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Preface

Depending on what part of the country you reside in, gas-burning heating systems can be either an
absolute necessity or a rarity. For those that maintain, service, and install gas heating systems, or for
those just looking for a more in-depth source of accurate information, this book focuses on furnac
and boilers that burn natural gas or LP. The combustion of gas to generate heat can be dangero
and should be thoroughly understood by HVAC technicians.

ien
epM@ed the
ay encounter
between. It is

Through advancements in technology, modern heating systems have become far
their predecessors. Integrated circuit boards and electronic ignition system
mechanical controls and manually lit pilots of older systems. Today, techni
furnaces or boilers that are “dinosaurs”, complex high-efficient systems, or anythin
critical that technicians have a working knowledge of all these systems.

Readers can expect to learn about:

o safe working practices.

e combustion of both natural gas and LP.

e proper venting procedures for gas-burning appliance

o fuel system components of furnaces and boilers.

e furnace and boiler components and controls.

e sequence of operations and schematics for aces and bgffers.
e gas pipe sizing and installation.

e furnace and boiler installations.

e troubleshooting mechanical and elegtrical faul

It is recommended that readers % nowledge of electricity and digital multimeter use.

iv Gas Heating
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Chapter 1: Safety

Learning Outcomes

After studying this chapter, the reader should be able to:

¢ explain the importance of workplace safety and why safety should
be a technician’s primary concern.

¢ identify potential hazards on the job site and explain how to
remediate them.

e demonstrate knowledge of hazard prevention.

e explain the importance of personal protection equipment @PE).

e describe various pieces of personal protection equi t.

e demonstrate knowledge of the safe handling and

power tools.

o define a confined space.

e demonstrate knowledge of lockout/t

e explain the importance of CP ining.

e describe the dangersef ca ide.

e explain how carbon
#Osure can affect human health.

¢ explain how carb ono

¢ identify common rcqQyof carbon monoxide.

e describet ntation used to test for carbon monoxide.
e explain rta of the Occupational Safety and Health

Ad NP(OSHA).




Safety Overview

Individuals who work in the trades are exposed to dangerous situations and conditions that have the
potential to cause severe personal injury or death. These situations vary greatly from trade to trade,
but all workers can agree that proper and adequate hazard-avoidance training should be a major p
of any educational program. Unfortunately, even when proper training is received, and technicia

perform in a safe and acceptable manner, accidents do happen. It is extremely important to I@
o€

only how to avoid potentially dangerous situations, but how to react if an accident or
occur.

This chapter will provide a general overview of some common safety-related is are faced by
a technician who works on gas-fired heating equipment. Given the specific and i d scope of this
chapter, it is important to stress that additional safety training is stroggiigggecommeM®ed to ensure
that an HVAC technician remains safe on the job. Safety is an img ent of all jobs and
projects, large and small, and should never be overlooked, ignored, o compromised.

Maintaining a Safe Work Environment

In order to remain safe on the job, it is extremely impg t a woger to be completely aware of
his/her surroundings. Identifying potential hazards ore e injury is a skill that all field
technicians should master.

When arriving on a job site, it is important togQok 4, down, and all around to identify conditions or
situations that have the potential to cause ha Exagg¥les of such conditions include, but are not

limited to:
o liquid spills

¢ low overhead clearances

e protruding nails or other s
e uncovered chemical #onta
e exposed electrical wj
e uncovered electri

In"some cases safety hazards can be eliminated, while in other cases, they cannot. For example,
promptly cleaning up spills will reduce the chance of slipping, while capping and covering exposed
electric wires can reduce the chance of electric shock. When an unsafe condition cannot be

2 Gas Heating



Chapter 1: Safety

eliminated, proper precautions should be taken. Such precautionary measures can include,
but are not limited to:

e making others on the job site aware of any potentially unsafe conditions;
e placing padding or similar material over protruding/sharp objects;

e cordoning off areas where flooring is damaged or uneven;

e replacing burned-out light bulbs.

e providing temporary lighting in areas where lighting is insufficient;

e hammering or cutting any protruding nails;

e ventilating any areas where air movement is not adequate.

Personal Protection Equipment
Personal protection equipment, known as PPE, refers to eqipmen®™@vorn by a worker to
minimize exposure to specific hazards and to help ensure per . Personal protection
equipment includes items such as ear plugs, hard hats ; oves, respirators, and
work boots, Figure 1-1. These items must meetfithe reaq@iirements set forth by the
nization that sets standards
spect their personal protective
s have been met. Proper use of PPE
hemselves on the job site, but can

which PPE manufacturers must comply with.
equipment for labeling which states that
will not remove or eliminate all hazard

Figure 1-1

Gas Heating 3



Name: Date:

Chapter 1 Review Questions
Read the questions below. Select the best answer.

1. Which of the following best describes the use of personal protection equipment?
A. PPE is a requirement to protect the individual.
B. PPE is a suggestion to protect the individual.
C. PPE is an optional means to protect equipment.
D. PPEis arequirement to protect equipment.

2. The severity of an electric shock is determined by the
A. intensity of electric current flow through the body.
B. path the current takes as it flows through the body.
C. both A and B are correct.
D. neither A nor B is correct.

3. Which of the following would result in the most severe eled d
A. A shock from the left arm to the right foot.
B. A shock from the left arm to the left foot.
C. Ashock from the right arm to the right foot.
D

4. Which of the following statements is i e severity of an electric shock?
A. Asthe voltage increases, the s decrease.
B. Asthe skin becomes damp, the s i ty will decrease.
C. Asthe body’s resistance igcreases, ock intensity will decrease.
D. Asthe voltage decreases, shock intensity will increase.

5. Which of the following IQllreseNgg a portion of an acceptable lockout procedure?

A. One lock with m e S.

B. Multiple I@ks, eir own key.
C. Multiple lo ultiple keys.
D. All of th ovemre table.

re®ommended indoor CO level is

Carbon monoxide is most commonly produced in appliances by
A. incomplete combustion

complete combustion

excessive combustion

spontaneous combustion

oo
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Chapter 2: Fuels and
Their Properties

Learning Outcomes

After studying this chapter, the reader should be able to:

o describe the safety considerations associated with fossil fuels.
o define the British Thermal Unit (Btu).

e describe various fossil fuels based on their chemical makeup.
¢ explain the heat content of various fossil fuels.

e explain how to determine if a gas is heavier or lighter than

e calculate the specific gravity of various gases.

¢ explain the relationship between the density and s VO

a gas.

e list the flame temperatures that are produc Is are
burned.

e discuss the properties and characteristics of liqQig#’petroleum gas
(LPG).

3 ﬂﬁ\&\
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Chapter 2: Fuels and Their Properties

Fuel Properties Overview
Fossil fuels are natural fuels formed by the decomposition of plants and other organisms that lived
millions of years ago. Common fossil fuels include coal, oil, and natural gas. Liquified petroleum (LP)
products, such as propane and butane, do not occur naturally, but are created as part of t
petroleum refining process. The type of fuel produced depended on the type of organism present
well as the amount of pressure and heat exerted on the organisms over time. Coal, for exa S
derived primarily from plants and trees, while oil comes from smaller plants, such as alggg. r
gas also comes from smaller algae-like plants subjected to higher amounts of heat 3 su r
longer periods of time. Because of the time required to produce fossil fuels,
non-renewable energy sources. This chapter will focus on natural gas and liquifi

Today, we rely heavily on fossil fuels for a number of important functiog
electricity, powering our automobiles, and providing the heat sourg
buildings. Fossil fuels are, or contain, hydrocarbons, which are highl
hydrogen and carbon atoms. Over 75% of the emissions ca y =
combustion, which is the world’s largest source of carbon diojide, a grqgnhouse gas.

cook food and heat
and are made up of

Fossil Fuel Safety

When working on or around appliances that utilizgfo
fuels are highly combustible and can, if not
severe injury, or death. Additionally, the co
a colorless, odorless, and toxic gas that can ca
fuel-burning appliances, adhere to th fety g
following:

e Avoid creating sparks of any ki an Yea that is suspected of having a fuel leak.
unit before servicing it.

lance before servicing it.

e flue gases from the appliance.

uel to flow to the appliance.

nding the appliance before attempting to service it.

up or combustion air passages are unobstructed.

ining each specific fuel, definitions will be provided for various properties associated
with fissil fuels including the lower explosive limit (LEL), upper explosive limit (UEL), heat content
ensity, specific gravity, and specific volume.

18 Gas Heating



Chapter 2: Fuels and Their Properties

Lower Explosive Limit (LEL) and Upper Explosive Limit (UEL)

Although it is desirable that fuels be mixed with air in the proper proportions in a control
environment, such as the combustion chamber of a furnace or boiler, accidents do happen. |
therefore, important for the HVAC technician to be familiar with the limits of flammability fo iou
fuels and the basic recommendations for dealing with potentially dangerous gas leak situat

common terms used when describing the limits of flammability for fuels are the lower Y it
(LEL) and the upper explosive limit (UEL).

ir | mixture will
ercentage, of fuel in
In order for a fuel/air

The LEL is the lowest concentration, by percentage, of fuel in air at whj
ignite if exposed to an ignition source. The UEL is the highest concentrat
air at which the air/fuel mixture will ignite if exposed to an ignition sour
mixture to ignite, the concentration of fuel must be higher thag ower ex
than the upper explosive limit, Figure 2-1. Fuel concentrationgfi
much air in the mixture, while fuel concentrations that are hig
the mixture and are too “rich” to burn.

e UEL have too much fuel in

LOWER EXPLOSIV, PLOSIVE
LIMIT LIMIT

\ Figure 2-1
evel (UEL) Concerns

nsvthat are higher than the upper explosive limit are considered to be non-
r, they can become explosive when vented and mixed with air. As the non-
re is vented from the space, it will become diluted causing the fuel concentration
decrease in fuel concentration can cause the fuel mixture to enter the explosive range.
accidental spark at that time, the result can be catastrophic. If occupants are present,

e notified immediately.
Lower Explosive Level (LEL) Concerns

Fuel utilities often refer to the lower explosive level when classifying the severity of a fuel leak. In
practice, utilities will refer to the severity of a fuel leak as a percentage of the LEL. The closer the

Gas Heating 19



Chapter 3: Combustion

Learning Outcomes

After studying this chapter, the reader should be able to:

describe the combustion process.

define complete combustion.

properly balance a chemical reaction.

explain the differences among perfect, complete, and incomplete
combustion.

describe the terms primary, secondary, excess, tramp, and@ilution
as they apply to combustion air.

explain the combustion triangle.

identify the components in typical flue gas.

describe the effects of nitrogen on the co n prgeess.
explain the importance of testing angd evaluati combustion
process.

explain the process of combu

explain how to interpret the (&s of c®nbustion testing.

¢
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Chapter 3: ‘.

Combustion Overview

As mentioned in the previous chapter, fuels contain heat energy that is released when the fuel is
burned. The controlled process of burning fuel is referred to as combustion. In order to harness this
released heat, the fuel must be burned in a controlled environment and in a manner that will allo
this heat to be transferred, as effectively as possible, to the medium being heated. By mixing fuel a
air in the proper ratios, efficient combustion results, providing the maximum amount of hea t
per unit of fuel burned. Efficient combustion saves the equipment owner money by re u
costs and prolonging the life of the appliance.

What is Combustion?
The informal definition of combustion relates to the burning of some substance. Ti"@term “burning”
refers to the production of a flame. The production of a flame is also g define ®ombustion. In
{ efinition is needed.
Jfied as combustible
oxygen to form light,
makeup of the fuel to form
e. The heat that is released

Combustion is formally defined as the rapid oxidation of any ma
matter. The term rapid oxidation means that substances rea i
heat, and often, smoke. The combustion process changes t
carbon dioxide, water, and other substances such as o
during the combustion process has many uses, includ#ffg th

and heating structures.

There are many factors that affect the com i rocess. In order for combustion to occur, there
must be fuel, oxygen, and heat. The ignitio

combustion process. If any one of thes ee ite e missing, the combustion process will stop. If

the fuel/air ratio is not correct, unde and toxic by-products can form, creating unsafe and
unhealthy conditions for the occgga t ucture. To ensure the formation of these unwanted
by-products is kept to a minimu nd t efficient combustion occurs, specially designed test
equipment is used to monitor aNmte the combustion process.

¢

The Combustion Pro
An easy way to visualyd e cOpbIon process is to create what is

commonly referred the combustion triangle, Figure 3-1.

Figure 3-1

Notice that the shape of the combustion triangle shown is balanced and uniform. The sides of the
triangle, namely the components required for combustion, must remain proportionally balanced for
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Chapter 3: Combustion

the process to continue efficiently. When there is an imbalance, such as too little oxygen, the
combustion process becomes less efficient, and any number of adverse conditions can occur.
Just as with humans, if combustion appliances are not provided enough oxygen, they will
struggle to function correctly.

There are three classifications of combustion that will be discussed. They are:

e Perfect combustion
¢ Complete combustion
¢ Incomplete combustion

Perfect Combustion
Perfect combustion refers to using the fuel and oxygen in exa
over once the combustion process has been completed.

propoNions with nothing left
echnicdlly speaking, perfect

monoxide. Chemically speaking, the balanced
(CH.) would look like this:

he reaction are accounted for both before
ression, be seen that one methane molecule reacts
toms) to form 2 water (H,0) molecules and one carbon
ion, in the area to the left of the arrow, there is one
olecules, for a total of 1 carbon atom, 4 hydrogen atoms

and after the reaction. In this e
with 2 oxygen molecules (4 oxyg
dioxide (CO,) molecule. Pg

and 4 oxygen atoms (2 g toms in each of the 2 oxygen molecules). After the chemical
reaction, in the agga td bt of the arrow, there are two water molecules and one carbon
dioxide molecule carbon atom, 4 hydrogen atoms and 4 oxygen atoms. Notice
that both sides ¥the ig#Mave the same number of carbon, oxygen and hydrogen atoms.

This reaction \gsh®n graphically in Figure 3-2.

®-0-®
+ = + 000
H-@-

H Figure 3-2

This relationship means that for every unit of methane gas that is to be burned, two units of
oxygen will be required for perfect combustion. If 1 cubic foot of natural gas is to be burned, 2
cubic feet of oxygen will be needed. However, each cubic foot of air contains only 0.21 cubic

Gas Heating 31



Chapter 4: Fuel System
Components

Learning Outcomes

After studying this chapter, the reader should be able to:

¢ explain the function of a gas pressure regulator.

¢ explain the function of a vent limiter, as it applies to a gas pressure
regulator.

e explain the function of a gas valve.

o list the types of gas valves found on gas-fired appliances.

¢ explain the function of the manifold and spuds as they rela
appliance operation.

¢ identify the different types of commonly used burn

¢ explain the function of the various burners used f
ignition systems.

o differentiate between burners used in boi furnaces.

o describe the construction of different burnersQd gfir
applications.

e explain the delivery of fuel thggu

explain the function and purpgs yover or cross-lighter.

ir shutters.

o pglform temperature rise calculations across heat exchangers.
e Tdescribe symptoms of heat exchanger failures.

e discuss routine maintenance and inspection of heat exchangers.
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Chapter 4: Fuel Sysfem Components

Fuel System Components Overview
In order for gas-fired appliances to operate efficiently, the fuel must travel from the source, to the
appliance, and ultimately to the point where it is burned. The fuel flows first through the gas meter,
then through a regulator to the gas valve, where fuel is fed to the manifold and burners, and, finall
to the heat exchanger where combustion takes place. While the path may vary depending on the f
type being used, the main goal is to deliver fuel to the heat exchanger area in a controlled g
ensuring optimal combustion, system performance, and overall system efficiency. Once I
burned, the heated combustion gases pass through the heat exchanger, transferrjgg h@& fro
burning fuel to the medium being used.

Having covered the basic fuel path through a system, this chapter will take a deeper gk at each of the
components and their functions including: the different types of gas v, o
manifolds, and burners commonly used in furnaces and boilers. This
exchangers, their construction, operating conditions, and contributions

Gas Pressure Regulators
Gas pressure regulators maintain a constant pressure i
present at the inlet of the regulator, Figure 4-1. Regu
to a lower outlet pressure. In many gas pgipi
arrangements, there are multiple gas
regulators. On natural gas systems, one r
located upstream of the structure’s gas met

gardless of the gas pressure
reduce a higher inlet pressure

line,

o
i

regulator is installed and maintained b gas u .
The second regulator is often incorpor as part of
the appliance’s gas valve and ergur, t proper

gas pressure is being supplied t e aMpliance. On
liquified petroleum (LP) sysi primary gas
regulator is located at 4he d the fuel storage
tank. This ensures tha egure in the line
entering the struct i Esired level. The
an be adjusted to change
needed.

are classified as modulating
can start, stop, or adjust the flow
to the pressure sensed in the line.

edle-and-seat assembly. When the needle is
into the seat, the valve is pushed closed,
igure 4-2. When the needle is pushed out of the seat,
the valve moves toward the open position, Figure 4-3.
Sensed pressures determine the position of the needle. Figure 4-1

52 Gas Heating



Chapter 4: Fuel System Components

REGULATOR OUTLET OUTLET

REGULATOR INLET REGULATOR INLET

Figure 4-2

The regulator is controlled by three pressures. Spring and
pushing down to open the valve, and the outlet fuel pressure |
pressure is adjusted to control the operating outlet pre
by a flexible diaphragm. When the outlet pressure is | combined spring and atmospheric
pressure, the diaphragm pushes the needle out of th ing the fuel to flow. As the outlet
pressure increases under the diaphragm, it raisg® pudllin edle to the seat reducing the flow of
fuel.

p s per square inch (PSI). A smaller unit of
measurement, Inches of Water Column ), is used. The standard inlet natural gas pressure
supplied to a home is between,7 and 9 WC. The appliance pressure regulator brings the
pressure down to the manufac r's recommended manifold (outlet) pressure. For natural gas
furnaces, the typical manj 3.5 inches WC. Propane or LP furnaces have a manifold

Gas pressure is too low to be me

pressure ranging between inches WC.
UTET PRESSURE
* STING SCREW [
\ _«— VENT
E

SPRING

RING PRESSURE
(@PENING PRESSURE) —|
LOW PRESSURE GAS —»I
(CLOSING PRESSURE)
ﬁ - REGULATOR

= SEAT

HIGH PRESSURE & ~ NEEDLE
GAS IN

ATMOSPHERIC PRESSURE
(OPENING PRESSURE)

__— DIAPHRAGM
LOW PRESSURE

‘ GAS OUT

Figure 4-4
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Chapter 5: Venting

Learning Outcomes

After studying this chapter, the reader should be able to:

describe the importance of venting.

demonstrate a knowledge of venting safety.

identify potential hazards of flue gas exposure.

explain the dangers of carbon monoxide.

explain draft and how it relates to appliance venting.
identify appliance venting categories.

describe the different venting materials most com us

explain the process of properly sizing a vent syste




Chapter 5: Venting

Chapter Overview

Venting is the process of removing combustion by-products from the appliance and moving them to
the outside atmosphere. In addition to removing combustion gases, the venting process creates
pressure needed in the appliance to draw in combustion air. There are various furnace and boil
systems that utilize different venting methods. It is important that draft and venting be prope
understood by all technicians.

. Note: Always refer to the manufacturer’s specifications when sizing and i |k a (4
|\ system on a gas-burning appliance.

Draft
Draft can be defined as a pressure that causes gases or air to flow thrg chimney’ vent, flue, or
appliance. Draft can be either atmospheric or mechanical. The tradiffonal, n3iral (or atmospheric)
draft, gas-fired appliance depended on the buoyancy of the hot fluqgas to gieate enough upward
momentum to carry the gas up the stack and to the outdoog” This guired that an upward
motion be maintained and needed to be checked peri verify that there were no
obstructions. A drop in the temperature of the flue ga u e gas to sink back down the
vent system and spill into the conditioned space.

Modern gas-fired furnaces and boilers utilize a
through the heat exchangers and into the v&gi stem. A combustion blower is placed at either
the inlet or outlet of the heat exchangers to
venting.

Venting Safety
Venting and safety go hand-in-hg
codes, guidelines, and require
boiler. Manufacturers pﬁ id
Iltems that may be addr

en 'eomes to combustion in gas-burning appliances. Specific
t be referenced to ensure proper installation of a furnace or
 instructions for the venting requirements of their equipment.
bs or installation manuals include, but are not limited to:

e construction mat&jalRkthe pipe being used;
the piping used, including fittings;

of the flue pipe;

on dioxide must not be confused with the deadly carbon monoxide gas. Carbon dioxide, while
not considered to be immediately dangerous to life and health in limited concentrations (less than
5,000 parts per million (ppm), is considered immediately dangerous to life and health at
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Chapter 5: Venting

concentrations of 40,000 ppm. While this concentration may appear high, a natural gas
furnace can produce twice that amount during operation.

Special consideration should always be given to carbon monoxide safety. CO is a colorles
odorless, toxic, deadly gas which claims the lives of thousands of people each year. It cau
countless numbers of emergency room visits. Concentrations as low as 30 to 50 ppm ¢ e
negative effects on human health. The maximum allowable concentration of carbon

in the flue gas of a furnace or boiler during operation is 400 ppm air free.

Venting Categories
There are several types of furnaces and boilers, all of which require differe pes of venting
materials and pressures. These differences are used to sepg4 2pplianc® into venting
categories. Venting categories and classifications identify the (Wer’s designed venting
requirements for each appliance.

There are four venting categories, each of which deffribes thg venting conditions that the
appliance was designed to operate under, including:

Category | - non-positive pressure, non{gon
Category Il - non-positive pressur
Category lIl - positive pressure,
Category IV - positive pressure,

There are a multitude of agenci hich haW€ slight variances in how venting categories are
defined. In this publication, we WiMlist several common definitions for each. The following
agencies will be referenceQyi It

e The International F
American Ga&

dards Association (CSA)

local authority in regard to which code agency has jurisdiction in your

Ollowing are the most common descriptions for a category | appliance:

e The International Fuel Gas Code, American Gas Association, and International Code Council
define a category | appliance as an appliance that operates with a non-positive vent static
pressure and with a vent gas temperature that avoids excessive condensate production in
the vent.
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Chapter 6: Electrical
Components and Controls

Learning Outcomes

After studying this chapter, the reader should be able to:

o describe the basic functions of a control.

e explain the operation of a thermostat.

o describe the function of the electrical components in a furnace or
boiler.

e explain the operation of a pressure switch.

e describe the function of an inducer motor.

¢ explain the features and functions of a thermocou

e explain the features and functions of thermopilgs.

e demonstrate the testing procedures for the

e demonstrate the testing procedures for th
e understand the function of a flame rod.
e describe flame rectification.

ocedures.

in(®grated and non-integrated




ical Components and Controls

Chapter Overview

Modern gas-burning furnaces and boilers have evolved from low-efficiency units equipped with basic
mechanical controls, into high-efficiency systems using sophisticated components and controls. This
chapter will cover electrical components and controls used in both older and modern gas furnac
and boilers. Some of the components covered are not found in newer systems however, there
many older units in the field equipped with them that require service and maintenance.

Controls are an essential part of any electrical appliance or device. They vy sign and
performance but have many of the same features. Controls can be simple, s ,@ pusNgputton
switch, or complex, such as an integrated circuit board. These controls can en€ or de-energize
the electrical components that work together to provide heat to the conditioned spa¥

System Electrical Components
Electrical components found in gas-burning appliances have b
efficiencies and advancements in technology. Technicia
components found in older systems as well as the newer
cover components that can be found in both furnaces

ced due to improved
erstand the functions of
t systems. This section will

Transformers

Residential furnaces and boilers typically uUSga
stepdown transformer to reduce line volta Imary
(120V) down to control voltage ( . The Winding
transformer consists of two separate s of

Secondary
Winding

the primary coil, it creates a
will induce voltage intd®the
The amount of voltage 4

number of windings
wire turns on the pri
is proportional

ch &yl. & number of
e of the transformer
umber of turns on the
e voltage is connected
e transformer, control

downjp 24V, depending on the primary taps that
d.

Figure 6-2
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installation of the return air duct or incorrect duct size will also
cause premature motor failure. If a wheel needs to be replaced,
the new wheel must have the same width and diameter as the
original wheel.

A small but important component that is part of the housing is
the cut-off plate, Figure 6-48. The cut-off plate directs the air to
the discharge opening of the blower housing. It is also designed to
apply enough back pressure to the blower wheel for it to operate
effectively when the motor reaches its rated revolutions per
minute (RPM). This helps ensure that air does not get “trapped” in
the housing. Without a cut-off plate, the air will continuo
circulate in the housing without being discharged into the
work.

Blower Motor

There are many different types of moto t d
throughout the HVACR industry. Each or ditferent
operating characteristics and features wigh e it yell-suited

d. two most
-fired furnaces
e 6-49, and the

for the specific application in which
commonly used electric motors in re
are the permanent split capacitor (PS
variable speed motor (ECM), Fig -50.

Figure 6-49

PSC Motor

PSC motors are inductio s that have start and run windings

and a run capacigr. B ings and capacitor remain in the
ized. There are no start relays or

circuit when the e *
switches to re ’x ‘
the motor is . PS¥ motors are multispeed motors with a low

indings and/or the capacitor once
starting t oft start up; they gradually rise to full speed. Figure 6-50

The P, ost commonly used are 120V, single phase, 60 Hertz (Hz), and are fractional
r rotation can be clockwise or counter clockwise and, on some models, the
be reversible. The motor is air-cooled, meaning that is cooled by the air passing over
windings. This makes the motor susceptible to failure if there is a lack of airflow.

of a PSC motor. One advantage of a direct drive PSC motor over a belt-driven is that, using a relay, its
speeds can be switched to achieve different airflows for heating and cooling. To change the speed of
a belt-driven motor, different size motor pullies must be used, requiring a change for each season. A
temperature rise test should be done to determine the proper speed for heating.
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Aquastat
An aquastat is a boiler control made up of a
transformer, relay, and limit switch, Figure 6-
63. All the boiler components are connected to
the aquastat, similar to an IFC on a furnace.
Models can vary slightly to suit the type of
ignition system used in the boiler. Some models
are equipped with a harness to incorporate a
vent damper. The thermostat is connected to
the T and TV terminals (terminal labels may
vary from model to model). On a call for heat,
the thermostat sends a 24V signal to the
aquastat which will energize the relay. When
the relay closes, the circulator and burner
circuit are energized. The limit, which is in
series with the burner circuit, will open and
close to maintain a constant water
temperature.

Circulator Pumps
Circulator pumps are centrifugal pumps use¥
in hydronic heating systems to circulate the
heated water through the piping syste the
heat transfer components. Their func is
similar to the blower motor i -
heating system. In residential systgas, \
fractional horsepower motor Older
pumps are typically singe e s, but
newer models can be ) M even
variable speed. T the S¥common

to mp, Figure 6-64,

w
models are the wet

and the flex coup™RgiaWine pump, Figure 6-65.
The wet ro & p a®ws system water to

shaft and into the rotor

mA lubPcation. The flex coupled
pum an externally mounted motor that
can removed from the pump and be

ed. The motor is connected to the pump
with a flexible coupling that is attached to its
shaft and may require periodic lubrication.

Figure 6-65
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Chapter 7: Gas-Fired
Furnace Wiring Diagrams
and Sequence of
Operations

Learning Outcomes
After studying this chapter, the reader should be able to:

e describe the various symbols used in furnace wiring diagrams.

e locate and identify components on a furnace wiring diagram.

¢ identify pictorial diagrams and describe their uses.

e identify schematic or ladder diagrams and describe their uses.

e discuss the differences between pictorial and ladder diagra

o describe the sequence of operations for a furnace using a firing
diagram.

e identify the different furnace ignition systems usinff wiri

diagrams.

¢ explain the sequence of operations for co,
and direct ignition furnaces.

e explain the functions of integrated on-int ted controls.

3 ﬂﬁ\&\
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Chaptef 7: Gas- d Furnace Wiring Diagrams and

Sequence of Operations

Chapter Overview
Wiring diagrams are an important tool for technicians as they aid in troubleshooting and provide an
understanding of how a particular appliance should operate. There are a few different ignition
systems found in gas furnaces and a wiring diagram can help to determine the sequence
operations for the unit. As emerging technology finds its way into the HVACR field, the ability to re
interpret, and comprehend electrical schematics is a requirement in the field. This chapter wil
pictorial and schematic diagrams, as well as the sequence of operations for ignition sy se
with gas furnaces.

Wiring Diagrams

sample chart of symbols used with the schematics present
diagrams are drawn can aid in understanding the seque

Figure 7-1
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Chapter 7: Gas?Fixrregd Furnace Wiring Diagrams and
Sequence of Operations

Figure 7-5
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Chapter 8: Gas-Fired
Boiler Wiring Diagrams
and Sequence of
Operations

Learning Outcomes
After studying this chapter, the reader should be able to:

explain the function of components found in hot water systems.
describe the sequence of operations for a boiler using a wiring
diagram.

identify the different boiler ignition systems using wiring diagrams
explain the sequence of operations for continuous, intermi€nt,
and direct ignition boilers.

explain the functions of integrated and non-integr nt

they apply to boilers.
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Chapter 8: Gas-Fired Boiler Wiring Diagrams and
Sequence of Operations

Chapter Overview

Gas-fired hot water boilers circulate heated water through a piping system to heating terminals
located in the conditioned space. They use the same ignition systems, gas valves, igniters, and flame
safety devices used in gas-fired furnaces. There are some components that differ such as: t
aquastat, circulator pump, and the motorized vent damper to name a few. This chapter will revi
some boiler components and cover the ignition sequences of the more common boiler j
systems.

Aquastat
The aquastat is a boiler control made up of a transformer, relay, and limit s controls the
components in the boiler as well as the ignition sequence. Models can vary slightly uit the type of
ignition system used in the boiler. The limit switch typically has an pble temPerature range
between 160°F and 210°F. It cycles the burners to maintain a co er temperature and
protects the boiler from excessive temperatures. Refer to Figure 8-1 )r information on the
electrical connections of a typical aquastat.

Fan Center
The fan center is a transformer and a relay thaifare ed together. The fan center relay
configuration commonly used with hot water bggler doule-pole—single-throw (DPST). Older

model boilers were equipped with a fan cente
models use an aquastat or integrated furnace

circulator pump and gas valve. Newer
(IFC) for this purpose.

Motorized Vent Dampers
During the off-cycle of a boiler, the wgte
the stack, a motorized vent dam
calls for heat, the damper opgns

thermostat is satisfied, the d@mp¥
closure switch is incorp’r te % \
position. \

Circulator Pu
Heated wate

d heat exchanger are still hot. To prevent heat loss up

on the flue pipe at the boiler. When the thermostat
the flue gases to vent to the outdoors. When the
es, trapping the heat in the boiler. For safety, a proof-of-
ent the boiler from firing up if the damper is in the closed

boiler is circulated through the piping to the conditioned space by the

Zon
One bi¥nefit of hot water heating systems is that they can be split into multiple heating zones. A zone

, typically 24V, is controlled by the individual zone thermostat and incorporates an end switch
that can be used to cycle the boiler. Zone valves isolate the space being heated by stopping the flow
of water to it. They can use either a heat motor or a magnetic motor to open and close the zone.
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Chapter 8: Gas-Fired Boiler Wiring Diagrams and
Sequence of Operations

Figure 8-2
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Chapter 9: Gas Pipe Sizing

Learning Outcomes

After studying this chapter, the reader should be able to:

e understand pipe sizing practices.

e define specific gravity of a gas.

e |earn Btu values of common gaseous fuels.

e describe different piping materials.

e define friction.

e explain the longest length method of pipe sizing.

e explain the branch length method of pipe sizing.

e understand how to size pipe using the longest lgn ho

e understand how to size pipe using the bra

e explain equivalent length of fittings.

e compare and contrast longest lengthays, branc th pipe sizing.

3 ﬂﬁ\&\
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Chapter 9: Gas P pe Sizing

Gas Pipe Sizing Overview

In the heating industry, gas piping is often overlooked for any number of reasons. Some installations
are often plagued with design problems that affect appliance performance. It is the responsibility of
the designer, or engineer, to size and layout the piping plan correctly, the installer to install t
system as designed, and the service technician to consider improper gas piping when troubleshooti
and servicing. In any case, it is important for the engineer, installer, and technician to und

pipe sizing practices.

Tables have been designed to determine gas pipe size based on an appliance’s re tuNput and
its distance from the gas meter. The tables show pipe diameter size, length, and

feet per hour (Cfh).

ly inlet pressure and
friction loss of the piping system, Figure 9-1. Friction of the piping sys@@m causelll pressure drop and is
by application, each
re the table was based on.
pressures of 7 (% PSI) to
on pressure drops of 0.3, 0.5,
alculated based on an inlet pressure

table has a notation specifying the pressure drop and inle
Typically, low-pressure gas piping systems operate wj

of 2.0PSI.

Example of a _~ pipe si”” .g table

Fuel type: Natural gas Specific gravity: 1.60  Lsure drop: 0.5 in. WC Inlet pressure: <2 PSI

Nominal Pipe Size
in inches
Length in ft. ¥in Cubic Feet of Gas per Hour (Cfh)
10 514 1,060 1,580 3,050
20 353 726 1,990 2,090
30 284 583 873 1,680
40 243 499 747 1,440
50 215 442 662 1,280
60 195 400 600 1,160
70 179 358 552 1,060
42 89 167 343 514 989
Figure 9-1

The infent of this chapter is to introduce the principles of natural gas piping for low-pressure systems.

arts and tables in this section, while based on accurate data, are not to be used for sizing
systems. They are here for educational purposes only. For pipe sizing tables to plan an actual
installation, reference the most current edition of the approved standard required in your jurisdiction
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Chapter 9: Gas Pipe Sizing

C. Next, size the two branches of Sec. 1, (A) & (B), Figure 9-11 (A). Starting with branch (A), the factors
to determine the pipe size are the original longest length, 60ft., and the Cfh for the range, 43
Referring to the chart, using the 60ft. row, it can be determined that a }:-inch pipe is neede
branch (A). Notice 50Cfh is more than the 43Cfh required, Figure 9-11 (B).

D. Next, size Branch (B) in the same manner. Using 38Cfh on the 60ft. row, it can be d@d

that a %-inch pipe is required for Branch (B).

(C) Clothes Dryer
42,000 Btu

' Branch T
I 90° elbow

Branch (C)
(15 ft)
Gas
Meter
L Sec. 4 (15 ft) Sec.2 (12

(D) Furnace

Branch (B)
(15 ft)

(B) Water Heater
38,000 Btu

60,000 Btu
. Branch (D) "
(E) Fireplace
12,000 Btu aofy
Figure 9-11 (A)
3 4 & B B) 38
e pe pe g 0.60 Pre e drop: O e P
Nominal Pipe
Sizeinin % 1 14 1% 2
i ft. Capacity in Cubic Feet of Gas per Hour (Cfh)

131 273 514 1,060 1,580 3,050

90 188 353 726 1,990 2,090

72 151 284 583 873 1,680

62 129 243 499 747 1,440

55 114 215 442 662 1,280

50 104 195 400 600 1,160

46 95 179 358 552 1,060

42 89 167 343 514 989

Figure 9-11 (B)
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Chapter 10: Installation

Learning Outcomes

After studying this chapter, the reader should be able to:

e describe the proper installation of gas-burning furnaces.

e discuss the differences between an 80%+ and a 90%+ furnace
installation.

e describe the use of a plenum and a cross brace.

e explain the use of a vibration eliminator or flexible connec

e explain the operation of upflow, downflow, horizontal, an
multi-position furnaces.

e describe the proper installation of a gas-burning b

e locate and identify the components used in in on.

e describe the typical near-boiler piping of a Xl

¢ explain the proper installation of gas,piping.

e discuss the safe use of tools for thre% pipe.
¢ demonstrate how to properl% .
0\( b




Installation Overview
The installation of a furnace or boiler can directly affect the warranty and the lifespan of the unit. An
improperly installed system may:

e operate in an unsafe manner;

e stress system components, causing premature failure;

e operate outside of its design temperatures and conditions;
e run at a lower efficiency, causing higher operating costs;

e provide less comfort.

There are several codes and guidelines (national, state, and local) that must ollowed when
installing a system. Manufacturers provide an installation manual withgaaery unit t an installer
must reference to ensure that the system is installed to design specifi

Pvered individually in
upon this information, puts

A proper installation is comprised of several steps. These st
previous chapters (venting, air flow, gas piping, etc.). This ch
it all together, and details a complete installation.

It is always best to start with a pre-installation checklif: a4 hings to check before an installation
takes place. The following is a basic checklist andg to segfe as an example.

e Pick alocation that is suitable for the unit t nstalled.

e Make sure that venting requirementg can be

e Check for structural issues that may t the installation of piping or ductwork.

e Plan a gas piping route, including gemgsi hat will properly supply the system.

e Plan for proper condensate dr ge n applicable.

e Check for the proper clear ombustibles as recommended by the manufacturer and in
accordance with Ioca‘cod

e Make sure the install the unit accessible for future service.

iciency or AFUE. For example, an 80% furnace would deliver 80% of the
e conditioned space. The other 20% is lost through the flue pipe. The “+” is used

The in difference between the installation of an 80% and a 90% furnace is the vent system
d to carry the flue gases outside the structure. A 90%+ furnace will require a drain to handle
the flue gas condensate produced during operation.

198 Gas Heating



Chapter 10: Installation

Upflow Furnaces

In an upflow furnace, the blower motor is under the heat exchangers,
Figure 10-6A. The supply air discharge is on the top and the return air
enters at the bottom of the unit. Upflow furnaces have a vertical airflow
through the heat exchangers and are used in applications where the
supply air duct is above the furnace.

Downflow Furnaces

In a downflow furnace, the blower motor is located above the heat
exchangers, Figure 10-6B. The supply air discharge is at the bottom of tht
unit and the return air enters at the top. Downflow furnaces have a

vertical airflow through the heat exchangers and are used in apglggkions
where the supply air duct is below the furnace. Figure 10-6A
Horizontal Furnaces
In a horizontal furnace, the blower motor is located f#n the sige of the «—Filter
heat exchangers, Figure 10-6C. The supply and return t either
end of the unit, depending on the model. es use a
horizontal airflow through the heat exchange ypically used in <«—Blower
crawl spaces or attics.
<«—Burners
Burners s &

. yure 10-6C Figure 10-6B
Multi-Position F A
A multi-positi ace’ is one that can be configured for more than one application. An example
would be rnace that can be converted to a horizontal furnace.

cr a furnace installation is completed, the system should be tested to ensure that it will operate as

esigned. The manifold gas pressure should be checked and set to the manufacturer’s
recommendation, typically 3.5 inches WC for natural gas. A temperature rise test should be performed
once the gas pressure is set. Refer to chapter 4 for information on performing a temperature rise test. If
the temperature rise does not match the rise listed on the unit data plate, an airflow adjustment may
be necessary.
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Chapter 11: Troubleshooting

Learning Outcomes

After studying this chapter, the reader should be able to:

o define troubleshooting as it relates to gas heating systems.

e recognize the differences between mechanical and electrical
failures.

o describe troubleshooting procedures for electrical faults in gas
furnaces and boilers.

e describe troubleshooting procedures for mechanical faultJgn gas

furnaces and boilers.

o list procedures that may be completed during g sy aMand
check.

e discuss proper customer interactions whe minga service
call.

Q\
N
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Chaptef 11: Trou bleshooting

Troubleshooting Overview

Troubleshooting is a methodical and logical approach used to investigate the cause of a system fault
or failure. It is the process of evaluating what a system is, or is not, doing to reach an informed
diagnosis of the problem. The troubleshooting process involves gathering as much information a
possible about the system to develop a complete set of data. This information may include:

e aservice history of the system from the equipment owner;

e adetailed description of the problem from the equipment owner;

e avisual inspection of the system and its components;

e measurements from test instruments of the mechanical and electrical syste

intenan erformed on
e system prior to the
e present. A visual
burned wires, water
nosing a problem; a digital
meter to check draft or gas
g all of this information helps

The equipment owner may provide information about previous repairs ofgaas
the system. The owner can also provide details about the performa
failure; if it suddenly failed, slowly got worse, or if any noises or{g
inspection of the system can help to identify any possible me
leaks, etc. The technician can use a variety of tools to as
multimeter can be used to check the electrical circuits; a difgiital ma
pressure; and a thermometer to check system temper, S.
to reach a logical and well-informed conclusion.

Troubleshooting methods and techniques vage fr ne technician to another. There are
different paths that can be taken to arrive at e clusion. The goal is to safely diagnose the
problem and restore the system to a wogking con

A Never bypass switches or con

After collecting information from
The first thing to determjpe is
to verify that there is a cal@fo
and listen. The power s

a system back in service.

uipment owner, a technician must decide on a plan of action.
o ®art. The technician should begin by checking the thermostat
psent. The technician should then proceed to the unit to look
be used at this stage of the process to determine:

e Are any of thgconmRoneWts running?
e Arethereg oming from the unit?
e Isthe ug e pipR) warm or cold?

Base e information gathered from the equipment owner and system observations, a technician
can dgfide where the troubleshooting should start. The most common problems with furnaces and
s can be divided into two categories: mechanical problems and electrical problems. Electrical
problems can be faulty controls or components and are the most common. Mechanical problems are
issues with non-electrical components such as fan blades, heat exchangers, piping, or vent systems.
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bleshooting

Scenario 4

A customer has called for service on a furnace that is not heating the home. The customer states that
it sounds like the furnace is running, but it is not heating. The technician arrives and speaks with the
homeowner about the problem. He checks the thermostat and finds that it is set to 73 degrees a
that the room temperature is 62 degrees. The technician notes that the furnace is a 90% efficient
surface ignition furnace located in a closet. He turns the service switch off and on to reset ,

which is in a hard lockout. The technician observes the furnace as it goes through the s
operations. The induced draft motor starts and closes the pressure switch. After a short Y,
A g
or a

valve is energized, and the flow of gas can be heard. The technician noted that thg igniter
did not come on at anytime during the sequence. He theorizes that it is a bad d IFC.
Using a multimeter, the technician checks the resistance of the hot surface igniter'@d finds it within
the specified range. While waiting for the furnace to make another attcgis

of OV is obtained. The technician concludes that the IFC is b
referencing the schematic. The furnace is restarted, and t
furnace runs as it should and the room temperature rg¥s o th ostat setpoint. The technician
cleans the work area and places the door panels b urnace. He gives the homeowner a
detailed explanation of the work performed agf submits a gatly written invoice. The technician
collects payment and leaves for his next call.

Gas Valve

Figure 11-4
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