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Introduction
The purpose of this series is to provide the layman with an introduc-
tion to the fundamentals of installing, servicing, troubleshooting,
and repairing the various types of equipment used in residential and
light-commercial heating, ventilating, and air conditioning (HVAC)
systems. Consequently, it was written not only for the HVAC tech-
nician and others with the required experience and skills to do this
type of work but also for the homeowner interested in maintaining
an efficient and trouble-free HVAC system. A special effort was
made to remain consistent with the terminology, definitions, and
practices of the various professional and trade associations involved
in the heating, ventilating, and air conditioning fields.

Volume 1 begins with a description of the principles of thermal
dynamics and ventilation, and proceeds from there to a general
description of the various heating systems used in residences and
light-commercial structures. Volume 2 contains descriptions of the
working principles of various types of equipment and other compo-
nents used in these systems. Following a similar format, Volume 3
includes detailed instructions for installing, servicing, and repairing
these different types of equipment and components.

The author wishes to acknowledge the cooperation of the many
organizations and manufacturers for their assistance in supplying
valuable data in the preparation of this series. Every effort was
made to give appropriate credit and courtesy lines for materials and
illustrations used in each volume.

Special thanks is due to Greg Gyorda and Paul Blanchard (Watts
Industries, Inc.), Christi Drum (Lennox Industries, Inc.), Dave
Cheswald and Keith Nelson (Yukon/Eagle), Bob Rathke (ITT Bell &
Gossett), John Spuller (ITT Hoffman Specialty), Matt Kleszezynski
(Hydrotherm), and Stephanie DePugh (Thermo Pride).

Last, but certainly not least, I would like to thank Katie Feltman,
Kathryn Malm, Carol Long, Ken Brown, and Vincent Kunkemueller,
my editors at John Wiley & Sons, whose constant support and
encouragement made this project possible.

James E. Brumbaugh
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Chapter 1
Introduction
This series is an introduction to the basic principles of heating, ven-
tilating, and air conditioning (HVAC). Each represents a systematic
attempt to control the various aspects of the environment within an
enclosure, whether it is a room, a group of rooms, or a building.

Among those aspects of the immediate environment that peo-
ple first sought to control were heat and ventilation. Attempts at
controlling heat date from prehistoric times and probably first
developed in colder climates, where it was necessary to produce
temperatures sufficient for both comfort and health. Over the years
the technology of heating advanced from simple attempts to keep
the body warm to very sophisticated systems of maintaining stabi-
lized environments in order to reduce heat loss from the body or the
structural surfaces of the room.

Ventilation also dates back to very early periods in history.
Certainly the use of slaves to wave large fans or fanlike devices over
the heads of rulers was a crude early attempt to solve a ventilating
problem. Situating a room or a building so that it took advantage
of prevailing breezes and winds was a more sophisticated attempt.
Nevertheless, it was not until the nineteenth century that any really
significant advances were made in ventilating. During that period,
particularly in the early stages of the Industrial Revolution, venti-
lating acquired increased importance. Work efficiency and the
health of the workers necessitated the creation of ventilation sys-
tems to remove contaminants from the air. Eventually, the interrela-
tionship of heating and ventilating became such that it is now
regarded as a single subject.

Air conditioning is a comparatively recent development and
encompasses all aspects of environmental control. In addition to
the control of temperature, both humidity (i.e., the moisture
content of the air) and air cleanliness are also regulated by air
conditioning. The earliest attempts at air conditioning involved
the placing of wet cloths over air passages (window openings,
entrances, etc.) to cool the air. Developments in air condition-
ing technology did not progress much further than this until
the nineteenth century. From about 1840 on, several systems
were devised for both cooling and humidifying rooms. These
were first developed by textile manufacturers in order to reduce



2 Chapter 1

the static electricity in the air. Later, adaptations were made by
other industries.

Developments in air conditioning technology increased rapidly
in the first four decades of the nineteenth century, but widespread
use of air conditioning in buildings is a phenomenon of the post-
World War II period (i.e., 1945 to the present). Today, air condi-
tioning is found not only in commercial and industrial buildings
but in residential dwellings as well. Unlike early forms of air condi-
tioning, which were designed to cool the air or add moisture to it,
modern air conditioning systems can control temperature, air mois-
ture content, air cleanliness, and air movement. That is, modern
systems condition the air rather than simply cool it.

Heating and Ventilating Systems
Many different methods have been devised for heating buildings.
Each has its own characteristics, and most methods have at least
one objectionable aspect (e.g., high cost of fuel, expensive equip-
ment, or inefficient heating characteristics). Most of these heating
methods can be classified according to one of the following four
criteria:

1. The heat-conveying medium
2. The fuel used
3. The nature of the heat
4. The efficiency and desirability of the method

The term heat-conveying medium means the substance or com-
bination of substances that carries the heat from its point of origin
to the area being heated. There are basically four mediums for con-
veying heat. These four mediums are:

1. Air
2. Water
3. Steam
4. Electricity

Different types of wood, coal, oil, and gas have been used as
fuels for producing heat. You may consider electricity as both a fuel
and a heat-conveying medium. Each heating fuel has its own char-
acteristics; the advantage of one type over another depends upon
such variables as availability, efficiency of the heating equipment
(which, in turn, is dependent upon design, maintenance, and other



factors), and cost. A detailed analysis of the use and effectiveness of
the various heating fuels is found in Chapter 5 (“Heating Fuels”).

Heating methods can also be classified with respect to the nature
of the heat applied. For example, the heat may be of the exhaust
steam variety or it may consist of exhaust gases from internal com-
bustion engines. The nature of the heat applied is inherent to the
heat system and can be determined by reading the various chapters
that deal with each type of heating system (Chapters 6 through 9) or
with heat-producing equipment (e.g., Chapter 11, “Gas Furnaces”).

The various heating methods differ considerably in efficiency and
desirability. This is due to a number of different but often interre-
lated factors, such as energy cost, conveying medium employed, and
type of heating unit. The integration of these interrelated compo-
nents into a single operating unit is referred to as a heating system.

Because of the different conditions met within practice, there is a
great variety in heating systems, but most of them fall into one of
the following broad classifications:

1. Warm-air heating system (Chapter 6)
2. Hydronic heating systems (Chapter 7)
3. Steam heating systems (Chapter 8)
4. Electric heating systems (Chapter 9)

You will note that these classifications of heating systems are
based on the heat-conveying method used. This is a convenient
method of classification because it includes the vast majority of
heating systems used today.

As mentioned, ventilating is so closely related to heating in its
various applications that the two are very frequently approached
as a single subject. In this series, specific aspects of ventilating are
considered in Chapter 6 (“Ventilation Principles”) and Chapter 7
(“Ventilation and Exhaust Fans”) of Volume 3.

The type and design of ventilating system employed depends on
a number of different factors, including:

1. Building use or ventilating purpose
2. Size of building
3. Geographical location
4. Heating system used

A residence will have a different ventilating system from a build-
ing used for commercial or industrial purposes. Moreover, the
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requirements of a ventilating system used to provide fresh air result
in fundamental design differences from a ventilating system that
must remove noxious gases or other dangerous contaminants from
the enclosure.

The size of a building is a factor that also must be considered.
For example, a large building presents certain ventilating problems
if the internal areas are far from the points where outside air would
initially gain access. Giving special attention to the overall design of
the ventilating system can usually solve these problems.

Buildings located in the tropics or semitropics present different
ventilating problems from those found in temperature zones. The dif-
ferences are so great that they often result in different architectural
forms. At least this was the case before the advent of widespread use
of air conditioning. The typical southern house of the nineteenth cen-
tury was constructed with high ceilings (heat tends to rise); large
porches that sheltered sections of the house from the hot, direct rays
of the sun; and large window areas to admit the maximum amount
of air. They were also usually situated so that halls, major doors, and
sleeping areas faced the direction of the prevailing winds. Today,
with air conditioning so widely used, these considerations are not as
important—at least not until the power fails or the equipment breaks
down.

Air Conditioning
Although the major emphasis in this series has been placed on the
various aspects of heating and ventilating, some attention has also
been given to air conditioning. The reason for this, of course, is the
increasing use of year-round air conditioning systems that provide
heating, ventilating, and cooling. These systems condition the air by
controlling its temperature (warming or cooling it), cleanliness,
moisture content, and movement. This is the true meaning of the
term air conditioning. Unfortunately, it has become almost synony-
mous with the idea of cooling, which is becoming less and less rep-
resentative of the true function of an air conditioning system. Air
conditioning, particularly the year-round air conditioning systems,
is examined in detail in Chapters 8, 9, and 10 of Volume 3.

Selecting a Suitable Heating,Ventilating,
or Air Conditioning System
There are a number of different types of heating, ventilating, and
air conditioning equipment and systems available for installation in
the home. The problem is choosing the most efficient one in terms



of the installation and operating costs. These factors, in turn, are
directly related to one’s particular heating and cooling require-
ments. The system must be the correct size for the home. Any rep-
utable building contractor or heating and air conditioning firm
should be able to advise you in this matter.

If you are having a heating and ventilating or air conditioning
system installed in an older house, be sure to check the construc-
tion. Weather stripping is the easiest place to start. All doors and
windows should be weather-stripped to prevent heat loss. Adequate
weather stripping can cut heating costs by as much as 15 to 20
percent. If the windows provide suitable protection (they should be
double- or triple-glazed) from the winter cold, check the caulking
around the edge of the glass. If it is cracking or crumbling, replace
it with fresh caulking. You may even want to go to the expense of
insulating the ceilings and outside walls. This is where a great deal
of heat loss and air leakage occurs.

You have several advantages when you are building your own
house. For example, you may be able to determine the location of
your house on the lot. This should enable you to establish the direc-
tion in which the main rooms and largest windows face. If you
position your house so that these rooms and windows face south,
you will gain maximum sunlight and heat from the sun during the
cold winter months. This will reduce the heat requirement and
heating costs. The quality of construction depends on how much
you wish to spend and the reliability of the contractor. It is advis-
able to purchase the best insulation you can afford. Your reduced
heating costs will eventually pay for the added cost of the insula-
tion. If you suspect that your building contractor cannot be trusted,
you can reduce opportunities for cheating and careless work by
making frequent and unexpected visits to the construction site.

Career Opportunities
Many career opportunities are available in heating, ventilating, and
air conditioning fields, and they extend over several levels of educa-
tion and training. Accordingly, the career opportunities open to an
individual seeking employment in these fields can be divided
roughly into four categories, each dependent upon a different type
or degree of education and/or training. This relationship is shown
in Table 1-1.

Among workers in these fields, engineers receive the highest pay,
but they also undergo the longest periods of education and train-
ing. Engineers are usually employed by laboratories, universities,
and colleges or, frequently, by the manufacturers of materials and

Introduction 5
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Table 1-1 Relationships between Career Category and Type
of Work or Education and/or Training Required

Career Category Type of Work Education/Training

Engineer Design and development 4 years or more
of college

Technician Practical application Technical training
school and/or college

Skilled worker Installation, maintenance, Apprentice program
and repair or on-the-job

training (OJT)
Apprentice or Training for skilled- High school degree
OJT worker worker position or equivalency

equipment used in heating, ventilating, air conditioning, and related
industries. Their primary responsibility is designing, developing, and
testing the equipment and materials used in these fields. In some
cases, particularly when large buildings or district heating to several
buildings is employed, they also supervise the installation of the
entire system. Moreover, industry codes and standards are usually
the results of research conducted by engineers.

Technicians obtain their skills through technical training schools,
some college, or both. Many assist engineers in the practical appli-
cation of what the latter have designed. Technicians are particularly
necessary during the developmental stages. Other technicians are
found in the field working for contractors in the larger companies.
Their pay often approximates that of engineers, depending on the
size of the company for which they work.

Skilled workers are involved in the installation, maintenance,
and repair of heating, ventilating, and air conditioning equipment.
Apprentices and OJT (on-the-job training) workers are in training for
the skilled positions and are generally expected to complete at least a
2- to 5-year training program. Local firms that install or repair equip-
ment in residential, commercial, and industrial buildings employ most
skilled workers and trainees. Some also work on the assembly lines of
factories that manufacture such equipment. Their pay varies, depend-
ing on the area, their seniority, and the nature of the work. Most
employers require that both skilled workers and trainees have at least
a high school diploma or its equivalent (e.g., the GED). The require-
ment for a high school diploma may be waived if the individual has
already acquired the necessary skills on a previous job. The pay for
skilled workers and trainees is lower than that earned by engineers


