excluded because of the

greater intensity of solar radiationm.

ETake.n from S.F. Markham, Climete and the Energy of Nationms,
London: Oxford University Press, 10L4), p. 9‘5
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IT. CLIMATIC FACTORS

"The various atmospheric processes and conditions whose interac-
tions determine the climate of any place, are called 'climatic ele-
ments' or 'climatic factors.' They are temperature, humidity, rain or
snow, velocity and direction of the wind, etc.,” said Dr. Julius Hann
of the University of Vienna.5 It is impossible to list all of the cli-
matic factors, because the numbers can be arbitrarily increased. But,

the following may be listed for the advantage of the architect:

1. Solar Radiation
The sun is the most important climatic factor because it
influences the change in climate, and season; it ceuses the wind to
blow. Temperature, humidity, and precipitation, are all influenced both
directly and indirectly by the sun. It also hes a great impact upon
plants, enimels, and human beings upon the earth. It is so important

that Dr. Hann wrote in his book, Handbook of Climatology, "In so far

as climate depends only upon the amount of solar radiation received at

any place by reason of its latitude, it is called 'solar climnte.'"6

Architects are trained to consider solar radiation as one of the
major elements for coordinating into the total design. Site selection,
orientation of the building, and the location of its openings, should
be designed with respect to the sun's reys. Sun control, thus becomes

a very important element in design.

*Dr. Julius Hann, Handbook of Climatology, (New York: The Mec-
millan Company, 1903), p. 3.

6Ibid., p. 91.



The solar constant is the amount of the sun's energy that falls
in a unit of time on a unit of area 93,000,000 miles from the sun and
perpendicular to its rays. According to Victor Olgyay, in Design with
Climete, the mean value is 1.9% cal/bmg/min. which is generally ac-
cepted as equivalent to 420 BTU/ftE/hr.7 The actual surface at ground
level receives considerably less solar energy, because of a series of
losses which occur when the radiation passes through the earth's at-
mosphere. Part of the incoming solar rediation is reflected by the

surface of clouds, and part is absorbed by atmospheric ingredients.8

2. Temperature
An important climatic factor is temperature. According

to Dr. Hann, when the term temperature is used in climatology, it
means the total effect of the warmth of the air, and also of radiation.
Out of doors, plants and animals are always under the influence of the
temperature of the atmosphere which surrounds them, the heat due to
radiation from the sun, the sky, the surface of the earth, etc.9 It
is known that on & clear day in the summer, air temperature is usually
warmer then on a clear winter day. This is because of the earth re-

ceiving the sun's energy for a longer period of time in the summer than

Tyictor Olgyay, Design with Climate, (Princeton: Princeton
University Press, 1963), p. 32.

BIbid., Pe &

9Dr. Henn, op. cit., p. 32,
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it does in the winter. On a clear day in the winter, it is cocoler than
& cloudy one, because of the longer period of necturnal outgoing radia-
i:ion heat, which escapes more easily through the clear atmosphere.lo
Owens-Corning Fiberglass Corporation published a paper called the

Economics of Sensible Heat Control, describing the duration of solar

exposure in this manner:

«ss+.. the period of solar exposure is shortest at the win-
ter solstice (Dec, 21) when the north pole is inclined
furthest from the sun. At the perpendicular to the earth's
orbital plane, the northern and southern hemispheres are il-
luminated for equal periods of time. Maximum exposure oc-
curs at the summer solstice (June 21), when the north pole
is tilted toward the sun, causing 15 hours of daylight at
4O north latitude, as compared with only 9 hours during
the shortest day of the year...

. The magnitude of insolation will vary with the duration
of solar exposure, and, in combinstion with meterological
phenomena, will determine the actual nmumber of hours of sun-
shine daily in any given period or locality...

5. Humldity
Next to temperature, the climatic factor of the most im-

portance is the measure of humidity. Humidity 1s the degree in which
the air is charged with water vepor. The humidity of the alr, accord-
ing to Givoni, in Men, Climate and Architecture, (page 56), may be ex-
pressed in various ways; in terms of relative humidity, sbsolute humid-

ity, specific humidity, or vapor pressure., He explains:

loVictor Olgyay, op. cit., p. 32.

L , The Economics of Sensible Heat Control, (New York:
Owens-Corning Fiberglas Corporation, 1970), p. 10,
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The humidity of the air does not directly affect the
heat load operating on the body, but it determines the
evaporative capacity of the air and hence the cooling
efficiency of sweating. In extremely hot conditionms,
the humidity level determines the limits of the endur-
ance time by restoring the total evaporation.

The water vapor, or moisture in the air, may cause a great deal
of discomfort to some people. If, for instance, the mmidity is too
high, the rate of perspiration of our body will be small compared with
the amount of evaporation, this may cause the feeling of clamminess and
dampness until some air movement occurred. Humidity can also cause the
wetness in buildinge, which constitutes a potential hazard to health
and comfort and is & source of sesthetic and material demage. Charles
Franklin Brooks explained that if little water vepor is present in air
and the relative humidity is low, as in our houses in winter, evapora-
tion is rapid. Throats become dry and parched, skin chaps, bread and
ceke get dry and crumbly, leather cracks, and wall paper ra.ttlea.12

S.F. Markham concluded the impact of humidity in his book, Climate and

the Energy of Nations, as follows:

The combination of heat and humidity, in particular, is
one of which the human body cannot gledly endure, and humen-
ity has devised little protection against such conditions.
Since moist heat at 80 F. may cause sunstroke, while a dry
heat of 100 F. can be safely endured, it is importent that
we should know the degree of moisture in the air...

Like temperature, the relative humidity of the atmos-
phere changes every hour, but in spite_of fluctuations it
is almost as steady as temperature...

12¢harles Franklin Brooks, Why the Weather?, (Lomdon: Oxford
University Press, 1944), p. 23,

5. 7. Markhem, Climate and the Energy of Nations, (London:
Oxford University Press, 19L4L), p. 23.



2k

L, wind
"Atmospheric currents are important climatic factors for
many reasons," said Dr. Hann. "As a general rule, climates with a con-
siderable air movement have a stimulating effect upon man, which is con-
ducive to active work; while climates where calms prevail have an ener-

vating effect, which is conducive to in&ctivity."lh

Wind is simply air
in motion. Air moves because of horizontal differences in atmospheric
pressure, which results directly, or indirectly, from contrasts in tem-
perature. According to Charles F. Brocks, of Harvard University, wind
velocity depends, principally, on the pressure gradient, the air densi-

ty, the latitude, end the friction.l’

In the designing of a building with the advantage of prevailing
wind, the architect should study the local wind directions, and its ve-
locity, in order to place the openings to take advantage of them. He
should also study the wind's behavior if a structure will be located on
an unfamiliar site, such as on the top of the mountain, in the mountain
valley; "Although, in general, valley sites offer protection, the wind
speed is highest in the narrowest parts when the wind blows along the
valley., Furthermore, the wind direction will be modified in narrow

valleys and gorges, so that it is mostly up or down the valley. w16

lum:'. Hann, op. eit., p. 67.-

15Chaz'1es Franklin Brooks, op. cit., D. ks,

16Neuberger and Stephens, Weather and Man, (New York: Prentice-
Hall, Inc., 1950), p. 168. '
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They continue: "In flat, open plains, there is little difference in

building lots so far as natural wind protection is concerned, with the

possible exception of the protection offered by ‘artaes."r'r

In the United States, the wind direction was described by Thomas

Morris lLongstreth as follows:

The west wind would rate highest in a country-wide poll.
It is the temperate feature of our Temperate Zone. Its
somewhat descending current clears the sky, tempers the sum-
mer heat, adds the cheerfulness of sun to the winter's cold

The north wind can be simply frigid. Its vitality dif-
fers with the place. To the Great FPlains and to Texas, the
northerners bring viclent gales, fog-thick with snow, with
drops of 50 F. in temperature, the true blizzard. In the
East & north wind is usually the waning stage of a north-
west wind, and rarely strong...

South winds receive some flattery that is not their due.
In winter a south wind ends a cold spell and brings the
damp of thaw, which is worse. In summer it increases the
hmnigéty in the east and the drought over the Great Plains

5. Precipitation
Precipitation includes rainfall, snow, dew, hail, fog,

and haze, etc. Haze is caused by dust, by salt blown from the ocean
spray, or by tiny particles of water. All these things reflect light
waves, sending them in every direction. This makes mountains, build-
ings, and trees look blue when we see them from far away. Fog is

clouds that form near the earth's surface, according to Fenton, fog

144, , p. 168.

lBThoma.B M. Longstreth, Knowing the Weather, (New York: Mac-
millan Co., 1942), p. S1.



droplets are at least twenty times larger than haze droplets. They ab-
sorb so many light rays that foggy days often become as dar as even-
ings.lg Snow is formed by the condensing of the moisture of the air at

temperatures below freezing. e

Rain is formed by the condensation of the moisture in the air.
The rainfall is a very important climatic factor which Dr. Hann de-
scribed as "the determination of the preductiveness of a country.” He
insisted that temperature and rainfall together are one of the most im-
portant natural resources of a country.a The rainfall and other preci-

pitation are the greatest importance to vegetation.

However, the rainfall and other precipitation can cause some dem-
age to plants, enimals, and to men's property as well, Storms of large
hailstones are destructive to crops, windows, and glass walls. A bliz-
zard, which is a combination of very strong wind, very cold weather, and
dry “"powdery" snow ceuse numerous property destructions, and is extreme-
ly dangerocus to highway travel. Fog, when mixed with smoke from factor-
ies, will become a dangerous and harmful smog. Therefore, factors should
be carefully located where there is less concentration of fog in the sur-

rounding area.

The rainfall directly, and indirectly, effects floods. There is an

19carroll L. Fenton and Mildred A. Fenton, Our Weather,
(carden City, N.Y.: Doubleday and Company, Inc., 19'5%, P. 57.

2otr'ha.rles Franklin Brooks, op. cit., p. 228.

a'Dr. Hann, . e¢it., p. 57.



important matter for architects who survey the site for the new struc-
ture. Cherles Franklin Brocks explained that the risk of flooding by
heavy rain depends on the nature of the ground, es well &s the amount
of rain, He warned that a valley with a small catchment area is more
liable to sudden floods than a river system with a large basin. He al-
50 pointed out that in any particular situation, the heights of floods
in the past are the best guide, provided that the bed of the river has

not changed.22

There are other ways that architects can find out about the flood
level in the past. Brooks suggested that it can be found from natural
marks on the banks, marks made on buildings or bridges to record the
height of floods. "However, natural marks are not always safe guides
because for one thing, capillary action may raise the water level con-
siderably inside the porous stones,” said Brooks, "therefore, the best
basis for estimating the probable height of future floods is in actual

records, either of the depth of water or of the volume of flow."”

In the design of buildings, it is essential for architects to
take into account rainfall, water table, and the flood condition on the
site. Since most buildings have basements, therefore, they are involved

with the problems of sewage disposal, drainage, soil condition, etec.

22 harles F. Brooks, op. cit., p. 208.

23Ipid., pp. 208-209.
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PART III

CLIMATE AND NATURE

III. CLIMATE AFFECTS PIANTS, ANIMALS, AND MEN

1. Climate Affects Plants and Animals

Climate has long been the most important element which
affects the 1life cycle of plants and enimals, especially since almost
all plants are extremely sensitive to climate., FPlants can give the
indication of changing in weather, which can be learned by watching

the time of budding and blooming in the spring.

Rainfall is extremely important to all kinds of vegetation, in-
cluding desert plants., Flants get food from soil which consists of

three major elements: the soil substance, water, and air.

Snow is also useful in piling moisture upon the ground, where it
can melt slowly and sink into the soll, Loose snow also makes a fluffy
blanket which covers low plants and the ground. Dew often protecis

vegetation from freezing at night.

Plants also affect our environment. They act as an absorbent ma-
terial in the landscape, blotting up heat, light and sound. Giving off
moisture, they actually destroy & large portion of the heat which falls
upon them. Hence, in addition to their shading effect, plants have a

definite cooling effect and are of great importance in ameliorating the
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micro-climate, especially during the lmer.l James J. Nighswonger,
extension specialiast in Landscape Architecture at Kansas State Univer-

sity, published a booklet called FPlants, Man and Enviromment, clearljr

explaining about plante as an "Atmospheric Purificetion” agent in the

following manner:

Plants cleanse and purify existing air as well as manu~-
facture clean air, Plants use sunlight, water, carbon di-
oxide, and other atmospheric gases to produce the food they
need (the photosynthetic process)., During photosyntheses
they release oxygen to the atmosphere as a by-product....

Ornamental plants cleanse and purify air by at least
four methods:

1, They dilute bad air by mixing clean air (which they
produce ) with the bad air....

2. Growing plants transpire or give off large quantities
of water to the air.... Under certain climatic conditionms,
this moisture alsc condenses on leaves and twigs. These
wet surfaces then serve as effective traps for air-borme

particles,

3, Trees also slow air movement considerably, allowing
heavier dust particles and pollutants to settle down....

4, Fumes and odors may be partially controlled by mask-
ing; that is, by covering up or replacing tge obnoxious od-
or with a stronger, more pleasing smell....

James Nighswonger also explained that a plant's ability to modify
temperature is a result of a sun control, wind control, and precipita-
tion control. He stated that trees not only give off moisture, but the

overhead canopy of leaves tends to prevent the moisture-laden air from

% . Microclimate, the Architectural Forum, March, 1947,
Vol. 86, pp. 11k-122,

eJames J. Nighswonger, Plants, Man and Environment, Cooperative
Extension Service, Kansas State University, Manhattan, Kansas, 1972.



33

moving away. According to him, trees are very effective devices for
shielding the sun's radiation. About wind control by plants, he

pointed out:

Wind can significantly reduce the effect trees have on
temperature reduction. During windy conditions in the
summer, moisture-laden cool air within the tree canopy is
replaced by dry, warm air carried by the wind. Thus, trees
are most effective in modifying summer temperature, especi-
elly during relatively celm days when the sun is shining.
Since trees screen sunlight and transpire moisture, the
area below the tree canopy can be as much as 25 F. cooler
on a still day in the summer than an area cut in the open

Plants intercept precipitation in the forms of rain,
snow, of fog. Fog, for example, condenses on the leaves of
plants and falls to the ground. lo;g all rain or snow that
falls on a tree reaches the ground.
With this basic knowledge about climate and plants, architects and
landscape architects should be able to utilize the use of plants to co-

ordinate with the design.

Unlike plants, animals have freedom of movement, they are able to
avoid an unfavorable micro-climate, and can search for suitable condi-
tions. However, they highly develop their adaptibility to certain cli-
metic conditions. Rudolf Feiger gave an example of the adaptebility of
some animals as follows:

According to W. Mosauer, the sand lizard can stand the ex-
treme temperatures of desert sand by raising the body a 1it-

tle above the heated ground when running fast. The African
cricket, according to F.S. Bodenheimer, turns its body in the

3'I'l.’a:lﬂ..



direction of the sun's rays about noon, so as to present the
smallest possible cross-sectional area to it, but lies broad-
side to the sun in the cool of the morning.

There is another interesting example of the animal's survival in

the extreme climatic conditions, as Geiger pointed out:

In the desert near Salt Leke City, there lives a type of
rabbit that is unable to find water, and can therefore ob-
tain its supplies of liquid only from its scanty nourish-
ment.... it was proved that the animal was able to maintain
its fluid balance without ever drinking a drop of water, be-
cause of the surprisingly high relative Eunidity of itw bur-
row, where it remained for long periods,

With their instincts, animals build homes in which they can bring
up & new generation. The necessary micro-climate conditions are taken
into account. Geiger, once again, brought up & very interesting example
of another kind of rabbit on the North Sea island of Bylt:

I have always been smazed at the way rabbits on the North
Sea island of Sylt erranged their burrows. One had its en-
trance, for example, on the upper slope of & sand dune, so
that when there was heavy rain it collected below, and none
came through the opening. An overhanging growth of hesther
roofed over the entrance and protected it from rain and
dripping water. It had a southerly exposure, so that the
entrance was sumny, and shielded from north winds, A very
large bush to the west provided additional protection from
the stormy west winds,6

hRudolf Geiger, The Climate Near the Ground (Cambridge, Mass,:

Harvard University Press, 1966), pp. 4T1-k72.
>Ibid., p. 475.

6I‘b:I.d., Pp. 475-4T6.
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Animals, like the example of rabbits on the North Sea island, bees,
end sc on, have some abllity to control their envirommental comfort.

However, this may depend on their instincts, and their adaptability.

2. Climate Affects Men

Man has the poorest protection against climate in terms of
body protection. However, it is believed that man has a better brain
than animals. Man can design better protection for his body in the
form of clothing and dwellings. He established "culture” and "civiliza-

tion" which then draws & sharp line between man and animal.

Climate affects man in many respects. It influences, both direct-
1y and indirectly, the way of our lives, our social and cultural activi-

ties, our health and our food supply (see Plate VIII).

a) Civilization, Social and Cultural Activities

Climete 18 believed to have a great effect on the birth of
any civilizstion. Climate has a degree of stimulating effect, or retard-
ing effect, upon human activities and the ability to distribute civiliza-
tion. For example, in the insolation climate, Indian people in India are
less active than Cerman people in the temperate climate. In Civilization
and Climate, Ellsworth Huntington of Yale University believed that the
periods of high civilization hed apparently been toward cool, but not
extremely cold, and toward the areas of frequent changes of temperature.

He also believed that temperature is the climatic factor which has an
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especially strong effect on the distribution of c:|.1r.1.2l.:l:aa.t:l.on.'r
b) HNutrition

Climate affects the growth of different types of vegeta-
tion in different parts of the world. Frults, such as oranges, and
grapes, grow abundantly in the "Mediterranean" climates, while mangos,
spices, and pineapples, ete,, grow very well in equatorial zones, Rice,
tea, coffee, and other kinds of crops alsoAgrov in certain climatic

zones.
¢) B Ada ilit

There is evidence that the human body does have gome abil-
ity to fight against disease and the adaptability to extreme climatic
conditions. VIn order for man to be able to live comfortably in his own
part of the world, his body and his skin has naturally adapted to the
local climatic conditions. The color of skin, the color of hair, and
the size of pecple, are all different climatic types and geographical
environments. E.C. Semple explained that in the case of the Regro, the
dark skin is associated with a dense cuticle, diminished perspiration,
smaller chests and 1el.a reaplratory power.a Huntington also pointed out
that the Negro's deep pigment is a prgtection against heat. He contin-

ued that Eskimos, Tibitans, and other inhabitants of cold climates tend

TEl1sworth Huntington, Civilization and Climate, (New Haveh, Conn:
Yale University Press, 1924), Third Edition, pp. 12-13.
L

8

Ellen C. Semple, Influence of Geographic Enviromment, (New York:
Henry Holt and Company, 1611), P. 8.



to have a stocky body built with a considerable layer of fat. "People
in hot climates, like that of India, tend to be slender, with a rela-
tively large surface of skin compared with their weight. Thus, the

evaporation of sweat has a more effective cooling power than in fat

people. nd

d) Man's Protective Elements

Man constructed clothing and shelter to help him meintain
a certain temperature level for comfort. According to C.E.P. Brocks,
the insulating power of & thickness of cloth is almost proporticnal to
the thickness of the layer of "dead air"” between the surface of the out-

er layer of cloth and the body. "

The danger from actinic sun rays which cause inflammation of the
skin (erythema) and sunburn, is greatest in dry and tropical countries
such as Egypt, India, Africa and Southeast Asia. Therefore, wearing
hats, caps or helmets, and waring light colors of clothing became the
customs of these countries, It is not surprising when the weaterner
went to such countries and found that many women use unbrellas when the

sun is shining and there is not & drop of rain. .
e) Health and Diseases

Climate may have both direct and indirect effect on a

human's health, causing some kinds of disease such as malaria, pneumonia

FE11sworth Huntington, rings of Civilization, (New York:
John Wiley and Sons, Inec., 1945), p. 267.

10charles E.P. Brooks, Climate and Everyday Life, op. cit.,
pp- 25&-257;




and the common cold and hay fever. In Man Adapting, Ren€ Dubos claimed
that cold, heat, and humldity naturally influence health and disease in
many different ways, even under conditions far less extreme, He ex--
plained that stormy weather, either warm or cold, is widely assumed to
have pathogenic effects. ILung embolism, thrombophlebities, and hemor-

rhage are said to occur predominantly in warm, damp weat.her.u

Health, or vigor, is a basic factor in determining the rate of hu-
man progress, and deathrate is the determination of a country's health
and vigor. According to Ellsworth Huntington, among the factors which

influence health, climate plays an especially significant part in set-

ting the geographical 1:ol.t'('.en:-n.:|'2

The effects of climate on man are tremendous. Many inventions,
from the past to the present time, bave also been directly and indirectly
connected with climate and the way to control climate. B5.F, Markham con-

cluded:

After a full consideration, I am convinced that one of the
basic reasons for the rise of a nation in modern times is its
control over climatic conditions: that the nation which has
‘led the world, is that nation which lives in a climate, in-
door and outdoor, nearest to the ideal, provided always that
its numbers are large enough to resist invaslon by its rivals.
Civilization to a great degree depends upon climate control in
a good natural climate.l3

nRene! Dubos, Man Adapting. (New Haven, Conn.: Yale University
Press, 1965), p. 60.

lasllswarth Huntington, Mainsprings of Civiliszation, ., cit.,
p. 251.

138.15‘. Markham, Climate and the Energy of Natioms, op. cit., p. 20.
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The study of climate control, therefore, is relatively important
to architects and builders in providing the necessary internal comfort
environment. The utilization of various methods of controlling climate
depends on the types and size of dwellings, as well as the location.

In this study, we divide the control of climate into two major areas,
namely: climate control by mechanical means, which is widely used in
the industrial countries, such as America, Europe, etc., and non-
mechanical countries, such as Egypt, Indis, Southeast Asian countries,

ete.
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PART IV
CLIMATE CONTROIS

IV. CLIMATE CONTROLS BY MECHANICAL MEANS

l. Introduction

Climate control by mechanical means i1s the art of using sci-
ence and modern technology to make our living more comfortable without
depending on nature. Today, it almost becomes necessary to have mech-
anical systems controlling our indcor enviromment, wherever a large
number of people are involved. Mechanical systems such as heating, air
conditioning, and ventilation overcome many problems in our buildings,
such a8 toc hot in the summer or too cold in the winter. This is one of

the main causes of our discomfort.

In 1971, the Department of Economic and Social Affairs of the
United Nations, published a book called Climate and House Design; it

states that the extreme hot and cold climatic conditions make the main-

tenance of a steady body temperature difficult.

The phsylological rhythm of work, fatigue and recovery is
disturbed by high body temperatures. Fatigue accumulates and
efficiency in the performance of mental and physical tasks de-
eclines, Neither acclimatization nor adaptation can completely
overcome the disadvantages of an unfavorable climate. It is,
however, possible to provide rellef from climatic stress in
well-designed houses....

This can be achieved through mechanical air-conditioning --
heating or cooling as necessary. In fact, the extension of
human settlements to the colder latitudes is dependent entire-
1y on the availability of mechanical means to keep houses and
their occupants wearm. In warm climetes, too, mechanical cool-



bl

ing is an effective and direct way of creating & favorable
indoor climate, but it is expensive and out of the reach of
many millions who live remote from the necessary sources of

power....l

The Amerlcan Society of Heating, Refrigerating and Air Condition-
ing Engineers (ASHRAE) describes that man learns how to survive and be-
comes acclimatized during a cold period, but "exposure of men to extreme
high temperature is limited by two different physiolog:lcal responses:
(1) elevated skin temperature resulting in pain and tissue damage, and
(2) elevated body temperature and the associated syndromes of hest ex-

haustion, heat cramps, and heat atroke...."z

Man endlessly searches for a better way to deal with the indoor

climatie condition. F.7T. Andrews writes:

From the time when men lived in caves and huts until the
early part of the 19th Century, homes were heated with a
fireplace in the living room, But the drawbacks of smoke,
ashes, wood storage and uneven heat distribution caused man
to seek betier means of heating. With the advent of better
fuels ~-- coal, oil, gas and electricity -- new heating meth-
ods that did not have the dissdvantages of the fireplace
were developed.

Since the invention of air conditioning by Dr, W, H. Carrier,

father of the air conditionmer in 1902, we have alr conditioning to re-

Ipepartment of Economic and Social Affairs, United Nations, Design
of Low-Cost Housing and Community Facilities, Vol. I, Climate and House
Design, (New York: United Nations Publicstions, 1971), p. 15.

2'!ha American Society of Heating, Refrigeration snd Alr Condition-
ing Engineers, ASHRAE Handbook of Fundamentals, (New York: 1967), p. 11k,

3¢.7. Andrews, P.E., The Architect's Guide to Mechanical Systems
(New York: Reinhold Publishing Compeny, 1966), p. 1. _
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move the heat from our living space in the summer. And in the winter,
after Benjamin Franklin designed a half-fireplace, half-stove in 1735,
we have the heater to warm up the air in our house. Therefore, mechan~
jcal systems such as heating and cooling become more and more important

systems in our environmental comfort.

2. Physiological Principle of Thermal Enviromment

a) Metabolism

Man is a constant-temperature animel, unlike snakes, fish,
or frogs. The inside tempersture of his body is sbout 98.6° F. Thnis
body texspentﬁre depends upon the balance between heat production and
heat loss. Heat resulting from oxidation of food elements in the body
(metabolism) maintains the body temperature well above that of the sur-
rounding air in & cool or cold environment. At the same time, heat is

constantly lost from the body by radiation, convection and e'va.pora.tion.h

According to physiologists, at rest, a human being generates about
410 BTU; 300 BTU are given off by rediation and convection and 65 BTU by
evaporation (46 BTU is lost through respiration), (see Flate x)5. Joseph
Olivieri explains, in the book called How to Design Heating-Cooling Com-
fort Systems:

If this heat loss is accelerated, we feel cold; and if it
is retarded, we feel hot. The correct hmidity is also im-

1‘A.‘.:’SI»IR.M‘.‘. Handbook of Pundamentals, op. cit., p. 112.

T

5Jcn;e-ph B. Olivieri, How to Design Heating=-Cooling Comfort S%-
Publishing Company, 1970),

tems, (Birminghem, Michigen: Business News
P. Do
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portant for comfort because too dry an enviromment will
increase the evaporation of persplration, causing us to
feel chilled. Conversely, if an environment is too hum-
id, the evaporation is retarded and we feel hot and
flushed. Because of our average skin surface temperature
is about 80° F., our bodies will radiate heat to any object
at a lesser tempera.tuge and absorb heat from any object at
a higher temperature.

Man protects himself from excessive heat or cold by elaborate
clothing and buildings. The Greeks and Romans warmed all buildings
with open fires and braziers. Since then, man has begun to develop many
different types of mechanical systems to provide human comfort, such as
heaters, air conditioning, and soc on. In dealing with heating and cool-
ing, there are four physicel factors involving human comfort which must
be taken into consideration. They are: air movement, air temperature,

humidity and radiation.
v) Four sical Factors Affecti omfort

1. Air movement: Air movement or air motion is singificant
to body heat transfer by convection and evaporation. According
to Bertram Kinzey, Jr., for both methods of transfer, the faster

the motion the greater the rate of heat flow.

2. Air temperature: Air temperature, or dry-bulb temperature,
1s the second factor that affects the rate of convective and evap-
orative body heat losses. Dry-bulb temperature is the temperature

of air taken with a thermometer not in contact with water.
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3, Bumidity: Humidity, or moisturecontent of surrounding air,
influences the evaporative loss. Alr already laden with moisture
cannot absord more from the skin. The drier and warmer the air,
the greater will be the rate of heat flow from the skin by evap-

oration of perspiration into the air.7

I, Radiation: Radiation or surrounding surface temperature,
is the last factor that affects heat loss. The body loses heat
by interchange of radiant energy which related to the difference
between the skin temperature and the Mean Radiant Temperature
(MRT) of the surfaces that the body "faces." A person will fell
warmer in & room of better construction with a higher MRT and a
lower temperature differential between the body and its surround-
ing surfaces, Air motion does not affect thil.s Mean Radiant
Temperature is a weighted average of the temperature of all the
surfaces in the direct line of sight of the body.

¢) The Equivalent Temperature Scale and the Effective
Temperature Scale

The Bquivalent Temperature Scale and the Effective Tempera~
ture Scale (ET), have the same purpose, according to T.C. Angus, namely,

to provide an easily understood measurement of physical conditions which

7Berbrm Kinzey Jr. and Howard Sharp, Environmental Technollg%es in
Architecture, (Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1965), ». 13.

BW:llJ.im J. McGuiness and Benjamin Stein, Mechanical and Electri-
cal Equipment for Buildings, (New York: John Wiley and Son, Inc., 1971),

Fifth Edition, p. 97-
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will define and average a person's thermal sensation. He describes the
Equivalent Temperature Scale: "This is especially suited to the evalu-
ation of the effects of heating appliances in any climate where such

appliances are needed. It takes account of dry-bulb temperature, rate

of air movement, and radiation from or to surroundings."g

About the Effective Temperature Scale (ET), Angus clearly describes:

This 18 especially valusble where high temperatures pre-
vail and the evaporative cooling of the body assumes great
importance. Its essential difference from the Equivalent
Scale is that it takes account of humidity, i.e. it requires
measurements of wet-buld temperature as well as of dry-bulb.
The effective temperature is \d.dn}g used in America for the
evaluation of thermal sensations.

According to Angus, the Effective Temperature Scale was developed
in the United States of America (Houghton and Yaglou, 1923; Yaglou, 1928).
This scale stresses the importance of humidity ir influencing human ther-
mal sensation; this is particularly true at the higher temperatures, such
as are found in certain industries, and in the tropics, where the physio-
logical cooling of the body i2 so largely dependent upon sweating (see

Flate xn).ll

9T. C. Angus, The Control of Indoor Climate, (Oxford, England:
Pergamon Press), p. 9.

10414,

llI.Li.i‘.-s p. 18.
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d) comfort Zone

In 1936, Bedford established "comfort zones" or ranges of
the temperature within which a large proportlon of the persons concerned
say that they are comfortable. He found that in terms of dry-bulb tem-
perature, the winter comfort zone for light workers in factories ranged

from 60° F. to €8° F. 12

Figure 5
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With regard to air temperature, relative humidity and air motion,
the ASHRAE has conducted experiments to determine the relationship of
envirommental conditions which human subjects consider to be comforta-
ble. The ASHRAE comfort chart for still air is published in the ASHRAE
Guide and Data Book for 1961 and 1965. The comfort chart is useful for

determining design conditions to be met by the building envelop and its
thermal equipment (see Fig. 3, Plate XIII). In regard to the comfort
chart, Kinzey writes;

Women prefer higher effective temperatures than men, old-
er persons higher values than the young, and perasons living
in southern climates higher temperatures than those in north-
ern regions. BSince the comfort chart is the result of ob-
servation of healthy clothed sedentary subjects, spaces to
be conditioned for very active, ill, or nude persons may re-
quire vastly different conditions for comfort then those in-
dicated.... 1

Flynn and Segil concluded that the winter optimum for normally-
clother people appears to be near 67-68 ET. This ET range is achieved
with an environmentsl eir temperature of 74° F. (dry-bulb) and 30 per-
cent RH, with relatively still air moving at a rate of 15-25 ft./min.
The summer optimum for normally-clothed people appears to be near Tl
ET. To achieve this, a common target is 76° F. (dry-bulb) and 50 per-

cent RH, when air is also moving at a rate of 15-25 1’“!;./1:::1.11.1l+

HBertram Kinzey and Howard Sharp, op. cit., p. 15.

14 om E. Flynn and Arthur W. Segil, Architectursl Interior Sys-
tems, (New York: Van Nostrand Reinhold Company, 1970), pp. S1-82,
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The sensation of comfort was described in terms of the Ecosystem
Complex by Professor F.H. Rohles, Jr. of the Institute for Environment-
al Research, of Kansas State University. He explained that a three-
dimensional paradigm is suggested for defining the relationship between
an organism and its environment. Called the Ecosystem Complex, its con~
stituents fall into three main classes: FPhyesical Factors, Organismic
Factors, and Reciprocative Factors (see Plate XIV and Fig. 5). Regard-
ing these factors, R. G. Nevins, Head of the Department of Mechanical
Engineering and Director of the Institute for Environmental Research

wrote in Criteris for Thermal Comfort, that some of these factors such

as air temperature, exert a large influence on comfort, while others af-
fect comfort only slightly. He expleined that the factors having the
greatest influence on comfort are dry-bulb air temperature; air motion;
and relative humidity and mean radiant temperature, or the temperature
of surrounding surfaces. "These factors define the thermasl environment
and affect the heat exchange of people. To achieve thermal comfort, the
thermel environment should be such that the body is in thermal equili-

brium, a necessary but not sufficient condition. nl6

e) Heat loss

An extremely important consideration in warming a building in

the winter, is determining the amount of heat loss. Heat is lost in two

lsl-‘rederick H. Rohles, The Ecosystem Complex, Institute for En-
vironmental Research, Kansas State University, IER Reprint No. 35,
(December 1971).

163. G. Nevins, Criteria for Thermal Comfort, Institute for En-
vironmental Research, Kansas State University.
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a) by direct transmission through the walls, roof and floor
of a building; and
b) by air leakage through doors, windows or other interstices

between the inside and outside of a building.

The total heat loss is the sum of the heat lost by direct trans-

mission and by air leakage or 1nfiltra.tion.17

Heat introduced to and extracted from a structure flows at a rate
which is measured in BTU per hour. However, the rate of flow changes
constantly. "Since the heat does not flow constant rate, it i1s often
necessary to find the time of day and year when the rate of flow is a
meximm for & given situation,” says xinzey.m The amount of heat lost,
or gained, through a wall is determined by multiplying the area of the
building component by its heat transmission coefficient and temperature
difference. The heat transmission coefficients "U" are factors which
tell us how much heat is transferred per unit area, per unit time, per

degree of difference. 19

Q = AU (t - %)

ITCharles M. Gay and Charles De Van Fawcell, Mechanical and Elec-

trical E nt for Buildings, (New York: John Wiley and Sons, Inc.,
1948), 2nd Edition, p. 99.
18

Bertrain Kinzey, op. cit., p. 2.

19 0seph Olivieri, op. cit., p. 10.



Area in 8q.ft. x coefficient of
= heat transmission x temperature
difference in degrees Fahrenheit

Heat Loss or Gain
in BTU

The lower the value of U-coefficlents of the heat transmitting
rates, the better the material is for insulation purposes. For in-
stance, glass which has a U-value of 1.13 transmits heat faster than
an eight inch masonry wall which has a U-value of 0.111. A U=-value of
0.06 1is considered an- excellent heat insulation material. Therefore,
" .. & reduction in the rate of heat loss can be achieved by the use
of insulating materials having slow conduction rates, the interposition
of one or several alr spaces and the reduction of radiant transfer by
the use of reflective linings in air spaces, " Vexpla.ins McGuinness.
Another factor is the tight construction retaining warm air and resist-

ing the entry of cold air during windy tines.ao

f) Heat Gain (see Table I)

Heat gein in the winter has caused no serious problem for

our buildings, but in the summer, it causes quite a problem in cool-

ing the building. W. P. Jones divided heat gain into two ca.tegories:a

20“06’“1@088, EE. cito’ p. n2.

21y, R. Jones, Air Conditi eering, (Glasgow, England:
Edward Arnold (Publishers) Ltd., 19%75, p. 124, ,
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Externsl Gains (see Fig. 6)

1. Direct and scattered solar radiation through windows.

2, Heat transmitted through the glass and also through
the non-glass fabric of the room enclosure, by virtue
of the air-to-air temperature difference. Such gains
are often termed 'transmission gains.'

3, Solar rediation eventually causing a heat gian to the
room through the non-glass fabric of the walls.

4k, Sensible heat gain arising from the infiltration of

warn alr from outside,
' Table I
HEAT GAIN FROM PEOPLE

Aver-
age ROOM DRY-BULE TEMPERATURE
Met- | Ad- *
DEGREE OF TYPICAL abelic| justed
ACTIVITY APPLICATION Rate | Met- ner il e nE T F
(Adult | abolic Btu/hr Btu/he Btu/he Bru/hr Btu/hr

-

Male) | Rate®
Btu/hr | Btu/hr Semiblt[[ahm Sensib!a1 Latent Sens’lble[Lnfem Sensibiollnflm Semiblel Latemt

Seated al rest Theater, .
Grade School a0 50 175 175 195 155 210 140 230 120 260 90
Seated, very light
wark High School 450 400 180 220 195 205 215 185 240 140 275 125
Office worker Offices, Hotels,
Apls., College 475

450 180 270 200 250 215 235 245 205 285 145
Standing, walking Dept., Retail, or

slowly Varicty Store 550

Walking, teated Drug Store 550 :
500 180 20 200 oo 220 280 255 245 290 210

Standing, walking

slowly Bank 550

Sedentary work Restauront} 500 550 190 360 220 330 240 3o 280 270 320 230
Light bench work Factory, light work 800 750 190 560 220 530 245 505 295 455 3645 385
Meoderate doncing Dance Hall 200 850 220 430 245 &05 275 575 | 325 525 400 450
Walking, 3 mph Factory, fairly

heavy work 1000 | 1000 270 730 300 700 330 670 380 620 460 540

+

Heavy work Bowling Alley],

Factory 1500 J 1450 450 1000 465 985 485 9é5 525 925 605 845
*Adjusted Metabolic Rate is the metakolic rate 10 be opplied to o tRestavrant—VYalues for this opplication include 60 Btu per hr for food
mixed group of people with o typital percent composition bosed on per Individuol [30 Btu sensible and 30 Btu latent heo! per hr),
the following factors:
Metobolic rate, adult female = Metabolic rate, adult male x 0.85 {Bowling—Assume one person per alley aclually bowling and all cthers

Metabolic rate, children = Metabolic rate, adull male » 0.75 sitting, metobolic rate 400 Bty per hr; or standing, 550 Biu per hr.



Internal Gains

1. Electric lighting;
2, Pecple;

3. Equipment; and

4, Process work.

East and west
walls —no glass

Shaded glass
OK on south

Glass

Elevation looking west

290 Btuh/sq ft
211 Btuh/sq ft

oK

on north

N

No glass

290 Btuh/sq tt

North glass OK
Shaded south glass 0K

Elevation looking nofth

(- ~ A
No‘giass

Protection against heat gain. Shiclding the interior from the radiant eflect of the sun by
insulated construction or heavy masonry is the first step. Glass is not a good choice within this
orbit, When used it should be in full shade of trees or outside baffles. Values are approximate and
for conditions on Aupust Ist at 40° north latitude.

€0
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Included in the term 'process work' are such diverse activities as
cooking by gas or oil, the evaporation of any water and lighting by gas

or, conceivably, by oil.

In order to reduce the load from heat gain, an architect must in-
corporate elements into his design which will reduce the heat caused by
these heat producers, Orientation, the shape of the bullding, shading
of glass and the use of an overhang, may reduce a great deal of heat
gain. The use of fluorescent lighting, instead of incandescent, will
reduce the wattage by approximately half, while maintaining the same
lighting level. Ancther item which can be reduced is the heat load
caused by the sun on the roof. According to Oliviere, flooding the
roof with one inch of water will cut the load by 60 percent, and the

22

use of sprays will reduce the load by 80 percent,” however, because of

the better insulating materisls for the roof, this practice becomes less
popular.

The knowledge and calculations of heat ioss and heat gain are very
important in designing a heating and cooling system, and insulation as
well. The architect should know how large the mechanical systems should
be for use in a certain space, and what types of systems may be suitable
for such a job in order to have full advantage from this system. If
the architect designs the system too large, it probably is just a waste

of money in the cost of operating and maintenance.

22Joseph Olivieri, op. cit., p. 23.
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PLATE XV
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EXPLANATION OF PLATE XVI

The schematic biocclimatic index shows the corrective mea-
sures needed to restore the feeling of comfort. For example,
at dry-bulb temperature, T5° F., relative bumidity, 50%, the
need is none, the point is already in the comfort zone.

At dry-bulb temperature, 75° F., relative mmidity, T70%,

Need: wind to countersct vapor pressure.

At dry-buld temperature, 50° F., relstive humidity, 56%,

Need: sun radiation.

At dry-bulb temperature, 87° F., relative humidity, 30%,
Need: counteraction by either of two means: 1) wind; or 72)

evaporative cooling.

(Teken from Victor Olgyay, Design with Climate, Princeton,
K.J.: Princeton University Press, 1963), p. 23.
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PLATE XVII
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PLATE XVIII
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In the next section, the mechanical air-conditioning systems and
their controls will be briefly introduced for both residences and non-

residence buildings.

3. Heating Systems

In recent years, the heating of buildings has been developed
by merely raising the temperature within them, as measured by a dry-
bulb thermometer, according to Charles Gay. Heating systems now em-
brace considerations of moisture and air movement quite as completely
as warmth, and is based upon maintaining an effective heat which de-
pends upon temperature, relative mmidity, and the movement of the air, 23
Heating systems have been developed every since the first fireplace was
used as the main heating system for the whole bullding. Today, our
heating systems are far more efficient in providing, not only warm air,
but also, better air movement, and so on. There are various types of
heating systems which we can select from, depending on whet kind of ﬂel
we have, Kinzey expla.:l.ned; "Appropriate equipment selection involves
many considerations which include fuel to be used and its storage and
method of firing.... Equipment efficiency and economics of first cost

are important aspects of heat source selection."ah

However, fuel selection is one of four factors in selection of

the heating system, Other factors in choosing a heating system are:

23t:11:a.1'1.e,s Gay and Charles Van Fawcett, . cit., p. 96.

2“Bertram Kinzey, op. cit., p. 8k
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1. zoning requirements;
2. building size; and

3. costs.

a) Types of Fuel

In the past, people used wood as their primary heat source.
Then came the discovery of coal, gas, oil and, finally, electricity to
heat their places of shelter. Today, people have a variety of fuel to
heat their buildings. The use of natural growth such as wood and peat
has been proven to be inconvenient, in that it is dirty and difficult
to handle. But, "proximity to the source of supply is still a strong
factor in the choice of a fuel in spite of the development of pipe lines

for gas and oil which often cross many sta.tes.“25

According to William McGuinness, if cost were not a considera-

tion, it is likely that most people would select fuel in this order:

1. electricity;
2. gas;

3. oil; and

4, coal. |

He gives the reason; "... electricity offers easy thermostatic
control in each room. It is almost instantaneous in response and,
gince there need be no combustion on the premises, assures a measure
of fire safety if the electrical system is carefully installed in ac-

cordance with prescribed regulations and good practice.” With other

2 McGuinness, op. cit., Fifth Edition, pp. 211-212.
op. cit%
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types of fuel, he explains; "Gas eliminates fuel storage problems, and
both gas and oil involve no labor for handling as coal does. Electri-
city is the cleanest, but with good combustion there should be little

difference in the cleanliness of the other three, though coal dust

rising from that fuel prior to burning may be unpleasan ."26

However, the type of fuel for a heating system will also be deter-
mined by cost, cleanliness, convenieﬁce and availability. According to
J.R. Kell, the total cost includes other items, and is made up of:

1. fuel consumption;

2. running of auxiliaries;

3. 1labor;

k., maintenance and reparis;

5. interest and depreciation, and

6. insurance.

"oleanliness and convenience," says Kell, "are equally important.
Conditions of cleanliness which might be quite satisfactory, for in-
stance, in a factory or workshop would probably be intolerable in a

bank of office build:l.ng."z?

b) Principles of Heating Systems

The first step in the design of a heating system is to de-

termine the heat loss that the building wiJ.'L‘ sustain from external

®mpia.

215, R. Kell and Oscar Feber, Heating and Air Conditioning of
Buildings, (London: Architectural Press, 1968), Fourth Edition, p. 358.
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conditions. This heat loss calculation is an important step before we
are sble to select any heating system suitable to our job. Then, we
should understand the principle of the heating system. Heating systems
consist of three different parts (see Flate XVIII):

1. Heat generstor - can be generated in boilers as hot water

or steem, in furnaces as warm air, and as electricity in
a power plant.

2, Heat transmission - steam and hot water are transmitted

in pipes, wvarm air in ductwork, and electricity in wires.
Steam, water and air systems can be subclasaified by the
piping or ductwork arrangement, or pressure conditions.
3, Heat emission unit - this part of our system 1s the part
most associated with comfort because it is in the space
to be controlled. Steam or hot water can be circulated
through cast iron radiators, convectors, finned plpe rad-

jation, and baseboard radia.tors.as

c) s of Heating Systems

Heating systems, for our simple understanding, may be divi-

ded into four basic systems: steam, hot-water, forced air, and elec-

tric.

EBJoseph Olivieri, op. cit., p. T6.
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g I Steam_

According to the ASHRAE Guide and Data Book Systems 1970, a steam

heating system uses the vapor phase of water to supply heat to a condi-
tioned space or & process, connecting a source of steam, through piping,
with suitable terminal heat transfer units located at the interior space.
They operate from 218° ¥., or higher, during winter to conditions of 125°
F. in mild weather, so that the average temperature of the radiation may

vary in direct relation to heating Qemands.ag

The flexibility and versatility of control of modern steam systems,
make the steam heating systems readily adaptable to & wide range of sys-
tem sizes and process applications. Accordingly, steam systems are often
preferable to water systems, where excessive static water pressure is en-

countered.
Other advantages of steam systems, according to ASHRAE, are:

1. Optimm comfort, from the sbility to vary terminal equipment
temperature, to balanced heat loss, which ranges from coldest
to mildest weather requirements, and is due to the capability
of resetting steam temperatures to balance outdoor tempera-

ture conditions. Space temperature fluctuations are reduced,

although demand varies. The heat may be continuously intro-

duced along the entire outdoor perimeter by finned-tube, base

board, or wainacot radiation.

29, SHRAR Guide and Date Book System, 1970, (ASHRAE, 345 East 47th
St., New York, N.Y.), Chapter 10, "Steam Heating System," pp.

125-126.
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2. Application is flexible as to purpose and equipment, and first
cost is nominal, occasionally less than for water. Piping may
change vertically, up or downward, as required to accommodate

architectural or structural requirements.

3, Buillding costs are somewhat reduced, since the building fram-
ing is not required to support the water contents of expansion

tanks and piping, in addition to the weight of the piping.

4, Pumping costs, for maintaining circulation, are usually dras-

tically lower than for a water system.

5, From & maintenance standpoint, costs are low. The small dif-
ference of pressure the system components operate under, re-

duces wear and maintenance expense to a mini.rmnn.30

2. Hot-water

Water systems have supplented steam systems for residential heating
applications, and are now used in a majority of large building heating
systems, according to ASHRAE. In addition, hot water is now being used
in a significant number of industrial process distributions and district
heating applications. This increase may be gained in properly designed

hot water systems.

1. Resetting system supply water temperatures with respect to
provides:

a) an economic means of matching system heat out-put to load

Prbia.



b)

c)

d)

T4

requirements, thus minimizing overheating, pipe losses
and fuel waste;

greater comfort produced by uniformity in surface temp-
eratures of heating equipment, in turn made possible by
maintained water flow rates at varying temperature;
better sutomatic control valve operation, since nearly
all closed port positions are minimized; and

possible reductions in piping insulation, otherwise need-

ed to prevent overheating caused by pipe losses.

2. Forced circulation of water used as & heating media affords

an economic opportunity by:

a)

b)

c)

d)

e)

providing a. simple means of introducing heat along entire
outdoor exposures, through the use of baseboard, finned
radiation, or radiant ceiling panels;

providing faster, but uniform, response to load changes,
utilizing minimum pipe sizes;

permitting piping to be run at any pitch or level, up or
down, as desired to match building or site configuration;
providing, in the total water mass, the desirable inertia
effect which aids in balancing diverse system load re-
quirements with uniform input at fuel burnes;

requiring fewer specialties; and

permitting practical air elimination, thus minimizing cor-

rosion and maintenance. 31

Z’lIbid. , Chapter 12, "Basic Water Systems Design,"” pp. 181-182.
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PLATE XIX
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Fig. 7  Forced hot-water system using the onc-pipe principle with special one-pipe fittings
1o divert water Lo the baseboard units, Reprinted by permission of the University of lllinois Small
Homes Council from its copyrighted publication G 3.1 HEATING THE HOME.

Fig. 8 Forced-hot water. floor-type radiant heavng showing 2 ot Reprnted by perns-
sion of the Unnersity of Htinois Small Homes Council from its copynghted publication G 11
HEATING LHI HOML.
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3. Forced Air

In forced air systems, the air circulation is affected by motor-
driven centrifugal fans, commonly referred to as blowers. The advan-

tages of forced alr systems, according to ASHRAE Guide and Data Book
1970, are:

1. The unit may be placed in any part of the structure,

2. Distribution ducts can be made smell enough to be inconspic~-
uous and out of the way, or be completely concealed from
view, where desired.

3, (Circulation of air is positive, and in a properly designed
system, can be controlled in such & way as to give a com-

fortably uniform temperature distribution.

Figure S
High wall register Horizontal section
Warm air  of supply register
EHH: [NREARY =~
Cool air
Supply riser P Baseboard -
in interior wall 220 return grilles

Return risers

/
To other
i in exterior walls

Filters
Burner
v Blower

Schematic duct-system for mechanical warm-air heating.

Controlled
fresh air —

supply
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PLATE XXI
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4, PRumidity control is readily attained.

5. The a.ir may be cleaned by filters or other means.

6. 1If properly designed or suitably adapted, the same air dis-
tribution system can be used for summer cooling, as well as
winter heating.

7. The use of the fan permits flexibility in the location of
supply and return grills, as required, to obtain proper dis-
tribution of air for comfort.

8. Controlled quantities of ventilation air may be drawn into
the system and conditioned before being introduced into oc-
cupied portions of the structure. Recirculated air can be

treated as necessary to obtain the desired quality. 2

Forced air systems are equally adaptable for use in residential

and non-residential structures.

k. Electric Heating

Electricity is energy in a refined form which is ideally suited
to space heating because it is simple to distribute and control, accord-
ing to ASHRAE. Complete electric heating systems are widely used in
residences, schools, and in many commercial and industrial establish-
ments. Electrie space heating is often used where minimum initial cost

is the dominating :‘E‘a.c*l'.o:-.3 3 J.R. Kell and Oscar Faber, in the book

32141a., Chapter 9, "Forced Alr Systems,” p. 105.

5 3Ibzi.d.., Chapter 18, "Electric Heating," D. 261.
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Heating and Air-Conditioning of Buildings, give the advantages of heat-
ing by electricity:

1. sabsence of fumes or products of combustion;

2. avoldance of labor;

3, aveilebility at any temperature at point of emission, hence,
greater freedom in design of apparatus;

k., ease of thermostatic control;

5, transmissibility to any point, regardless of levels or lim-
itations found with other media, i.e., portable appliances
may be used; and

6. shortness of time la.g.ik

4, Cooling Systems

"The control of cold and damp is dwellings is comparatively sim-
ple and inexpensive in lands where fuels are readily available ," says
T.C. Angus, "But the mitigation of great heat, with or without exces-
sive humidity, is a much more difficult problem. It may be said that
really effective solutions have been found only in recent times."js
This is true for meny centuries. When the Eurcpean pecple spent their
lives in meny parts of India and Africa, they suffered from extreme
heat, which can set off a generel deterioration in health and energy.
Here, again, this presents a challenging problem for man. There are

many different methods by which man can easily overcome the problem

mechanically, however, there is, so far, no method which has been de-~

5)*.1. E. Kell and Oscar Faber, op. elt., p. 297.
35

T.C. Angus, op. cit., p. T5.



TABLE III

Principal Types of Electric Space Heating Systems

Decentralized Systems

A. Natural Convection Units
1. Floor drop-in heaters
2. Well insert and surface
mounted heaters
3, Baseboard convectors
4, Hydronic baseboard convectors
with immersion elements

B. Forced Air Units
1. Unit ventilator
2. Unit heaters
3, Wall insert heaters
4, Baseboard heaters
5. Floor drop-in heaters

C. Radiant Units

1. Radiant convector panel heaters
. Metal-sheathed element with focusing reflector
Quartz lamp with focusing reflector
Quartz tube element with focusing reflector
Heat lamps
Valance heaters

D. Radient Panel-type Systems
- 1. Radiant ceiling with embedded conductors
2, Pre-fabricated panels
3. Rediant floor with embedded conductors

W F

Centralized Systems

A. Heated Water Systems
1. Electric boiler
2, Electric boiler, with hydronic off-besk
storage

3. Heat pumps
4, Integrated heat recovery systems

B. Steam Systems _
1. Electric boiler, immersion element or
electrode type

C. Heated Alr Systems
1. Duet heaters
. Electric furnaces
. Heat pumps
Integrated heat recovery systems
. Unit wventilators
. Self-contained heating and cooling units

SARNIIE S )

(Source: Chapter 18, "Electric Heating," ASHRAE Guide and Data Book
L ]

1970), p. 281.
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vised for the cheap effective control of hot weather. Air condition-
ing, fans, and dehumidifiers are becoming more and more common &s &
feature of the houses of the well-to-do in the United States of America

and Canada.

These modern cooling principles and equipment are a direct re-
sult of man's search for better ways to cool and preserve his foods.
According to R.T. Andrews, this (air-conditioned) enviromment is worth

the price. %

a) Principles of Cooling Systems

There are two mein cooling systems, which can be sub-

divided to other sub-systems (see Plate XXII).

1. Evaporative Cooling System

Evaporative cooling was used in the Arabian desert long before
the birth of Christ. F.T. Andrews explained that Nomads carrying
goatskin water bags realized that water evaporating from the pores
of the goatskin cooled the water inside. It was not untll much later,

however, that the principle of evaporative cooling was wu::\derrl:ooci..:rr

36F. T. Andrews, op. cit., p. 17.

M pia., p. 17.
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PLATE XXII

COOLING SYSTEM

EVAPORA-

TIVE
COOLING

SYSTEM

PAD
JevaPORA-
(TIVE COOLER

Gao o e

PAIESSRLETER A

ﬁmoqpm<
EVAPORATIV

lcoortER

P

._.
STEAM-JET

_SYSTEM

MECHANI-

CAL REFRI-

GERATION
SYSTEM

COMPRESSION

SYSTEM

-

B

COMPRESSOR

.

e B s e ke B
RECEPROCATING ‘
D e et = e ey

CONDENSERS

P e S

CENTRIFUGAL A
e R e ey e T el

PR
—{la1r cooLED w

LT

L]

ﬂr:rﬁl??

_m<_’10!>4_<m

.

[ PO
.r..)dmw OGO_..M v_

e T Gy

COOLING COILS

.mmozvqﬁoz‘
SYSTEM !

r\.1|. B s T

U_ zmo._.imx_ubzw_oz

REFRIGERANT
PIPING




8k

Andrews continued, that heat énergy is required to tranaform a
liquid into its vapor state. The amount of heat required for this
transformation is called the latent heat of vaporization. When a& 1i-
quid evaporates, it takes heat from its surroundings and reduces the

air temperature am:ccort:lingl:,r.58

Figure 1k
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Air In Air Qut
@

Evaporative Condenser Cycle

3B]’.'bicl.
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2, Mechanical Refrigeration

Three basic systems of mechanical refrigeration currently used

in air conditioning are:

1. The steam-jet system. According to F.T. Andrews, this system

is not extensively used because it is economical only for large tonnage

systems and where surplus steam is available.

Low Pressure
Saturated Gas
{40°F -69psi)

Figure 15

Compression Refrigeration Cycle

Heat from Compression

Added to Gas

A

— e ——-4 Compressor

Evaporator : Condenser

Heat Added to
Refrigerant
by Room

Air to Be

Warm Cold Water
é"‘”’ In D or Air In

Fan

Cooled
Cool 1

Air Out

Refrigerant is
Freon & 22.

Expansion Valve
to Reduce Pressure

Solencoid Valve

(9C°F & |70psi)

39Ibid., p. 20.
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PLATE XXIII
Condenser e i W
Water
Out =

— -

e

Capacily
Control

S L— Chilled
Evuporator‘ \\ - Water

‘ 7~ — : OL"
— —) : Chilled
-AC reem———— : Water
@ " r - In

D ANVANYAYAN
Absorber

—

™ -

Condenser

e === -
e

Hermetic

Refrigerant

| Pump
Automatic Motorless Hermetic
Hermetic Purge Solution Pumps

:Hermetic
Molor

Cernrer Corporation

Absorption Machine Cycle



2.

87

The compression refrigeration cycle. This is an important

system to be studied because it tekes advantage of a principle of phys~

ies, and it is more complicated than other systems.

7 In this system, heat must be supplied to any liquid to change it

to the vapor state. Conversely, the same amount of heat must be re-

moved from any gas to condense it from the vapor state to a liquid.

The equipment most commonly used to create a refrigeration effect 1s

a compressor, a condensor, and an evaporator.

F.R. Andrews clearly describes the system's work in this way

(also see Fig. 15):

The compressor's function in the cycle is to take low
pressure gas -- like Refrigerant 22 (40 F and 69 psi) --
and to compress it to a high temperature pressure gas
(10t F., 215 psi). The heat added by the compressor is
celled the heat of compression. The hot gas from the com-
pressor discharges into & condensor, which removes the heat
of compression and condenses it to a high pressure liquid
(215 pei), which is usually stored in a received. Then,
the liquid refrigerant is piped to an evaporator through an
expansion valve. Under reduced pressure, the liqulid refirg-
erant vaporizes and absorbs heat from the warm return air
pessing over the evaporation coils. This cooled air is sup-
plied to the rooms by the air-conditioning system fan. The
cole low pressure gas is redelivereﬁoto the suction side of
the compressor to repeat the cycle.

3. The absorption system. The absorption machine creates the

same refrigeration effect as a compressor, but does it with a differ-

ent kind of energy. Whereas compressors use mechanical energy, an




absorption machine uses heat energy to evaporate and condense.the re-
frigerant (see Plate XXIIT). Iithium bromide in the absorber attracts
the water vapor from the eveporator. As the water evaporates by being
absorbed in the salt solution, it cools the remaining water in the
evaporator. This refrigeration effect is captured by the water circu-
lated in the air conditioning system. As the water vapor reduced the
concentration of the lithium bromide, its solution loses its ability
to attract more water vapor and must be reconcentrated. This is done
in the generator, in which steam boils off the water vapor and dis-
charges it to the condensor. The reconstituted lithium bromide is re-
turned to the sbsorber where it begins the cyele all over again. The
water vapor from the generator is condensed by cooling tower water and

then returned to the evaporator.

When electric power is generated on site, waste heat from turbo
gas-electric generators, gas engines, or diesel engines can be econo-
mically used to generate steam for space heating and in the generator,

of the absorption mechine.

Absorption machines are manufectured in sizes from 25 to 1000
tons. Normally, they are used on larger projects, especially those
having large amounts of steam available, like hospitals or food pro-
cessing plants. Absorption machines are free from vibration and noise,
although they do require a great deal of floor spece.'’ Williem Mc

Guinness concludes: "The absorption machine has become very popular.

Mlia., p. 8.
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It is often economically competitive with the compression machine, has

fewer moving parts, is quieter and demands somewhat less attention.”

b2

b) Psychrometric Chart Analysis

Figure

Dry-bulb Temperature — The temperature of air as registered by
an ordinary thermomcter.

Wet-bulb Temperature — The temperature registered by a ther-
mometer whose bulb is covered by a wetled wick and exposed
to a current of rapidly moving air.

Dewpoint Temperature — The temperature at which condensa-
tion of moisture begins when the air is cooled.

Relative Humidity — Ratio of the actual water vapor pressure of
the air to the saturated water vapor pressure of the air at the
same temperature.

Specific Humidity or Moisture Contenl — The weight of water vapor
in grains or pounds of moisture per pound of dry air.

Enthalpy — A thermal property indicating the quantity of heat
in the air above an arbitrary datum, in Btu per pound of dry
air. The datum for dry air is 0°F and, for the moisture con-
tent, 32 F water.

Enthalpy Deviatien — Enthalpy indicated above, for any given
condition, is the enthalpy of saturation, It should Le cor-
rected by the enthalpy deviation due to the air not
being in the saturated state. Enthalpy deviation is in

Btu per pound of dry air. Enthalpy deviation ig
applied where extreme accuracy is required; how-

ever, on normal air conditioning estimates
it is omirted.

16

Spacific Yolume — The cubic feet of the mixture per pound of
dry air.

Sensible Heat Foctor — The ratio of sensible to total heat.
Alignment Circls — Located at 80 F db and 50%, rh and used in
conjunction with the sensible heat factor to plot the various
air conditioning process lines.

Pounds of Dry Air — The basis for all psychrometric calculations.
Remains constant during all psychrometric processcs.

The dry-bulb, wet-bulh, and dewpoint temperatures and the
relative humidity are so related that, if two properties are
known, all other propertics shown may then be determined.
When air is saturated, dry-bulb, wet-bulb, and dewpoint tem-
perdtures are all cqual.

Sensible Heot Fecter

%

=
‘?P i
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Groing of Moistere or Pounds of Worer
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"The psychrometric chart,"” according to Trane Air Conditioning

Manual, "is one of the most serviceable tools available to the air con-
ditioniﬁg engineer. The changes occuring in humid air, as it is sub-
jected to various air conditioning processes, can be traced on the

chart with & minimum of time and effort. There is no other way in which
an air conditioning cycle can be illustrated as vividly and as quickly."hi
Melvin Ramsey, the consulting engineer says that the psychrometric

chart can be used to design an air conditioning system to produce spe-
cific, required space condition. In most air conditioning systems,
temperature is controlled and relative humidity is allowed to fluctuate
within 1imits predetermined by apperatus sizing, on the basis of the other
anticipated thermodynamic variables, i.e., outside air condition, inter-
nal heat and moisture geains, etec. According to him, such systems are
usually successful when internal sensible heat gains are high, as in

most offices, stores and restaurants, but not so successful in resi-
dences and hotel bedrooms, particularly in localities where the average
daily temperature range is 10-12 F., or less. In general, those local-

ities with the smaller daily temperature fluctuations have higher rela-

tive lmm:i.o:l.’d::i.es.!m

The definition and the analysis of the psychrometric chart are

clearly explained by M. Ramsey in his book, Design Problems in Air Con-

'ditioning and Refrigeration, in which he writes:

l+5The Trane Company, Trane Air Conditioning Manual, (Wisconsin:
The Trane Company, 1958), p. 49.

hhMelvin A. Ramsey, Tested Solution to: Design Problems in Air
Conditioning and Refrigeration, (New York: Industrial Press Inc.,
19335, P. lE.
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The psychrometric chart is merely a graphic representa-
tion of a broad range of air-water vapor mixtures. Every
point on the chert represents & unique combination of air
and water vapor, which combination we call a "condition.”
The chert, in its most useful form, is ome on which all
points representing mixtures, in any proportion, of air
and water vapor at any two different conditions lie on &
straight line connecting the points representing the two
conditions. 1In other words, a& straight line on this type
of chart is the locus of all possible mixtures of its end
points... its vertical coordinate is moisture ratio. The
other orincipal coordinate, enthalpy, is roughly 30° from
the vertical. Dry bulb lines are not perpendicular but
fan out slightly toward the higher moisture ratios.

Most lines and scales on the chart are clearly under-
stood from data and the chart itself....

It has been common practice to show line of relative
humidity on psychrometric charts. A few charts have shown
degree of saturation or percentage humidity (the defini-
tions of these last two terms are identical)....

It will be noted that this chert is based on standard
gsea-level pressure: 29.92 inches of mercury. For other
eltitudes, different charts must be used or corrections
made, For atmospheric pressures about an inch of mercury
(altitudes about 1,000 feet, below of above, sea level),
gea-level date is correct within 3%.°7

5. Air Conditioning Systems

In cooling and heating systems, the air-conditioning system is

frequently mentioned. The definition of air-conditioning has been

given in Trane Air Conditioning Manual as follows:

Air conditioning is the science of maintaining the at-
mosphere of an enclosure at any required temperature and
humidity. The condition to be maintained is determined
solely by the use for which the conditioned space is in-
tended.... Air conditioning can provide and maintain any
atmospheric condition regardless of variations in outdecor
weather.

451id., pp. 2-3.
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In comfort cooling, the range of temperatures and hum-
idities used narrows down to & comparatively small band.
The location of this band on the psychrometric chart de-
pends on the season of the year.

In addition to the factors of temperature and humidity,
there are the factors of cleanliness and alr movement....
Air cleenliness is important from the standpoint of health

Air should circulate freely in the room to which it is
delivered, so that it can absorb heat and moisture uniform-
ly throughout the entire room.... The best air condition-
ing systems are those able to maintain such conditions that
the occupants of the room are not aware of inside atmos-
pheric conditions.

According to J.R. Kell, the application of air-conditioning may

be considered under verious headings:

1. Where crowds of people congregate, such as in réltmmt:,
cinemas, and theatres.

2. Where the exclusion of air-borne dust is essential.

3, Where the process to be carried out can only ﬁe Eff:l.c:l.ently
done within strictly controlled limits of temperature and
hunidity.

k, Where the type‘ of buildings and usage thereof involves con-
siderable heat gains, such as in multi-story office build-
ings with large gless areas subject to solar gain, and in-
cluding heat-producing office machinery, computers, inten-
sive electric lighting, ete. |

5. In a great variety of conference rooms, lecture theatres,

h'61’1-.';1.ne Air Conditioning Manual, op. cit., P. 10,
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laboratories, and animal houses.

6. The core areas of modern buildings planned in depth, where
the accommodation in the core is remote from natural ven-
tilation and windows and which is subject to internal heat

geins from occupants, lighting, etc.hT

All air conditioning systems involve the handling of air as the
vehicle for cooling or warming, dehumidifying or humidifying. If the
space to be air-conditioned has no occupancy, no supply of outlide
fresh air is needed. The air inside the room is being continually re-
circulated. In most practical cases, ventilation for occupancy has to
be included, and in the design for maximum economy of heating ahd cool-
ing, this quantity is usually kept to a minimum, depending on the num-

ber of people to be served (see more detail in Ventilation Section).he

The basic elements of air-conditioning systems of whatever form,

according to J.R. Kell, are (see Plate XXVI):

1. Fans for moving air,

2. Filters for cleaning air, either fresh, recirculated, or
both,

3. Refrigerating plant connected to heat exchange surface, such
as finned coils and chilled water sprays.

4, Means for warming the air, such as hot water or steam heat-

ed coils or electrical elements.

uTJ- R- Kell, - cit-, PP. Es-m.
l‘811:.16.., p. 396.
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5. Means for humidification, and/or dehumidification, and
6. A control system to regulate, automatically, the amount

of cooling or wa.rming.kg

a) Type of Systems

For the simple understanding purpose, we divided air-condi-
tioning systems into six types, according to their functions (see Plate
XXV):

1. Self-contained air-conditioners,
Central system,
Dual-duct system,
Induction system,

Fan coil system, and

o\ F ow B

Panel cooling system.

6. Temperature Controls

One of the adventages for climate control by mechanical means is
that men are able to control their environments as much as they desire,
by the use of manually controlled or sutomatically controlled devices.
However, in order to have full advantage from these devices, we must
know, in the case of rooms for instance, how many thermalstats will be
needed in each particular space and where they should be properly lo-

cated.

ugl‘bid. , P. 398
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a) Automatic Control

In the control systems, there are manually controlled and
automatically controlled devices. The manuelly controlled is & simple
on-off system which is used in & very small project. For example,
some radiators are manuelly controlled, when we feel cold or hot we
just open or close the radiator valves. However, today, most of our

modern mechanical systems are controlled by automatic devices.

Automatic control systems are one of the most useful and impor-
tant systems in ocur envirommental comfort control. John E. Haines,

ex-president of ASHRAE, wrote in his book, Automatic Control of Heat~

ing and Air-Conditioning:

Most forms of automatic control are applied to heating,
ventilating, or air-conditioning systems, or combinations
thereof, to accomplish one or more of the following purpos-
es:

1. To ensure certain desired or required conditions of
temperature, pressure, or humidity.

2, To serve safety functions by keeping temperatures,
pressure, or humidities within pre-determined limits
or by preventing mechanical equipment from operating
when its operation would be hazardous.

3. To ensure economical results by providing operating
cycles, or a level of system performance that match-
es load conditions.

50

4, To eliminate human error.

Present standerds of comfort, combined with the rapid response of

modern heating and cooling equipment, according to the ASHRAE Guide and

50John E. Haines, Automatic Control of Heati and Alr-Condition-
ing, (New York: McGraw-Hill Book Co., Inc., 19315, Second Edition, p. 1.
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Data Book, meen that an air conditioning system must be considered as
an integrsted control where each component plays an important part in
the overall performance. Control performance is usually evaluated in

terms of':

1. system stability, the absence of excessive periodie
control oscillations;

2, control offset, the minim:m differences between the
set point and the actual control point under stable
conditions; and

3. system response, the ability to correct rapldly any

system disturbances. o1

Temperature control systems have three parts, according to

Joseph Olivieri:

1. a sensing device,
2. & signal transmission system, and

3. the control rlev:i.ce.52

When automatic controls are used, they send a signal electrical-
1y through wires to a motor-operated valve which opens or closes, as
needed. Olivieri explained that the signal can also be a change in
air pressure, which is transmitted through air piping to an air-

operated valve. When ventilation is incorporated into a systenm, addi-

51,SHRAE, guide and Data Book System 1970, Chapter 32, “Automatic
Control," p. 469.

r52Joseph Olivieri, op. cit., pp. B3-Bk.
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tional controls are required. He explained that, generally, a motor-
ized damper is installed to operate the return-air and out-side-air |
dampers. These dampers can be controlled so that they open to a set
position any time the fan runs. "Another system 18 to use a thermo-
stat to sense mixed air temperature. This thermostat positions the
damper motor, or motors, to maintain the desired temperature,” he

described. 53

Control systems are divided into five main groups according to

primary source of energy:

1. Electric comtrol systens,

2. Electronic control systems,

3. Pneumatic control systems,

L4, Hydrauliec comtrol systems, and

5, Conbimation electronic-pneumatic control

systems,

The choice of the systems will be determined by preference, based

on experience, size of job, cost, personnel in charge of plant, etc.

b) Zone Control

Zone control of the building becomes one of the most impor-
tent parts in the temperature control. Only the carefully zoned lay-

outs can help the mechanical comfort systems to work more satisfac-

5 Ibia.
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ng similar orientation or

d where it is desired to con-
the heating or cooling effect

The ASHRAE clearly states:

Figure 19

7one control for any heating, ventilation, or air-

VERTICAL AND HORIZONTAL DEMAND ZONING
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trol, by one set of controls,
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Whether zoning a building for heating or cooling, the
designer should consider the followlng factors in deter-
mining the number and arrangement of the zones:

1. Exposure. Solar effect, prevailing winds, and the
shelter afforded by surrounding structures affect the
heat gain or loss.

2. Occupency. Indoor temperature requirements for
the various activities carried on in different portions
of the building and the hours of occupancy of the various
spaces, impose definite control prcblems

3. Building Structure. The physical characteristics
of the building will influence the subdivisions of the
system into zones.... Other factors are the height of
the building and its horizontal extent and form.

4, Floors. Even though several floors have the same
wall exposure, it is advisable to have separate zones on
the lowest and highest floors, due to varlations of base-
ment or ground floor requirements and the effect of roof
exposure. It is also desirable to have a separate zone,
or zones, for the intermediate ﬂoora.5h

The number of zones for each space are also important when spaces

are complex. The following are examples of some of the spaces which

the ASHRAE suggested be zoned accordingly:

1.

In larger buildings, accepted practice is to have at least

one zone for each exposure.

For higher structures, each exposure may require subdivision,
vertically into twe or more zones.

The presence of two or more wings having the same general
exposure may suggest the desirability of more restrictive

zoning.

Sh'ASHRAEl Guide and Date Book System 1970, op. cit., pp. 483-48k.

et
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4, When the street floor, or any other portion of the building,
is used for public occupancy or activities which differ from
those carried on in the remainder of the building, it is de~
sirable to provide separate thermostats and controls for

each individual a.rea..ss

Zone controls alone may not provide satisfactory temperature con-
ditions in all rooms or areas within the zone, sccording to the ASHRAE,
beceause occupancy, lighting load, space arrangements, and similar fac-
tors cannot always be predicted with accuracy. A combination of zone
controls and individual room controls in critical areas may be neces=-
sary for complete satisfaction. The advantage of individual room con-
trol is in fuel econbmy and comfort for the occupants. Each room should
have a thermostat that controls valves or dampers on all the controlable

gsources of heating and coc:»lj.ng.s'Is

¢c) Location of Room Thermostats

It is extremely important to know the proper place in which
the room thermostat should be installed, and where it can measure the
average temperature of the entire space. Therefore, in & residence,

for example, the following precautions are given by John Haines in his

book, Automatic Control of Heating and Air Conditioning:

1. The thermostat should always be located in a relative-
1y open room in & representative part of the building.

5o1pid.

561p1d.
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2, It should never be mounted on & wall where it will
be exposed to cold drafts from an outside door or
window.

3, It should never be mounted where it will be affec-
ted by heat from a nearby warm surface, such as
pipes or ducts in & wall, or a radiator, or by di-
rect currents from a warm-air register.

4, Tt should never be located where normal circula-
tion of air in impeded by furniture or an opened
door.

5, It should be located where it 1s safe from mech-
anical injury.

6. Room occupancy and usage should be considered. In
a typical home, a satisfactory location for the
thermostat can usually be found in the living room
or dining room.2T

7. Ventilation

"The idea of keeping indoor air healthful is most likely to be
done by Northern people, who spend much of their time indbors,“ Henry
Wright Jr. explained. "The Greeks and Romans normally gathered in
the open, and in their largest enclosed building, the Pantheon, the
Romans were able to solve the ventilation problem by simply providing
an open oculus or eye in the top of the dome. It was not untill the
twelfth century that fireplaces against the wall replaced the fire-in-
mid-floor in most European castles, and long after that time smells,
dampness, and drafts were normal elements of daily life in buildings

of any size.” He continued:

STJohn E. Haines, op. cit., pp. 89-90.

58Henry wright Jr., The Thermal Theory of Ventilation, an unpub-
lished mamuscript. Department of Architecture, Kansas State University,
Fall 1971.




107

The ventilation of mines and the holds of ships, ne-
cesgsary for very survival, was a primary field of early
experiment. A rotary fan was cbserved at work in a mine
by Agricola before 1553.... In the late seventeenth
century Sir Christopher Wren used a crude fan in an at-
tempt to improve the ventilation of the British House of
Parliament, and in 1848 a steam driven fan was installed
in the Boston Custom House. Until about 1870 fans were
introduced and incorporated in_ventilating systems for
public buildings and schools,

Ventilation is & very important matter for human envirommental
comfort. Lack of fresh alr will finally result in unpleasant house
odors and it cen be e hazard to our health. McGuinness wrote, "If
the house has very tight doors and windows, air is sometimes unexpec~
. tedly drawn through the flues of fireplaces and heating builers, dis-
tﬁrbing their combustion processes and causing the introduction of

w39

_ dangerous carbon monoxide into the rooms. Another seriocus problem

which can occur when ventilation is missing is the moisture content

of the room. -Moisture thet is given off by the occupants' bodies can
reach very high levels. Joseph Olivieri stated: 'Moisture levels in
the room can get quite high., In fact, it is possible to reach nearly

100% reletive humidity. It is even bad for building materials."éo

John E. Flynn and Arthur W. Segil describe the rate at which
the ventilation air must be introduced into the system that it de-

pends on "the character of the process involved.” They explain

59Hilliam McGuinness, op., cit., Fifth Edition, p. 1b7.

6oJoseph Olivieri, op. cit., p. 95.
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In the general case of human occupancy, it depends:

1) on the volume of space per occupant;

2) on the intensity of the activity; and

3) on the general physical and sociological conditions
involved.

Filters are generally not effective for odor control
because filters will only intercept solid particles.
However, activated carbon is effective, and this technique

is generally used to eliminate odors in closed systems
such &8 those used in submarines, mines, aircraft, etec.

Table V

VENTILATION STANDARDS

61

Toilets § {Exhaust)

{

CFM PER PERSON CFM PER
APPLICATION SMOKING SQ FT OF FLOOR
Recommended Minimum* Minimum®
JAveruge Some 20 15 —
ApgRmen; {De Luxe Some 30 25 33
Banking Space Occasional 10 7 -
Barber Shops Considerable 15 10 o
Beauty Parlors Qccasienal 10 7Va -
Broker's Boerd Rooms Very Heavy 50 30 —
Cockiail Bars Heavy 30 25 —
Corrlders (Supply or Exhoutt) - - —_ 25
Départnent Stores None 7% 5 .05
Direciors Rooms Extreme 50 30 —_
Drug Stares f Considerable 10 7% -
Factories}§ None 10 7Va .10
Five and Ten Cent Stores " None 7% 5 =
Funeral Parlors Neone 10 7 1 -—
Garoge - — - i 1.0
{Operaﬂng Rooms {** None — — 2.0
Hospitals{ Private Rooms None 30 25 .33
Words None 20 15 —_
Hotel Rooms Heavy 30 23 33
rant — - — !
R = - = 20
Laboratoriest Some 20 15 -
Meeting Rooms Very Heavy 50 30 1.25
General Some 15 10 —
Office[i’rivure None 25 15 . 25
Private Considerable 30 25 25
f ; i -
o Gontgeretle 2 ez
School Rooms | None — — ‘ —_
Shap Retail Mone 10 7% —
Theater] None 7% 5 [ -
Theater Some 15 10 ’ -
- — - | 20

*When minimum is used, use the lorger.
{See local codes which may govern.
{hay be governed by exhaust.

§Use these values unless governed by other saurces of contamination or by local codes.

*+ Al outdoor air is recommended to overcome explosion harard of anesthetics.

61

John E. Flynn and Arthur Segil, op. cit., p. 88.
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Ventilation, according to the ASHRAE, is the process of supply-
ing or removing air, by natural or mechanical means, to or from any
space. The basic purpose of ventilation is the removal of odors.
This is accomplished by the introduction of fresh air. For most peo-

ple, ventilation is summed up in the act of opening a window,

There are two methods of ventilation; the natural ventilation,
and the mechanical ventilation. The most basic method of ventilation
is natural ventilation, consisting of forces which move air into,
through, and out of the building. These forces are wind forces and
the difference in temperature between the air inside and outside of a

building.

a) Netural Ventilation

There are formulas for calculeating the amount of ventilation
which can be obtained by a controlled means, using both the wind and
temperature difference., According to Charles Burton, when wind is

used, the following items must be considered:

1. average wind velocity,

2. prevailing wind direction,

3, seasonal and daily variations in velocity and
direction, and

b, loecal wind interferences.

Inlets should be placed to face directly into the prevailing
wind, while outlets should be placed in one of the following five plac-

es:
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1. on the side of the building, directly opposite the
direction of the prevailing wind;

2. on the roof in the low pressure area caused by the
Jump of the wind;

3, on the sides adjacent to the windward face where
low pressures occur;

4., in a monitor on the side opposite from the wind; and

5. in roof ventilators or stacks.62

According to Charles Gay, the inlets and outlets should be ap-
pruximately'of the same size and nearly opposite each other, to give
63

an unocbstructed passage for the air currents or cross draught.

In the winter, wind action results in too much ventilation and
in reduced indoor temperatures. During this season, ventilation may
be produced through the difference in temperature, rather than by the
wind action, and, consequently in welght, bgtween indoor and outdoor
air, and is largely vertical. For the most part, the inlets are near
the ground on the windward side and the outlets near the top of the
building on the leeward side to induce a chimney action. Roof venti-
lators offer the most satisfactory type of o1.11:.1e’(:.61L Their function
is to provide a gtorm-proof and weather-proof air outlet or inlet.

The capacity of these units depends on:

620har1ea Burton, Lecture materials in Thermai Systems Course,
Department of Construction Science, College of Architecture and Design,
Kensas State University, Spring 1972.

630harles Gay, op. cit., p. 201,

M pia,
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1. location on roof;

2, resistence that the unit and duet offer to air
flow;

3. height of draft; an@

4, efficiency of the unit in utilizing wind force

65 |

in operation.

Roof ventilators may be stationary, pivotlet or rotating types,
and are designed to give egress for the air, regﬁrdless of the dir-
ection of wind. Motor fans are sometimes used to increase the flow
of air. Stacks are often employed in buildings designed for occupan-
cy, rather than industry, to carry the exhaust air from the rooms to

the ventilators, the inflow coming through the windows.sé

b) Mechanieal Ventilation

Mechanical ventilation methods can be divided into:

1. localized exhaust (power and gravity), and

2. dilution by ocut-door air.

According to Charles Burton, localized exhaust is merely putting
a mechanical exhaust over a piece of equipment which has fumes or vap-

ors which need to be removed.

Dilution by out-door air, simply means introducing fresh air in-

650har1es Burton, lecture materials, op. cit.

660harles Gay, op. cit., p. 202.
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to space in such quantities that odors and stagnant air is not evident.

When outside air is drawn into spaces for ventilation, an equal
quentity must be exhausted. Various means of permitting removal of

air to the outisde can be used for an exhaust system. Joseph Olivieri

explains:

Too often forgotten is the fact that to exhaust alr
you must have air. If you do not supply tempered make-
up air to the space, exhausted alr will be pulled into
the building through every ecrack or crevice, creating
a most uncomfortable situation. Not only are objection-
able drafts created, but, unless the heating system has
the capacity to handle 100 times the planned infiltra-
tion, cold rooms will result....

A very important reason for exhaust ventilation is
to remove the heat from a process. The process can be
an industrial one where you also remove harmful conta-
minants. Other examples of heat producing processes are
cooking, leundering, or the mysterious rituals in beauty
parlors. In the case of kitchen hoods, 100 cfm. per sq.
£t, of hood should be exhausted. .... if the occupancy
rate is one person per 150 cu. ft., we require 20 cfm.
per person to remove objectionable body odors.... As
the space per person igcreases, the ventilation required
decreases, as follows: T -

cfm per

air space cfm per person

cu. ft. person moderate

per person gsedentary activity
200 16 2k
300 12 18
400 9 13
500 7 12
750 > I

In the case of natural ventilation, the architect has a full re-

sponsibility to place the openings so that they may be effective in-

67Joseph Olivieri, op. eit., p. 95.
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lets and ocutlets for air movement through bulldings to ventilate them,
The use of natural ventilation can and cannot be an economical solu-
tion depending on the type of the buildings and the surrounding. First,
it eliminetes the cost of operating expense, and the cost of mechanical
systems. Second, filtration of air moved naturally is not possible.
Therefore, it can create a building maintenance problem which has an
economic significance. When we open the windows for natural ventlla-
tion, we may not only bring & large amount of dust and dirt, but also,
noise and sometimes unpleasant odors into the room. In such cases,

mechancial ventilation may be the best economic solution.

Mechanical ventilation, according to Kinzey, permits extensive
use of ducts and a freedom of layout of inlets and outlets which is

not possible with natural ventilation. He describes:

Maximum recirculation of air and minimum use of out-
gide air is the economic solution to alr conditioning.
Both the equipment cost and operating cost are higher
where large qualities of unconditioned air are drawn
from outdoors than when partially conditioned return air
is recirculated. Air that can be easily cleaned, humi-
dified, and heated for recirculation should be used to a
greater extent than outside air.

8. Thermal Insulation and Moisture Control

There ere factors which are important to both climate control,

with and without mechanicel systeme. Thermal insulation, and moist-

683ertram Kinzey, op. cit., p. 242,
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ure control are two factors which become necessary in our home or
building. Insulation cennot stop the flow of heat, in or out, of the
building, but it can slow down the flow., This means that when we heat
or cool the well-insulated building or home, we will save a large a-
mount of heating or cooling energy from leaking out of the building.

In the long run, it means aaving money also. Moisture control is also
equally important. Moisture causes the condensation on windows, doors,
or walls which can endanger building materials. There is a special
type of insulation material for molsture control. It is called a water

vapor barrier, and is widely used in building construction today.

a) Thermal Insulation

The verb "insulate" is derived from the Latin word "insula"
meening island, sccording to Paul Close, and means to isolate or place
in a detached state. An insuletion, therefore, is a material or sub-
stance which isolates some force, or source, of energy such as electri-

eity, heat or sound.69

A thermal insulating material, therefore, is a material having
a high degree of heat resistance per unit of thickness. Paul Close,

former technical secretary and editor of ASHRAE, explained in his book,

Sound Control and Thermal Insulation of Buildings, that from a practi-

cel standpoint, two requirements are necessary in order for a material

691’1%1.11 D. Close, Sound Control and Thermal Insulation of Build-

ings, (New York: Reinhold Publishing Corporationm, 1966), p. 5.
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to qualify as an insulation, namely,

1. it must have a low heat conductivity, that is, a high
degree of heat resistance per unit of thickness, and

2, it must be installed in an adequate thickness.

He explained that the purpose of a thermal insulation 1s to re-
tard the passage of heat in one direction or the other. While thec-
retically, the purpose of a thermal insuleting material is to keep

the "cold out," as well as the "heat in," the transfer of heat through

the enclosure is always from the warm to the cold side.To

By retarding the flow of heat, according to the ASHRAE, thermal

insulation mey serve one or more of the following functions:

1. to reduce heat gain or heat loss of a pipe, duct,
vessel, or structure;

2. to facilitate control of the temperatures of a
process; .

3, to control the surface temperature for personal
protection and comfort; ‘

L, +to prevent water vapor condensation or icing on
cold surfeces; and

5. to reduce temperature fluctuations within an en-
closure when heating or cooling is not needed or
available.

Additional functions of thermal insulation and necessary
meterials may include:

1. to add structural strength to a‘wall, ceiling, or
floor section;

2, to provide a support for surface finishj;
3, +to add resistance to water vapor transmission;

T0mpid., pp. 6-7.
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4., to prevent or retard spread of fire or flame;
5. to reduce noise.

Thermal insulations consist of the following basgic mater-
jals:

1. fibrous or cellular mineral matter, such as as-
bestos, glass silica, rock, or slag;

2. fibrous or cellular organic matter occurring in
nature, such as cane, cotton, animal hair, rub-
ber, wood bark, including cork;

3, cellular organic plastics, such as polystyrene
or polyurethane; and

4. heat reflecting metals (which must face air or
evacuated spaces).
Many netural insulation materials attract vermin, insect or oth-
er pests, and some are also hazardous to fife; therefore, commercial
and manufactured insulation materials have been developed to overcome

these problems. The physical forms of these products are:

1. loose-fill and cement;
2. blanket insulations;
. batts insulations;
insulation board;

sleb or block insulators;

. plastic foams; and

3
L
>
6. reflective insulations;
T
8 L

miscellaneous types.

71ABHBAE, Hendbook of Fundamentals, op. cit., Chapter 18, "Ther-
mal Tnsulation end water vapor Barriers,’ D. 2L1,

T2Pau1 Close, op. cit., p. 221.
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Some products combine the properties of two or more types of in-

sulation, such as reflective mineral wocl blanket insulations. How-

ever, it is necessary, before using any commercial insulator, to read

their instructions and recommendations for the material first, because

each manufactured insulator has its own property for a certain appli-

cation.

The use of an insulating material for retarding the heat flow

through & wall or other construction unit may be accomplished by one

or more of three methods which Paul Close described in this manner:

1.

By replacing materials of high conductivity
with materials of low conductivity.

By adding insulating materials to the con-
atruction, such as by partially or complete-
ly filling the air space with an insulating
material. Blanket insulations, fills, batts
and other types are used for this purpose.

By replacing one or both of the confining
surfaces of an air space with a material of
low emissivity, that is, with a reflective
insulation such as aluminum foil.

According to Paul Close, building construction has been divided

into three major components, namely: 1) floors, 2) walls, and 3)

roofs and ceilings. Insulating the building, or the residence, may

also be classgified in this way. He states:

Mia., p. 327.



1. Walls: Outside walls and walls adjacent to unheated
spaces, such as enclosed porches and unheated gar-
ages, should be insulated.

2. Ceilings and roofs: Either the ceiling or the roof,
or both, should be insulated.

3. TFloors: should be insulated as follows:

a) Floor over unheated crawl spaces should be in-
sulated.

P) In houses without basements having concrete
slabs on the ground, insulation should be
applied around the perimeter of the concrete
slab, that is, between the slab and the foot-

ings.
¢) Concrete slebs of ground floors containing pipe

coils for radiant hesting should be insulated, ™

The costs inveolved in insulating either heated or refrigerated
equipment, air-conditioned rooms, pipes, ducts, tanks, and vessels,
are of a magnitude to warrant careful consideration of the type and
quantity of insulation to be used. The ASHRAE explained that econo-
mic thickness is defined as the minimum annual value of the sum of the
cost of heat loss, plus the cost of insulation, or, in more general
terms, as the thickness of a given insulation that will save the
greatest cost of energy while paying for itself within an assigned per-
iod of time. At low values of thickness, the amortized annual cost of

insulation is low, but the annual cost of heat energy is high.75

b) Moisture in the Building

Most moisture problems in residences occur in winter and be-

Tpia., p. 260.

T5ASHRAE, Handbook of Fundsmentals, op. cit., p. 249.
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come increasingly important as homes are built smaller and tighter.
According to the ASHRAE, water vapor originates from such necessary
living reguirements as cooking, laﬁndry, bathing, breathing, and per-
spiration of people. Another large source of water vapor is some-
times the bare earth in a crawl space or basement. Also, in new con=-
struction, moisture is added by poured concrete slabs, masonry con=
strueﬁion and new plaster. All this water vapor must escape from the

dwelling.T®

Condensation on windows can be seen very easily in the winter
and visible condensation may also occur in summer. It is often seen
on basement concrete walls or floors thet are cooled by the earth,
and on exposed cold water pipes. The ASHRAF explained the action in
this manner:

Being massive, they tend to hold a constant temper-
ature from dey to day while the weather dew=-point temp-
erature rises., When no water vapor is released in the
space the dew-point tends to equal that of the out-
doors {though it is likely to lag when there 1s slight
ventilation). At times the dew-point temperature ris-
es above the temperature of walls, floors, and pipes
with resulting condensation. Tl

An excessive accumulstion of moisture in a wall (or roof, can

be prevented by one or more of the following measures, according to

the ASHRAE :

1. providing a vapor and air barrier to limit vapor

entrance into the wall,

76Ibid., Chapter 19, "Moisture in Building Construction," p. 269.

T pid., p. 269 and p. 276.
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2. ventilating the bullding to reduce vapor pressure
‘therein, or
3. wventilating the wall cevity to remove vapor that

has entered.TB

The ASHRAE also suggested that some positive ventilating or
debumidification must be designed in the building with capacity to re-
move moisture in the amount that represents the difference between
that generated by the occupancy and the amounts lost through such na-
tural and installed ventilation, as kitchen exhaust fans and from
opening outside doors to enter and leave the premises.Tg (See furth-

er details in the "Ventilation" section.)

Water vapor barriers are the insulation materials which espec-
ially provide a resistance tc the transmission of water vapor under
specified conditions. Like other insulation materials, they do not
necessarily stop the flow of vapor, but serve as a medium of control
to reduce the rate and volume of flow. In refrigeration and air condi-
tioning applications, and in buildings, water vapor barriers are ap-
plied to thermsl insulation on cold pipes, ducts, refrigerated en-
closures, and structures. Their function is to prevent accumulation

of water within the insulation or construction.ao But for the con=-

8 pia., p. 278.

T91pid., p. 280.

80ry1a., p. 2us.
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the condensation of the window, double-glazing glass, or heating sur-
faces at the bottom of the glass, will help in getting rid of water
vapor. By retarding water vapor transmission, according to ASHRAE,

water vapor barriers help to:

1. Xkeep the insulation dry, and reduce the heat load re-
quirements for the cooling system;

2, prevent structural damage by rust, corrosion, or the
expansion effect of freezing water; and

3, reduce paint problems or exterior wall construction.

About the effectiveness of a barrier system, the ASHRAE explain-
ed that eny vepor barrier reducing water accumulation depends on its
permanance, and also on its location within the insulated section.

It is to be emphasized that the vapor barrier must be applied to the
surface exposed to the higher water vapor pressure. For most appli=-
cations, this will be the warm side. The effectiveness may be great-

1y reduced if openings, even though very small, exist in the bnrrier.al

There are many types of water vapor. The selection depends up-

on its application and the properties of water barrier.

9. Conclusion

Mechanical systems have become more and more important in con-
trolling the indoor comfort environment. These systems have success-

fully provided internal comfort to residences in the extreme climatic

81 b4,
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conditions, and maintain suitable temperatures and humidity as the oc-
cupants' desire. Tﬁe gystems have various advantages over non-mechani-
cel ones, For example, they can be controlled to suit certain persons’
comfort requirements. They are independent from the changeable out-
door climatic conditions. Heating and cooling can be provided at any
time of the year, and mechanicel ventilation can provide clean and

fresh air, while getting rid of odor, heat and moisture in the building.

However, the use of non-mechanical systems in conjunction with
mechanical ones, is very desirable. They may help in reducing the
cost of heating and cooling. Sun control devices such as overhangs,
louvers, and other natural elements such as trees, can be utilized to
serve this purpose. In some restricted areas such as cities, these
natural elements may not be too appropriate. In this case, there are
other optional elements which the architect may use such as double

glazing, or heat-sbsorbed glass, etc.

Therefore, it is advissble for architects to follow the news
sbout the new developments of such mechanical systems, and of new ma-
terials. In designing a building, the architect should study the ba-
sic mechanical systems, and choose the suitable one appropriate to
his particular project, with the help from the engineer. This should

be done as early as possible, while his design is in progress.
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V. CLIMATE CONTROLS BY NON-MECHANICAL MEANS

The internal comfort control in the bullding can be controlled
by various elements. These include mechanical heating, cooling and
air conditioning systems, as well as the building materials themselves;
proper design of roofs, overhangs, ete., and the use of natural wind-
breskers and weather barriers such as trees, shrubs, etec. The orien-
tation of the building also contribute considersbly to comfort, How=
ever, the relative importance of each element is governed by the cli-

metic zones in which the building is located (see Plate XXVIII).

In hot-dry‘zones, for exemple, natural elements such as trees
mey not exist. Mechanical sir-conditioning systems are economically
prohibitive in many hot-dry and hot-humid countries of the world,
therefore, in order to maintain internal comfort in these areas, non-
mechenical and natural elements must be employed. Prgvious civiliza-
tions have experimented with various elementery "systems" to maintaln

some degree of comfort using "natural"” means.

1. History and the Development of Climate control

comfort control without mechanical systems can be traced back
as early as the beginning of the evolution of man. The cavemen pro-
tected his body by elothing it with animal's skin. He lived in the
cave because it provided him with some degree of comfort. It furn-
ished protection from rain, snow, and summer heat. In the summer,
the area inside the cave is much cooler than the outside areas. The

massive earth surrounding the cave sbsorbed the sun's heat, and ra-
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diated some of this energy into the cave at night when it was cold out-
gide. 1If possible, the cave entrance faced the north, to prevent en-
trence of the sun during the day and, by the use of a fire (built at
the entrance) the cavedweller was kept reasonably warm. The earth

acted as insulation.

In hot-humid zones, thatch is an easily obtainable material and
is used for roof covering. If the roof is properly pitched, this cov-
ering provides good protection from both rain and sclar radiation.

The small air spaces in the thatch provides considerable insulation
during the hot days. The loosely patched thatch allows the moving air
to ventilate the surface layers and, thereby, add to the cooling ef-
fect. The material is so inexpensive that it could easily be replac-
ed when it becomes infested. Thatch, therefore, has been used by pri-
mitive people in the hot-humid areas for centuries. In spite of mod-
ern technology and the introduction of new building materials, such as
sluminum sheets, thatch is still widely used by the peasants in the
Southeast Asian countries and in some South Pacific islands, as an ef-
ficient roof covering (see Part V, Teble X, Building Materials Used in

Various Climates).

In hot-dry countries such as Egypt, Iran, and the Southwestern
United States, natives employed materials such as adobe (mud, and
earth) to construct their shelters. This readily available material
provided a substantial wall of considerable bulk. The small air
"spaces and bulk of this type of construction delays the entry of heat,.

so that it took most of the day to reach the interior. The wall
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cooled at night, when the temperature dropped. The number and size
of openings were reduced and placed high to reduce ground radiation
and to minimize sun penetration during the heat of the day. The
light color of these primitive dwelling surfaces also assisted im re-
flecting some of the solar heat. Underground shelters were often
found in many hot-dry ereas, including the whole underground villa-

ges in Isreel and Egypt.

The construction of massive walls and roofing materials, the use
of light color or reflective material for surfaces, and the construc-
tion of small openings are still being used in many of these hot-dry
areas where the economy does not permit more ﬁophisticated construc-
tion and equipment. Our contemporary'insulations and construction
methode employ these principles in a more efficient manner. High lab-
or cost and inefficient use of space make massive walls and roofs' con-

struction appears to be impractical in en industrialized society.

During winter months, or in cold areas, man had to develop a
heat source within his dwelling and inhibit the passage of heat to the
outside. Before the invention of the stove, large fire places were
often built in the center of the house as the primery heat source.
Basement area, in that time, was used as the food storage afea in the
summer and also was used for placing hesting units which were a grav-
ity warm-air and one-pipe steam system, in later times. The snow
covering on the roof acted as an insulator to help retain heat with-

in the structure.
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In industrialized societies, modern building technology and new
materials have affected considerable changes in heat distribution and
residential design (see section on Climate Controls by Mechanical
Meané). Massive walls and cumbersome heating systems (depending on
gravity) have disappeared. Fireplaces and other large heating units
located in the center of the house no longer function as the main
sources of heating. They have been replaced by the "modern" mechanical
heating (and cooling) systems which no longer are no longer dependent

on "natural" air flow.

Because of the lmck of technology, and the limited materials
available, the primitive builder could not ignore climate in the de-
sign of men's shelter. The primitive people bullt their own shelter
for survivel, s well as comfort, with a wide range of climatic con-
ditions. They utilized natural elements to help in providing protec-

tion from a variety of climatie conditions.

Therefore, the study of the history of the primitive dwelling
is very useful to not only reinforce the fundamental principles of
comfort, but also, for the newly developing nations which cannot af-

ford mechanical systems to provide internal comfort.

With the advent of efficient heating and cooling systems, in
Europe and the United States, in the past decade, architects and
builders have tended to ignore climate in the design of residences.
As a result, many buildings are not only expensive to maintain, but

do not provide adequate comfort as far as temperature ig concerned.
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2. Climate Control Factors

a) Site Selection in Respect to Climate

To select the most favorable buildiné site for our house, we
should know about the microclimatic condition of the site we are going
to select. This is because the different characteristics of sites
have different microclimates. An even flat site, for example, has tem-
peratures which increase or decrease, depending on adjacent slopes or
mountains, bulldings, pavements, end meny other factors. Temperature,
for instance, drops sbout three degrees for each thousand feet of ele-
vation, enough to make a noticeablé difference between the climates of
suburbs at different elevations in mountainous cities,82 (see Plate

XXIX and Flate XXX).

b) Location of the Site

If it is possible, the site should be located where we can
get the prevailing wind, s good view, and winter sun. It should be
far awey from industrial areas, the city dumping ground, or the air
fields. 1In the case where_the location must be in the city, the uti-
1ization of verious natural elements including water, roéks, sand,

grass, trees and shrubs will help create & feeling of "oasis" in the

city.

BELeawitt, Dudley, "Microclimate," House Beautiful, May 195k,
p'p- 180-185-
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PLATE XXX

SITE SELECTION WITH ffSPrCT TO JLIMATE

OTRoNg WIND AlepT :

Trees and buildings slow the wind ovér flat ground.

=S

(B

‘TZ" ?’a e)

Terrain Regulates Intensity of the Wind deceived
by a Site:

Gomfort under climatic conditions nay reguire
protection from prevailing winds or exposure to them.
The force of the wind at house No.l is reduced because
of the natural ground friction and the obstacles act-
ing as baffles. House [o.2, high enough on the slove
to clear the obstacles, receives the breeze at its
normal force. House No.3 has the windiest location.
Direct air movements are intensified by the currents
deflected up the slope from below, all concentrated at
this point as they pass OVer the peak. Air around house
No.4 on the protective slope is relatively calm. Know=-
ledge of prevailing winds at different seasons should
be a design factor.
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PLATE XXX (CONTINUED)

H'U‘&T!D

Bodies of the water may add %o the mnoisture con-
tent of the air, but have a definite cooling effect by
lowering temperature of air passing over them.

—

A hill, or other obstruction may cut the total
time the sun falls upon the site. Less sun means less heat
absorption by the ground, less stored neat to radiate,
and an earlier start to evening radiation.

(Adapted from Leavitt Dudley's
*Microclimate, House 3eautiful,
May 1954, pp. 180-183).




13e

¢) Orientation of the House

Orientation with respect to climate can be important to the
house which depends on natural ventilation, 1It, therefore, should be
oriented to allow the prevailing wind to ventilate through the struc-
ture., The orientation, with respect to solar radiation, also becomes
important. The undesirable sunlight coming into the living space may
cause overheating, and an uncomfortable feeling. Therefore, the or-
ientation of the large opening away from the west side of the struc-
ture is desirable (see Plate XXXT and Plate XXXII).

3. Solar Control Study

Solar radiation is one of the most important climatic fac~-
tors, as we have previously mentioned. Sun is the largest source of
providing us with sunlight, as well as heat radiation. The heat from

the sun can be used as the main source of heating the dwelling. In

Figure 20
Recommended Solar Qrientation for Various Rooms

Orientation
N NE E SE § SW W NW

Work space with exterior

exposure X X X
Recreational and lounge arcas

with exterior exposure X X X (X)
Courtvards and terraces (X)) X X X (X)

soik: The American Pnhli Health Association commitice on the hygiene of housing

has i« commended: “at the winter solstice, at least one-half of the habitable rooms
of a Jwelling should have a penetration of direct sunlight of one-half hours
duration Juring the noon hours when the sun is at its maximum intensity.”

¢ This recommendation refers primarily to the germicidal action of solar radiation.) .
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In some ereas, efforts to use solar energy for cocking purposes and
heating water for domestic uses, are progressively underway. (For
more detail about solar energy, read Farrington Deniels' Direct Use
of the Sun's Energy.) The advanteges of sunlight were listed by
Jeffrey Aronin in Climate and Architecture, as follows:

Sunlight is a powerful bactericidal agent.

= Bunlight exerts a specific curative effect too on
tuberculosis, end is a powerful stimulant to a
person's ability to resist it.

~ Sunlight is essential for the growth of children
as well as all sorts of plant and animal life,

- Sunlight can be used as a source of heat.
~ Bunlight has & psychologicel effect on well-being.

~ Sunlight facilitates ventilation by warming the
air and causing gentle convection currents.

~ Sunlight helps to keep the areas around buildings
¢lean.

Iﬁ certain architectural projects, the admittance of sunlight
and hea.'t; may be desireable, or it may be a nuisance. This is a prob-
lem for the architect to study and solve, However, there are numer-
ous tools which the architect can use to control the sun and its direc-
tion. The two methods which are widely known are by artificisl means,
and include overhangs, louvers, shading screens, etc., and naturel
means such as trees, shrubs, vines, etc. The basic principle of these
devices is to intercept solar rediation before 1£ enters into the build-

ing in the first place (see Flate XIVI through Flate XLIX).

' 83Jefrrey Aronin, Climate and Architecture, Progressive Archi-

' tecture Book, (New York: Reinhold Publishing Corporation, 1953), p. 61.
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Overhangs cen be designed to exclude the sun at any time of the
day or year. BSun shading screens can be in the form of a screen at-
tached to a building or of screens placed away from a building. Bam-
boo curtains can cut down the sun light and glare, while admitting
are to be ventilated through. Jalousie blinds, venetian blinds, shut-

ters, and swnings are the common devices which are widely used.

lIn modern buildings, large areas of glass are being used with-
out any sun shading devices. Sunlight can cause overheating in such
buildings. Therefore, the orientation of these large glass areas are
very important. However, the orientation problem in the city is some-
times restricted. In this case, one technical solution of the problem
is the use of double glazing. E.F. Ball gave some advantages of doub-
le glazing over single glazing in reducing heat loss or heat gain, as

follows:

1. By using double glazing, the inside surface temper-
ature of the glass is increased and the energy
availasble for inducing convective down-draught is
accordingly reduced.

2., Where a large window is fitted in a room it may well
be justifiasble to double-glaze if for reasons of
comfort alone, even if the reduction in heat loss is
not sufficient to justify this course on economic
grounds,

3. Double glazing is often installed as much with the
object of minimizing window condensationeﬁu for ther- .
mal insulation for reducing heat losses.

81‘1:.}". Ball, Some Factors in Window Design, "Heat Insulation,”

"(London: Building Research Station, Ministry of Technology, March
: 1966), P. 9. -
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Trees, shrube, vines, etc., are used as the natural means to help
shading the building and its surrcundings, and it mey, in some degree,
provide visual and psychological comfort to people. The placement of
trees, however, should be in such positions that will provide the de=-
sired shade at various times of the day and year. Sun angles and azi-
muths are useful and necessary for determining the locations exactly
(see Appendix I). Planting should not be so dense as to interfere

with the circulation of air around the building.

In general, the best way to control the sun is a combination of
these two methods. However, in some architectural projects one method
may be better than the other. Fortunately, most of the sun control de-
vices, both artificial and natural means, can alsc be used %0 control

prevailing wind, rain, and perhaps, the air temperature.

4, climate and Building Materials

As soon as men felt the need for a better shelter than living in
a cave, and when he was able to construct some shelters and had inven-
ted some tools, he built his new place our of materials at hand. With
limited meens, his early shelter was alsc very much influenced by the
climetic conditions which dictated form. Blache explained tpat the
conditions of soil and climate have determined whether the use of wood,

~earth, or stone should predomina:te.s5 In the hop-humid areas, they

85

_ vidal de la Blache, Principles of Human Geography, (London:
Constable Publishers London, 1952), p. 238.
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built thelr shelter with thatch, grass, cane, straw, leaves, and even
organic waste products. In the hot-dry areas, they built their houses
with earth, mud, sun-dried brick, and clay. Wood was used widely in

the temperate and cold areas. Stone was used for shelter near rivers,

or the sea.

Today, many new industrial materials are replacing some of the
local materials. The thatched roof, for example, was replaced by
Aluminum sheets in many of the hot-humid areas, although many thatch-
ed roofs are still being constructed. Massive walls and roofs in the
hot-dry areas of the United States have been replaced by well insula~
ted materials, and so forth., It is the architect's responsibility to
study and find out the most suitable materials to be used in particu~
lar areas of each particular climatic condition, because the type of
building materials chosen have a great deal of impact on the thermal

comfort control in buildings.

VI. CLIMATE IN THE CITY

l. Introduction

In the city, climate control factors such as site gselection,
location and orientation are less effective. The land is so expen-

sive that we cannot afford to waste any open space. For example, a

square foot of central city in Houston cosis up to $110.00; in At-

lanta, §100.00; in Chicago, §500.00; in San Francisco, $200.00; and

86

on Wall Street in New York City, $600.00. Sunlight, wind, views,

86Editors of Forture, The Enviromment, (New York Harper and
Row, Publishers, 1970), p. 159,
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and so on, are no longer necessary, either because it is difficult to
obtain, or it is not available. Pollution in the eky is one of the
main factors which destroys our natural climate in the city, and for-
ces people to stay inside. Jose Luis Sert and the C.I.A.M. (Contres
Internationaux d' Architecture Modernme), warned us thirty years ago
about air and water pollution in the ecity, the lack of open space, and
so on. At one point, he sald:
Architecture, that learned interplay of volumes,
light, shadows, and color, is absent from these grey
and dismal streets, which lose themselves in the
distance. But by this system it has been possible
to subdivide and build urban land to & maximum degree.
Space is expensive, and houses build on the street
line do not waste space, BSewer pipes are closer to
the house -- another economy. No longer are gardanb
fences necessary, nor the care of trees and plants. 7
Rudolf Geiger explains it to us in this way: "The total trans=
formation of natural landscape into houses, streets, squares, great
public buildings, skyscrapers, and industrial installations has brought

»88 In the

sbout changes of climate in the region of large citles....
city, we have less natural cover of the land such ai trees and grass,
which tend to stabilize temperatures and to decrease exiremes. Kot

only that, plents also provide moisture in the air in the hot summer.
Phsylcally and psychologically, it mekes us feel cooler (see Climate

Affects Plants and Animels, in Part III). In order to illustrate this

8'TJ.L. Sert and C.I.A.A., Can Our Cities Survive?, (Cambridge:
The Harvard University Press, 1942), p. N

88Rudolf Geiger, The Climate Near the Ground, op. cit., p. 487.
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point, we shall lock into & study which was published in the Architect-

ural Forum in the March, 1947 issue:

On & very hot day, when the air temperature in a met-
eorological shelter read 98° F., asphalt pavement nearby
reached a temperature of 124° F, The air layer between
one and four feet above the asphalt -- i.e., the zone in
which human beings would walk -- had a temperature of
108° F. In the same instance, a concrete surface wes
140 ¥, cooler than the asphalt.... It is generally found
that air temperatures about one foot above the soil on
sunny summer days are sbout eight to ten degrees lower
then the soil surface itslef. The difference between ex-
posed soil (depending somewhat on its color) and grass
surfaces is between ten to fourteen degrees F. -- the
grass, of course, being the cooler curface. Between
grass and paved surfaces, the temperature differential
may be much greater....

On a bright day, the amount of light reflected from
concrete or similar light surfaces will range from 25
to 35 per cent of the incident light, while grass sur-
faces reflect only sbout 10 to 15 per cent of the light
.... At midday, one to six feet above the ground, the
air under a tree is aroupd 5° F. lower than that in an
unshaded enviromment....S7 (See Plate XXXVIII)

2. City Pollution

There are meny kinds of pollution gathering in the city such as
air pollution, water pollution, and now we also classify noise as pol-
lution.

Air pollution is the major problem in the city. It is caused

by automobiles, industrial plants, and so on. It is harmful to our

health because we have to breath the air mixed with chemical wastes.

89 . "micro-climate," Architectural Form, March 1947,
Vol. 86, pp. 114=122,
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When these unpleasant gases and particles mix with fog, 1t becomes smog.
As Professor Louis J. Battan of Meteorology and Associate Director of
the Institute of Atmospheric Physics at the University of Arizona de-
seribes: '"The smog bathed the city in its own debris, attacking all
living things. People felt it in their eyes. Tears stresked down fac-

es. Every breath meant a lungful of polluted a.ir.“go

Air pollution is killing our plants, birds, animels, people and
it also damages property. It damages the internal structure of leaves,
and discolors stone, and paints. The unclean sky cuts down, not only
visibility, but also the most valusble sunrays. Smog Just acts as a
filter in the sky, according to J.L. Sert, it prevents the sun's ultra-
violet rays, which amount to less than two percent of the total solar
radiation, from penetrating to the earth. These rays are necessary to
the health of human beings. J.L. Sert States:

For these ultraviolet rays are largely absorbed by
the dust, the humidity, and the gases with which this
layer of vitiated air is filled. The significance of
this fact becomes more pertinent if it be considered
that factory smoke is produced in its largest quanti-
ties during the daytime, precisely during the hours
when the city would benefit most by the sun's raarl.gl

Climate in the eity really hits hard in the slum area, vhere

there is a lack of sunlight and fresh air. Here, tuberculosis can

PLouis J. Batton, The Unclean Sky, (New York: Doubleday and
Company, Inc., 1966), p. 3.

91;.1. Sert and C.I.A.M., op. cit., p. 116.
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always be found, along with many other kinds of diseases.92

Water pollution also does a great deal of damage to our envir-
onment. Nature itself pollutes water in the lakes and rivers, but
both lakes and rivers have the ability 4o purify themselves. Sun-
light bleaches out some pollutants such as leaves, animal wastes,
and solutions of minerals. Others settle to the bottom and stay

95

there.

The most dangerous pollutants ere ceused by man. In polluted
streams and lakes, hundreds of different contaminants can be found:
bacteria and viruses; pesticides and weed killers; phosphorus from
fertilizers, detergents, and municipal sewage; trace amounts of met-
als, acid from mine drainage, organic and inorganic chemicals; many
of these are known for their long term ill effects on human health

-- aceording to Bylinsky. Unfortunately, sunlight cannot bleach out

these types of pollutants.gh

Noise pollution is another critical éituation, even though it
has little connection with the climate. In the city, noise, or un-
wanted sound, can cause deafness if it is in a very high decibel
level. The effect of noise upon humans is psychological and intense~
ly personnal., It relates, not only to & lifetime of experience, bub

also to mood.

92mpia., p. 26.

93bene Bylinsky, Editor of Forturn, The Enviromment, op. cit.,
p. 21.

"
? Ibid.
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% Soclution of the Problems

a) Zoning Requirements

With the knowledge of climatology, we can find some ways to
improve our conditions in the city. The study of wind flow patterns
gives us the plan to zone the residential district away from the in-
dustrial district. Sert wrote that zoning them according to their
nature and situating them so that prevailing winds may dissipate their
smoke and gases, thereby reducing air pollution in residential dis-

tricts, is necessary.95

b) Plant Materials as a Barrier

Nature provides plants to reinforce the livable environment
of man, but man himself destroys them endlessly. Man can make use of
plants to control his environment from a small scale, as in a house
design, to a large scale, as in cities. The effect of plants on cli-
mate and environment has already been mentioned (see Part III, the

section on Climate Affects on Plants and Animals).

With the use of plants, architects and planners can now plan
the city by separating industrial distriects from residential districts
by means of green bands. The object of such zones would be that of
serving as isolating elements, thus protecting the regsidential dis-
tricts and other zones of the city from the nuisances and hazards

caused by smoke, gases, and factory noises.

95s. L. Sert, op. cit., p. 116.
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c¢) ILimitation on Height of Buildings

Sunlight is necessary to human health, and it is lacking in
cities because of smog, dust and also skyscrapers. The laws of New
York City, for instance, require a set-back from the street for all
tell buildings with respect to the heights of these buildings, in
order to invite the sunlight to penetrate to the streets. The height
of buildings and their spacing, according to Sert, is one of the most
important factors physically and psychologically effective to people
in the city. He suggested that: "If a city is to be designed that
will take into consideration the elementary requirements of good liv-
ing, & relationship must be established between the helght of build-
ings (dwellings or others) and their spacing. The higher the build-

ings, the greater the space required between them."96

4. Conclusion

To combat the man-made climate, we need a great deal of will
power. It is very expensive, and yet, it is extremely necessary. Un-
less man can adapt to this new environment by breathing dirty air;
drinking dirty water, and by equipping the new born baby with a spe-
cial lung to purify dirty air, then we do not have to spend any more

time and money on fighting pollution.

4
About man adapting to the environment, Rene Dubos insisted that

"Life in the modern city has become a symbol of the fact that man can

96 Ibid.
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become adapted to starless skies, treeless avenues, shapeless build-
ings, tasteless bread, joyless celebrations, spiritless pleasures --
to & 1life without reverence for the past, love for the present, or
hope for the future."97 Pollution, the climate which man creates,
clearly endangers our plants, animals, and our health. The era of
technology and scientific progress should now be slowed down, and the
era of cleaniﬂg up pollution should seriously begin. Until we can
definitely stop pollution with our superior technology, and until our
industrial plants produce no harmful smoke or waste, then the pro-
gress of mankind has come up against an obstacle of frightening pro-

portion, which will continue to increase until halted.

Meanwhile, architects and planners have to plan the city with
the knowledge of topography and climatology in order to deal with pol-
lution. They must learn how to use whatever they can find from plant
materials to building technology, to deal with our pollution in order
to give the people in the city a better place to live, better air to
breathe and a better view to see.

The breadth and variety and beauty of ocur land, the
richness of our mines and soil and forests and water,
the favorsble nature of our climate -- all of these na-
tural factors have provided a setting in which the op-

timum, the ingemuity and drive of the American people
thrive and grow and are rewarded....

The combination of natural and human resocurces,

9TRene Dubos, Man Adapting, op. cit., p. 279.



in turn, has given substance to the promise of equality
and opportunity for all. A generous land has produced
a generous and confident people, a people who have
dreamed great dreams of personal, national, and human
destiny and who have seen many of these dreams come
true.... Many Americans have taken our resources for
granted and have relied, without reflection, on their
continued plenty. Many have failed to imagine a time
when the air and water would lose their sparkling qual-
ity, when each man's living space would itself begin
to shrink under the pressure of growing population,
when the beauty of 1life on our continent would be mar-
red by offensive sights and sounds and odors.... Man
has applied a great deal of his energy in the past to
exploiting his planet. Now we must make & similar com-
mittment of effort to restoring that pleanet. Our sci-
entific capacity has grown so much that we are able to
leave the earth; yet our glimpse of its beauty from
the barren moon has only reminded us of how much we
must love earth's qualities. The unexpected consequen-
ces of our technology have often worked to damage our
enviromment; now we must turn thet same technology to
the work of its restoration and preservation....

-- Statement from President Nixon.

98R:Lcha.rd. Nixon, statement from The Environment, op. cit.,

pp. 11-13.
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PART V

CLIMATE AND DESIGN APPROACHES
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PART V

CLIMATE AND DESIGN APPROACHES

VII. ARCHITECTURAL APPROACHES TO DESIGN FOR DIFFERENT

CLIMATES

1. Introduction to Schematic Designs for Various

Climatic Zones

Due to a variety of internal and external conditions, this re-
port will consider, schematically, the top (roof), sides (walls), and

bottom (foundation or basement) of enclosures for habitation.

a) Roof

The roof is the building surface usually most exposed to the
direct rays of the sun and rsin. Its main ocbjective is to protect the
living spaces from solar radiation, and from precipitation. The roof
materials, color of the external surface of the roof, and heat trans-
mission characteristic of the roof construction, have a great influ-
ence on the temperature and comfort in the interios living spaces.

For instance, & white or light color roof reflects an appreciable

amount of the solar radiation.

Design characteristics of roofs, throughout history, reflect
consideration of materials that shed moisture, rain, and show -- rath-
er than heat. With the exception of hot-dry regions, ventilation of

the underside of the roof is an important consideration in preventing
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accumalation of moisture and condensation on the uﬂsrude of the roof,
due to temperature variations. Proper ventilation will also prevent
heat build-up betneﬁ the ceiling and the' roof. Most of the heat gen-
erated from external sources gains access through the roof, according
to Wolfgang Langewesche., He explained that the heat penetrates the ma-
terials of the attic floor ~-- the floor boards, the insulation and the
plaster which forms the ceiling of the rooms below, and then radiates
down to the roon.l

During the cold season, in temperate and cold regions, snow may
melt on the roof surface covering an attic area. The unprotected over-
hang allows the snow to remain, thus forming an ice barrier behind which

s pond of 1iquid water may accumlate (see Figure 21 below). Water may

Figure 21
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easily find its way into the building through cracks in shingle and
tile roofing, causing dsmage to the insulation of the roof or decay
of wooden parts of the structure. In order to prevent the formation
of ice dams, the temperature of the roof surface should, as far as
possible, be equal to the air temperature. To achieve this, accord-
ing to Roger Taesler, a good heat insulation is necessary. However,
a certain smount of heat transfer will always take place from the in-
terior, causing the air temperature in the attic space to rise. This
heating can also be csused by solar energy penetrating the roofing.
In order to keep the roof surface cold and also prevent condensation
in the attic space, louvers or vents must be placed at strategic

places. e

" When the total living area of a residence is distributed on a
single level, the roof area is a relatively large proportion of the
total exposed surface. Proper design of roofs assumes greater rela-
tive importance, therefore, 1;1 a single story design than in e multi-
story design. It is aifficult to predict the total percentage of
heat loss or gein through the roof surface unless the type of wall ma-

terial, smount of glass and orientation are known.

2Rc:ger Taesler, "Problems Csused by Snow Relating to Building
Techniques,” Building Climatology, Secretarial of the World Meteor-
ological Organization, Geneva, Switzerland, 1970, pp. 1u6-1k7,
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b) Exterior Walls

The genersl functions of & wall are clearly illustrated in
James Fitch's wall diagram (see Plate XLI). Exterior walls are usu-
ally designed to support the structure. They may be transparent or
opaque to permit, or enclose, & view of the exterior. They must ex-

elude rain, snow, and wind and also have proper thermal qualities.

In the past, man had to rely on thick walls in hot-dry
climates to prevent excessive heat penetration. 'rodny, it is no long-
er necessary to rely on mass and thick walls may not always be deair-
sble in these hot-dry areas, More efficient msterials of high insul-
ating value are often built into the walls to serve the same purpose.
Although heat flow is reversed during a large portion of the year in
some temperate and cold climates, these same wall characteristiocs
apply.

In most hot, humid climates, thick walls or high heat cap-
scity materials have little sdvantage, unless an artificislly control-
led interior tempersture is meintained, due to the fact that there is
a small temperature variation day by day throughout the year. Con~
trolled ventilation in the wall and around it is a very important fac-
tor, not only in hot, bumid areas, but also in temperate and cold cli-
‘matic zones, in order to prevent condensation of moisture which can
' ceteﬁorate materials and conlidérgbly reduee- the efficiency of the

insulation (see Plate XLIII).
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PLATE XL1
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PLATE XLIIX

Lower
‘| temperature

Higher
temperature

A single solid material illustrutes the transfer of heat from the warmer to
the cooler particles by conduction (1).

Any solid material,
wall, floor or roof

As air is warmed by the warmer side of the air space it rises. As it falls down
along the cooler side it transfers heat w this surface (), Radiant energy (3)
is transferred from the warmer to the cooler surtiice. The rate depends upon
2<J the relative temperature of the surfaces and upon their emissive and absorp-

tive qualities. Direction is always from the warmer 1o the cooler surfave.

Lower
{ temperature

Higher | 2‘
temperature

semma

An air space in a wall

Lower temparature

The convective action (2) in the air space of a roof is similar to that in a wall

= although the height through which the aif rises and falls is usually less. The
radiant transfer is up in this case because its direction is ulways to the cooler
= surface.
Higher temp2arature
An air space in a roof
Higher temperature
_z# When the higher temperature is at the top of a horizontal air space the warm

air is trapped at the top and. being less dense than the cooler air at the bot-
tom. will not tow dewn to transter its heat ta the cooler surface, This resulis
in little flow by convection. The radiant transier in this case is down because
that is the direction from the warmer surface to the cooler.

Lower temperature
An air space in a floor

- This example of a wall in place illustrates the several
Lower methods by which heat is lost through a composite as-

Higher
temperature s temperature sembly of materials. Conduction at varying rates in dif-
. 4 [ 5 ferent muterials is accounted for in 12, 1b, lc. Convection
Inside air e Outside currents (2) and radiation (3) carry the heat across the
motion wind air space.
Heat is conducted from the room air by warm air cur-

rents that strike the inside wall. Heat is conducted away
from the exterior surtace of the wall by the action of the
wind.

A composite assembly of building
materials in place at 1he site

Nature of heat flow through materials, air spaces and assembled structures.
Conduction | Inside surface vonductunce 4
Convection 2 Outside surface conductance §
Radiation 3

William McGuinness, Mechanical and %Ecggie% Buigont
 for Buildings, ew York; Jo oy ons, Inc.,
19 '

Source:
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¢) Floor

The floor is the component of the building which has some-
what less exposure to climatic conditions, as compered to the roof and
walls. However, internal comfort is also dependent on the treatment
of the floor with respect to temperature. In the past, many houses
were built with basements. In the summer, for instance, a basement
is cooler than other parts of the building which are above ground.
People began storing food in the basement to keep it cool. In sdditienm,
in cold climstes, it was necessary to locate the beating systems below
the lowest register or rediator. Due to a lack of 1nlﬁl|.t:l.on materi-
sls, the basement area also prevented excessive heat loss through the
- first floor. Today, with insulation materials, modern heating systems,
and refrigerators for storing foods, & basement is no longer necessary,
unless the owner wishes to provide extra storage space of a storm

shelter.

In hot-dry areas, where the earth is relatively cool, history
has illustrated that many houses are bullt below grade to take advan-
vage of this cooling effect. In contrast, houses in hot humid areas
were often raised sbove the ground level because of the damp ground
vhich supports favorasble conditions for insects, palti, and fungi.
This raised location also provided better exposure to breeges and
flood protection, if needed, However, these design chtracter:lsiics

are equally appropriate for our contemporary designs,



165

PLATE XLIV .

FLoR

PRt e

IO LTI Y I T

HEXTEP
LIVING #PACE

A,

'J'll" I3 I sl 2 V8 Vo SR L IC AT I A/ .l
HEATED

WING “Pace

R S T B PO Io1oX ke

) UNHEATED AND
VENTILATED ZRAWL Sce

ESTERRIN |

AL IS R RN

'maso IHSUL.

A ueateD pase-

e JAENT No PMEAENT

. HOUSE »N oLAS.
A o FOUNPATION

V2 WA, o i T




166

d) Openings

Openings may be a window, clerestory, dcor or a glass wall.
The functions of an opening are varied: for cirﬁuldtion and natural
ventilation, to admit sunlight, or to provide a view. Windows and
other devices that provide natural ventilation also admit dust, odor,
insects, and noise into the interior spece of a.duelling. Mechanical
air-conditioning systems have overcome these problems by permitting
the designer to "seal" the house. Artificial lighting systems also
compensate for natural daylight., Therefore, doors and windows need
no longer be designed to provide ventilation and light, but for cir-
culation and to provide visual contact with the exterior (see Flate

XLV).

An opening must adequately protect the interior from rain, snow,
and heat gain or loss. In the orientation of the building, sun con-
trol devices and weather barriers may be employed in order to protect
the opening. The judiciel use of netural elements such as shrubs,
trees, and vines can help to interrupt the wind, sunlight, dust, and

so forth.

In hot-dry esreas, openings should be minimized, if possible, to
prevent the heat penetration and heat radiation from the ground. How-
ever, since the cool evening breeze usually blows from the south, if
the opening is shaded on the south side, a moveable covering over these
openings will receive this cool night breeze. In hot, humid areas,

openings are extremely necessary for ventilation purposes in buildings
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PLATE XLVIII .
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which are not eirconditioned. All of the structures in this area must
be protected by adequate insect screens. It is quite general to find
that interior openings are also protected by screens in many hot, humid
countries where insect protection is one of the main design considera-

tionse,

2. Characteristics of Vvarious s of te

In the early pert of this study, we classified the various cli-
mates in the world into six different gzones, namely: Hot, Monsoon,
Mediterranean, Desert, Temperste and Cold (see Part II, Climate in
General). But for the convenience of our study, we divided climete
into four different types: Hot~humid, Hot-dry, 'i'dmpente and Cold.
Each individual type has its own charscteristics and has a great in-
£1vence on the design of shelter in that region, Therefore, it is
necessary to study these characteristics in order to build a better

environment for people in differing climates.

This section contains useful and important information on the
characteristics of each climatic zone in the form of plates and tab-
les. The information is mainly generalized within each zone and not
necessarily applicable in a particular area in that zone, unless it
is noted. Also included in this section, is & description of the
types of building materials normally used in differing areas. These
plates and tables will help the architect to grasp & gquick understand-
ing of climates and give a general idea of the building materiﬁ.ls

which are suitable for different areas of the world (see Plates

L - LIT and Tables VI - X).
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PIATE LI
CHARACTERISTICS OF VARIOUS TYPES OF CLIMATE

HOT HUMID

HOT DRY

L] L] L] -

Tropical rain forest

Monscon lands

Temperature and high humidity remaining the same throughout
the year

Annual mean of maximum degree temperatures in shede 96° F.,
at night, temperatures F.

Annual precipitation over 787.4 inches

Relative humidity sbout 55 - 100 percent

Ground condition -- green landscape

High heat storage of ground

Cloudy sky and hazy

Moderate reflection of solar radiation from clouds
Moderate to high direct solar radiation

Constant heating and cooling patterns of land and sea
ereating regular land and sea breezes

Desert, semi-desert

Low precipitation

Annual precipitetion less then 9.8 inches

Annual mean of maximum day temperatures in shade 100. 59
F., at night 68° F.

Relative humidity about 10 - 55 percent

Violent and strong winds

Dry ground conditions

Very few plants

Clear blue sky

Uncomforteble glare due to the exceptionally high amount
of light reflected



PIATE LI (cont'd)

TEMPERATE .

COLD

Changeability

Hot in the summer and cold in the winter
Sufficient rainfal) at all seasons

Temperatures ranging between 102° down to =140 F.
Annual precipitation over 48 inches

Annual average relative humidity between 56 =76
percent

Amount of snowfall up to 36 inches

Sun distribution feirly uniform throughout the year
Average wind velocities between 10 milea per hour
to 15 miles per hour throughout the year

Temperatures ranging from -35°F. to 95° F.

Cold, long winter

Cold winter wind throughout the season

Very pleasant sunshine in winter and algo in the
short summer

Higher outdoors relative humidity in the summer than
in the winter

Aversge rainfall about 27 to 30 inches

(Sources: see Tables IV -IX)
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EXPLANATION OF PLATS LII

Relative Importance of Design ractors in ot humid, Hot dry,
Temperate, and Cold areas.

This plate shows the size of circles which indicates the importance
factors based on five points scale. In hot humid areas, for example,
cooling and air movement are the most important design factors, while in
the hot dry areas, cooling and shading devices are the most important
design factors. In cold areas, for instance, heating and insulation of
the dwelling are important while in temperate areas, heating and :_:ooling
are equally important in design factors for providing internal coufort

environuent.
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PLATE LII
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PLATE LII (CONTINUED)
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EXPLAIATION OF Ti:lLg VI-IX
These four itables show the elfects of climatecs on pecpnle, and the
sugrested aonroach to dssign for hot humid, hot dry, temperate, and cold
climate areas,.

Scurces: Victor Oleyay, Desisn with Climate, (Princeton, WeJd.:
Princeton University -rsssy iiulae)

-1-1--.

Maxwell Fry, znd Jan
Reinhold Publishi

13l
H

Lrchiteeture, (Hew York:

- .
werm Glimatses

Re Le Fullerton,

(London: Oxf or4:;_

York: Zlsevier

o ouse

7LA iig ..J-un,

United HNaticns, C1
B

Bcononic and Social L.

Publications, 1971,;

Buildin= in the Tronics, (Gemmany: Verlag
7y - unchan, 176G, )

Hdouse Form and Culture, (inglewood Cliffs, Hadet
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EAPLANATION OF TABLE X
Building Materigls Used in Various Climates

R. L. Fullerton, Building Cénstruction %g Warm Climates,
(London: Oxford University Press, 1963.

Miaxwell Fry, and Jane Dew, Iropical Architecture, (New York:
Reinhold Publishing Corporation, 1935.5

Georg Lippsmelier, Building in the icg, (Germany: Verlag
Georg, D.wW. Callway, iunchen, 1969.

Vidal de la Blache, PrinciEIB of H%ggg Geogrgphy, (London:
Constable Publishers, 1952)pp. 238-257.

B. Givoni, :gn, Climate and L;ghitgggugg. (New York:
Elsevier Publishing Company Limited, 1969.)
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BUILDING HATERIALS USED IN VARIQUS CLIMATES

TYPES OF
JATERIALS

AREAS IN USE

REACTION TU CLI-ATIC
CONDITIONS

Cane straw, « Hot humid and « wWater proof
leaves, all tropical . Little heat insulatiocn
grass, forest countries| . lio heat storage
thatch, . Storm, wind and fire risks
organic . Good ventilation
waste . Durability--low for all soft
products materials except bamboo
. Easy to repair and replace
« Cheap materials
. All tropical . Little effect by climate on
forest hardwoods
countries . Very resistant to rain and
. Cold climatic periodical water
Timber reglions . medium heat insulation
. Temperate . Limited heat storage capacity
regions . Resistant to wind, and storms
. Good structural stability
. Basy to repair and replace
. sedium fire resistant
. In hot dry climates the continual
expansion and contraction of
timber causing deterioration
. Risk of damage from direct
Soils, exposure to continuous rain
clay, . Hot dry areas . Good heat insulation
Sand, . Large heat-storage capacity
Shell . Wind and dust storm proof
Adobe . siedium resistance to structural

damage
Low resistance to himidity
High resistance to fire

Repair necessary at the end of
the rainy season
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TABLE X (continued)

TYFES OF
MATERIALS

Stone

AREAS IN USE

. All climatic
types

. iost in temperate
and cold regions
that are near
rivers or seas

- - . [ ]

REACTIUN TO CLINATIC
CONDITIONS

Water and rain proocif

Wind and storm proecf

Fire proof

Low thermal conductivity and
high heat storage capacity

High earthquake stability

High resistance to structural
damnage

Highly used for foundations that
are near the water front

Concrete
reinforced,
concrete

. All climgtic
conditions

a &« & % & & @

Extreme adaptability to most
climatic conditions

Water and rain proof

Wind and storm proof
Fire-resistant

Low thermal conductivity

Very high heat storage capacity
High earthquake stability
Resistant to structural damage

Concrete
blocks

+ All climatic
eonditions

Low thermal conductivity
siedium heat-storage capacity
Effects of humidity causing creep,
reduced by surface treatment
(rendering)

Heat expansion important only
in hot, dry regions with high
temperature differences

Wind and storm proof

Water resistant

rire resistant

gZasy to repair

Limited structural damage



TABL: X (continued)

AREAS IN USE REACTION TO CLLJATIC

CONDITIONS

. oxcellent in Hot
humid regions

High thermal conductivity _

Very high heat storage capacity

Storm and earthquake proof

Alr tight

Water proof

Very good durability in all

Copper climatic regions

. Little danger of corrosion to
copper material laid in the
ground -

. Undamaged by plants or animals

| . Bxcellent for all corrosicn

resistant wall and ceiling

cladding

. All types of . Known to deteriorate more rapidly
climatic regions in hot humid than in hot dry

Rain and water proof

Wind proof

Low thermal conductivity

Good heat storage capacity

High risk of breskage during

transport, earthquakes, fire

impact and deflection

. Surface deterioration from dust
or sand storm

. Double glazing glass window
excellent for thermal insulation

. L] - - -

Glass

. All climatic . Repainting more frequent in
regions hot humid than hot dry

. Extremely varied, depending
upon chemical composition

. Tendéncy to chalking with rapid

Paints changes between rain and
sunshine

. Considerable deterioration
from continual humidity

. Good heat-storage capacity

. Low thermal conductivity

. Water proof




TABLZ X (eontinued)

REACTION TO CLISATIC

ONDITICHS

Plastics

. All climatic
regions

L] - . . -

ot too desirable for exterior
building materials in hot dry
zones

Rain and damp proof

Low heat storage capacity
Low thermal conductivity

Air and wind proof
Deterioration accelerated by
high and rapid temperatures
change

Non-flammable to combustible
Resistance to termites

Asbestos
cement

sheeting

. All climatic
regions,
especlally in
tropical regions

Water and rain proof

Limited thermal conductivity
Good heat-storage capacity
Wind proof

High resistance to corrosion
Breakable material

Fire resistant
Self-supported roof covering
Becomes brittle in hot dry

Bitumen

(Asphalt)

. All climatic
regions

Frotecting timber against

rot, fungi, and insects

Water proof

Low thermal conductivity

Good heat storage capacity
Alr tight r T -
Deterioration through strong
sunlight and high temperatures
Good roof insulated materials,
but not for tropical climates




TABLE X (continued)

dATERIALS
. Hot dry and
hot humid
. Temperate
Plaster
and
iHortar

REACTIQN TO CLLATIC
_CONDITIONS

Clay mortar usable only on
large roof overhangs

Water repellent to waterproof
Relatively low thermal
conductivity

Good heat-storage capacity

Fire retarding to fire
resistant

Easy repair possible
Durability--drastically reduced
by: periodically changing
weather conditions, abrasion
from sandstorms, extreme solar

radiations, and high temperature

differences and effects of
salt content of air

189

Aluminum,

aluninum
sheets

. All temperate
and cold
regions

. Imported goods
to tropical
regions

Difficulties of protection
against corrosion occurred

in hot humid areas

Air-tight and water proof

High thermal conductivity

and high heat-storage capacity
Storm and excellent earthquake
proof

Greatest deterioration to
unalloyed steel by corrosion
in hot humid areas

lio excessive corrosion in hot
dry sones

Low fire=-resistant

Risk of ground corrosion,
according to composition

soil
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3. Section and Plan Layout of Suggested Schematic
Design for Various Types of Climates

The study of the characteristics of the various types of cli-
mates leads us to design for better enviromment. The study of solar
control, wind control, site selection, location and crientation with
respect to climate can be used to improve ocur shelter design, as we
mentioned in the previous section (see Climate Controls by Non-mechan-
ical Means in Part IV). With this information in mind, owr last sec-
tion of this study introduced the schematic design of section and plan
layouts. These suggested design elements are to help establish a fav-
orable environment, in various climates, by using natural resources

(see Plates LIII - IX).

VIII. CONCLUSION

Climete must be an important factor in design for envirommental
comfort of the residence. In this study we are especially concerned
with "natural" means of comfort control For economical reasons, many
houses in hot-dry and hot-lumid areas of the world are not equipped
with mechanical control systems. These residences are designed, de-
pending on natural controls such as sun control devices, weather bar-
riers and ventilation. Site considerations that take advantage of or-
jentation edd to this concept of "total" design for a specific environ-

ment.
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EXPIANATION OF PIATE LIII

Section of suggester schematic design

for hot-humid areas.
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PLATE LIIIX
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EXPIANATION OF PLATE LIV

Section of suggested schematic design

for hot-dry areas.
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EXPIANATION OF PIATE LV

Section of suggested schematic design

for temperate areas.
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EXPLANATION OF PIATE ILVI

Section of suggested schematic design

for cold areas.
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EXPIANATIOR OF PIATE LVII

Suggested Schematic Plan Layout for Hot-Humid Areas
(Northern Hemisphere )

In hot-humid areas, air movement through and around the building
is extremely important for relative comfort. Thefefore, the arrange-
ment of interior space should be an open plan to admit the summer breeze
88 much as possible. Outdoor activities and living areas are also im-

portant to people in such areas.

(4} In this illustration, large covering of outdoor living and
dining areas are provided and oriented to receive the meximum summer
breeze from the southeast. They are also protected from solar radia-

tion and rain by the covering roof.

(B) The living area is located on the southeast corner of the
building for better exposure to the prevalling breeze and for establish-
ing visual contact with the exterior when the large openings are used.
Heat production areas, such as the kitehen, are located on the north-
west where the ventilation picks up the heat, moisture, and odor through
the north side., The carport is located to block the strong western sun.
However, sun protection, such as a louver, should be used in the west
wall of the sleeping quarter to stop radiation and at the same time,
allow sufficient ventilation. large openings on this side should be

minimized.

(C) The cold winter wind from the north should be stopped by the
north walls, however, openings should be depigned to allow hot air to
escape during the summer, but stop the entering of cold air in the win-
ter. Arrangement of trees can be employed in such & way that they can
interrupt the cold winter wind and prevent it from penetrating into the

interior space. However, trees should be the type that retain follage

during the winter.
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EXPIARATION OF PIATE LVIII

Suggested Schematic Plan layout for Hot-Dry Areas
(Northern Hemisphere)

In hot dry areas, shading the openings and proper insulation of

the building components are the most important design factors.

(A) It is desirable to have outdoor activities protected by
shading devices from the solar radiation and the hot dry breeze from
the ﬁouthwest. Cool breezes usually occur at night from the southeast,
where the ocutdoor living areas should be located. High walls on the

west side of this area are employed to block hot dry breezes,

(B) large openings can be used on the south side of the build-
ing, if they are shaded., Ventilation is desirable to dissipate heat
and odors from the building through the small openings on the north

side of the building.

(c) Openings on the west side should be minimized as much as
possible because of the strong western solar radiation. The carport
is located on the west side in order to block such radiation. Care-
fully designed openings have been used on the north side to allow

ventilation, but to reject the winter breeze.
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EXPIANATION OF PIATE LIX

Suggested Schematic Plan Layout for Temperate Areas
(Northern Hemisphere )

Cooling and heating in the temperate areas are equally important
in design consideration. However, the relationships between indoor

and outdoor living are also very pleasant in this climate.

(A) In the evening, cool summer wind is desirable to allow in
the outdoor and indoor living areas. In this illustration, it blows

from the southwest where the living quarters are located.

(B) Sleeping quarters and the bathroom are also exposed to the
breeze. Ventilation is necessary to pick up heat, moisture, and to
expel odors out of the house in the summer, while in the winter, it

helps to get rid of moisture.

(C) The carport is located on the north side. It acts as a
barrier by blocking the cold winter wind from the northwest. Natur-
al elements such as trees, can be arranged to cut down, or slow, the
cold winter wind velocity. They also provide the shade to the build-
ing on the west side in the summer. However, trees should be the

type that retain foliage during the winter.
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EXPIANATION OF PLATE IX

Suggested Schematic Plan Layout for Cold Areas
(Northern Hemisphere)

Like the temperate climatic areas, the layout of the plan in cold
climatic areas must not allow the cold winter wind to penetrate into
the interior space, while solar radiation is very present in this type
of climate, Outdoor activities are desirable only during a short per-

iod of time during the year.

(A) Outdoor living area may be provided on the south side to
take advantage of the summer breeze. High walls on the west side of

these areas are used to block the winter breeze.

(B) Sleeping quarters and bathrooms should be well ventllated
(to get rid of moisture condensation) in both winter and summer. Suf-
ficient insulation of walls, roof, and floore throughout the structure

is extremely necessary. The carport is located to block the winter

breeze.

(C) There should be minimum opening areas on the west side be-

cause of strong solar radiation and the cold winter wind.
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The investigation of historical examples illustrates a wide-
spread knowledge of "design for enviromment" developed by man through
the ages., Because primitive people lacked efficient insulating ma-
terials and modern technology, they were forced to develop designs
that incorporated the use of all of these natural elements and prin-
ciples. They became experts in the use of "natural” means of provid-
ing envirommental comfort. It is, therefore, advantageous to study
the historical development of men's shelters in various climates, in-
cluding the uses of availsble materials, and the adasptation of pri-

mitive materials and techniques used to provide comfort control.

Now that man has developed many efficient insuleting materials
and sophisticated temperature control devices, he often neglects to
incorporate these basic "Natural" principles of good design. A de-
signer thet recognizes natural means of comfort control may help to
save considerable energy when deciding upon heating and cooling de-

vices, and thus may also save money in future operating expenses.

In the early part of the schematic design study (Part V), the
general requirement of houses in all climatic types are suggested,
including those of the roof, walls, and the floors. These bullding
elements which protect the interior space are clearly 1llustrated in
the diagrams. The remainder of the schematic design study is devoted
to information and suggestions for the approach to design in four
different climates of ﬁhe Northern Hemisphere, nemely: hot-humig,

hot-dry, temperate and cold climates. These include the study of the



characteristics of each type of climate, the effeects of the climate
on the people residing in it, efficient building materials for differ-
ent climates, and finally, the suggested sections and plans of a sche-

matic design for each climatic type.

Following the selection of the site, the orientation of the
building, with respect to prevailing wind and sclar radiation, should
also be taken into design consideration in order to assure relative in-
ternal comfort. The suggested plans for different climates are i1llus-
trated in diagrams, which include the general arrangement of the inter-
ior spaces, the utilization of plants and the orientation of the build-
ing in order to receive the maximum advantage of the cool prevalling
summer breeze and the minimum amount of the cold winter wind. Further-
more, it is assumed that there is no mechanicel air-conditioning sys-
tems in the house, and that the houses are located in the Northern
Hemisphere. Although the same approach can be teken to design, if
mechanical air-conditioning is used, designers should carefully study
the climate when selecting materials and developing design techniques,
in order to achieve relative comfort at reasonable costs, to the indi-

vidual and to his society.
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APPENDIX 1

SUN PATH DIAGRAM AND SHADOW ANGLE PROTRACTOR

Solar radiation is welcome when the weather is cold, unwelcome
when it is hot. The information in this annex explains how the
architect can protect buildings, especially the openings, against
direct solar radiation and how he can encourage sun penctration
when it 1 needed to warm the interior.

THE SUN PATH DIAGRAM

Horizen

Azimuth

The sun’s pasition as it moves across the sky can best be shown
on a map of the sky, the sun path diagram. This diagram con-
sists of a circle, the periphery of which represents the horizon
while the centre represents the zenith directly overhead.

Azimuth

Two co-ordinales are necded to locate a position in the sky.
They are called azimuth and altitude. In the sun path diagram
the azimuth is shown on an angular scale 0-360° around the circle.
It is measured clockwise from the north. The altitude of the sun's
position is shown by a series of concentric rings, and is measured
upward from the horizon (0°) to the zenith (90°).

SUN'S PATH AND HOUR LINES

'nvepathoflhemnncmsuh:skyisshownbyamiunfliuu
which start at the eastern edge of the circle (sunrise) and finish
m&omaned;:(:um).ﬂammmﬁmnpmm
the sun's path on June 22 (the summer solstice) and the southern-

2 1z unt

May = Sept:

1

most line represents it on December 22 (ihe winter solstice). The
lines between thesc represent the sun's path at intervals through-
out the year. Each of these lines represents the sun's path for
two days of the year, one day during the period from January
to June, when the sun's path moves further to the north each
day, and the second during the period from June to December
when the sun’s path moves back to the south.

Sun's path aeross the sky

The shorter lines that cross the sun's path represent the hours
of the day. They show that the sun rises around six o'clock in
the morning, crosses the line due north-south at mid-day and
sets in the evening around six o'clock. The times given are solar
times, which may vary slightly from local time, but the designer
can safely ignore this difference. The effect of the difference is
negligible. '

In thearyez different sun path diagram should be used for .
each degree of latitude. In practice, one can manage with fewer
diagrams. The solar charis for 4° intervals (figure WXXID) will
provide sufficient accuracy for mast applications,

THE SHADOW ANGLE FROTRACTOR

mmmmmmmbm

to find the
sizes of vertical and horizontal projections (or i

) which
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shndow-ongie protractor,

Figure XXX. The shadow angle protractor

Veriical
shadow
angle

are required to exclude the sun when it is not needed. The
shadow angle protractor consists of two series of lines marked on
a transparent semi-circle which has the same diameter as the
sun path diagram. The first series of lines are curved and show
the vertical shadow angles. The second series of lines, which
radiate out from the centre, show the horizontal shadow angles.
The diameter of the protractor is called the base line.

The curved lines represent a number of hypothetical sun paths,
If the sun were to follow these paths it would always appear to
have the same altitude when seen in section perpendicular to
the base line. The angle of the sun seen in section is the vertical
shadow angle. [t is measured from the horizon (0°) up to the
zenith (90%). It should be noted that the sun's vertical shadow
angle is equal o the solar altitude only when the sun’s rays ure
perpendicular to the base line.

Vartical
shadow angle

Section
.

The shadow angle protractor is placed on the sun path dia-
gram and rotated so that the base line and the curved line, which
represents the vertical shadow angle, cover the arca of sky ob-
scured by a horizontal projection. The extent of the projection
is determined by the vertical shadow angle which is measured
in a vertical section at right angles to the wall, It is the angle be-
tween the horizontal and & line drawn from the edge of the pro-
jection to the sill or the lower edge of the opening.

'




Horizontal
thadow enple

Plan

It is not always possible to exclude the sun by horizontal pro-
jections alone. The second series of lines can be used to find the
horizontal shadow angles. The horizontal shadow angle is the
angle shown on the plan between a line from the inner edge of
the opening 10 a vertical projection beyond it and a line perpen-
dicular to the base line.

\'

I

\I

i

N>

\
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A shadow angle protractor may be found in the pocket at the
end of Lhis volume.

SHADING PERIODS

‘When the sun's path for the correct latitude has been found,
it is necessary to determine the periods when protection is needed.
There are places with some hot and some cold months (see example
C. New Delhi, India, in chapter 111) where a simple inspection of
table 3 will show the months when sun is needed. These months
can be marked on Lhe sun puth diagram.

There may be other cases where maximum temperatures during
the day are comfortable or hot but the nights are cold and some
sun may be welcome in the mornings when the air temperature
and the interior of the buildings are still cool. This situation is
often found in tropical upland climates.

If the sun is to be excluded when it causes discornfort and allowed
to penetrate into the interior when it aids comfort, the temperature
for each hour of the day has to be found. As hourly readings
are not normally published by metecrojogical observatories, the
daily shading time chart (figure XXXI) can be used to find the

times when complete sun protection is needed. The steps to find
the shading time are explained below:

() Find the lower limit of the day comfort zone for the month
from table 3, This is the shading temperature, A line should be
drawn vertically joining this shade temperature on the top and
bottom scales;

(b) Find the monthly mean maximum and the monthly mean
minimum temperature for the month from table i;

(¢) Mark the maximum on the top scale and the minimum
on the bottom scale and join the two points with a diagonal line;

(¢} Find the point where the diagonal maximum-minimum
tine crosses the shading time line. From this point draw & hori-
zontal line parallel to the hourly lines to meet the time scale line
an the left-hand side. The point of Intersection gives the time when
complete shading should start,

If the maximum-minimum line does not meet the shading line,
it is necessary to differentiate between two possible situations:

(a) If the shading linc is to the left of the maximum-minimum
line, then shading is always needed. The air temperature is never
belaw the comfort zone during this month;

(5) If the shading line is to the right of the maximum-mini-
mum line, then complele shading is not essential as the air tem-
perature is always below the comfort zone for this particular
month,

The time when shading may end can be found by continuing
to the right the line already drawn from the point of Intersec-
tion, There are many cases where the sun sets before the tem-
perature drops below the comfort zone.

Period when shade

Underheoted period

The hatched sun path

Figure XXXI gives the shading times for the different months
and these times can be marked on the sun path diagram. Those
areas of the sky across which the sun moves when complete shad-
ing is necded should be hatched.

When designing shading devices it should be remembered that
the change in the path of the sun is symmetrical to the solstices.
Each sun path line represenis the path of the sun across the sky
at two different Limes of the year. -

The same cannot be said about the air temperature. In the
northern hemisphere the highest air temperature does not always
coincide with the summer solstice nor the lowest with the winter
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solstice. In many regions, there is a lime lag of a month of more,

It may be too cold in March but too hot in September or, in
composite climates, it may be still too hot in November but dis-
tinctly cold in February, In such cases, it is aiways prelerable
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to provide adequate shading for the overheated period rather When air temperatures gre low, the designer should not auto-
than to allow sun to penctrate during the cold period. In more matically assume that he needs as much sun penetration as
expensive houses adjustable louvres are used to provide a poten-  possible. Overheating can occur when the sun shines through
tially better solution; potentially, because its effectiveness depends  large windows even when the external air temperature is well
on good maintenance and correct use of the adjustable louvres, below the comfort zone.
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THE DESIGN OF SHADING DEVICES same cffect, as far as sun protection is concerned, He can then
take other considerations into account. In the warm humid trop-
The protractor is placed over the hatched sun path diagram ics it may be desirable to use horizontal projections, Such as
1o decide the horizontal and verlical shadow angles that will large overhangs, to protect openings from rain and sky glare.
exclude the sun when it is not nesded. As a rule, the designer  In the hot dry tropics, vertical sun shades arc often preferred
can choose from a number of combinations which achieve the  because they allow a view of the blue sky. There is also the possi-
bility of using a number of small louvres rather than one large
one. Egg-crate lauvres mre often used to give combined vertical
and horizontal shading. The possibilities are endless and the
method for designing shading devices for windows outlined here
gives the designer a large degree of flexibility.

Three further points should be mentioned in conclusion. First,
the shading device affects other windaw functions such as light-
ing and air flow. Secondly, the material used should be refiective
and as light as possible to avoid the storage and reradiation of
heat through the opening. Finally, it is extremely difficult, and
often impossible to design effective sun shades for west-facing

Herizental windows in tropical and subtropical regioms.
shodow
angle The solar charts in figure XXXII are reproduced with the per-
mission of the Director, Building R h Station, Garston,
— Watford, Hertfordshire, England,
shadow angle They are marked for the northern hemisphere, but can be used
also for locations south of the equator by reading the charts up-
Sun path diagram and protracter side down, reversing the N-5 and E-W signs and the hour lines.

Source : United Nation, Departmeant of Economic and Social
Affair, Design of Low=Cost Housing and
Community Facilities, Vol. I, Climate and
House Design, (New York; United Nation
Publication, 1971) pp. 67-72.
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APPENDIX II

H. Projecting sunshades produce L——
abad vpward air flow. ..

wmm——eed A, High inlet and outlet do not produce —

good air movemen! af body level

! ). ...thiscanbe corrected by slots rl——
B. Low inletand autlet produce nthe projection

abeneficial low-level wind pattern

F to 1: Sections showing the effect of louvres and
sunbreakers on alr mov

€. Low inlet and high outler produce
o good patiern of air movement

D. Thebad pattern cavsed by a high inlat

it not corracted by alow outlet

E. Internal walls obstruet wind
A to E: Sections showing cross-ventilotion paiterns

Bl 19

E. Louvrescan deflect the air stream L

vp taths ceiling...

J. Bushes and other externol cbstructions
can reduce the air flow

G el

K. Internal partitions and room dividers ’-I——

cancreats large still areas

L. Airflows differ on different lavels

M. Clear-starey ventilation will not
imprave air movement ot low lave!

1 to M Sectlons showing the effect of obstructions
on air movement

mﬂwpmww“h“hﬂnﬂﬂ-ﬁm-lnﬂh

Source: United Nation, Climate and House Design, (New
i Yorks Uni'.toa‘ Nation Publicatiom, 1971) p. 62.
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APPENDIX IV
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APPENDIX V
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APPENDIX VI

—Winds of the World, July. (Ocean data after W, F. McDonald.)
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AFPPENDIX VIII

TEMPERATURE AND HUMIDITY = U.S.A.,

Sunshine | Snowfall

]
OVER 90% : A

E ?B’V'EQS Annual percentage of 8 a8 Average annual number of

5 5070 possible sunshine = days with snow cover

Ed 50-60 - B8 OVER 120 (One inch or more)

40-50 We suggest that, when traveling in winter,

you keep your radio tuned on weather reports.
Temperature and humidity
PRINCIPAL CITIES JANUARY APRIL JULY OCTOBER
OF THE Temperature ~ Avg. Temperature  Avg. Temperature  Avg. Temperature  Avg.
Avg. Avg. Humid- Avg. Avg. Humid- Avg. Avg. Humid- Avg, Avg. Humid-

UNITED STATES Max. Min. ity Max. Min. ity Max. Min. ity Max. Min. ity
CHICAGO 33 19° 755% 574° 405° 66.5% 84.1° 67.1° 665% 634° 467° 715%
DENVER 421 148 525 605 323 #4 884 54 42 666 362 4l
HOUSTON 636 436 76 78 59 785 921 738 675 823 604 77
LOS ANGELES 638 45 58 669 519 705 759 623 715 73 58 76
MIAMI 758 579 80 826 658 745 888 247 795 847 709 81
NEW ORLEANS B44 448 B0 711 %81 77 W6 726 83 803 605 795
NEW YORK 395 269 645 596 431 63 853 682 70 663 503 695
SAN FRANCISCO 558 455 5 613 495 635 643 533 &0 683 544 W0
SEATTLE 456 BB 77 594 441 74 A1 561 68 604 483 795
WASHINGTON, D.C. M3 295 4 658 456 535 _ 870 693 665 683 496 70
YELLOWSTONE :
NATIONAL PARK 25 1 44 17 18 39 H 52 21 51

The relationship between temperature and humidity usually affects personal comfort. The relative
humidity figures shown in the chart indicate the average percentage of moisture in the air. When the
relative humidity reaches 754 ar more, the discomfort of high temperatures is increased. High tem-
peratures are usually mare tolerable when the humidity figure is low, ~

Source: Conoco Touraide, Interstate Travel Guide, U.S.A., 1969, p.5
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APPENDIX IX

American recommendations for building houses for consultants in the humid
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U.5.Embassy, Accra, Ghana (Architect MHarry Weese & Associates)

Source: Georg Lippsmeier, Building in the Tropics, {Germany:
Verlag Georg D.W. Callwey, Munchen, 1969)
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.. PABLE X1 Swmmary of Principles for Warm Humid Environments and Imparianr Applications

Priﬁ;ip!él

~ Important applications

Principles

Important applications

Reducing bm bear produc-
-0 tom.

Convenicnce  of -. arrange-
_Ient. )
Ease of cleaning.

 Redacing gin and prowoting
losres fml body by radiation

External shade.

Reduced ground reﬂccuon.
Attached shade. ;
Weter cooling of exterior.
Minimal solar projection.

High reflectivity of exterior.

Coavection over surfaces
exposed to radiarion.
Insulation (upamty type)

to roof.
Convection over inner sar-
faces. 2
Low emissivity of i mner sur-
faces.

Convenient storage space.

Convenient plan and conservation
of floor space.

Convenient facilicies.

Easily cleaned surfaces, especially
floor.

Shade trees, especially to roof.

Shade bushes etc., especially o E. |
and W. exposures, but without
obstructing wind. .

Scparation of baildings.

“Vegetation over ground,

Eaves and other horizoneal projec-
tions on equatorial exposures.

Awnings, verandahs, crc., especi-

ally on equarorial exposures.
Vertical projections beside win-
- dow opcnings on cquatorial ex-
posure.
Water spraying or warter layer on
roof in dry weather.
Minimum solar projection of roof,
Light color or polished metal for
sutfaces exposed to solar radia-

Promoting losses from body ,
by svaporation 1

Veatilation (volume flow).

Air movement (velocity of
flow),

Dehumidification.

Reducing beat liberation in |
buslding ‘

Minimize heat and vapor
liberation.
Remove liberated hcat and

vapor,

Wood, stone or other material of
low diffusivity for roof.

Ceiling height generally not over
eight feer.

Maximum wall openings for
breeze, with blinds, louvres, erc.
against rain.

Cross ventilation directed and

without obstruction.

Ventilation of roof space and
spaces berween successive rook-
ing layers. '

Turbulence-producing fans.

Dehumidification by refrigeration
or absorption,

Capacity insularion around oven
and fircbox.

Narrow air space lined with alum-
inum foil in oven wall,

Liquid or gas fuel, or power, where
economically feasible.

Vent tgoutstd: OVer stove.

Modcrate cciIing height.. tion. Venes and infrared screens for
= TUEE - Avoid parapets and mutual inter- lamps. .
i ‘ ference of roof structures rto
L wind.
&
Source: Dr. Douglas Lee,

Weather Housing,

Phxsiological Objectives in Hot

Washington D.C.; Housing

and Home Finance Agency, 1953) p. 56
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,IABLI.LX-II —Summary of Principles for Hor Dry Enmvironments and Important Applications

Prmuples Important applications Principles Importane applications
- Reducing ' Inaprdsc- ., Avoid parapets and mutual inter-
- tim - Convenient storage space. ference of roof structures to

Convenicnce of atrange-
© ment. -
Ease of cleaning...

Reducing goin end premoting
o losses frem body by radia-
- tim . T
Extcrnal shade, - .
Reduced ground reflection.
Attached shade. - ¢ -
Water cooling of exterior.
‘Minimal solar projection.
‘High reflectivity and re.
emission of exterior.
Convection over surfaces
exposed to radiation,
Insulation (capacity type).
Convection over inoer sur-
e .
Low emissivicy of inner
surfaces.
Moderate ceiling height.

‘| Convenient plan and conservation

of floor space.

Convenient facilities,

Easily cleaned surfaces,

Shade trees where possible, espe-
cially ro roof.

Shade bushes where possible,
+ especially to E. and W. expo-

sSures.

'Contiguous building in E.-W.

- rows or consolidated.

Noninhabired wings to E. and W.
cxposures to provide shade.

Vegetation over ground where
possible.

Dark color for ground exposed to

sun.

| Eaves and other horizontal pro-

" jections on equacorial exposures,

Awnings, external shades, shot-

. ters, etc., especially on equa-
torial exposures.

Vertical projections beside win-

- dow openings on equatorial
exposures.

‘Water spraying of roof and walls

exposed to radiant load.

| Water layer on flat roof.

N.-Facing slab or tall square shape
for inhabited building.

Lighe color for surfaccs exposed to
solar radiation.

Reducing gain and promoting
losses from body by comduc-
tion E

Insulation,

Contraolled ventilation,
Ventilarion of roof spaces.
Ground cooling.
Evaporative cooling,
Refrigerant cooling.

Reducing boat liberation in
building

Minimize heat liberation.
Remove liberated heat.

wind.

Wouod, earth, stone, or other mate-
rial of low diffusivity for roof.
Ceiling height generally not over

B feet. :

Continuous walls, with capacity
insulation where exposed to
radiant load.

Doors, windows, etc.,  fashioned
for both tight closing and easy
opening. . )

Venrilation of roof space and”
spaces between successive roof-
ing layers. . 2

Water blinds, or box coolers with
fans. K :

Air intake through earth tunnels.

Basement construcion, g

Air conditioning by refrigerstion.

Capacity nsulation around ov
and firebox. £

Narrow air space lined with alo-
minum foil in oven wail.

Liquid or gas fuel, or power where
economically. feasible.

Vent to outside over stove. .

Vents and infrared screens for
lamps,

Source:

Dr. Douglas Lee,

Pg!giologgcnl Objectives in Hot
Weather Housing,

Washington D.C.; Housing
and Home Finance Agency, 1953) p. 46.
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Architecture, in general, is the art and science of build-
ing. It has also been defined as man's created response to the basic
need for shelter. The architect has a responsibility to provide thermal,
physical and psychological comfort for the enviromment which he creates.
Therefore, developments in architecture are towards the improvement of

human comfort.

There are many factors which affect human comfort, but
one of the most important factors is climate. Climate affects our way
of living, our social and cultural activities, and our food supply.

The effects of climate on both internal and external environment are

the subjects to be studied by the psychologist, engineer, and architect.
The designer and architect should at first study the climatic condition
of the local site as an important design element, before considering the

mechanical systems necessary for comfort control.

There are three main objectives in this study. First,
the objective is to introduce the nature of the climate, in general.
Secondly, an architectural approach to design for various climates is
developed. The third objective is the suggestion of an approach to the
design of residences that will help to control objectionsble natural

elements, and which also uses favorsbhle natural elements to create a

suitable and pleasurable environment.



