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FOREWORD

I~ this country it is widely appreciated that the housing conditions
under which our people live are important contributory factors to
good health, and I am convinced, as I feel sure all the readers of this
book will be, that not only the plan of a building and its construc-
tion and design, but also the warming, cooling, ventilation, cleansing,
humidifying and de-humidifying of the atmosphere within it are
details of vital importance to the general health of the community.
and should be efficiently provided in the buildings we design and
erect for various uses by human beings. To contribute in this way
to their good health is to add also to their personal comfort and
happiness.

It is with pleasure that I recall hearing Mr. F. Burlace Turpin
talk about these matters in the vear 1938, and how impressed I
was in all he said so clearly about them.

Since Mr. Turpin has decided to publish his knowledge and
experience in a simple form for the aid of architects and architectural
students especially, I can but hope that the benefits which this
book should help to bring about may be available well before the
preliminary work which must precede the great building programme
now before us is complete.

The importance of avoiding methods of heating that lead to
the extravagant use of fuel and power needs no emphasis. To refer
to Mr. Turpin’s past connection with the Coal Utilization Council is
sufficient to assure his readers that due regard is paid to the practice
of economy of the national fuel reserves by the use of appropriate
methods and appliances for the efficient production and utilization
of heat.

In my opinion the book will serve an extremely useful purpose in
aiding those for whom it has been specially written.

A. LEONARD ROBERTS

Fellow, Hon. Secretary, and Past Vice-President
of The Royal Institute
of British Architects



PREFACE

THE information contained in the following pages is based upon a
number of lectures which I was privileged to deliver some years
ago to numerous Architectural Societies and Associations, Technical
Colleges, and other organizations throughout the British Isles.
I have completely rewritten and revised the lecture notes and con-
siderably extended the treatment of the various aspects of the
subject, but its substance remains unaltered.

The discussions that followed these lectures made it evident
that the need was felt for a fuller exposition of the subject con-
sequent on the increasing complexity of this branch of the mechani-
cal equipment of buildings. It is this reason that has prompted
me to supply information of especial interest to those responsible
for the planning and construction of buildings and therefore pri-
marily concerned with the selection, installation, and use of such
equipment.

To-day the subject of efficient heat utilization is one of very great
importance not only because of the shortage and increasing cost of
fuel, but in order to be able to provide the better conditions of
comfort and hygiene now expected in modern buildings. The
provision of needs such as these under present circumstances, to-
gether with the urgent necessity to conserve the fuel resources of
the country, demands a high economic standard in the use of equip-
ment for its consumption. Only by this means is it possible to
utilize the sources of heat to the fullest advantage, and thereby
increase its availability to a community whose welfare is so largely
dependent upon its use.

I should like to take this opportunity to express my appreciation
of the willing co-operation of the many organizations and firms in
making available information and providing blocks for illustrations.

F. BURLACE TURPIN

Dorser CHAMBERS
N.W.1
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PART I
GENERAL AND TECHNICAL INTRODUCTION

CHAPTER 1
GENERAL INTRODUCTION

1. Object of the Text. It is the aim of these chapters to endeavour to
contribute to the solution of the many problems thac confront
those who are ultimately responsible for the selection and installation
of warming, ventilating, and air conditioning apparatus. The subject
has been approached from a special point of view—one that is not
to be found in orthodox textbooks, which are normally published
for the benefit of the engineering student and practitioner, and are
of necessity full of technicalities.

The treatment of the subject has been undertaken from the view-
point of the purchaser, and those acting on his behalf, who require
information of a different character. They are usually not concerned
with technical details of design and the scientific modus operandi of
apparatus, but seek to know how best to utilize the material at their
disposal in order to provide, efficaciously and economically, particular
atmospheric conditions. Information is therefore given upon two
specific aspects of the subject—the extent of the different types of
equipment available and their various functions and applications—
so that discrimination may be excercised in their use.

Increasing complexity in heating and air conditioning methods,
together with greater variety of appliances, renders more difficult
the task of making a right choice, and makes it necessary to keep in
touch with modern progress.

Planning should aim at providing modern standards of comfort and
service from a plant which will not soon become obsolete. This can
only be achieved by sound methods and proper standards of hygiene
and economy, applied with due regard to sesthetic considerations.

It is now being realized that the construction of a building of
whatever class cannot be regarded as complete unless it is provided
with some form of central warming or air conditioning apparatus.
To render this modern complement of architecture fully effective
it is necessary both for its utilitarian value to be apparent and for a
fuller understanding of its wider applications to be promoted.

This necessity has become the more apparent during recent years,

1



2 HEATING AND AIR CONDITIONING EQUIPMENT FOR BUILDINGS

(mﬁ'ing to the extensive progress made in methods of atmospheric
conditioning.

There is to-day, in regard to the class of equipment to be described,
a tendency for scientific progress to outstrip the ability to apply it to
the best advantage, such as occurred in the last century in regard to
appliances in general. During this period innovations accumulated
to the confusion of those who were concerned with their utilization
because they possessed insufficient engineering knowledge to enable
the inventions to be used intelligently. In much the same way
to-day the full interests of the owner of a new building are some-
times neglected, not so much because of any intention to deprive him
of benefits to be derived from the use of more appropriate methods
or apparatus, as because of a lack of appreciation of the general
applications of the cquipment. This is evidenced by the want of
balance exhibited between architectural and utilitarian values
in the planning of some present-day buildings.

It is nowadays, of course, necessary because of shortage and
increasing cost to curtail the amount of fuel used for space heating,
ventilating, and hot-water supply, in order to conserve resources.
Therefore, the aim in the following text is to encourage the use of
those appliances and methods that combine maximum economy
with the most efficient production and utilization of heat. Only by
a careful selection of the means available will future installations
and buildings give the highest standard of comfort and convenience
combined with the greatest possible economy.

Throughout, an attempt has been made to explain the motives
underlying the use of different equipment, according to the prevail-
ing circumstances, and in correspondence with the facts. There has
been no attempt to describe the mechanical principles of the various
systems and appliances, or the materials and methods used in their
manufacture, nor to give precise details of their design. It is con-
sidered that information of this character would serve little useful
purpose in a text of this description, and would tend to confuse the
the real issues. The object has rather been to facilitate the selection
and installation of apparatus for the benefit of the purchaser by
omitting all irrelevant matters.

There has also been no attempt to deal with every item of appara-
tus involved in the provision of the atmospheric conditions re-
quired in a building, since the aim is to present information affect-
ing architectural considerations in particular in preference to those
of an engineering character.
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The importance of giving the whole subject every consideration
cannot be over-emphasized if a building, on completion, is to be
an acknowledged success in all its aspects. To many concerned
with the design and construction of buildings the necessity of making
provision for their warming, ventilating, or air conditioning is
often the cause of some anxiety, lest deficiencies in the installation
of apparatus prejudices the merit of an otherwise creditable building
achievement. That this feeling is sometimes justified is apparent
from instances to be seen in some buildings to-day, where the installa-
tion of such apparatus has not only seriously detracted from the
wsthetic features of a building, but has been the cause of criticism
on practical grounds, due to circumstances which, in many cases,
could have been foreseen and avoided. Difficulties of one kind and
another must, of course, arise from time to time in any undertaking,
but they can be minimized if due regard is given to known require-
ments in the initial and all subsequent stages of planning.

It is upon the early and close collaboration of those concerned
with architecture and the mechanical equipment entailed that the
success of a building largely depends; and of no less importance
is the necessity for this co-operation to continue during the course
of construction if completion is to be entirely satisfactory. Without
collaboration of this nature difficulty must be experienced in securing
the economic and other standards essential for the proper installa-
tion of equipment and its subsequent operation.

Failure to select equipment when a building is first being designed
may subsequently increase costs, as the apparatus will have to be
considered at a later stage. By carefully co-ordinating appliance
installation requirements with structural design, both functional
and economic requirements are satisfied, and later complications
avoided.

The information given is thus intended for the benefit of those
who, being uncertain of the best procedure to adopt to fulfil their
own particular requirements and wishing to avoid the errors that
can be made in any new undertaking, are also anxious at the same
time to improve the general internal condition of buildings. From
the text of the book many of the precautions necessary for avoiding
the pitfalls known to exist should become apparent.

The method adopted in the presentation of the work will, it is
hoped, be found helpful, and serve to clarify a subject which to
some may have become confusing owing to the increasing variation
that is occurring in the modern applications and installation of
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apparatus. The considerations embraced by the subject have
been classified and sectionalized, and under each heading is included
‘a summary of the appliances, systems, methods, materials or general
procedure applicable in their respective categories. This arrange-
ment has also been adopted to facilitate prompt reference to any
particular item required which, by nature of the text, cannot be
adequately covered by the general index. It has not been possible to
avoid the use of a certain number of technical terms in order to
deal both conclusively and concisely with the various subjects
included, and for the purpose of reference a glossary of such terms
is given at the end of the book.

2. Problems Encountered. The planning and construction of a
modern building, whether it be for private or commercial use, involves
many problems in addition to those of an architectural or structural
character. Because of the varied forms of construction and methods
of application of mechanical equipment, those concerned with
its use may sometimes feel in doubt as to how their requirements
may best be met.

Uncertainty often arises even in the minds of those familiar
with these matters, when called upon to choose between alternatives
of apparently equal merit. To others, less familiar with the subject,
difficulties of a more diverse character present themselves, such as
the extent of the treatment to be given to the atmosphere, the
practicability of installing one particular type of system in preference
to another, or the advisability of using certain forms of invisible
warming panels in preference to the orthodox radiator. Other prob-
lems may involve the choice of electrical, liquid, gaseous or solid
fuels, the application of thermal insulation, the choice of contractor
and the method of allocation of the contract.

An important factor in considering these problems is that of cost—
both the initial cost of the installation and its operating cost,
which has now become of greater significance owing to the increased
cost of installation and fuel. The task of selecting appropriate
apparatus is considerably simplified if cost is not a prime considera-
tion. Unfortunately, however, more often than not cost is the
limiting factor in the construction of a building, necessitating strict
economy in the purchase of equipment. Where this is so, vigilance
must be exercised to ensure that not only is the correct type of
equipment installed to provide the service required, but that
adequate service is provided under all conditions and is maintained
for a minimum outlay. e
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Considerations of economy must, of course, be taken into account
in purchasing mechanical apparatus in general, but when attempting
to apply them to the purchase of equipment of the class in question,
many variable factors are involved.

The initial or installation cost of apparatus, as distinct from its
operating cost, being governed chiefly by capacity or output and
the type of equipment used, requires special attention. Extrav-
agance in the selection of the atmospheric conditions to be pro-
vided must therefore be avoided. Equally important is the saving
to be made by selecting apparatus which is economical in both the
material and labour required for its provision.

The operating cost of an installation is of greater significance
than may be at first apparent since it is a continuous expenditure.
This should, therefore, be considered in conjunction with the initial
cost of apparatus, since the latter must necessarily react upon the
former. The cost of operation, being mainly dependent upon the
purchase price of the class of fuel consumed and the amount of
labour entailed in its consumption, together with the efficiency
and quantity of heat produced, and method of distribution used,
should receive close investigation. Circumstances such as these
require that appropriate classes of fuel, correct types of space
heating appliances and boiler plant, and sound methods of heat
conservation are utilized. Incidental to these precautions other
difficulties may at the same time be overcome, such as the over-
heating of ‘a building by the provision of improved conditions of
warmth.

The submission of tenders for the execution of the contract has
also been known to create doubts on the part of the recipient, not
only on account of the conflicting proposals submitted and diversity
in estimated costs, but for other reasons. For example, tenders
sometimes include a number of “optional” extra costs, which have
been quoted for alternative, or additional, items of equipment.

Some items of this nature may be superfluous and some necessary
for the satisfactory performance of the installation, and their
significance must therefore be appreciated in order that a wise
decision may be made as to which should be included and which
omitted. Keen competition in the submission of tenders sometimes
also results in the provision of something less than the bare minimum
of equipment necessary for satisfactory service, and these deficiencies
can be detected only by acquiring a knowledge of the real require-
ments. : :
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It may be said that the choice of suitable systems and apparatus
might conveniently be left entirely to the discretion of the vendor,
but experience has shown that this is not always a wise procedure
for numerous reasons. Owing to strong competition in the submission
of tenders, a tendency exists to install stereotyped systems and forms
of apparatus, in order to minimize the costs of the installation,
regardless of the other considerations. Alternatively, it may be that
a contractor’s experience of the design and installation of systems
and apparatus is limited to the provision of certain particular types,
and he is consequently reluctant to jeopardize his position by
proposing more suitable installations of which he has little experience.
It is also feasible that the use of patented systems may be proposed by
monopolistic firms, in the desire to eliminate competition for the
contract.

Considerations such as those already mentioned, and others of a
different character, to which reference is made later, suggest the
need for the purchaser to acquaint himself with the various classes of
installation available, so that he may, at least, be in a position to
inquire into the use of alternative arrangements. Such a precaution
should provide, in some measure, an assurance against the possibility
of installing inappropriate equipment, and the unnecessary expendi-
ture of large sums of money.



CHAPTER TI1

ATMOSPHERIC CONDITIONS FOR COMFORT
AND INDUSNTRY

1. Factors Involved. Before considering the various systems and
apparatus available for the provision of warmth, coolness, and
fresh air in a building, it is as well to reflect upon what constitutes
a satisfactory atmospheric environment and thy factors involved in
its production. This aspect of the subject is not only of importance
in its effect upon the general service to be provided by the apparatus,
but is of significance in relation to its cost and that of the fuel
consumed, as these will be mainly dependent upon the atmospheric
conditions selected.

To maintain itself in a state of physical comfort and mental
activity, the human body must be able to dissipate to the atmosphere
heat, moisture and gas in quantities proportional to its activities,
and upon this free exchange of thermal, aqueous and gaseous matter
depends the well-being of the individual. The body, for instance,
when at rest under normal temperature conditions is capable of
giving off from its surface, and by respiration, approximately 400
British Thermal Units of heat, 770 grains of moisture, and 1,000 cu. in.
of carbon dioxide every hour, and the state of the atmosphere,
therefore, should be capable of absorbing and dispersing these
elements if physical discomfort and ill-health are to be avoided.

That is why it is important for the ambient atmosphere to be
maintained in a condition appropriate for the transference of these
human organic functional products, although it is now recognized
that carbon dioxide is the least harmful vitiative element in its
general effect upon the individual. In addition, concentrations of
solid impurities in the air should not exceed certain limits if the
general health of the individual is not to be impaired. Finally,
adequate movement of the air around the individual should be
maintained to give full effect to these requirements as a whole.

Bodily emission of heat, which occurs in the form of evaporation,
convection and radiation, is governed by the temperature of sur-
rounding surfaces, and of the air, its humidity and movement,
and on these will depend the body’s rate of thermal transmission
and the conditions of comfort provided.

7
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The greater proportion of heat lost by a body is by convection and
radiation, and when the relative losses by these two means vary,
so will the feeling of comfort alter. This is one of the factors that
influences the choice of a method to provide warmth in a building,
since transmission of heat either primarily by convection or radia-
tion from a system will effect the conditions of comfort obtained.
If, for instance, body radiation heat losses are reduced by radiant
heat from an appliance, then the temperature of the air should be
reduced or its rate of movement accelerated in order to increase
convection loss from the body and so maintain thermal equilibrium.
Thus the feeling of comfort remains unaltered.

Air temperature by itself, even when maintained at a constant
level, does not provide ideal conditions of comfort. The co-ordination
of air and environmental surface temperatures, humidity and air
movement, is, therefore, necessary before a specific degree of each
of these ensures desired conditions, which will be further influenced
by unidirectional radiation and air movement, and air temperature
gradient. As an indication of how these variable factors may be
defined to produce a particular environment, the following example
is given of the conditions that may be required—

Air temperature . . . . . 65° F,
Mean radiant temperature . . . . 68°F.
Relative humidity . . . . . 509%

Air velocity . . . . . 30 ft. min.
Air temperature gradient, max. . . . 10° F.
Overhead radiant temperature, max. . . 100° F.

The relationship between temperature and humidity with specific
air movement which produces the same sensation of temperature
is known as ‘ effective ”’ temperature, a scale of which has been com-
piled from research and experiment, to establish a recognized zone
of comfort which can be verified by the use of testing instruments.
The chart shown in Fig. 1. serves to illustrate the manner in which
these variable factors affect the conditions produced as recorded in
the United States. In this country the zones would be a few degrees
cooler to conform with the different standard of comfort required.
The effect of air temperature and movement, together with radiation
from surrounding surfaces known as “equivalent’’ temperature, may
also be assessed by suitable measuring instruments, but until some
simple method is available to determine the optimum effect of all
these factors such as is indicated by the “corrected’’ effective tem-
perature, reliance must continue to be placed upon the ordinary
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thermometer, suitably shielded, as a means of ascertaining if a build-
ing is sufficiently heated.

If a more exacting index is required of the conditions provided
in a building by the heating installation and the form of building
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construction used, a portable apparatus (referred to in Chapter
XXI) may be used to determine the equivalent temperature.

The necessity of securing and maintaining exact conditions in
the state of an atmosphere becomes essential if it is desired to pro-
vide perfect comfort. This is evidenced by recent investigations
which show that a variation of between two and three degrees of
effective temperature is sufficient to alter the average persons’
feeling of ideal comfort.

Maintaining a constant percentage of relative humidity in the
atmosphere at the appropriate temperature not only produces a
favourable reaction upon the individual, but, irrespective of tempera-
ture, produces significant changes in the state of materials and
goods of a hygroscopic nature. For this latter reason the control of
the moisture content of the atmosphere becomes important, as
this facilitates manufacturing processes undertaken in connection
with such materials as textiles, paper, celluloid, ink, timber, and
tobacco. In the case of food processing, production is not only
simplified but is carried out under more hygienic conditions.

The scientific progress made in the treatment of air for improve-
ment of the atmosphere within a building has enabled its condition
to be mechanically regulated to produce changes of a diverse char-
acter. Thus it is now practicable to contol the state of an atmosphere,
within accurately defined limits, in order to provide the environment
required under different circumstances. When air is being condi-
tioned it undergoes many changes in physical composition. It may,
for example, be warmed or cooled and saturated or dried, and also
washed or dry cleaned in addition to being ionized, ozonized, and
deodorized.

Chemical sterilization of the atmosphere .for the control of air-
borne infection is also a process receiving careful consideration.
This is because investigation has shown that the air of enclosed spaces
is mainly responsible for the dissemination of respiratory disease.

The constitution of properly mechanically conditioned air is
analogous to that prevailing in a state of ideal climatic conditions,
and it will be seen that the functions of the various mechanical
systems to be described do not all reproduce these conditions or the
variations required for industry.

Conditioning of the atmosphere consists of partial or complete
treatment according to the process to which it is subjected. Air
that is only partially conditioned may be merely changed in tempera-
ture as with some form of heating or cooling appliance functioning in
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the space to be treated, or only be cleansed by filtration before
distribution throughout a building. Alternatively it may be heated
or cooled without being humidified or de-humidified in any way.
In each case the air will remain incompletely conditioned since it has
undergone only partial treatment.

Air to be fully conditioned must undergo treatment that will effect
whatever changes are necessary in the state of its temperature,
humidity and cleanliness to provide an atmosphere in conformity
with particular requirements. Due regard, therefore, must be
given to these three factors in the course of its treatment, together
with adequate movement of air throughout a building. On this
account the term ““air conditioning,” when applied to an apparatus,
may prove misleading unless further qualified, since certain types
of apparatus are intended to condition air only to a limited extent.

Such factors as those described prevail in the general conditioning
of air, and by the use of aerodynamics, thermometry, psychrometry,
and chemical screen and other tests, certain standards have been
set up for its temperature, humidity, purity and velocity according
to individual requirements. By this criterion is assessed the extent
of the service to be provided by the apparatus, and its design is
formulated accordingly.

The extent of warming and cooling of the air admitted to a building
must depend upon individual requirements of temperature and
humidity. According to meteorological records, to maintain air
at a temperature of 65 deg. F. and 50 per cent relative humidity,
for example-—an atmospheric state which may be regarded as gener-
ally satisfactory for comfortable conditions—it may be necessary in
this country to provide heating and cooling for over 200 days annu-
ally. The period within the year when both heating and cooling are
coincident occurs when de-humidification is necessary if the relative
humidity is to remain at 50 per cent in the treated atmosphere.

2. Temperature. It will be seen from the conditions governing
the provision of warmth that the amount to be provided depends
mainly upon the occupational use made of a building, either as a
whole or in its several parts. The activities of the occupants, there-
fore, will generally govern the temperature to be provided since
physical exertion is a means in itself of maintaining bodily warmth.
Other factors, however, such as the effect produced by certain
manufacturing processes, thermal insulation, and the method of
warming used will influence the temperature required.

Air temperature alone, it has been noted, cannot be expected to
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provide entirely satisfactory conditions since discomfort must be
felt in an environment where everything is cold except the atmo-
sphere. It is therefore desirable to provide a reasonable degree of
thermal insulation in the building structure so that the temperature
of walls and ceilings will not remain excessively low. This is further
countered when radiant heat is also employed in these surfaces or
from an independent source.

The mean radiant temperature of surrounding surfaces must
therefore play an important part in the provision of a satisfactory
environment since thermal radiation, in either positive or negative
form, is one of the four factors governing bodily heat exchanges.
Recent tests have confirmed that comfort can be produced in an air
temperature of about 55 deg. F., provided there is an adequate
supply of radiant heat of appropriate wavelength.

The comfort level for an individual is about 30 in. above floor
level, as this is found to be a more accurate index of the temperature
affecting comfort than at breathing level. A particular degree of
temperature, however, will not be acceptable to every individual
as the optimum comfort temperature and those in the minority
whose requirements differ in this respect should vary their clothing
accordingly as it is often impossible to please everyone sharing the
same environment. Owing to the differences in dress of the two
sexes and also their constitution a difference of about 4 deg. F. in
the temperature of the air appears to be necessary to produce the
same feeling of comfort.

The examples of air temperatures! given in Table 1 are typical
of those required according to usage of the space warmed and as
measured by an ordinary thermometer. Their actual effect as has
been seen, will be influenced to some extent by the proportion of any
radiant heat that may be provided with the convective heat together
with an air movement, which combine to produce an equivalent
temperature. .

In the living rooms of residences where the body is usually at
rest and giving off a normal quantity of heat, an air temperature
in the region of 60 to 65 deg. F. (about 65 deg. F. equivalent tempera-
ture) is considered satisfactory, a slightly higher degree being
preferable for elderly people and those of sub-normal vitality.
A similar temperature for workers engaged in sedentary forms of
occupation, such as in offices, is advocated, as for all other classes
of buildings where the physical exertions of the occupants is similar.

1 8ge Appendix B for detailed Table. ‘
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Bedrooms in residences or hotels are generally maintained at
an air temperture of 5-15 deg. below that recommended for living
rooms. It is considered that a higher temperature should be avoided
for health reasons and because the body is generally covered with
bedclothes, and so suffers no discomfort from a lower temperature.
But individual requirements in this respect will differ widely, and
for this reason appropriate conditions can be obtained only by
the personal pre-selection of temperature such as is possible with
automatic temperature control.

TABLE I
AR TeEMPERATURE REQUIRED 1IN BuUll niNgs
Au
Room or Building Temperature
Q
F.

Residences: Living Rooms . . . . . 60-65
Bedrooms . . . . N 50-60
Halls and Corridors . . N 50-60
Offices . . . . 65
Hospitals : Wards and Staff Rooms. . . 65
Operating Theatres . . . . 80
Restaurants . . . . . . 60-65
Churches and Museumb . . . . . . 50-60
Warehouses . . . . . . . 50-55
Cinemas and Theatres . . . . . 55-60
Factories: Heavy work . . . . . . 55
Light work . . . . . . 60
Sedentary work . . A 65
Schools. . . N 60-65
Hot-houses . 1 75-80

The degree of warmth to be provided in entrance halls, vestibules
and corridors should be intermediate to that of the general tempera-
ture within the building and that of the average temperature
without, so that the contrast upon entering or leaving the building
will not be too severe.

The temperature to be maintained in factories and other classes of
industrial buildings depends upon the nature of the work undertaken
by the operatives, and varies both according to whether the effort
called for is strenuous or otherwise and the extent of radiant heat
provided by machinery and other plant. When the operatives are
employed as machinists, or on small assembly or other light work,
a substantial portion of which is done sitting and does not involve
serious physical effort, a temperature of at least 60 deg. F. is required
after the first hour,
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In lofty buildings, such as churches and assembly halls, it is
sometimes advantageous to compromise in the provision of tempera-
ture by localizing the warmth to be provided. By this means it is
unnecessary to raise in temperatuxe the entire volume of air in
a building if the warmth is concentrated where actually required.
as can be effected by the use of local radiant heating. In this way.
the mean temperature of the atmosphere throughout the building is
much reduced, and the temperature of the air surrounding the occu-
pants can also be less due to the effect of radiation. This latter
effect, however, is more pronounced with lugh temperature radiation.

The temperature provided when the air in a building is cooled
should be maintained in accordance with the prevailing external
temperature. The difference between the two atmospheres should
not exceed 10-15 deg. F., otherwise the contrast is likely to cause
shock to the human system when individuals are entering or leaving
the building.

The various air temperatures recommended for warming purposes
are those provided when the outside temperature does not fall
below freezing point. In view of the infrequency of temperatures
occurring below this point, and their brief duration, any increase
necessary for reserve purposes in the maximum air temperature
rise allowed, other than that normally provided, would not in general
justify the larger capacity of apparatus required, and the consequent
additional cost entailed.

3. Humidity. For the provision of conditions for bodily comfort,
as distinet from industrial requirements, the amount of moisture
desirable in the atmosphere is, as already mentioned, dependent
to some extent upon its temperature, but unlike temperature it
is unnecessary to maintain the relative humidity of the air within
the same close limits to ensure similar conditions of comfort. If
the percentage of relative humidity is to vary extensively it is
better for it to diminish rather than increase with the higher extremes
of temperature, as is apparent when experienced under natural
climatic conditions. An instance of this is the ‘‘sirocco,” a hot,
moist, oppressive air experienced in parts of the Mediterranean
which sometimes causes a variation in relative humidity exceeding
50 per cent over a period of a few hours.

A relative humidity between 50 and 60 per cent is the ideal to be
attained at average indoor temperatures for individuals of normal
health. For others who suffer from certain disorders of the respiratory
‘system, a lower- percentage is gften found to be more beneficial.
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In hospital operating theatres a comparatively high percentage
is desirable to minimize the risk of anasthetic explosions due to
the discharge of static electricity.

The condition of the building structure itself may also be affected
internally according to the quantity of moisture in the air. This
is sometimes found to be a contributory cause of condensation
on the surface of walls, ceilings, fixtures and furniture, the moisture
having been deposited because the dew point temperature of the
air is above that of these surfaces.

The humidity required for commercial or industrial purposes
depends upon the nature of the processes undertaken and the
character of the materials used in manufacture, and on this account,
as indicated in Table II, it varies to some considerable extent.
Artificial humidification in textile factories is, however, restricted
under certain conditions by regulations.

To season timber, for example, the air used should possess a
high moisture absorption capacity after initial drying and must,
therefore, be of low relative humidity. In the textile industry the
weaving of cotton and manufacture of artificial silk necessitates a
specific relative humidity to prevent the material from becoming
difficult to handle during processing. A high humidity reduces
electrification as the electrical resistance of textile fibres decreases
rapidly with increased humidity.

In the printing trade it is necessary to provide a comparatively
high humidity to prevent excessive evaporation of ink on the rollers
of machinery, or to retain the required state of gelatinous compound
used in engraving. Colour printing entails, in some processes,
accurate registration, and to obtain this it is necessary that the paper
should not alter in size or shape due to expansion or contraction as a
result of changes in its moisture content. The humidity required
must, therefore, be constantly maintained at the required figure.
Tobacco used in cigarette making and for pipe smoking, when being
prepared and packed, requires a certain humidity so that its condition
may remain unaltered to comply with conditions of sale and to
enhance its smoking qualities.

Manufactured and processed food, including canned foodstuffs,
are, in many instances, more expeditiously produced under cleaner
conditions, and made more palatable in a proper atmospheric
environment. )

Many other materials or produce used in manufacturing processes
have been found to respond favourably to particular atmospheric
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¢
conditions of humidity, which suggests that investigations carried
out in connection with substances at present processed under ordin-
ary atmospheric conditions may prove that they react advantageously
when subjected to controlled humidification.

The stabilization of atmospheric conditions in a building in this way
to meet the requirements of certain industries is necessitated by
the wide and sudden variation that occurs in the climate of Great

TABLE 1I

DesiraBLe HUMIDITIES vOR INDUSTRIAL PRrRoOCESSING (AN.H.V.E. Guide)

Relative

Industry ‘ Humidity

‘ per cent

Brewing . . . . . . . 30-50
Ceramic . . . . . . . 35-65
Confectionery . . . . . . 30-65
Drug . . . . . . . . 20-40
Electrical . . . . . . . 5-70
Food . . . . . . . . 38-85
Fur . . . . . . . . 50-65
Leather . . . . . . . 95
Paint . . . . . . . . 25-50
Photographic . . . . . . 50-70
Printing . . . . . . . 45-18
Rubber . . . . . . . 25-48
Textile . . . . . . . 50-85
Tobacco . . . . . . . 556-85

Britain. These changes, which are continually taking place, can
produce a difference in relative humidity of 15 per cent within an
hour, a change of state that is not uncommon in many districts.
Throughout the season the wet bulb temperature frequently exceeds
a variation of 30 deg. F. )

4. Cleanliness. To ensure a reasonable standard of purity of
the air it was at one time considered necessary to maintain its
condition within prescribed chemical limits by controlling the
proportion of CO, present from respiration and other causes. An
addition ‘of 0'1 per cent of this gas in the air in excess of normal
proportions represented the average permissible increment. It has
since been established that the same air can be breathed for extensive
periods without harm, and that under normal circumstances other
factors, such as temperature, humidity and the presence of organic
and mineral matter and odours, are more important vitiative
elements, and produce a harmful effect before the presence of carbon
dioxide gas becomes offensives Body odour is recognized as ome
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of the main causes of an unsatisfactory atmosphere and its con-
centration has been used as a basis for assessing ventilation require-
ments. At the same time the percentage of CO, present should
not be entirely disregarded, since high concentrations may imply
that the air is laden with other impurities.

Amongst these other impurities, dust and carbon particles are
in greatest evidence and prove most troublesome. Particles of
dust of various descriptions when of high concentration are known
to be an irritant to the mucous membrane of nose and throat and
may also prove to be the cause of allergies. Carbon particles are
a particular nuisance owing to their blackening effect and the
rapid deterioration they cause to building and other finishes, and
the soiling of fabrics and wearing apparel.

To prevent high concentrationsof heat andexcesses of contaminated
moisture, odours, micro-organisms and other matter, the air within
a building must be changed continuously. The air introduced from
without must also be purified if it is polluted because of its proximity
to busy thoroughfares and factories, or by other sources of contamina-
tion arising from industrial undertakings, or as the result of climatic
conditions.

The necessary frequency of interchange of the air, therefore,
is governed by the amount of heat and the extent of vitiation
produced by the conditions prevailing in a particular building, and
will accordingly be dependent upon its use. The degree of filtration
required for entering air will, of course, depend upon the extent of
its external contamination by sources already mentioned. This
will vary considerably according to the district and time of year
as shown by records which indicate that the total solids deposited
from the atmosphere per square mile can exceed 30 tons per month.!

The amount of ventilation provided may be based on an allowance
of a specific volume of fresh air per person, or when the number of
occupants is unknown, in accordance with a volume related to the
capacity of the space ventilated. This is known as “airchange.”?
In general, however, ventilation based on airchange cannot be
other than fundamentally unsound as this cannot always be related
to cubic contents and the sources of contamination.

The quantity of replacement air to be allowed hourly for the
ventilation of residences, for instance, is based upon the use and
exposure of the room concerned and usually varies from one to two
times its volumetric capacity. In assembly halls or theatres, where

! See Appendix E. ? See Appendix B.
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conditions require a higher rate of airchange, an allowance of 1000
cubic feet per hour for every person or seat, represents a minimum
quantity. A similar or greater allowance per head for the maximum
number of persons accommodated in ballrooms or dancing halls is
necessary to counteract the unpleasant atmosphere that is otherwise
created by the additional heat dissipated, and moisture and odours
exuded, in these circumstances.

TABLE IIT
AmcnaneE ReQuirkn IN BuiLupiNgs

Air Changes

Boiler Houses and Engine Rooms . 10-15

Type of Building por hour
Cinemas and Theatres . . . . . 5-15
Kitchens, large | 10-20
small | 20-40
Lavatories . N 5-10
Offices, above ground J‘" 2.5
below ground | 10-15
Restaurants . l 5-10
Schools . . . 2-6
Factories . . . . . . 4138
Workrooms . . . . i 6-8 |
Workshops, unhealthy trades . | 20-30
|

Kitchens of restaurants or hotels, and other buildings, require
the air to be renewed every few minutes to maintain normal con-
ditions, which may necessitate as many as twenty or more changes
per hour. Boiler houses, particularly those in which oil or coke
is consumed, should be sufficiently ventilated to prevent the accumu-
lation of odour and sulphuric gases, and the allowance made may
require to be not less than fifteen changes.

Certain industrial processes demand special treatment to provide
satisfactory conditions for the workers without which the atmosphere
would otherwise become obnoxious or irrespirable. In shops where
cellulose solutions are used, a high rate of change must be provided

" to remove the vapours. The removal of dust produced from abrasive
grinding wheels and other types of machinery, and of fumes from
chemical apparatus, is accomplished, not by numerous changes of
the entire atmosphere in the shop, but by withdrawal of the dust
and fumes direct from the various sources of production. Partial
changing of the air will also suffice, in certain circumstances, when
heavier-than-air gases are to be;removed from a building.
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Further particulars of ventilation allowances are given in Table I11.

The necessary extent of cleansing of the air to be used for inter-
change is mainly decided by locality. In all large commercial
and industrial centres it is necessary to filter the air to a lesser or
greater extent according to the amountof pollution of the atmosphere,
which may be accentuated by weather conditions.

Some particulars of air filters for use with mechanical systems of
ventilation are given at the end of Nection 3 in Chapter VI dealing
with “ventilating apparatus.”

Assessment of the density of organic and mineral matter in the
air may be carried out by weight or on the visual screen particle count
basis, in addition to discoloration tests to indicate the concentration
of solid impurities. Photomicrography, for example, leaves no doubt
of the deposit resulting on a given area of surface from a specific
volume of air. The concentration of air-borne bacteria may in the
near future prove to be a further means of assessing the degree of
air contamination.



CHAPTER LI
SIGNIFICANCE OF METHODS USED

1. General Considerations. The essential features in the provision
of heat and fresh air within a building are those that ensure its
equable distribution throughout the space in quantities sufficient
to maintain the appropriate temperature, humidity, cleanliness
and motion. It must not obtrude upon the senses, and it should
emanate from an appliance that is compact, hygienic and in harmony
with the surroundings. Heat and air so distributed should conform
to economic standards of production and utilization, and continuity
of supply should be assured under all normal conditions of use.

There are two distinct methods for transmitting heat to the
atmosphere and occupants of a building. The first method enables
the atmosphere to be warmed by direct contact with a heating
appliance that is either located (and exposed to view or encased)
in the space to be warmed or, alternatively, positioned at some
remote central point. The appliance may take the form of a particu-
lar type of heater, radiator or radiant panel fixed throughout the
building, or in the case of the alternative, one main heater battery
situated at a convenient point in a distributing system of air ducting
connected to inlet and extraction registers in the spaces warmed.

The second method is one that permits the appliance to warm
the atmosphere indirectly, by the latter’s contact with the building
structure itself. The structure is heated either by an appliance
concealed at numerous points within the fabric of the building or,
infrequently, by the presence of warm air within the fabric circulated
from a remotely situated appliance. These indirect methods, which
rely upon the building material itself as a medium by which to
transmit heat to the atmosphere, objects and occupants of a space
entail the use of appliances interposed or embedded within and
throughout the building structure, or the provision of ducts within
the structure for the circulation of warm air.

Fig. 2 shows in diagrammatic form some of the more generally
adopted methods of utilizing space-warming appliances of various
descriptions used with central heating systems.

- As a medium for the conveyance of the heat to be made available
at a central point within the Building, water, steam and air present
20 ‘ .
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a range of alternatives from which to select one that can be made
appropriate when raised to suitable pressures or temperatures.
It will be seen that the final choice will be dependent upon variables
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WarMING METHODS

Diagram of some alternative methods of applying space-warming appliances.

ultimately governed by the character of service the installation is
to provide and by the class of building concerned.

The means of efficiently producing the heat to be circulated
throughout a building must depend upon the class of fuel used and
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ithe type of equipment utilized for its consumption. Each of these
factors presents further alternatives that not only affect the general
service to be provided but also influence planning of the building
itself. In addition to the use of heat obtained by the combustion of
liquid, or solid fuel within the building, or made available by the
heat pump, that supplied from external sources in the form of
electricity and gas, or hot water and steam from central generating
stations, will also affect the allocation of space inside a building
and the provision of structures in the building’s erection.

In the provision of heat for warming the atmosphere, the quantity
required, together with the thermal productive and emissive proper-
ties of the equipment used, will largely determine the initial cost
of the installation. The quantity of heat required will determine
the capacity or output of the installation: the productive and
emissive properties of the equipment will govern the type and extent
of apparatus used.

Tn the utilization of heat (as distinct from its provision represented
by the potential heat output of the apparatus) the cost of procuring
and distributing it will determine the operating cost of the installa-
tion. Here again the economical utilization of heat will be dependent
upon the type of equipment used, which will vary according to
the methods employed in the transition of heat from its source of
supply to the atmosphere, and as a consequence of the class of
fuel consumed.

Further factors influencing both the initial and operating cost
of an installation are those relating to radiant methods of warming,
the introduction of thermal insulation in the construction of a
building and installation of apparatus, and automatic control methods
for the regulation of heat distribution. Centralization or decentraliza-
tion of plant are alternatives in the arrangement of a system that
will also effect costs if the building site is extensive, and the respective
merits of each method in given circumstances must therefore be
ascertained.

The benefits of basic or “background” heating should also be
considered both in regard to independent central systems and district
heating systems. Basic heating, which is a partial provision of
warmth by centralized or other apparatus, functions in conjunction
with the use of independent local appliances which provide the
balance of heat when this is required in full. This compromise,
when applied to residential buildings in particular, is one that secures
economic advantages in certaip respects, since it provides a datum
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or background temperature as a minimum for health and comfort
which is often sufficient in itself in many instances.

This form of heating, which may be regarded as a transitory
phase, is also a means of allowing the owner of the building to permit
the occupants to make their own selection of an appliance to
occupy the “fireplace’ or other space available, for the purpose of
providing the ultimate temperature or ““topping up’’ warmth.

The concealment of the appliances and circuits of the system
used is a feature that is being recognized as one of particular merit in
the mechanical equipment of buildings, since it offers certain advan-
tages. The partial or entire concealment of apparatus within the
building structure must, therefore, also affect the method of heat
distribution used and the cost of the installation.

The greater use of power-driven mechanical equipment entails
consideration of the problem of noise transmission that may occur
through the building structure itself or pipes, ducts and the air.
This is a factor of importance in those classes of building where some
degree of quietness is essential and makes necessary the use of
apparatus whose design and method of installation render them
less audible in operation.

In contemplating the installation of local solid fuel appliances,
it must be decided whether to use one that throws the heat usefully
outwards into the space to be warmed or wastefully upwards to the
outside atmosphere. The selecting of local appliances in general will
often depend upon the amenities provided by their use—the mone-
tary value of which may be difficult to assess but which should
nevertheless, be given due consideration in particular circumstances.

In the provision of ventilation, careful consideration needs to be
given to the different methods available, but there is not the same
number of alternative appliances in use as for heating purposes,
which simplifies the task of selection. Natural or mechanical ventila-
tion is one of the major features to receive attention, and in the
use of the latter the possibility of its functioning for the dual purpose
of providing warmth and fresh air together must not be overlooked.
If ventilation only is required preference must be given either to
a partial or complete mechanical circulation of the air as provided
by its forced introduction into or extraction from a building, or by
a combination of both. In addition, the alternative arrangements
to be made for cleansing of the air require investigation.

Cooling, humidifying or complete conditioning also does not
present the same alternatives in methods or appliances as warming

a=={T.417)
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as far as their effect upon the building structure is concerned,
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Diagram showing different methods of utilizing and distributing heat available in

humidifying or de-

different, forms.

humidifying by itself can be undertaken inde-

pendently with apparatus designed expressly for this purpose.
Complete conditioning, however, can be achieved only by one of
the orthodox methods available, either as a centralized system or
as an independent unit. *
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Fig. 3 indicates some of the different methods available for
utilizing heat in various forms, together with means of distribution.

The modern trend of architectural design shows an avoidance of
elaboration. This charm of simplicity and precision in the design of
buildings has made apparent the value of eliminating everything
unnécessary, not so much for reasons of economy as because the
process of elimination accentuates the essential character of the
structure. The design of mechanical equipment has likewise altered
to conform with the new forms of construction involved. Other
considerations such as economy, hygiene, and the more scientific
use of heat and air have led to the development ¢f modern apparatus,
but simplicity of design embodied in the internal treatment of
modern buildings has been chiefly responsible for the class of space-
heating equipment now installed.

2. Radiator! Warming. The methods of radiator warming that
have evolved from the use of heat supplied from central sources of
production have developed through stages reflecting the progress
made in the design and application of space-warming appliances and
equipment in general. This progress, resulting in a large measure
from advancement in the design and construction of buildings,
has produced various methods of warming which can be made to
conform with the requirements of modern architecture when appro-
priate appliances are utilized.

Some examples of the more recent applications of radiant panel
appliances are shown in Fig. 4.

In the selection both of a system and of the space-warming
appliance itself, the particular types to be used will be influenced by
such factors as the effectiveness desired in transmitting heat from
the appliance to the atmosphere and individuals, appearance,
first cost, thermal efficiency, building constructional details, and the
heat transmitting media used from the boiler plant. One or more
of these factors will be found to take precedence over the remainder,
according to the circumstances, and depending upon their relative
importance the ultimate choice is made.

The manner in which these different factors may exert their
influence is best explained by example. It has been noted, for
instance, that the thermal productive and emissive properties
of the equipment used will largely determine its type and extent,
and in consequence its initial and operating cost. This is evidenced

1 The use of the term radiator here is intended to embrace all types of heat
emittors. ‘
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by comparing and contrasting a high temperature system using
unit heaters embodying hand-fired boiler plant, with a low tempera-
ture system using radiant panels and mechanically fired boilers.
The former system, by virtue of its compact form of heater of high
emissivity and boiler plant of relatively low thermal productive
efficiency, requires the minimum of material and labour for its
installation, and is consequently comparatively low in initial cost.
Conversely, the latter system, using an extended form of heating
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surface of low emissivity and additional boiler plant of higher thermal
efficiency, necessarily involves more expensive equipment. The
heat output of the two systems can be similar. but the heating and
other effects produced by each will be ver y different for reasons to
become apparent later.

The normal working temperature of the space heating appliance
will be dependent upon its type and duty, acocording to whether or
not it functions mainly upon the principles of convection or radia-
tion in the transmission of heat and the purpose for which the heat is
to be used. The type of appliance used, therefore, will also affect
the media employed for the transmission of heat from the centralized
plant, the temperature or pressure of the water or steam varying
according to individual requirements.

Heating by convection, which enables the heating surface of the
apph'ance to be used in compact form, as in a heater or radiator,
is a method which, depending upon the motion of air (or fluid) for
the transfer of heat, concentrates that transmitted in the near
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vicinity of the appliance before its ultimate dispersal to the entire
atmosphere, which becomes stratified in temperature. The final
disposition of the greater proportion of heat emitted by convection
is accordingly at a high level.

Heating by radiation, which is little affected by air movement,
entails the use of an appliance with an extended flat or curved
surface when as a low temperature radiant panel, to obtain emission
equal to that of the convector type, and distributes the heat with
relative uniformity, ensuring its ultimate equable dispersal through-
out the atmosphere. Little variation of temperature is created in
the air at different levels since it is almost unaffeeted by the dissipa-
tion of radiant energy.

Reference has been made in Section 2 of Chapter I1, to the need for
the interior wall surface of a building to be at a temperature not below
that of the air temperature considered necessary for bodily comfort,
and it should, preferably, be maintained a few degrees above this
temperature. At lower temperatures excessive heat will be lost from
the body by radiation to the cooler surrounding surfaces (unless
counteracted by a high temperature source of radiation) and a feeling
of cold experienced. This implies that in addition to adequate thermal
insulation it is desirable to provide warmth by heating surfaces of the
interior building structure by means of radiant methods rather than
to rely entirely upon the effect produced by convection.

Convection heating cannot always be entirely dispensed with,
as can be seen in the thermal effect produced by a window. This
part of the building structure in chilling the air in contact with the
glazing causes the air to fall rapidly to the floor level, where a cold
spot may be created. This down-draught, which may reach a
velocity of more than 150 feet per minute, will cause discomfort
to persons adjacent to windows unless counteracted by the pro-
vision of convection heating below. As radiant heat loss may con-
tinue from the body to the colder surface of the glazing despite this
intervening warm ‘ blanket” of air created by rising convection
currents, the cooling effect produced can only be completely counter-
acted by a source of radiant heat from an appliance which may also
be that providing the convection heating.

To achieve a general improvement in the warming of many types
of buildings, radiant transmission of heat is becommg the orthodox
method, its effectiveness having been proved by its increasing utility.
A resultant of the effect produced by the different methods of
heat transmission is to be seen in the vertical temperature gradients
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i

that occur with the use of appliances that depend mainly for the
emission of heat either upon convection or radiation. Some of
the gradients likely to occur are shown in the graphs in Fig. 5
which are those that may be produced under normal conditions
of operation in the average type of building. It will be noted that
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an appreciable variation occurs in the temperature of the air at
different levels when warmed by a heater and radiator, as compared
with that which is produced by radiant panels. This not only
affects conditions of comfort but reacts detrimentally in other ways.

Reference is made to the significance of temperature gradients in
the section on * Heaters,” Chapter IV, and that dealing with *Fuel
Economy ”’ in Chapter X.

3. Ventilating. Improvements in building technique, manufactur-
ing processes, mode of livingsand other causes together with the
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realization that it is important for the air we breathe to be of equal
purity to the food we eat and the water we drink, have made appar-
ent the greater need for increased ventilation, and more positive
means for its provision. Not only are building materials themselves
now more impervious to air but its ingress is further reduced by
virtue of the component parts now used in construction. Steel
casements have decreased the leakage of air that occurs with timber
frames, and the leakage is further restricted by closer fitting doors
that are constructed complete with frames in the factory. The supply
of air is also diminished by the use of fitted carpets. Building
accommodation below ground level, internal compartments without
direct external windows, and overcrowding, are all contributory
causes demanding morc adequate ventilation. The increase in
tobacco smoking is also an important reason for increased ventila-
tion as this habit, under certain conditions, increases the quantity
of air necessary per person in an occupied space to four or five times
that formerly required.

The cleanliness of the atmosphere maintained in a building
depends on the extent of its vitiation within due to occupational
influences and that without due to locality. These two factors will
mainly influence the method to be used to provide the required
atmospheric conditions, as also will the class of building concerned.
Conditions may be such that natural ventilation in conjunction
with a particular type of space-heating appliance will suffice. Circum-
stances may, however, require the use of mechanical ventilation in
combination with heating appliances, or an alternative system of
heating that embodies ventilation as part of its function. In other
circumstances an air conditioning system may be necessary to fulfil
requirements satisfactorily.

For proper ventilation, air should not be allowed to enter or leave
a building of its own accord, and in the selection of any method it is
important to ensure that the apparatus chosen and installed is
capable of effecting adequate control of air flow in the particular
circumstances in which it is circulated.

The amount of air to be introduced into a space where for instance
vitiation is caused only by the occupants themselves and not by any
process undertaken by them, or caused by heating appliances, will
depend upon the amount of space allowed for each person. For
example, when the space allotment per person is equal to 400 cu. ft.,
an air volume of 10 cu. ft. per minute for each individual will be pro-
vided by only one and a half changes per hour. This allowance of air
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per person is considered satisfactory under such conditions when the
allotment of space conforms with normal standards.

The extent to which natural means may be used for ventilation,
other than through windows and doors, is restricted by the quantity
of air that may be induced to enter and leave a building, and is there-
fore dependent upon the arrangement of the type of appliance used
for this purpose and the prevailing state of the external atmosphere.
It is a method that may be used to supplement natural ventilation
which, by itself, is insufficient to meet all requirements without
creating draughts.

The maximum ventilation under natural conditions can best be
provided by a vertical shaft or flue, and it is recommended that such
be used for the outlet of air in habitable rooms during winter time.
For the inlet of air an adjustable wall or window opening to the
external air appropriately positioned should be provided. During
the remainder of the year it is considered sufficient to provide an
adjustable opening of an area equivalent to a specific ratio of the
room’s floor area. Local by-laws, which must be observed, vary in
this respect, however, as some require a ventilator of 50 sq. in. in
flueless rooms.

To ensure the positive movement of specific quantities of air to pro-
vide adequate ventilation for all purposes, mechanical means must be
adopted. This method may be used to extract vitiated air to be re-
placed by natural ingress or, when necessary, to introduce the replace-
ment air itself. The mechanical extraction of vitiated air as the sole’
means of ventilation can be satisfactory if the interchange required
represents a moderate quantity of air. If considerable interchange is
required, such an arrangement will have to be substituted or supple-
mented by the mechanical introduction of fresh air. This alternative
is necessary in order to avoid draughts caused by untempered air
entering the building at various points to replace that extracted.

The draught that can be created by the infiltration of unheated
air induced to enter a building through window frame and other
joints as the result of mechanical air extraction is seen by the
effect produced in the opposite way.by the influence of a 15 miles
per hour wind. A wind velocity such as this when acting upon
wooden .sash and steel framed windows can account for a difference
in air volume of 50 cu. ft. per hour per foot run of crevice. This also
emphasizes the need for doors.and windows to be reasonably close
fitting if the interchange of air is not to be excessive with a pro-
nounced difference of air presswre on either side of the structure,
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Combining both fresh air supply and extraction systems not only
ensures a more positive circulation of air throughout the building,
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Fi1c. 6. VENTILATING SYSTEMS
Various methods of providing ventilation.

but, in providing the necessary variation between the volumes of
air introduced and extracted, eliminates the tendency for air to
infiltrate from one section of a building to another, as it does when

either system is installed independently.

The mechanical introduction of heated air, for jointly warming
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and ventilating a bvilding is an alternative to the use of individual
heating appliances operated in conjunction with independent
ventilating apparatus that has been found to provide satisfactory
conditions in certain respects. This method of supplying heat and
fresh air together is one that enables adequate warmth and ventila-
tion to be provided, but, like other systems using individual heating
appliances which rely mainly upon the circulation of air for the distri-
bution of warmth, it is seldom economically effective in operation if
without mechanical extraction owing to the air temperature gradient
produoed.

The forced introduction of warm air combined with its evulsion,
for both warming and ventilating a building, is a further method
that overcomes the objections arising from only the mechanical
introduction of air for this purpose. Such a combined arrangement
(which can be made to introduce and extract air in much the same way |
as a complete air conditioning system) may be used as an alternative
to a radiator or panel warming system working in conjunction
with a fresh air supply and extraction system. It cannot, however,
be expected to produce the same atmospheric effect as the latter
method embodying panels.

Some of the various methods that can be used to provide ventila-
tion are shown diagrammatically in Fig. 6.

The mechanical methods referred to may be put into practical
effect either by the use of independent apparatus functioning in
the spaces treated or by centralized apparatus designed to supply
air to, and extract it from, these spaces indirectly. Preference for
one or the other types of apparatus will be dependent upon
the size and number of spaces concerned, their situation in relation
to the external atmosphere, and its degree of cleanliness, together
with the class of building concerned.

4, Air Conditioning. The need for the provision of a specific
internal atmosphere, engendered as it has been both by concentra-
tions of humanity in confined enclosures and by industrial advance-
ment, has resulted in the use of methods enabling the air supplied to
buildings to be appropriately conditioned and to remain unaffected
by external conditions. This has been achieved by mechanical
equipment that is able properly to co-ordinate and control
certain constituents and characteristics of air.

Air that is supplied both to warm and to ventilate a building
should, for reasons already explained, maintain a proper relation
between temperature and htmidity in order to provide entirely
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satisfactory atmospheric conditions. This can be assured only by
the use of a system that completely and continuously conditions the
atmosphere by a process in which cooling is also entailed. Condi-
tioned air to be fully effective, in addition to being processed before
distribution, must also be kept in motion throughout the building.
This is ensured by the extraction of vitiated air in addition to the
supply of conditioned air from carefully selected points so that
stagnation is avoided.

The atmospheric temperature of a building may be lowered by
the supply of air that has been merely reduced in temperature
by its contact with cooling coils. This method of partial conditioning
functions irrespectively of any specific humidification required,
since the amount of moisture present in the air must fluctuate
according to its wet bulb depression’s reaction to this method of
cooling. Normally, the relative humidity is increased by the lower
temperature produced. De-humidification will occur, however,
when the air is cooled below its dew point temperature.

When the moisture content of the air is of importance for industrial
purposes, humidification may also be provided without involving
complete conditioning. The method by itself often permits of no
accurate control of temperature, nor is ventilation always secured
as a result.

A convenient feature in the entire conditioning of the atmosphere
is the “fixed dew point” control, in which the air to be circulated
is brought to saturation and its temperature in this state auto-
matically controlled. This enables the moisture content of the air
supplied to a building to be regulated.

The temperature of the air saturated by its passage through an
air washer to which no heating or cooling medium has been intro-
duced will be its wet bulb temperature, but its total heat content
will remain unaltered, the apparent cooling ensuing being due
to a fall in dry bulb temperature. It is, therefore, necessary to extract
heat from the air (as may be effected by lowering the temperature of
the washer water) if it is to be at a constant humidity and at the same
time able to remove heat from a building sufficiently to reduce its
atmospheric temperature when necessary. To obtain a reduction in
the washer temperature a supply of naturally cooled water may be
used, but generally the result must be produced mechamcally by
means of refrigeration.

The process involved in washing the air to induce saturation also
cleanses it to some extent but cannot be relied upon entirely for this
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purpose when its vitiation due to internal or external influences is at
all severe. Air that has become abnormally polluted, e.g. by fog or
manufacturing processes, must be subjected to additional cleansing
processes to ensure its adequate purity.

Complete air conditioning is a term which infers complete control
within pre-determined limits of the temperature. humidity, cleanli-
ness, and movement of air in buildings. It may be provided either
by centralized apparatus arranged to supply air to the various
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Diagram of some different methods used for conditioning air, showing general arrange-
ment of equipment.

sections of a building requiring treatment (which may necessitate
certain apparatus being de-centralized to fulfil any zoning require-
ments) or by the use of independent units functioning in the spaces
to be conditioned. The use of one or the other forms of apparatus is
usually determined by the extent of conditioning required, by the
cost of apparatus, and by its adaptability to existing buildings.
Some of the different means that may be used to treat the air in
the various ways described are shown diagrammatically in Fig 7.
It should be remembered that the state of the atmosphere existing
within a building when fully conditioned is such that the admission
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of air by means other than those provided by the apparatus is
superfluous, and is, in fact, detrimental to the proper functioning
of the system. On this account air locks at entrances should be
provided and windows must remain permanently closed and may
accordingly be double-glazed for the insulation of heat and sound.

Air conditioning other than for industrial requirements is necessary
in buildings which accommodate the public in considerable numbers
and where, in order to attract custom, it is desirable to provide a
comfortable atmosphere under all conditions. A fully conditioned
atmosphere in a basement or sub-basement will increase the com-
mercial value of that part of a building, especially when it is used to
accommodate the public and would otherwise be unfit for this purpose
in certain circumstances. For other classes of non-industrial build-
ings, air conditioning is largely dependent on whether one is prepared
to pay the extra cost of securing the maximum of comfort.

There is no doubt that fully conditioned air increases the efticiency
of an individual both mentally and physically to an appreciable
extent in certain circumstances, buat it is difficult to assess what this
increase represents in monetary value when applied to workers in
commercial establishments. It is, however, a matter worthy of careful
consideration when it is remembered that sickness and resultant
absenteeism of staff is reduced by an improved atmosphere, as
shown by records compiled over a period of several years.

The extra costs incurred for the necessary equipment when re-
viewed in connection with many industrial applications is not difficult
to justify owing to the economic advantages resulting from the
use of fully conditioned air. It must necessarily be comparatively
high but when considered in relation to the service provided, which
comprises warming, cooling, ventilating, humidifying, de-humidify-
ing and air washing, the cost for such a multi-purpose installation
cannot be regarded as excessive.



PART II

CONSTRUCTION, FUNCTIONS, AND
APPLICATION OF APPARATUS

CHAPTER IV
SPACE-WARMING APPLIANCES

1. Alternative Types. This chapter describes those types of appliance
which depend upon heat supplied from a central source. Other
“local heating appliances,” which generate their own heat. are
referred to in Chapter XIV.

During the past quarter of a century in particular, many changes
have taken place and considerable progress has been made in the
design and construction of appliances for the transmission of heat to
the atmosphere. As a result of the improvements carried out,
the types now in use have superseded former obsolete types and
offer an increased range. During this transitional period design and
materials have changed, permitting applications to satisfy all the
requirements of a modern building.

This greater range of application has necessarily rendered the
selection of appliances more difficult and their installation more exact-
ing owing to the more intricate fixings entailed. At the same time
these changes have enabled a higher all-round standard to be attained.

The appliances that are now available to transmit the heat from

- the medium within the system to the atmosphere and directly to
individuals vary in form of construction according to the manner
in which they function. Partly on this account, and for other reasons,
it is both possible and desirable to classify the various appliances
according to the method of heat transmission employed by them.
This simplifies the selection of an appliance for use under specific
conditions of operation because reference to its classification indicates
the principle under which it functions.

Despite the modifications made in appliances to suit present.-day
needs, the particular type generally known as a ‘“radiator” continues
to be so mis-called, although there are now other types to which
the term is more appropriate. Because of this ambiguity and to
avoid confusion in subsequent references it is necessary to set out
the various types of appa,ratus embraced by the different terms.

a8
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The appliances are classified into three main categories, sub-divided
as follows— )

Heaters. Pipe coils, unit heaters, convector and column radiators.

Radiators. Wall radiators and convector radiant radiators.

Panels. Superimposed, interposed, and embedded panels.

Many of these types of appliances have been designed to fulfil a
specific purpose such as reduction in the initial cost of the installation,
a saving in floor space, improvement in appearance or hygienic
conditions of use, or simultaneous installation with the erection
of a building and a reduction in the “cutting away ™ of building
structures. Others combine a number of these alvantages, and each
entails special consideration if they are to be employed to the best
advantage in given circumstances.

TABLE 1V

APPROXIMATE RELATIVE FRONTAL AREAS OF DIFFERENT TYPES OF
SPACE-WARMING AprLiaNces (Hor WATER)

{ Relative
Type of Appliance | Frontal
| Area
Ceiling, Wall and Low Temperature i 100
Floor Panels Medium Temperaturo 75
2 in. dia. Pipe Coil at 6-in. Centres N 40
Wall Radiator . 4 25
PR |
2.column Radiator . . . . . 18
4-column Radiator . . . . J 10
G-column Radiator . . . . . 7
C'onvector Radiator . . . . . 17
’ Low Air Velocities . . 0-7
Unit Heater - - —
Medium Air Velocities . 0-5

In considering the application of these appliances to obtain
the transmission of a specific quantity of heat, the size of the appli-
ance necessary will vary according to differences of temperature and
methods of transmission. The third dimension of an appliance—
its depth or forward projection—is often of secondary importance to
its frontal area when applied to a building, owing to the former’s
smaller variation. But the latter’s greater extensibility is frequently
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of some consequence in the provision of the superficial area required
for its accommodation. In order, therefore, to gain some impression
of the variation that occurs in the facial expanse of appliances
according to their functions, reference should be made to Table IV,
which shows the approximate relative frontal areas of different types
when transmitting similar quantities of heat.

The table is also significant in emphasizing the wide variation
obtainable in the disposition of heating surface, with its effect upon
the equable distribution of warmth. This is often a factor of particu-
lar consequence in deciding the type of appliance to be installed in
different classes of building.

2. Heaters. Appliances that come within the range of heaters may
be defined as those that transmit heat almost entirely by convection,
relying upon various features for the more positive inducement of
air flow over their heating surface. Amongst these may be mentioned
the position occupied by the heater in relation to the floor level,
the encasement of the heating surface, the passing of air through the
heater direct from the external atmosphere, and the mechanical
propulsion of the ambient air through the heater.

The simplest form of heater is the pipe coil which, to be fully
effective, is positioned near the floor, where the lowest air temperature
prevails to create the greatest temperature difference. The maximum
heat transmission is produced by the more rapid circulation of air
over the coil surface as a result of these conditions. The coil may
be used to advantage where appearance and space requirements are
unimportant, as in industrial buildings, and also for commercial and
domestic purposes when it can be easily accommodated and its
presence rendered unobtrusive.

The coil can be used for such purposes as airing linen cupboards,
forming clothing drying rails in utility rooms and bed pan warming
racks in hospitals, and serving as foot rests and warmers in front
of bar counters. Its installation in shop windows is a means of
reducing condensation on the glazing, and when run through a
bedroom it will often temper the air sufficiently to ensure a reasonable
degree of comfort. A coil of pipe under lantern and skylights, or at
clerestory level in churches, will mitigate down-draughts from the
glazing above—and one of the few exceptions where coils at high
level are fully effective.

A proportion of the heat required in the factory class of building
may be obtained from overhead coils to counteract down-draughts
due to excessive roof heat losses.” The disposition of the entire heating
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surface in the form of coils at this level increases the amount of
surface otherwise required, owing to reduced transmission and the
bulk of the heat transmitted remaining at high level. This results in
excessive fuel consumption and increased installation costs.

Fic. 8. Gas UNit HEATER
Flueless gas-fired type unit for suspension,
- (Keith Blackman)

Although the pipe coil is now being superseded by other forms of
heating appliance for general use, it continues to serve many useful
purposes when circumstances render it specially adaptable to fulfil
particular requirements.

The unit heater is a type of appliange that relies for its functioning
upon mechanically induced air currents passing over its heating
surface, which, on this account, is arranged in concentrated formation.
The heating elements are usually constructed of tubing embodying
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some form of finning through which the air is forced by a fan
driven by an electric motor, steam turbine or other form of motive
power. The heater is arranged for standing on the floor, fixing to the
wall, or securing at high level according to its particular type and the
conditions under which it has to operate. Two of the latter types are
shown in Figs. 8 and 9. Floor types may be arranged with the air
discharging through either the top or bottom of the cabinet.

¥rc. 9. UNniT HEATER FOR STEAM OR WATER
Suspended horizontal discharge type unit.
(Flexaire)

The unit heater has been produced with the main object of
effecting a saving in the purchase cost of the heating installation.
This is ensured by a reduction in the quantity of material used,
and by a saving in the labour entailed in the fixing of the required
amount of heating surface as its compact form necessitates a
smaller number of appliances. A saving in floor and wall space
can also be made, which is often of some consequence in the industrial
class of building in which this appliance is most extensively used.
When assessing the extent of the saving in its initial cost in compari-
son with other types of appliance, allowance must be made for the
cost of electric wiring to fans unless these are driven by steam or
existing shafting.

The heater is a type of appliante that must be installed judiciously
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if it is to give the service to be expected, demanding care in such
features as the location of units, air distribution and stream tempera-
ture, control and permissible noise. The correct position is near
floor level so that it may be as thermally effective as possible,
but this is usually difficult to arrange except in those buildings
which are unusually spacious, and will permit the intake and discharge
of air from the unit at low level without adversely affecting the
occupants. The alternative position is at high level on the wall,
or in the roof, in which circumstances particulor attertion must be
given to its actual level in relation to the discharge velocity and
temperature of the air. This precaution, although necessary because
of air buoyancy, will not, however. completely avoid the ultimate
effect of producing large quantities of convected heat in concentrated
form, which is similar to that produced by overhead pipe coils and
for reasons already explained is not entirely satisfactory.

The temperature gradient produced by an overhead unit heater
may be as high as one degree for each foot of elevation and it is
evident that this large proportion of cumulative heat at high level
must be dispersed below if full advantage is to be taken of the heater,
which means more positive re-circulation of air from the one level
to the other. To assist re-circulation the provision of air ducting
is necessary from the intake of the unit’s fan to a position near the
floor. Ducting, taken from the fan intake of units situated near
external walls and roofs and carried to the outside of the building,
may also be embodied for the provision of ventilation. (See Fig. 79.)

Convector radiators differ from the orthodox type of radiator
inasmuch that they embody some means of accelerating the normal
flow of air over their surface in order to increase the emission of
heat. When radiators are fixed against external walls this can be
achieved by the provision of an air inlet opening in the wall behind
the radiator, and the fixing of baffle plates to its sections. An
encased radiator is another form of convector heater, when the
heating surface occupies the lower part of its casing. With its surface
so positioned, the upper portion of the casing acts as a ““chimney”’
increasing the circulation of air over the heating surface through
openings in the bottom and top of the casing. With such arrange-
ments as these the transmission of heat can be increased by as much
as one third of that of an uncased and unventilated radiator.

Fig. 10 shows one type of convector radiator element with a
suitable cabinet, and Fig. 11 shows a method of installing another
type of convector.
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(1) (€21
Fia. 10. CoNVECTOR RaDIATOR

‘The heater (4) may be concealed in a decorated cabinet () or behind structures of
marble, polished slate, plaster-hoard, plywood, ete.

(Crane)

Fi1a. 11. CoNvEOTOR RADIATOR

A method of concealing a heater in the space below staircase to provide convection
heating through the grilles shown.

(Vectair)
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The encasement of a radiator as described can certainly serve the
dual purpose of rendering the appliance more attractive in appear-
ance whilst increasing its thermal output. The casing also reduces
the discoloration of paintwork and other finishes in its immediate
vicinity owing to the warm air, when leaving the radiator through
front openings, being deflected in a forward direction. It is doubtful,
however, if these features are of sufficient importance to outweigh
the disadvantages that may result hygienically. Encased radiators
are not always easily or readily cleaned and they consequently
harbour accumulations of matter that would not be tolerated with
radiators exposed to view. It is such circumsiances as these that
have largely contributed to the declive in the use of encased pipe
coils and certain types of ventilating pattern radiators.

It must be conceded that the radiator, despite its disadvatages
in comparison with other types of heating appliances and systems
of warming, is still predominant in nearly every class of building.
Its survival of the changes made during recent years is due partly
to its improved appearance, partly to the fact that old customs
are not readily dispensed with in this country, but mainly to its
lower installation cost.

It has been mentioned that the term “radiator,” when applied
to what is usually regarded as this form of appliance, is a misnomer.
This will be readily appreciated when it is stated that of the total
quantity of heat emitted by a radiator, less than one-quarter is in
the form of radiation, the remainder being transmitted by convec-
tion. The deficiency in radiation is due to the juxtaposition of
the columns of heating surface.

The column radiator, which is representative of this type of
appliance, is constructed, as the name implies, in the form of a num-
ber of vertical metal waterways, connected together in sectional
formation and capable of extension in number as and when required.
The number of columns in each section varies from one to eight,
from the single column hospital pattern to the window pattern of
maximum depth. With the exception of the window pattern,
the radiator usually increases in height in multiples of six inches,
and is either provided with feet or supported on wall brackets.
Radiators of this description are made of cast iron, copper and steel,
the latter material owing to its lighter weight and strength affording
greater ease of installation.

It is customary to position radiators below windows for greater
diffusion of warmth and to counteract down-draught from the-
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glazing which, unless neutralized in some way, can cause discomfort
to those in its near vicinity. This position also diminishes the black-
ening effect on decorations caused by thermal precipitation which
occurs when radiators are fixed adjacent to wall and other surfaces.
These two factors are considered of sufficient importance to
warrant the small extra amount of heat required to compensate that
lost through the building structure, by positioning the radiators
close to the glazing.

The position of a radiator should be such as to ensure that a free
circulation of air occurs over its surface. In the event of its having
to be otherwise positioned, as in a recess, compensation must be
made for the restricted air circulation, by an increase in the radiator’s
heating surface. The height of a radiator will also affect temperature
distribution, and those with low dimensions should accordingly be
selected when space permits.

Discoloration of surfaces above a radiator fixed in a position
other than below a window may be much reduced by providing
a hood or shelf above the appliance, but this is not always a satis-
factory arrangement from the point of view of appearance. The
alternative precaution is a casing with bottom and frontal open-
ings only, but this, if restricting the flow of air over the radiator,
necessitates an increase in its heating surface to avoid loss in heat
transmission.

3. Radiators. Wall pattern radiators, which are constructed of
a number of single columns provided interstitially with or without
metal, are also fixed in sectional formation. With a height varying
from about 12 to 30 in. and a depth of about 1} in., this pattern of
radiator is particularly suitable for fixing to the wall or any other
vertical surface that may be available for the purpose. Its small
projection from the wall also renders its use of value in residential
buildings of moderate size when floor space is at a minimum. A
typical pattern of this type of radiator is shown in Fig. 12.

Owing to its small depth, the wall radiator, as compared with
the standard column radiator, requires a larger extent of wall surface
for its accommodation, which may be either horizontally or vertically
according to the surface available for fixing. The radiator may be
also conveniently used to form a dado. The additional area necessary
on account of its reduced depth, in addition to conserving floor space,
affords a better distribution of heat since transmission is not
confined within the same limits as those of the ordinary radiator,
and for the same reason the propiortion of radiant heat is greater.
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The convector radiant radiator provides a larger proportion of
radiation than those appliances so far described (with one exception)
owing to its frontal surface forming a continuous expanse of metal
and thus presenting a greater effective radiant area within similar
dimensions. The exception is the wall radiator, with metal interstices
between the columns which is fixed clear of the wall surface and which,
under