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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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Oil Burners

An oil burner is a mechanical device used to prepare the oil for
burning in heating appliances such as boilers, furnaces, and water
heaters. The term o0il burner is somewhat of a misnomer because
this device does not actually burn the oil. It combines the fuel oil
with the proper amount of air for combustion and delivers it to the
point of ignition, usually in the form of a spray.

The fuel oil is prepared for combustion either by vaporization or
by atomization. These two methods of fuel oil preparation are used
in the three basic types of oil burners employed in commercial,
industrial, and residential heating. The following are the three basic
types of oil burners:

I. Gun-type (atomizing) oil burners.
2. Vaporizing (pot-type) oil burners.
3. Rotary oil burners.

Gun-type atomizing oil burners are available as either low-pressure
or high-pressure types (see Figures 1-1, 1-2, and 1-3). Both are used
in residential heating applications with the latter being by far the
more popular of the two. The remainder of this chapter is devoted to
a description of the gun-type high-pressure atomizing oil burners
used in residential and light commercial oil heating systems.

Figure 1-1 Basic shape of a gun-type oil burner.
(Courtesy Stewart-Warner Corp.,)
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Figure 1-2 Principal components of an S.T. Johnson gun-type oil
burner. (Courtesy S.T. Johnson Company)

The advantage of the vaporizing (pot-type) oil burner is its low
operating cost. It is the least expensive to use, but it has limited
heating applications. It is currently used only in small structures
located in milder climates. Vaporizing burners can be divided into
the three following types:

I. Natural-draft pot burners.
2. Forced-draft pot burners.
3. Sleeve burners.

Rotary oil burners are commonly used in the heating systems of
commercial or industrial buildings, although they can and have been
used for residential heating applications (see Figures 1-4 and 1-5).
The following types of rotary oil burners are available for heating
purposes:
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FUEL LINE

REFRACTORY
FIREPOT

TRANSFORMER AIR TUBE
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Figure 1-3  Gun-type oil burner firing into furnace combustion
chamber. (Courtesy U.S. Department of Agriculture)

e Vertical rotary burners
e Horizontal rotary burners
e Wall-flame rotary burners

Gun-Type Oil Burners

Gun-type, high-pressure atomizing oil burners are sometimes
called sprayers or atomizing burners because they spray the fuel
oil instead of vaporizing it. They are also referred to as gun or
pressure oil burners because the oil is forced under pressure
through a special gun-like atomizing nozzle. The liquid fuel is
broken up into minute liquid particles or globules to form the

spray.
Construction Details
The principal components and parts of a gun-type, high-pressure

atomizing oil burner used in residential and light commercial oil
heating systems are illustrated in Figures 1-6 and 1-7. The
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i @)

Figure 1-4 Cutaway view of a vertical rotary burner of the vaporizing
or wall-flame type. (Courtesy Integrated Publishing)

construction details of gun-type oil burners will vary somewhat
in different makes and models, but the overall design of these
burners is now nearly standardized. The components and parts of
a typical gun-type oil burner can be divided into the following

categories:
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Figure 1-5 Horizontal rotary burner. (Courtesy integrated Publishing)

1. Burner control.

2. Primary safety control.

3. Gun assembly.

4. Ignition transformer.

5. Burner motor and coupling.
6. Fuel pump.

7. Combustion air blower.

Burner Control

The burner control is the operational control center of the burner.
As shown in Figures 1-6 and 1-7, it is located on the right side of the
burner assembly directly above the combustion air blower housing.
It operates in conjunction with the primary control and a bimetallic
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Figure 1-6 Typical gun-type oil burner (side view).

(Courtesy Lennox Industries Inc.)

temperature sensor. When the room thermostat calls for heat and
the ignition cycle begins, the burner control will start the burner
only when the cad cell detects (proves) a flame. The burner control
shuts off the burner if the cad cell fails to prove the flame or if the
bimetallic sensor detects a temperature too high for safe operation.

Primary Safety Control

The primary safety control is an automatic safety device designed
to stop the flow of fuel oil at the burner should ignition or flame
failure occur. Modern oil-fired furnaces and boilers use a cad cell as
the primary control to prove the flame; older ones were equipped
with a stack detector primary control. The former is mounted
inside the burner behind the access door (see Figure 1-8), and the
latter is located in the stack.

Gun Assembly

The oil burner gun assembly consists of a burner nozzle, the elec-
trodes, and a tube connecting the electrodes to the fuel pump (see
Figure 1-9). The burner nozzle changes the fuel oil into a form that
can be burned in the combustion chamber. It accomplishes this by
forcing the oil under pressure through a small hole at the end of the
nozzle. The atomized fuel oil is ignited by spark from the electrodes.
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Figure 1-7 Typical gun-type oil burner (front view).

(Courtesy Lennox Industries Inc.)

Ignition Transformer

A step-up ignition transformer located on top of the burner assem-
bly produces the voltage used by the electrodes to ignite the fuel oil.
This type of transformer is designed to increase the voltage of a
high-voltage (110 VAC) circuit to the ultrahigh 14,000 volts
required to ignite the fuel oil.

Burner Motor and Coupling

As shown in Figure 1-3, the burner motor is located on the right side
of the oil burner assembly. The drive shaft of the burner motor is
connected to both the fuel pump and the combustion air blower by a
coupling that functions as the drive shaft for both of these units. A
burner motor is also sometimes called an oil pump motor or a pump
motor because it is connected to and drives the fuel (oil) pump.
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Figure 1-8 Locations of burner control and cadmium cell primary
safety control.

Fuel Pump

The fuel pump (also called an oil pump or a fuel unit) is used to
draw fuel oil from the storage tank and deliver it under high pres-
sure (100 to 140 psi) to the nozzle assembly (see Figure 1-11). It is
driven by the burner motor and coupling and is located on the left
side of the oil burner.

Combustion Air Blower

The combustion air blower is also driven by the burner motor and
coupling. It is located between the burner motor and the fuel pump.
Its function is to introduce the required amount of air for the
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Figure 1-9  Oil burner with transformer removed revealing the gun
assembly. (Courtesy Wayne Home Equipment Co, Inc.)
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Figure 1-10  Gun assembly details. (Courtesy Lennox Industries Inc.)

combustion process. The amount of air can be manually adjusted
by an air adjustment gauge located between the blower wheel and
the inlet air scoop (see Figure 1-7). Depending on the oil burner
manufacturer, a combustion air blower is also sometimes called a
blower wheel, a burner motor fan, or an induction blower. Do not
confuse the combustion air blower with the furnace indoor blower.
The former delivers air to the oil burner for combustion. The latter
delivers the heated air to the rooms and spaces inside the structure.

Operating Principles

The operation of a gun-type, high-pressure atomizing oil burner
can be traced in Figure 1-12. The fuel oil is drawn through a
strainer from the supply tank by the fuel pump and is forced under
pressure past the pressure relief cutoff valve via the oil line where it
eventually passes through the fine mesh strainer and into the noz-
zle. The amount of pressure required to pump the fuel oil through
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Figure I-11 Typlcal fuel puUmPp. (Courtesy Lennox Industries Inc.)

the line depends on the size and capacity of the oil burner and the
purpose for which it is used. For example, residential oil burners
require 80 to 125 psi, whereas commercial and industrial oil burn-
ers operate on 100 to 300 psi.

As the fuel oil passes through the nozzle, it is broken up and
sprayed in a very fine mist. The air supply is drawn in through the
inlet air scoop opening (see Figure 1-5) and forced through the
draft tube portion of the casing by the combustion air blower. This
air mixes with the oil spray after passing through a set of vanes,
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Figure 1-12 Schematic of a gun-type oil burner.

called a turbulator. The turbulator gives a twisting motion to the air
stream just before it strikes the oil spray, producing a more thor-
ough mixture of the oil and air (see Figure 1-13).

Ignition of the oil spray is provided by a transformer that
changes the house lighting current and feeds it to the electrodes to
provide a spark at the beginning of each operating period.

TURBULATOR AIR CONE ELECTRODE

W T LT 2T D2 T T2 A2 2T T 2T 2T T )

DRAFT TUBE JET LINE

Figure 1-13  Details of draft tube illustrating the location of the
turbulator, air cone, and electrode.
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The starting cycle of the oil burner is initiated by the closing of
the motor circuit. When the motor circuit is closed (automatically
by room temperature control), the motor starts turning the fan and
the pump. At the same time, the ignition transformer produces a
spark at the electrodes ready to light the oil and air mixture.

The action of the pump draws the fuel oil from the tank through
the strainer on the fuel line. Its flow is controlled by an oil cutoff
valve, which prevents oil passing to the nozzle unless the pressure is
high enough to spray the oil (approximately 60 Ibs of pressure).
Because the pump in the oil burner pumps oil much faster than it
can be discharged through the nozzle at that pressure (i.e., 60 Ibs of
pressure), the oil pressure continues to rise very fast between the
pump and the nozzle. When the pressure begins to rise above the
normal operating pressure (100 Ibs), a pressure relief valve opens
and allows the excess oil to flow through the bypass line to the
inlet, as in the so-called one-pipe system, or to flow through a sec-
ond or return line to the supply tank. The pressure relief valve in
either system maintains the oil at the correct operating pressure.

When the oil burner is turned off (i.e., when the burner motor
stops), the oil pressure quickly drops below the operating pressure,
and a pressure relief valve closes. The flame continues until the
pressure drops below the setting of the cutoff valve.

The cutoff and pressure relief (regulating) valves may be either
two separate units or combined into one unit. Figure 1-14 shows
the essentials of the two-unit arrangement. These are, as shown,
simply elementary schematics designed to illustrate basic operating
principles. The cutoff needle valve is shown with a spring inside the
bellows, and the pressure relief (mushroom) valve is shown with
exposed spring. In the cutoff valve arrangement, the spring acts
against oil pressure on the head of the bellows (tending to collapse
it); in the pressure relief valve, the spring acts against the oil pres-
sure, which acts on the lower face of the mushroom valve (tending
to open it).

When the pump starts and the pressure in the line rises to about
60 Ibs (depending on the spring setting), this pressure acting on the
head of the bellows overcomes the resistance of the spring, causing
the cutoff valve to open. Since the pump supplies more oil than the
nozzle can discharge, the pressure quickly rises to 100 Ibs, over-
coming the resistance of the relief valve spring and causing the
valve to open. This allows excess oil to bypass or return to the tank.

The relief valve will open high enough to maintain the working
pressure constant at 100 Ibs. When the oil burner is turned off, the
oil pressure quickly drops, and the pressure relief valve closes.
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Figure 1-14 Schematic sectional view of separate unit cutoff valve
and pressure relief valve showing strainer, pump, and piping.

However, oil will continue to discharge from the nozzle until the
pressure drops below the cutoff valve setting when the cutoff valve
closes and stops the nozzle discharge.

A passage to the return line is provided by a small slot cut in the
seat of the mushroom valve. This causes any remaining pressure
trapped in the line by the closing of the cutoff valve to be equalized.

Frequently the cutoff valve and pressure relief valve are com-
bined in a compact cylindrical casing (see Figure 1-15). Here the
two valves are attached to a common stem with a flange, which
comes in contact with a stop when moved upward by the pressure
of the valve actuating the spring.

The position of the stop limits the valve movements to proper
maximum lift. A piston, free to move in the cylindrical casing, has
an opening in its head that forms the valve seat for the pressure relief
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Figure 1-15 Schematic sectional view of combined cutoff valve and
pressure relief valve showing the strainer, fuel pump, and piping locations.

valve. The strong piston spring tends to move the piston downward
and close the pressure relief valve and then the cutoff valve.

When the pump starts and the pressure in the cylinder below the
piston rises to about 60 Ibs (depending on the piston spring setting),
the piston and the two valves (i.e., the cutoff and pressure relief
valve) rise until the valve flange contracts with the stop. At this
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instant, the cutoff valve is fully opened, allowing oil to flow to the
nozzle, the pressure relief valve still being closed. Since the nozzle
does not have sufficient capacity to discharge all the oil that is sup-
plied by the pump, the pressure below the piston will continue to
rise.

Flame-Retention Head Burners

Most oil furnaces and boilers prior to 1980 were installed with
cast-iron head burners that had an efficiency rating of only about
60 percent. The efficiency of these cast-iron head burners can be
increased by reducing the firing rate. This can be accomplished by
reducing the burner nozzle size, but the size reduction is controlled
by the minimum firing rate for the appliance.

Note
Never reduce the nozzle size below the minimum firing rate listed
on the manufacturer’s rating plate.As a rule, it is a good idea not
to reduce the nozzle more than one size if the conventional iron-
head burner is retained.

Many conventional oil furnaces and boilers are being retrofitted
with flame-retention head oil burners. A flame-retention head oil
burner is designed to mix the air and fuel more efficiently than the
traditional iron-head units. As a result, the amount of excess air
required for good combustion is significantly reduced, resulting in a
hotter and cleaner flame. In these units, the nozzle size can be
reduced more than one size to achieve the maximum firing rate for
the burner. The lower limit of the firing rate of a flame-retention
head burner is governed by the flue gas temperature leaving the fur-
nace or boiler.

High-Static Oil Burners

High-static oil burners are improved versions of flame-retention
burners. They have an increased efficiency of 20 percent over
flame-retention burners, and the high-static pressure developed in
these burners allows them to run at even lower excess air levels.

Rotary Oil Burners

Rotary burners operate with low-pressure gravity and are available
in a number of designs depending on the different conditions of use.
In each case, the operating principle involves throwing the oil by
centrifugal force.

Rotary oil burners can be classified either as rotary nozzle or
rotary cup burners. The essential components of the rotary nozzle
burner are shown in Figure 1-16. Air pressure acting on the pro-
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Figure 1-16 Elementary rotary nozzle oil burner.

peller causes the nozzle assembly to rotate at a very high speed. Oil
is supplied through the hollow shaft to the nozzles, and the rotary
motion causes the oil to be thrown off in a fine spray by centrlfugal
force. The flame from this spray heats up the metal vaporizing rim
hot enough to vaporize the oil spray as it comes in contact with it.
Being thoroughly mixed with air, a blue flame is produced. On
some designs, the spray vaporized by the vaporizing rim is super-
heated by passing through grilles.

The rotary cup oil burner (see Figure 1-17) contains a cone-
shaped cup that rotates on ball bearings carried by a central tube.
The fuel is supplied to the cup through this tube. In operation,
drops of oil, issuing from the oil feed tip, come into contact with
the cup as shown; by centrifugal force the drops are both flattened
into a film and projected toward and off the rim of the cup, as
shown in Figure 1-18. Because the rim is surrounded by a concentric
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Figure 1-17 Elementary rotary cup oil burner.

opening of the casing, the oil is met by the surrounding blast of
primary air with which it mixes, giving the proper mixture for
combustion.

Vaporizing (Pot-Type) Oil Burners

Figures 1-19 and 1-20 show a typical vaporizing (pot-type) oil
burner. The fuel oil is vaporized for combustion by heating it from
below. The vaporized fuel oil rises vertically where it is burned at
the top. The following are the two basic types of vaporizing, or pot,
oil burners:

I. The natural-draft pot burner.
2. The forced-draft pot burner.

In the former, the air necessary for combustion is provided by
the chimney. The forced-draft pot burner relies on both the chim-
ney and a mechanical device (e.g., a fan) for the air supply.

Sleeve burners (also referred to as perforated sleeve burners) rep-
resent a third type of vaporizing, or pot, burner. Although these
burners are used mostly in conjunction with small oil-fired equip-
ment (e.g., kitchen ranges and space heaters), they can also be
employed to heat a small house, if outside temperatures do not
become too low.

Combination Oil and Gas Burners

Some oil burners are available with combination oil and gas firing
accessories that make it possible to use either of these fuels in the
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Figure 1-18 Detail of cup showing centrifugal forces acting on the
droplets of oil, which flatten them into a film and project them toward
and off of rim.

same burner. This is particularly advantageous in areas where low-
cost gas is sometimes available.

The combination gas and oil burner illustrated in Figure 1-21
contains independent ignition and control systems for gas or oil.
One convenience built into these combination burners is that the
oil burner components and parts are standard and require only
conventional service procedures. The safety features include a
standard cadmium sulfide detection cell and primary relay con-
trol.

Fuel Pump

A wide variety of different makes and models of fuel pumps are
available for use with oil burners. Both single-stage and two-stage
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Figure 1-19 Vaporizing (pot-type) oil burner illustrating the
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Figure 1-21 Combination oil and gas burner.
(Courtesy Wayne Home Equipment Co, Inc.)

fuel pumps are available in a number of different sizes and designs
(see Figure 1-22).

Single-Stage Fuel Pump

A single-stage pump contains only one set of pumping gears (see
Figure 1-23). These pumps are commonly used in single-pipe gravity-
feed installations or two-pipe installations under low-lift conditions
with up to 10 inches of vacuum. The following are the principal com-
ponents of a single-stage fuel pump:

. Pumping gears.

. Cutoff valve.

. Strainer.

. Shaft seal.

. Noise-dampening device.
. Shaft bearing.

. Body.

. Bleed valve.

O N O U1 A WN -
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Figure 1-22  Fuel pump assembly. (Courtesy Sundstrand Hydraulics)

Fuels Used in Oil Burners

No. | and No. 2 fuel oil are both commonly used for residential heat-
ing purposes. The No. 2 is slightly more expensive, but the fuel oil
gives more heat per gallon used.The lighter No. | fuel oil is used in
vaporizing, or pot-type, oil burners.The No. 2 fuel oil is used in both
atomizing and rotary oil burners.

The manufacturer of the oil burner will generally stipulate the
grade of fuel oil to be used. If this information is unavailable, the label of
Underwriters Laboratories, Inc.,and the Underwriters Laboratories of
Canada will stipulate the correct grade of fuel oil to be used.

The heavier the grade of fuel oil used in an oil burner, the greater
the care that must be taken to ensure that the oil is delivered for
combustion at the proper atomizing temperature. If the oil is not
maintained at this temperature prior to delivery for combustion, the
oil burner will fail to operate efficiently. An efficient oil burner is one
that burns the fuel oil completely using the smallest amount of air
necessary for combustion.
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Figure 1-23 Cutaway view of a single-stage fuel pump.
(Courtesy Sundstrand Hydraulics)

The fuel oil first enters the unit by passing through the strainer,
where foreign particles such as dirt and line filter fibers are
removed. The fuel oil then moves through the hydraulically bal-
anced pumping gears and is pumped under pressure to the valve
(see circuit diagram in Figure 1-24). The pressure forces the piston
away from the nozzle cutoff seat, and the fuel oil then flows out
the nozzle port. Oil in excess of nozzle capacity is bypassed
through the valve back to the strainer chamber in a single-pipe
system or is returned to the tank in a two-pipe system. Pressure is
reduced on the head of the piston when the pump motor is shut
off. At this point, the piston snaps back, causing the nozzle port
opening to close. A bleeder valve opening in the piston provides
for automatic air purging on a two-pipe system, providing for fast
cutoff.
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(A) Single-stage unit.
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(B) Circuit diagram of single-stage circuit. _

Figure 1-24  Circuit diagram of a single-stage fuel pump.
(Courtesy Sundstrand Hydraulics)
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Two-Stage Pump

A two-stage pump has two sets of pumping gears. These pumps are
used in installations with underground tanks where the combina-
tion of lift, horizontal run, fittings, and filters does not exceed the
manufacturer’s rating in inches of vacuum.

A major advantage of a two-stage fuel unit is that all air is elim-
inated from the oil being delivered to the nozzle. The inlet of the
first stage is located above the inlet for the second stage. As a result,
any air drawn into the fuel unit after priming is picked up by the
first stage and discharged to the tank before it reaches the second
stage. Consequently, the second stage draws completely air-free oil.

As the air is being discharged into the tank by the first stage,
pressure begins to build up in the second stage, causing the regulat-
ing valve to bypass excess oil back into the strainer. These operating
principles are illustrated by the circuit diagram in Figure 1-25.

PRESSURE
GAUGEEASY FLOW
2ND STAGE
GEARS BLEED VALVE

e T L S D iy

4 FROM STRAINER
4 TANK
f 1ST STAGE BLEED
: GEARS ORIFICE
B 10
Ve e NOZZLE
ANTI-HUM
DEVICE
BYPASS TO SUCTION
LEGEND ! \ i
A 0IL UNDER
SUCTION DISCHARGE TO TANK
PRESSURE
OILRETURNED TO _  op7igNAL INTERNAL REGULATING AND
STRAINER CHAMBER periaN T0 SUCTION CUTOFF VALVE

OIL UNDER PRESSURE

@ OIL RETURNED TO TANK

Figure 1-25 Circuit diagram of a system using a two-stage fuel pump.
(Courtesy Sundstrand Hydraulics)
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Fuel Pump Capacity

The capacity of an oil burner fuel pump should be sufficient to han-
dle the total vacuum in the system. The vacuum is expressed in
inches and can be determined by the following procedure:

¢ 1 inch of vacuum for each foot of lift

¢ 1 inch of vacuum for each 90° elbow in either the suction or
return lines

e 1 inch of vacuum for each 10 feet of horizontal run (¥s-inch
OD line)

e 1 inch of vacuum for each 20 feet of horizontal run (%2-inch
OD line)

After you have calculated the total vacuum, you can use these
data to select the most suitable pump for the burner. Table 1-1 lists
various vacuums and suggests appropriate pump capacities.

Table I-1 Types of Pumps Recommended for Different
Vacuums
Total Vacuum Type of Pump
Up to a 3-inch vacuum Single-stage pump
443-inch vacuum Two-stage pump
14-inch vacuum or more Single-stage pump for the burner and a

separate lift pump with a reservoir

(Courtesy National Fuel Oil Institute)

Fuel Pump Service and Maintenance
A vacuum gauge and a pressure gauge are both used to service a
fuel unit. With these two gauges, the individual can check the
following:

* Vacuum

e Lift

e Air leaks

e Pressure

e Cutoff

* Delivery

Figures 1-26 and 1-27 illustrate the attachment of the vacuum
and pressure gauges to a fuel unit. The pressure gauge (shown as
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the upper gauge in Figure 1-26 and the gauge attached to the noz-
zle line opening in Figure 1-27) will indicate whether a positive
cutoff is operable or whether an adequate and uniform buildup of
pressure is present. When the pressure gauge is attached to the
nozzle line opening, it should indicate a reading of 75 to 90 psi
(see Figure 1-27). Any drop of the pressure gauge reading to zero
indicates leaky cutoff and probable difficulty with the shutoff
valve in the nozzle line.

The existence of air leaks in the supply line can be determined by
vacuum gauge readings once the gauge is attached to the optional
inlet connection (see Figure 1-26). An evaluation of the gauge read-
ing is itself determined by the location of the oil storage tank. If the
tank is located above the burner, and the oil is supplied by gravity
flow, the vacuum gauge must show a reading of zero, unless there is
a problem in the system. These problems can take the following
forms:

e A partially closed cutoff valve of the oil supply tank
e A kinked or partially blocked oil supply line
e A blocked line filter

PRESSURE GAUGE
(100 PSI OPERATING =
PRESSURE)

VACCUM
GAUGE (OPERATING g
INLET CONNECTION) &

h, ,? e
INLET LINE

RETURN LINE (WHEN USED)
TWO PIPE

Figure 1-26 Attachment of vacuum and pressure gauge.
(Courtesy Wayne Home Equipment Co, Inc.)
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Figure 1-27 Pressure gauge attached to the nozzle line.
(Courtesy Wayne Home Equipment Co, Inc.)

A system with an oil supply tank located below the level of the
oil burner that supplies the fuel oil through a line filter must pro-
duce a reading on the vacuum gauge if the system is operating prop-
erly. A zero reading will indicate the presence of an air leak.

Table 1-3 lists a few of the problems that may be encountered
with fuel units and some suggested remedies for dealing with them.
Most manufacturers of fuel units or gauges generally supply trou-
bleshooting recommendations along with the installation and
maintenance instructions.

The cause of improper cutoff can be determined by inserting a
pressure gauge in the nozzle port of the fuel unit (see Figure 1-28).

Figure 1-28 Checking fuel pressure with a gauge.
(Courtesy Sundstrand Corp.)
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Allow the fuel unit to operate for a few minutes and then shut off
the burner. If the pressure drops to 0 psi on the gauge, the fuel unit
should be replaced. A gauge reading above 0 psi indicates that the
fuel unit is operating properly. The probable cause of improper cut-
off in those cases where a gauge reading is obtained is usually air in
the system.

Priming Fuel Pumps

On occasion, the oil burner may fail to pump oil. When this occurs,
check the oil supply line to the furnace for leaks. If there are no
leaks, it may be necessary to prime the fuel pump. Pumps are self-
priming for single-stage, two-pipe systems and for two-stage pumps.
A single-stage pump (one-pipe system) should be primed as follows:

I. Turn off the electrical power supply to the unit.

2. Read and follow the priming instructions provided by the
manufacturer.

3. Prime the pump until the oil is free of bubbles.

When a new pump fails to prime, it may be due to dry pump
conditions, which can be corrected by removing the vent plug and
filling the pressure cavity slowly so that the fuel oil wets the gears
(see Figure 1-29). Other possible causes of the pump failing to
prime include the following:

e Suction inlet vacuum is greater than 15 inches of vacuum.

e Suction line is incorrectly sized.

e Qil suction line strainer or filter capacity does not match the
pump suction gear capacity.

* Bypass plug is not in position on two-pipe installations.

® Plug(s) and/or suction line connections are not airtight.

Adjusting Fuel Pump Pressure

The oil-pressure regulator on the fuel pump is generally factory-set
to give nozzle oil pressures of 100 psig. The firing rate is indicated
on the nameplate and can be obtained with standard nozzles by
adjusting the pump pressures as follows:

I. Turn the adjusting screw clockwise to increase pressure.
2. Turn the adjusting screw counterclockwise to decrease pressure.
3. Never exceed the pressures indicated in Table 1-2.
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Figure 1-29 Webster model M series fuel pump.
(Courtesy Webster Electrical Co, Inc.)

Table 1-2 Maximum Recommended Pressures

Bonnet Firing Standard Pump
Capacity Rate Nozzle Pressure
(1000 Btulh) (gph) Size (psig)
85 0.76 0.75 103
100 0.90 0.90 100
125 1.12 1.10 104
150 1.35 1.35 100
200 1.80 1.75 112
250 2.25 2.25 100
335 3.00 1.50 100

(Courtesy Carrier Corp.)
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Troubleshooting Fuel Pumps
The troubleshooting list in Table 1-3 contains the most common
operating problems associated with fuel pumps and fuel units. Each
problem is given in the form of a symptom, the possible cause, and
a suggested remedy. The purpose of this list is to provide the opera-
tor with a quick reference to the cause and correction of a specific

problem.

Table 1-3 Troubleshooting Fuel Pumps

Symptom and Possible Cause

Possible Remedy

No oil flow to nozzle.

(a) Clogged strainer or filter.

(b) Air binding in two-pipe
system.
(c) Frozen pump shaft.

(a) Remove and clean strainer;
repack filter element.

(b) Check and insert bypass plug.

(c) Remove pump and return it to
the manufacturer for repair or
replacement.

Oil leak.

(a) Loose plugs or fittings.

(b) Leak at pressure-adjusting
end cap nut.

(c) Blown seal.
(d) Seal leaking.

(a) Dope with good-quality thread
sealer.

(b) Fiber washer may have been left
out after adjustment of valve
spring; replace washer.

(c) Replace fuel unit.
(d) Replace fuel unit.

Noisy operation.

(a) Air inlet line.

(b) Bad coupling alignment.

(c) Pump noise.

(a) Tighten all connections and
fittings in the intake line and
unused intake port plugs (see
Figure 1-10).

(b) Loosen mounting screws and
shift fuel pump to a position
where noise is eliminated.
Retighten mounting screws.

(c) Work in gears by continued
running or replace.

(continued)
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Table 1-3 (continued)

Symptom and Possible Cause Possible Remedy

Pulsating pressure.

(a) Air leak in intake line. (a) Tighten all fittings and valve
packing in intake line.
(b) Air leaking around strainer (b) Tighten strainer cover screws.
cover.
(c) Partially clogged strainer. (c) Remove and clean strainer.
(d) Partially clogged filter. (d) Replace filter element.

Low oil pressure.

(a) Nozzle capacity is greater (a) Replace fuel pump with one of
than fuel pump capacity. correct capacity.
(b) Defective gauge. (b) Check against another and

replace if necessary.

Improper nozzle cutoff.

(a) Filter leaks. (a) Check face of filter cover and
gasket for damage.
(b) Partially clogged nozzle (b) Clean strainer or change nozzle.
strainer.
(c) Air leak in intake line. (c) Tighten intake fittings and

packing nut on shutoff valve;
tighten unused intake port plug.

(d) Strainer cover loose. (d) Tighten screws.
(€) Air pockets between cutoff (e) Start and stop burner until
valve and nozzle. smoke and afterfire disappear.

Fuel Supply Tank and Line

The installation, maintenance, and troubleshooting of fuel supply
tanks is described in Chapter 12 (Oil FurnacesYin V. olume 1.

Oil Burner Nozzles

An oil burner nozzle is a device designed to deliver a fixed amount
of fuel to the combustion chamber in a uniform spray pattern and
spray angle best suited to the requirements of a specific burner. The
oil burner nozzle atomizes the fuel oil (i.e., breaks it down into
extremely small droplets) so that the vaporization necessary for
combustion can be accomplished more quickly.
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The components in a typical nozzle (see Figure 1-30) include the
following;:

1. Orifice.

2. Swirl chamber.
3. Orrifice disc.

4. Body.

5. Tangential slots.
6. Distributor.

7. Retainer.

8. Filter.

Fuel oil is supplied under pressure (100 psi) to the nozzle, where
it is converted to velocity energy in the swirl chamber by directing it
through a set of tangential slots. The centrifugal force caused
within the swirl chamber drives the fuel oil against the chamber

ORIFICE

DISTRIBUTOR

BODY
TANGENTIAL
SLOTS
RETAINER
FILTER

Figure 1-30 Details of an oil burner nozzle.
(Courtesy Wayne Home Equipment Co, Inc.)
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walls, producing a core of air in the center. The latter effect moves
the oil out through the orifice at the tip of the nozzle in a cone-
shaped pattern.

The following are the two basic spray cone patterns:

1. The hollow cone.
2. The solid cone.

Each has certain advantages depending on its use.

The hollow cone pattern (see Figure 1-31) is recommended for
use in smaller burners (those firing 1.00 gph and under). As
shown in Figure 1-31, they are characterized by a concentration
of fuel oil droplets all around the outer edge of the spray. There is
little or no distribution of droplets in the center of the cone. The
principal advantage of the hollow cone patterns is a more stable
spray pattern and angle under adverse conditions than solid cone
patterns operating under the same conditions and at the same
flow rate.

The solid cone pattern, illustrated in Figure 1-32, is character-
ized by a uniform or near-uniform distribution of fuel oil droplets
throughout the cone pattern. Nozzles producing this cone pattern
are particularly recommended for smoother ignition in oil burners
firing above 2.00 or 3.00 gph. They are also recommended where
long fires are required or where the air pattern or the oil burner is
heavy in the center.

A combination cone pattern that is neither a true cone nor a true
hollow cone can be used in oil burners firing between 0.40 gph and
8.00 gph.

Figure 1-31 Hollow spray cone pattern.
(Courtesy Wayne Home Equipment Co, Inc.)
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Figure 1-32 Solid spray cone pattern.
(Courtesy Wayne Home Equipment Co, Inc.)

Oil burner nozzles are also selected on the basis of the spray
angle they produce (see Figure 1-33). The spray angle refers to the
angle of the spray cone, and this angle will generally range from
30° to 90?2 The angle selected will depend on the requirement of
the burner air pattern and combustion chamber. For example, 70°
to 90° spray angles are recommended for round or square com-
bustion chambers (see Figure 1-34), and 30° to 60° spray angles
are recommended for long, narrow chambers (see Figure 1-35).
Recommended combustion chamber dimensions and spray angles
for nozzles are given in Table 1-4.

Figure 1-33  Varieties of spray angles. (Courtesy Wayne Home Equipment Co, Inc,)
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Figure 1-34  Spray angles (70° to 90°) suitable for round or square
chambers. (Courtesy Wayne Home Equipment Co, Inc.)

Electrodes

The electrodes must be frequently checked and adjusted to ensure
proper and efficient ignition of the fuel oil. Broken or malfunction-
ing electrodes can result in smoke leaking out into the rooms of the
structure. This problem, called a puffback, is not an uncommon
one in oil-fired appliances (see sidebar).

Puffbacks

A puffback, or the leaking of sooty smoke from the combustion
chamber of an oil furnace or boiler, is caused by the accumulation of
fuel oil in the combustion chamber of the furnace or boiler after an
ignition failure. When the oil burner is successfully restarted, the
accumulated fuel oil burns too rapidly for the exhaust system to
carry away the smoke. The excess smoke is forced out into the
rooms through the seams in the furnace or boiler combustion cham-
ber walls. Damaged electrodes are not the only cause of puffback.
Other causes include the following:

e Ignition transformer failure

e Contaminated or eroded oil burner nozzle
¢ Fuel pump malfunction

e Clogged oil filter

e Clogged burner air intake

e Damaged combustion chamber linings
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Figure 1-35 Spray angles (30° to 60°) suitable for long, narrow
chambers. (Courtesy Wayne Home Equipment Co, Inc.)

Troubleshooting Electrodes

The gun assembly must be removed from the oil burner in order to
inspect the electrodes. The following conditions require electrode
replacement:

* Cracks in the electrode coating
e Dull electrode points
e Broken electrodes

Servicing Electrodes
Remove the electrodes by loosening the screw connecting them to
the gun assembly. If the electrodes are round and appear worn, use
a file to reestablish a good point. Reinstall them in the electrode
holder and set the electrode gap at %2 inch. Set the distance between
the center of the nozzle and the tips at ¥4 inch.

Broken electrodes or electrodes with cracked ceramic coatings
must be replaced with new ones.

Oil Burner Air System

The air system for the average oil burner is generally composed
of the air shutter draft tube, the turbulator, and the fan. The draft
tube and turbulator have already been shown (see Figures 1-2
and 1-12).

The fan construction consists of a (squirrel cage) series of vanes or
blades mounted on the rim of a wheel. These vanes are slanted for-
ward in such a manner as to provide the maximum discharge of air.
Figure 1-36 shows the construction of a fan and flexible coupling.

The operating principles of the air system are fairly simple. The
fan draws air into the fan housing and forces this air through the
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Table 1-4 Recommended Combustion Chamber Dimensions

Square or Rectangular
Combustion Chamber

Nozzle C Round
Size of L H Nozzle  Chamber
Rating Spray  Length Width Height Height  Diameter
(gph) Angle (inches) (inches) (inches) (inches) (inches)
0.500.65  80° 8 8 11 4 9
0.750.85  60° 10 8 12 4 *

80° 9 9 13 S 10
1.00+£.10  45° 14 7 12 4 *

60° 11 9 13 S

80° 10 10 14 6 11
1.25+.35  45° 15 8 11 N

60° 12 10 14 6

80° 11 11 15 7 12
1.50+.65 45° 16 10 12 6

60° 13 11 14 7

80° 12 12 15 7 13
1.752.00  45° 18 11 14 6

60° 15 12 15 7

80° 14 13 16 8 15
2.252.50  45° 18 12 14 7

60° 17 13 15 8

80° 15 14 16 8 16
3.00 45° 20 13 15 7 *

60° 19 14 17 8

80° 18 16 18 9 17

*Recommend oblong chamber for narrow sprays.

(Courtesy of Wayne Home Equipment Co., Inc.)

draft tube and turbulator and into the combustion chamber. The
amount of incoming air can be regulated by adjusting the air shutter.
As the air is forced through these vanes, it is given a swirling motion
just before it strikes the oil spray. This motion provides a more thor-
ough mixture of the oil and air, resulting in better combustion.
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Figure 1-36 Fan and flexible coupling.

The shape of the turbulator varies in different models, but the
purpose is the same: to thoroughly mix the air and oil spray. Figure
1-37 shows a double turbulator consisting of an air impeller and
nose piece.

HIGH-TENSION
WIRES TO
’ TRANSFORMER NOSE PIECE AIR CONE
’ AIR
? IMPELLER
%

ADJUSTMENT

DNNNANRRARNNY

ELECTRODE ASSEMBLY
NOZZLE
Figure 1-37 Details of a draft tube showing double turbulator
consisting of air impeller and nose piece.
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Primary Safety Control Service

The cadmium detection cell is the most effective type of primary
safety control used on oil burners. Malfunctions cause primary
safety control to build up electrical resistance across the cell until
the burner is automatically shut off. As soon as the burner shuts
off, a reset button pops up on the burner. The button must be reset
(pushed down) to restart the burner.

Caution
If the burner does not restart when the reset button is pushed
down, do NOT keep resetting the button. Doing so will flood the
firebox with oil. If ignition does not take place, the flooded firebox
could result in a fire or an explosion.

The primary safety control can be tested by removing the motor
lead from the burner and allowing the ignition circuit to be ener-
gized. Figures 1-38 and 1-39 illustrate two typical wiring diagrams
for primary safety controls.

Installing an Oil Burner

Under most circumstances, oil burners and oil-fired units should be
installed in rooms that provide adequate clearance from the com-
bustible material. The only exception to this rule is when specific
instructions are given otherwise. In this case, the manufacturer pro-

N

1 o
CAD CELL FLAME _5% * PRIMARY
1 CONTROL

DETECTOR
D *

I *
120 V LIMIT ] -y - *
*

o

IGNITION
TRANSFORMER

THERMOSTAT
BURNER
HOT  GND MOTOR

3 For color code or terminal marking refer to
wiring diagram inside primary control cover.

Figure 1-38 Constant-ignition wiring diagram. (Courtesy Stewart-Warner Corp,
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# For color code or terminal marking refer to
wiring diagram inside primary control cover.

Figure 1-39 Intermittent-ignition wiring diagram.
(Courtesy Stewart-Warner Corp.,)

vides or specifies a suitable combustion chamber (stainless steel,
firebrick, etc.).

Note
All local codes and ordinances take precedence over the oil
burner manufacturer’s installation and operation manuals. Where
local codes do not exist, install the oil burner in accordance with
the most recent instructions and regulations of the National Fire
Protection Association and the provisions of the National Electrical
Code (ANSI/NFPA 70-199 or latest edition).

Warning
Only certified HVAC technicians or those with equivalent experi-
ence should attempt to install an oil burner.

Some sort of manual shutoff control should be provided for the
oil burner in order to stop the flow of oil to the burner when the
air supply is interrupted. This must be placed at a safe distance
from the unit and in a convenient location. These manual shutoff
valves generally consist of either a switch in the burner supply cir-
cuit (for electrically driven units) or a shutoff valve on the oil sup-
ply line.
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Primary safety controls (automatic shutoff devices) must be pro-
vided for all oil burners and oil-fired units that operate automati-
cally without the need of an attendant on duty—in other words,
those types of equipment found where a stationary engineer would
not be employed (i.e., noncommercial and nonindustrial locations).

One problem encountered when converting solid-fuel heating
equipment to oil use is the accumulation of potentially dangerous
vapors in the ashpit of the unit. This can be avoided by removing
the ash door or by providing bottom ventilation to the unit. This
precaution is unnecessary if the ashpit also serves as a part of the
combustion chamber.

Never install or permit the installation of an oil burner until the
boiler or furnace has first been inspected and found to be in good
condition. The flue gas passages must be tight and free of any leaks.

All oil burners listed by Underwriters Laboratories, Inc., and
Underwriters Laboratories of Canada meet the safety requirements
detailed in the various booklets of the National Fire Protection
Association.

Starting an Oil Burner

Oil burner manufacturers provide detailed starting and operating
instructions for their burners in their user manuals. These instruc-
tions should be carefully followed when attempting to start an oil
burner. If there is no available user manual, contact a local repre-
sentative of the manufacturer or contact the manufacturer directly
for a copy.

The procedure for starting an oil burner may be summarized as
follows:

1. Open all warm-air registers.

2. Check to be sure all return air grilles are unobstructed.
3. Open the valve on the oil supply line.

4. Reset the burner primary relay.

5. Set the thermostat above the room temperature.

6. Turn on the electric supply to the unit by setting the main
electrical switch to the on position.

7. Change the room thermostat setting to the desired temperature.

The oil burner should start after the electric power has been
switched on (step 6). There is no pilot to light as is the case with
gas-fired appliances. The spark for ignition is provided automati-
cally on demand from the room thermostat.
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Note
Allow the burner to operate at least 10 minutes before making
any final adjustments. Whenever possible, use instruments to
adjust the fire.

Air Delivery and Blower Adjustment

It is sometimes necessary to adjust the blower speed to produce a
temperature rise through the furnace that falls within the limits
stamped on the furnace nameplate. Blower adjustment procedures
are described in Chapter 11 (Gas FurnacesYof V. olume 1.

Combustion Testing and Adjustments

The following instruments are recommended for combustion test-
ing and adjustments:

® Draft gauge
¢ Smoke tester

Carbon dioxide tester
200/1000F stack thermometer
0/150-psig pressure gauge

0/30-inch mercury vacuum gauge

Smoky combustion indicates poor burner performance. The
amount of smoke in the flue gas can be measured with a smoke
tester (see Figure 1-40). The tube of the smoke tester is inserted
through a ¥s-inch hole drilled in the flue pipe, and the test is run as
shown in Figure 1-41. Any smoke in the air drawn into the smoke
tester will register on a filter paper inserted in the device. The
results are interpreted according to the smoke scale in Table 1-5.

One of the most common causes of smoky combustion is soot for-
mation on the heating surfaces. This is easily corrected by cleaning.
Other possible causes of smoky combustion include the following:

e Insufficient draft

® Poor fuel supply

* Fuel pump malfunctioning

* Defective firebox

e Incorrectly adjusted draft regulator
* Defective oil-burner nozzle

e Wrong size oil-burner nozzle
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Figure 1-40 Bacharach true-spot
smoke tester.

(Courtesy Bacharach Instrument Co.)

D ~ O
, o)
) ;ﬁ@-“

Insert filter test paper into Withdraw gas sample from Grade soot spot test paper
TRUE-SPOT. flue pipe by 10 pump strokes. by comparison with shadings on scale.

Figure 1-41 A smoke tester in use.

(Courtesy Bacharach Instrument Co.)
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Table 1-5 Smoke Scale

Bacharach

Smoke Scale No. Rating Sooting Produced

1 Excellent Extremely light, if at all.

2 Good Slight sooting, which will not
increase stack.

3 Fair May be some sooting but will
rarely require cleaning more than
once a year.

4 Poor Borderline condition; some units
will require cleaning more than
once a year.

5 Very poor Soot produced rapidly and heavily.

(Courtesy Bacharach Instrument Co.)

e Improper fan delivery
e Excessive air leaks in boiler or furnace
e Unsuitable fuel-air ratio

Net stack temperatures in excess of 700F for conversion units
and 500F for packaged units are considered abnormally high. The
net stack temperature is the difference between the temperature of
the flue gases inside the pipe and the room air temperature outside.
For example, if the flue gas temperature is 600F and the room tem-
perature is 75F , then the net stack temperature is 525F (600F —
75F = 525F).

A 200/1000F stack thermometer is used to measure the flue gas
temperature. The thermometer stem is inserted through a hole
drilled in the flue pipe (see Figure 1-42). A high stack temperature
may be caused by any of the following:

e Undersized furnace

e Defective combustion chamber

e Incorrectly sized combustion chamber
e Lack of sufficient baffling

* Dirty heating surfaces

e Excessive draft

e Boiler or furnace overfired
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Figure 1-42 Running a stack-gas temperature test with a stack
thermometer. (Courtesy Bacharach Instrument Co,)

e Unit unsuited to automatic firing
e Draft regulator improperly adjusted

When the carbon dioxide (CO,) content of the flue gas is too
low (less than 8 percent), heat is lost up the chimney and the unit
operates inefficiently. This condition is usually caused by one of
the following:

* Underfiring the combustion chamber
* Burner nozzle is too small
e Air leakage into the furnace or boiler

When the carbon dioxide content is too high, the furnace opera-
tion is generally characterized by excess smoke and/or pulsations
and other noises. A high carbon dioxide content is usually caused
by insufficient draft or an overfired burner.

The carbon dioxide reading is also taken through a hole drilled
in the flue pipe with a CO, indicator (see Figure 1-43). The CO
indicator is used as shown in Figure 1-44. The results are indicated
by a test liquid on a scale calibrated in %CO,.

A correct draft is essential for efficient burner operation.
Insufficient draft can make it almost impossible to adjust the oil
burner for its highest efficiency. Excessive draft can reduce the per-
centage of carbon dioxide in the flue gases and increase the stack
temperature.
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Figure 1-43 Bacharach Fyrite
CO, indicator.
(Courtesy Bacharach Instrument Co.)

Push rubber connecter down-then
squeeze bulb 18 times.

2Turn bottom side up and back again.

3

Read fluid level on scale for percent-|
age of gas.

Figure 1-44 C02 test. (Courtesy Bacharach Instrument Co.)
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For the most efficient operating characteristics, the overfire draft
generally should be not less than 0.02 inch wg. Smoke and odor
often occur when the overfire draft falls below 0.02 inch wg.

It may be necessary to adjust the barometric draft regulator to
obtain the correct overfire draft. If it is not possible to adjust the
overfire draft for 2 9.01 to 0.02 inch wg, install a mechanical draft
inducer between the chimney and the barometric draft regulator.

The primary air band should be adjusted to a 0+ smoke or until
a hard clean flame is visible. A clean flame is preferred to one with
high carbon dioxide. Adjust the overfire draft for 2 9.01 to a 9.02
inch wg. An excessive overfire draft condition will cause high stack
temperature and inefficient operation. A too low or positive draft
over the fire will usually cause the flue gases and fumes to seep into
the space upon startup or shutdown.

The flue pipe draft in most residential oil burners is between
0.04 and 0.06 inches of water. This is sufficient to maintain a draft
of 0.02 inches in the firebox.

The furnace or boiler draft is measured with a draft gauge as
shown in Figure 1-45. A hole is drilled in either the fire door (overfire
draft measurement) or flue pipe (flue pipe draft measurement), and
the unit is run for approximately 5 minutes. The draft tube is then
inserted into the test hole, and the gauge is read (see Figure 1-46).

Troubleshooting Oil Burners

Individuals involved in the installing and repairing of oil burners
should be aware of a number of different indicators of malfunc-
tions in the equipment, their probable causes, and some suggested
remedies.

Figure 1-45 Bacharach model
MZF draft gauge.

(Courtesy Bacharach Instrument Co.)
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(A) Overfire draft. (B) Flue pipe draft.

Figure 1-46 Overfire and flue pipe draft tests.

(Courtesy Bacharach Instrument Co.)

The average individual is most aware of malfunctions that warn
the senses through excessive noise, smoke, or odor. These are external
warning signals that require immediate investigation. Their nature is
such that tracing the probable cause of the malfunction is made easier.

Excessive noise (pulsation, thumping, rumbling, etc.) in the heat-
ing unit is generally caused by a problem with the oil burner nozzle.
It can usually be corrected by any one of the following methods:

e Replace the nozzle with one having a wider spray angle.

* Replace the nozzle with one having the next size smaller
opening.

* Install a delayed-opening solenoid on the nozzle line (this
reduces pulsation).

Sometimes a noisy fire is caused by cold oil originating from out-
side storage tanks. This noise may be greatly reduced or eliminated
by pumping the fuel oil under 120 to 125 psi through the next size
smaller nozzle.

Excessive smoke has a number of possible causes, including the
following;:

® The air-handling parts of the oil burner may be too dirty to
operate efficiently.
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e The combustion chamber or burner tube may be damaged by
burn-through or loose materials.

® The oil burner nozzle may be the wrong size.

The dirty air-handling parts (e.g., the fan blades, air intake, and
air vanes in the combustion head) can be made to operate more effi-
ciently by a thorough cleaning. If the excessive smoke is caused by
the oil burner nozzle, this can be corrected by replacing the nozzle
with one that is a size smaller or one having the next narrower
spray angle. A damaged combustion chamber is a more difficult
problem to correct than the other two. In any event, all leakage
through the walls must be eliminated before the oil burner can be
expected to operate efficiently.

Excessive odors can be caused by flue obstructions or poor
chimney draft. If the draft over the fire is lower than 0.02 to 0.04,
it is usually an indication that the problem lies with the flue or
chimney draft. The cause is usually an obstruction in the flue or
poor chimney draft. Other causes of excessive odor include the
following:

* Delayed ignition
e Too much air through the burner

Delayed ignition is commonly traced to a problem with the elec-
trodes. This condition can result from a variety of causes, including
the following:

e Improper electrode setting

e Insulator cracks

* A coating of soot or oil on the electrode
¢ Incorrect pump pressure setting

e Incorrect spray pattern in the nozzle

¢ Clogged nozzle

* Air shutter open too far

Table 1-6 lists a number of recommended electrode settings
that should eliminate delayed ignition if the electrode setting is the
cause of the problem. The type of nozzle spray pattern can also
result in delayed ignition. This is particularly true when using a
hollow spray pattern in oil burners firing 2.00 gph and above. It
can be corrected by replacing the nozzle with one having a solid
spray pattern.
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Table 1-6 Recommended Electrode Settings

Nozzle GPH A B C
45° 0.75 to 4.00 6" to 16" 15" to %16” Vi
60° 0.75 to 4.00 %" to 16" %6" to 38" Vi
70° 0.75 to 4.00 8" to 316" %6" to 5" g"
80° 0.75 to 4.00 %" to 16" %6" to 38" "
90° 0.75 to 4.00 8" to 316" %6" to 5" 0

Table 1-7 lists a variety of problems encountered with oil burn-
ers, many of which are of an internal nature and require a great
degree of experience and training to correct.

Table 1-7 Oil Burner Troubleshooting

Symptom and Possible Cause Possible Remedy

No heat—circulator (pump) off and burner running.

Defective circulator. Replace circulator.

Defective thermostat. Replace thermostat.

Replace aquastat.

a)
b)
c) Defective relay.
d)
e) Reset aquastat.

a)
b)
c) Replace relay.
d)
e)

Incorrect aquastat setting.

f) Loose or disconnected wiring. (f) Tighten or reconnect wiring.

(
(
(
(
(
(
(

(
(
(
Defective aquastat. (
(
(
(

g) Defective zone valve. g) Replace zone valve.

No heat—both circulator (pump) and burner running.

(a) Defective or loose circulator  (a) Repair or replace.

coupling.
(b) Broken circulator impeller. (b) Repair or replace circulator.
(c) Air trapped in lines. (c) Locate point of entry and

repair; purge air from lines.
(d) Loose or disconnected wiring. (d) Tighten or reconnect wiring.
(e) Defective zone valve. (e) Replace zone valve.
(f) Frozen flow valve. (f) Repair or replace flow valve.

No oil flow at nozzle.

(a) Oil level below intake line (a) Fill tank with oil.

in oil storage tank.
(b) Clogged strainer. (b) Remove and clean strainer.
(c) Clogged filter. (c) Replace filter element.

(continued)
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Table 1-7 (continued)

Symptom and Possible Cause

Possible Remedy

(d) Clogged nozzle.
(e) Air leak in intake line.

(f) Restricted intake line
(high vacuum reading).

(g) Air-bound two-pipe system.

(h) Air-bound single-pipe system.

(i) Slipping or broken coupling.

(j) Rotation of motor and fuel
unit is not the same as
indicated by arrow on pad
at top of unit.

(k) Frozen pump shaft.

(d) Replace nozzle.

(e) Tighten all fittings in intake
line; tighten unused intake
port plug; check filter cover
and gasket.

(f) Replace any kinked tubing and
check valves in intake line.

(g) Check for and insert bypass
plug. Make sure return line is
below oil level in tank.

(h) Loosen gauge port plug or easy-
flow valve and bleed oil for
15 seconds after foam is gone
in bleed hose. Check intake
line fittings for tightness and
tighten if necessary. Check all
pump plugs for tightness and
tighten if necessary.

(i) Tighten or replace coupling.

(j) Install fuel unit with correct
rotation.

(k) Check for water and dirt in
tank and correct as necessary;
return defective pump to
manufacturer or service center
for repair or to be replaced.

Noisy operation.

(a) Bad coupling alignment at
fuel unit.

(b) Air in inlet line.

(c) Tank hum on two-pipe
system and inside tank.

(a) Loosen fuel unit mounting
screws slightly and shift fuel
unit in different positions until
noise is eliminated. Retighten
mounting screws.

(b) Check all connections for
damage. Replace as necessary.
Use only good flare fittings.

(c) Install return-line hum
eliminator in return line.

(continued)
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(continued)

Symptom and Possible Cause

Possible Remedy

Pulsating pressure.

(a) Partially clogged strainer.
(b) Partially clogged filter.
(c) Air leak in intake line.

(d) Air leaking around strainer
cover.

(a) Remove and clean strainer.

(b) Replace filter element.

(c) Tighten all fittings; replace
damaged fittings and/or
damaged intake line.

(d) Check for loose cover screws
and tighten securely. Check for
damaged cover gasket and
replace if necessary.

Low oil pressure.

(a) Defective gauge.
(b) Burner nozzle capacity is
greater than fuel unit capacity.

(a) Replace defective gauge.

(b) Replace fuel pump with one of
correct capacity.

Improper nozzle cutoff.

(a) Trapped air causing fuel
pump operating problem.

(b) Defective fuel pump.

(c) Filter leaks.

(d) Loose strainer cover.

(a) Insert pressure gauge in nozzle
port of fuel pump. Run burner.
If burner shuts down after a
minute of operation and
pressure drops from normal
operating pressure and
stabilizes, the fuel pump is
running and the problem is
with trapped air. Correct as
necessary.

(b) Insert pressure gauge in nozzle
port of fuel pump. Run burner.
If burner shuts down after a
minute of operation and
pressure drop is 0 psi, fuel
pump is defective and should
be replaced.

(c) Check face of cover and gasket
for damage and repair or
replace as necessary.

(d) Tighten strainer cover screws.

(continued)
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Table 1-7

(continued)

Symptom and Possible Cause

Possible Remedy

(e) Air pocket between cutoff
valve and nozzle.

(f) Partially clogged nozzle
strainer.

(g) Leak in nozzle adapter.

(e) Run burner by stopping and
starting unit until smoke and
afterfire disappear.

(f) Clean strainer or change nozzle.

(g) Change nozzle and adapter.

Oil leak—oil leaking inside burner.

(a) Seal leaking.
(b) Blown seal in a single-pipe
system.

(c) Blown seal in a two-pipe
system.

d) Cracked nozzle adapter.
)
)

) Loose fuel unit cover.

(
(e) Defective pump piston.
(f) Loose fitting.

(
(

&
h) Loose plugs or fittings.

(i) Leak at pressure adjustment
screw or nozzle plug caused by
damaged washer or O-ring.

(j) Damaged gasket.

(a) Replace seal or pump.

(b) Check to see if bypass plug has
been left in fuel pump. Replace
pump.

(c) Check for kinked tubing or
other obstructions in return
line. Replace pump.

(d) Replace nozzle adapter.

()

()

(g) Tighten cover screws.

(h) Dope with good-quality thread

sealer; retighten plugs or
fittings.

Replace pump.
Tighten or replace fitting.

(i) Replace washer or O-ring as
necessary.

(j) Replace gasket.

Oil leak—oil leaking on outside of burner.

(a) Loose fittings.
(b) Defective fittings.
(c) Damaged gasket.

(a) Tighten fittings.
(b) Replace fittings.
(c) Replace gasket.

Burner running—no oil pumping into combustion chamber and no fire in

chamber.

(a) No oil in storage tank.
(b) Clogged fuel pump.
(c) Defective fuel pump.

(a) Fill storage tank.
(b) Repair or replace fuel pump.
(c) Replace fuel pump.

(continued)
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Table 1-7 (continued)

Symptom and Possible Cause

Possible Remedy

(d) Clogged nozzle.

(e) Damaged or defective nozzle.

(f) Clogged filter.

(g) Obstructed oil line.

(h) Closed oil valve.

(i) Loose or defective oil pump
coupling.

(j) Defective oil valve.

(k) Lost prime.

(d) Clean or replace nozzle.

(e) Replace nozzle.

(f) Clean or replace.

(g) Remove obstruction or replace
fuel line.

(h) Repair or replace oil valve.

(i) Tighten coupling or replace oil

pump.

(j) Replace valve.

(k) Reestablish prime or replace
pump.

Burner running—oil pumping into combustion chamber but no fire in

chamber.

(a) Chamber obstructed.
(b) Too much air.

(c) Water contaminating the oil.

(d) Defective or weak ignition
transformer.

(e) Dirty electrodes.

(f) Cracked or broken electrodes.

(g) Loose wires.

(h) End cone obstruction.

(a) Locate and remove obstruction.
(b) Adjust to proper level.

(c) Locate point of contamination
and repair; drain and replace oil.

(d) Replace ignition transformer.

(€) Clean electrodes.
(f) Replace electrodes.

(g) Tighten connection or replace
wires.

(h) Repair.

Smoky fire.

(a) Improper pump pressure.

(b) Incorrect nozzle.

(c) Distorted and burnt end cone.

c
(d) Water contaminating the oil.

(e) Dirty boiler.

(f) Dirty fan.

(g) Defective combustion
chamber.

(a) Set proper pump pressure or
replace defective pump.

(b) Replace nozzle.
(c) Replace.

c
(d) Locate point of contamination
and repair; drain and replace oil.

(e) Clean boiler.
(f) Clean fan
(g) Replace.

(continued)
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Table 1-7

(continued)

Symptom and Possible Cause

Possible Remedy

Burner fails to restart after resetting safety relay.

(a) Power off.
(b) Defective burner motor.

(c) Defective fuel pump.
(d) Defective safety relay.
(e) Defective on-off switch.
(f) Tripped circuit breaker.
(g) Blown fuse.

(h) Loose or disconnected wiring.

(a) Restore electricity to burner.

(b) Replace burner motor or
burner.

(c) Replace fuel pump.

(d) Replace safety relay.

(e) Replace switch.

(f) Reset circuit breaker; call
electrician if problem continues.

(g) Replace fuse; call electrician if
problem continues.

(h) Reconnect wires and tighten
wiring connections.

Flame pattern not centered.

(a) Improperly positioned burner.
(b) Contaminated fuel.

(c) Obstruction in combustion
chamber.

(a) Reposition burner.

(b) Locate source of contamination
and repair; drain and replace
fuel.

(c) Locate and remove obstruction.

Water leaking from boiler pressure relief valve with pressure under 30 psi.

(a) Defective pressure relief valve.

(a) Replace pressure relief valve.

Water leaking from boiler pressure relief valve with pressure at 30 psi or

greater.

(a) Defective feed valve.

(b) Holes or cracks in coils.

(c) Expansion tank full.

(d) Water temperature
above 210F .

(a) Replace valve.
(b) Replace coils.
(c) Correct as necessary.
(

d) Reduce water temperature;
replace valve.
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Gas Burners

A gas burner (see Figure 2-1) is a device for supplying gas, or a mix-
ture of gas and air, to the combustion area. Those used in residential
and light commercial heating are most commonly high-pressure,
gun-type burners. Only those gas burners approved by the American
Gas Association (AGA) should be used in a heating system.

Gas is used as a heating fuel in both urban and rural areas.
Manufactured, natural, and bottled gas are the three types used as
heating fuels. Each of these gases has different combustion charac-
teristics and will have different heat values when burned. Because
of this, a gas burner must be adjusted for each gas fuel, particularly
when changing from one type to another. The principal types of
bottled gas used as heating fuels are propane and butane. Bottled
gas is frequently called LPG (liquefied petroleum gas) and is widely
used as a heating fuel in rural areas. A more detailed description of
heating fuels is found in Chapter 5 of Volume 1 (Heating Fuels).

Operating Principles

The gas burners used in residential heating systems are most com-
monly the atmospheric injection type that operates on the same
principle as the Bunsen burner.

The essential features of the Bunsen burner are shown in Figure
2-2. The burner consists of a small tube or burner, which is placed
inside a larger tube. The latter has holes positioned slightly below
the top of the small tube. The gas escaping from the small tube
draws the air in through the holes and produces what is called an
induced current of air in the large tube. This air enters through the
holes and is mixed with the gas in the tube. The mixture is burned
at the top of the larger tube. The flame from such a burner gives
hardly any light, but the heat is intense. The intensity of the heat
can be illustrated by holding a metal wire over the flame for a few
seconds. It will glow with heat in a very short time.

The air supply in an atmospheric injection burner is classified as
either primary or secondary air and is commonly introduced and
mixed with the gas in the throat of the mixing tube. The cutaway of
an upshot atmospheric gas burner in Figure 2-3 illustrates this princi-
ple of operation. The gas passes through the small orifice in the
mixer head, which is shaped to produce a straight-flowing jet moving
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Figure 2-1 Power gas burner. (Courtesy Nu-Way Burner)
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Figure 2-2 Essential features of the
Bunsen burner.
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Figure 2-3 Cutaway of the venturi, or mixing tube, of an upshot gas
burner.
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at high velocity. As the gas stream enters the throat of the venturi, or
mixing tube, it tends to spread and induce air in through the opening
at the adjustable air shutter. The energy in the gas stream forces the
mixture through the mixing tube into the burner manifold casting,
from which it issues through ports where additional air must be
added to the flame to complete combustion. The air coming in
through the venturi is the primary air and that supplied around the
flame is the secondary air.

The primary air is admitted at a ratio of about 5 parts primary
air to 1 part gas for manufactured gas, and a 10 to 1 ratio for natu-
ral gas. These ratios are generally used as theoretical values of air
for purposes of complete combustion. Most atmospheric injection
burners operate efficiently on 40 to 60 percent of the theoretical
value.

The excess air required depends on several factors, notably the
following;:

e Uniformity of air distribution and mixing
e Direction of gas travel from the gas burner
® The height and temperature of the combustion chamber

The secondary air is drawn into the burner by natural draft.
Excess secondary air constitutes a loss and should be reduced to
a proper minimum (usually not less than 25 to 35 percent). All
yellow-flame gas burners depend exclusively on secondary air for
combustion.

The Bunsen burner flame is bluish and practically nonluminous.
A yellow flame indicates dependence entirely on secondary air for
combustion. Primary air is regulated by means of an adjustable
shutter. For manufactured gas, the air supply is regulated by clos-
ing the air shutter until yellow flame tips appear and then by open-
ing the air shutter to a final position at which the yellow tips just
disappear. This type of flame obtains ready ignition from port to
port and favors quiet flame extinction. When burning natural gas,
the air adjustment is generally made to secure as blue a flame as
possible.

The division of air into primary and secondary types is a matter
of burner design, the pressure of gas available, and the type of
flame desired.

The gas should flow out of the burner ports fast enough so that
the flame cannot travel or flash back into the burner head. The
velocity must not be so high that it blows the flame away from the
port. In an all-yellow flame, flame flashback cannot occur, and a
much higher velocity is needed to blow off the flame.
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A draft hood is used to ensure the maintenance of constant low-
draft conditions in the combustion chamber with a resultant sta-
bility of air supply. A draft hood will also control backdrafts that
tend to extinguish the gas burner flame and the amount of excess
air. These draft hoods must conform to American Standard
Requirements.

Electrical Circuits

Each gas-fired appliance is wired according to the specific make
and model. A wiring diagram is included in the appliance manufac-
turer’s installation and operation manual. All electrical connections
must be made in accordance with the manufacturer’s installation
instructions. Read these instructions and follow them carefully.

Caution
Only a certified HVAC technician or someone with similar qualifi-
cations and/or experience should attempt to wire a gas-fired
appliance.

Note
All local codes and regulations for wiring gas-fired appliances must
take precedence over the instructions in the manufacturer’s
installation and operation manuals. In the absence of local codes,
all electrical wiring and connections should conform with the
appropriate instructions and provisions found in the latest edition
of the National Electrical Code.

A description of the electrical circuits used to operate modern
gas-fired heating equipment is included in Chapter 5 (Gas and Oil
Controls).

Automatic Controls

The automatic controls are used to ensure the safe and efficient
operation of a gas-fired appliance. They are mentioned only briefly
here because detailed descriptions of gas system controls are found
in other chapters of this volume. These controls can be roughly
divided into the following six broad categories:

* Room thermostats

e Ignition (lighting) devices
* Main gas valves

* Flame-sensing devices

® Pressure regulators

e Safety valves and switches
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A gas heating system is controlled by a centrally located room
thermostat. The thermostat sends a call for heat to the furnace or
boiler when the temperature of the air in the room reaches the set-
point (heat setting) on the thermostat. This occurs automatically
when the temperature falls below a preselected heat setting, or
manually when the temperature adjustment dial or lever is moved
up to a warmer heat setting. When the heat setpoint is reached, it
closes an electrical circuit between the thermostat and the furnace
or boiler, which, in turn, activates the furnace or boiler control cir-
cuit. (See Chapter 4, Thermostats and Humidistats,”in V. olume 3
for a description of these thermostats.)

The main gas valve controls the flow of natural or propane gas
to the burners when the thermostat calls for heat. In most heating
systems, the main gas valve is combined with a pressure regulator
to form a combination gas valve. Main gas valves are covered in
Chapter 5 (Gas and Oil ControlsY of this volume.

Another important control is the device used to detect whether
the gas in the burners has successfully lighted after the call for heat
by the room thermostat. Some systems use a thermocouple to verify
that a pilot burner is lit. If it can detect the pilot flame, it will open
the main gas valve, allowing gas to flow to the main burners where
the pilot flame will ignite it. If it cannot detect a pilot flame, it will
not open the main gas valve. The flame sensor of an electronic igni-
tion system performs the same function as the thermocouple in
standing pilot systems, but it looks for the flame in the main gas
burners. See Chapter 5 (Gas and Oil Controls) for a description
of flame-sensing devices.

The fan and limit control is another device that ensures the safe
operation of a gas appliance. It controls the blower in a forced
warm-air furnace. If the blower fails to operate during the heating
cycle, the fan and limit control will shut off the main gas burners to
prevent the furnace from overheating. Read the appropriate sec-
tions of Chapter 6 (Other Automatic Controls) of this volume
for a more detailed description of fan and limit controls.

The pressure regulator, which is commonly combined with the
main gas valve in the form of a single combination, controls the
amount and pressure of the gas used by the gas-fired appliance. See
Chapter 5 (Gas and Oil Controls).

A wide range of safety valves and switches have been created by
different gas furnace and boiler manufacturers to ensure the safe
and efficient operation of their appliances. Pilot safety valves, pres-
sure switches, and other devices are described in the appropriate
sections of Chapter 5 (Gas and Oil Controls) of this volume.
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Types of Gas Burners

Types of residential gas burners include atmospheric injection, yel-
low (luminous) flame, and power burner units. Their classification
is determined by the firing method used. Gas burners can also be
divided into two broad classifications based on whether they are
specifically designed as integral parts of gas-fired heating equip-
ment, as in Figure 2-4, or are used to convert a furnace or boiler
from one fuel to another. The latter are called conversion burners
and, at least outwardly, resemble the gun-type burners used in oil-
fired appliances. Gas conversion burners are commonly designed
and manufactured with integral controls so that they can be
installed as a unit in the existing furnace or boiler.

Note
The burner(s) producing the heat in a gas-fired appliance is some-
times called the main gas burner. Do not confuse the main gas
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Figure 2-4 Standard gas burner components. (Courtesy US. Department of Agriculture)
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burner with the pilot gas burner.The function of the latter (where
it is used) is to light the gas flowing to the main gas burner.

Gas burners may also be classified as inshot and upshot types,
depending on the design of the burner tube. The burner tube of an
inshot gas burner is commonly a straight, adjustable venturi that
extends horizontally from the unit (see Figure 2-5). An upshot gas
burner is characterized by a burner tube that extends horizontally
from the unit and then bends to assume a vertical position (see
Figure 2-6).

Figure 2-5 Inshot conversion gas burner for furnaces or boilers.
(Courtesy Adams Manufacturing Co.)

Figure 2-6 Upshot conversion gas burner for furnaces or boilers.
(Courtesy Adams Manufacturing Co.)
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Integral-Type Gas Burners

An integral-type gas burner assembly consists of an array of paral-
lel burner tubes connected by a manifold pipe running at a right
angle to them. The burner tubes and manifold are part of a
box/drawer assembly in modern furnaces and boilers. The entire
assembly can be removed from the furnace or boiler for cleaning
(see Figure 2-7). Each burner tube contains a series of orifices
(openings) through which the gas flows. These orifices are sized to
deliver the required amount of gas flow to achieve the maximum
ratings at the rated pressure listed on the appliance nameplate.

Note
Instructions for servicing burner orifices are included in Chapter
I'l (“Gas Furnaces”) in Volume 1.

As shown in Figure 2-7, the burner manifold is connected at one
end to the individual burner tubes and at its other end to the main
gas valve. In other words, it functions as the bridge between the
burner tubes and the main gas valve.
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Figure 2-7 Exploded view of a Thermo Pride CDX/CHX gas control
system. (Courtesy Thermo Pride)
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In many furnaces, the main burner(s) can be manually adjusted.
In others, no burner adjustment is required because burner aeration
has been fixed at the factory. Natural gas burner flames should be
well defined (but almost transparent) and should range from light
to medium blue in color. Propane burner flames often have yellow-
or orange-colored flame tips.

Manifold pressure adjustments, gas input adjustments, instruc-
tions for changing burner orifices, and other recommendations for
gas burner maintenance and the 1mproved operating efficiency of
gas furnaces is covered in great detail in Chapter 11 (Gas
FurnacesYin V olume 1.

Gas Conversion Burners

A gas conversion burner is used to convert heating equipment
designed for coal or oil to gas fuel use (see Figure 2-8). The boiler
or furnace must be properly gastight and must have adequate heat-
ing surfaces.

A characteristic of gas conversion burners is that pressure will
sometimes build up in a furnace due to puffs or backfire resulting

Figure 2-8 Residential spark-ignition gas conversion burner.
(Courtesy MIDCO International, Inc.)
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from delayed ignition and other causes. Local heating codes and
regulations usually stipulate that furnace doors be held tightly
closed by spring tension only (in other words, not permanently
closed) in order to provide a means for relieving pressure.
Figure 2-9 shows an example of a door spring that can be used for
this purpose.

Figure 2-9 Door-closing
springs for furnace doors.
(Courtesy Magic Servant Products Co.)

FURNACE DOOR

]

Gas Conversion Burner Combustion Chambers

The combustion chamber for a gas conversion burner is commonly
located in the ashpit of a coal-fired boiler or furnace. Figure 2-10
illustrates the positioning of an upshot gas conversion burner. Note
that the burner head port is located 1 inch (plus or minus Y4 in)
above the grate level. This is a standard measurement when
installing an upshot burner in the ashpit of a furnace.

The manufacturer’s installation instructions provided with a
conversion gas burner generally include specific instructions on the
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Recommended burner port
location for warm-air furnaces.
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SEALALL
AROUND

Figure 2-10 Positioning an UPShOt gas burner. (Courtesy Magic Servant Products Co.)

preparation of the combustion chamber. The main points you
should remember are as follows:

¢ All openings in the boiler must be sealed.
® The combustion chamber must be thoroughly cleaned.

e Heat exchanger surfaces must be protected against concen-
trated heat.

e All nonheat transfer surfaces must be protected.

e The combustion chamber must be designed to contain com-
bustion, to radiate heat, and to insulate the ashpit.

Additional information concerning gas conversion burners can be
found in Chapter 16 (Boiler and Furnace Conversionfin V. olume 1.

Gas Piping for Conversion Burners

Gas piping is generally wrought iron or steel with malleable iron pipe
fittings. Joint compound (pipe dope) is applied sparingly to the male
threads only. Make certain before applying the joint compound that it
is approved for all types of gas. Never use aluminum tubing or cast-
iron fittings on the main gas line. Soldered or sweated connections are
also not recommended.
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Tables 2-1 and 2-2 can be used to determine the size of pipe to
use from the meter to the gas burner. The correct number of threads
for any particular length of pipe is given in Table 2-3.

Table 2-1

Pipe Capacity Table

Nominal Diameter of Pipe in Inches

%a I 14 12 2

Length of Capacity—Cubic Feet per Hour with a 0.6
Pipe in Specific Gravity (Sp Gr) Gas and Pressure Drop of
Feet 0.3" Water Column

15 172 345 750

30 120 241 535 850

45 99 199 435 700

60 86 173 380 610

75 77 155 345 545

90 70 141 310 490
105 65 131 285 450 920
120 120 270 420 860
150 109 242 380 780
180 100 225 350 720

(Courtesy Magic Servant Products Co.)

Table 2-2 Muiltipliers for Various Specific Gravities
Specific Gravity Multiplier Specific Gravity Multiplier
35 1.31 1.00 775
.40 1.23 1.10 .740
45 1.16 1.20 .707
.50 1.10 1.30 .680
.55 1.04 1.40 655
.60 1.00 1.50 .633
.65 962 1.60 612
.70 926 1.70 594
.75 895 1.80 577
.80 .867 1.90 565
.85 .841 2.00 547
.90 817 2.10 535

(Courtesy Magic Servant Products Co.)
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Table 2-3 Specifications for Threading Pipe

Nominal Size of Approx. Length of Threaded Approx. Number of

Pipe (inches) Portion (inches) Threads to Be Cut
Ya Ya 10
1 /8 10
1% 1 11
1% 1 11
2 1 11

*See AGA Requirements and Recommended Practice for House Piping and Appliance Installation.
(Courtesy Magic Servant Products Co.)

Use pipe fittings at all turns in the gas line. Never bend or lap
welded pipe because it will pinch or weaken it. Support the pipe
with straps, bands, pipe hooks, or hangers (never allow one pipe to
rest on another or to sag).

Pitch all horizontal pipe so that it grades toward the meter with-
out the occurrence of sags. The piping should be protected against
freezing and the accumulation of condensation.

Pipes and pipe fittings that are defective should be replaced, never
repaired. Every effort must be made to eliminate any possibility of
gas leakage. Gas leaks on pipes and pipe fittings should be located
by spreading a soap solution over the surface. Never try to locate a
gas leak with a flame. The results could be extremely hazardous.

Figure 2-11 illustrates the general configuration of the main
shutoff valve, pilot shutoff valve, and riser installation for a gas
conversion burner. The following suggestions are worth noting:

I. Install the main manual gas shutoff valve on the riser at least
4 ft above the floor level.

2. Install the pilot valve on the inlet side of the main manual gas
shutoff valve.

3. Install a tee fitting at the bottom of the riser to catch any for-
eign matter in the pipe. The bottom of the tee fitting should be
plugged or capped.

4. Install a ground joint union in the gas line between the burner
air duct box and the tee fitting in the riser.

5. Install a pilot supply line (Y4-in OD tubing) between the pilot
valve and a point located on the upper right side of the air duct
box on the gas burner. This line will run parallel to the riser.
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Figure 2-11 Main shutoff valve, pilot shutoff valve, and riser installation.

Venting and Ventilation

The venting system for gas heating equipment consists of the
following:

I. The chimney or smoke elimination pipe.
2. The draft diverter or draft diverter hood.

Gas-burning equipment must be vented to the outside. All pipes
leading from the equipment must be fitted so that the joints are
tight and free of leaks.

A draft diverter or draft hood is a wind deflector placed in the
chimney to prevent downdrafts of air (i.e., air moving down the
chimney from the outside) from blowing out the pilot light. Many
draft diverters are designed and positioned so that the downdraft is
deflected into the room containing the heating unit.
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Any room containing gas heating equipment must have adequate
ventilation. Provision for incoming air (i.e., air necessary for com-
bustion) is especially important in rooms or buildings of tight con-
struction. The minimum area requirements (in relation to each 1000
Btu/h input) for both ventilating air openings and air inlet openings
can be obtained from the manufacturers of the gas-fired appliance.

Safety Precautions

The annual cleaning and inspection of gas heating equipment is
important not only because it contributes to its efficient operation
but also because it provides an additional safety factor.

Electrical controls should be connected on a separate switch. This
enables the circuit to be broken should the equipment malfunction.

Because fuel gas is extremely volatile, it should be handled and
stored with the utmost care. Propane is especially dangerous when
it leaks. Because it is heavier than air, propane will accumulate at
low points in a room and present an explosion hazard.

Be sure to observe the following basic safety rules when working
with heating gases and gas controls:

e Always shut off the gas supply to the device when installing,
modifying, or repairing it. Allow at least 5 minutes for any
unburned gas to leave the area before beginning work.
Remember that LPG is heavier than air and does not vent
upward naturally.

e Always conduct a gas leak test after completing the installa-
tion, modification, or repair. To test for a gas leak, coat the
pipe joint, pilot gas tubing connections, and valve gasket lines
with a soap-and-water solution. Then, with the main burner in
operation, watch for bubbles at those points. The bubbles will
indicate a gas leak, which can normally be eliminated simply
by tightening joints or screws or by replacing the gasket.

Note
Never use a flame to check for a gas leak.

e Always disconnect the power supply to prevent electrical
shock or equipment damage before connecting or disconnect-
ing any wiring.

* Change the main burner and pilot orifice(s) to meet the appli-
ance manufacturer’s instructions when converting a gas sys-
tem from one type of gas to another.
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Always read and carefully follow the installation and operat-
ing instructions supplied with the appliance or component.
Failure to follow them could result in damage or cause a haz-
ardous condition.

Make certain that the appliance or component is designed for
your application. Check the ratings given in the instructions
and on the appliance or component.

Check the operation of the appliance or component with the
manufacturer’s instructions after installation is completed.
Do not bend the pilot tubing at the control after the compres-
sion nut has been tightened. This could cause a gas leak at the
connection.

Never jump (or short) the valve coil terminals on 24-volt con-
trols. Doing so could short out the valve coil or burn out the
heat anticipator in the thermostat.

Never connect millivoltage controls to line voltage or to a
transformer, because doing so will burn out the valve opera-
tor or the thermostat anticipator.

Do not remove the seals covering control inlets or outlets
until you are ready to connect the piping. The seals are there
to prevent dirt and other materials from getting into the gas
control and interfering with its operation.

Troubleshooting Gas Burners

As is the case with all mechanical and electrical equipment, it is recog-
nized that occasional repair and adjustment may be necessary on any
burner. Table 2-4 represents a very general list of troubles and causes
that can occur with gas burners and gives some suggested remedies.

Table 2-4 Troubleshooting Gas Burners

Symptom and Possible Cause

Possible Remedy

Pilot does not light.

(a) Air in gas line.

(b) High or low gas pressure.

(c) Blocked pilot orifice.

(d) Flame runner improperly
located.

(a) Clear or replace line.

(b) Check for possible gas supply
problem with local gas
company; replace defective
burner.

(c) Clean orifice or replace.
(d) Move to correct location.

(continued)
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Table 2-4 (continued)

Pilot goes out frequently during standby or safety switch

needs frequent resetting.

(a) Restriction in pilot gas line.
(b) Low gas pressure.

(c) Blocked pilot orifice.

(d) Loose thermocouple
connection on 100 percent
shutoff.

(e) Defective thermocouple or
pilot safety switch.

(f) Poor draft connection.

(g) Draft tube set into or flush
with inner wall of combustion
chamber.

(a) Clear or replace line.

(b) Check for possible gas supply
problem first with local gas
company; Replace defective
burner.

(c) Clear blockage or replace.

(d) Secure connection or replace
defective thermocouple.

(€) Replace thermocouple or pilot
safety switch.

(f) Correct.

(g) Move tip of draft tube to
proper location.

Pilot goes out when motor starts.

(a) Restriction in pilot gas line.

(b) High or low gas pressure.

(c) Excessive pressure drop when
main gas valve opens.

(a) Remove restriction or replace
line.

(b) Check for possible gas supply
problem with local gas
company; replace defective
burner.

(c) Check for possible gas supply
problem with local gas
company; test main gas valve
and replace if defective.

Burner motor does not run.

(a) Burned-out fuse or tripped
circuit breaker.

(b) Thermostat or limit defective
or improperly set.

(c) Relay or transformer defective.

(d) Motor burned out.

(e) Tight motor bearings from
lack of oil.

(f) Improper wiring.

(a) Replace fuse or reset circuit
breaker. If problem continues,
call an electrician.

(b) Reset thermostat or limit, or
replace if defective.

(c) Replace relay or transformer.
(d) Replace motor or burner.

(€) Lubricate bearings; repair or
replace damaged bearings.

(f) Check wiring diagram for
burner and rewire correctly.

(continued)
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(continued)

Burner motor running but no flame.

(a) Pilot out.

(b) Pilot safety switch needs to be
reset.

(c) Thermocouple not generating
sufficient voltage.

(d) Very low or no gas pressure.

(e) Motor running too slow.

(a) Relight pilot or replace
defective pilot.

(b) Reset switch.

(c) Replace defective thermocouple.

(d) Check for possible gas supply
problem with local gas
company; check for obstruction
in gas line and correct.

(e) Replace defective motor.

Short and/or noisy burner flame.

(a) Pressure regulator set too low.
(b) Air shutter open too wide.

(c) Too much pressure drop in
gas line.

(d) Vent in regulator plugged.
(e) Defective regulator.

(a) Change to proper setting.

(b) Correct opening size.

(c) Check for possible gas supply
problem with local gas
company; check for obstruction
in gas line and correct.

(d) Clear vent.
(e) Replace regulator.

Long yellow flame.

(a) Air shutter not open enough.

(b) Air openings or blower wheel
clogged.

(c) Too much input.

(a) Adjust opening.
(b) Clear.

(c) Reduce input.

Main gas valve does not close when blower stops.

(a) Defective valve.
(b) Obstruction on valve seat.

(a) Replace valve.

(b) Remove obstruction.
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Coal Firing Methods

The fuel for a coal-fired furnace or boiler may be fed either auto-
matically or by hand. Both methods have certain advantages and
disadvantages. For example, automatic (stoker) firing is initially
more expensive because it requires the purchase and installation of
a suitable mechanical stoker to feed the coal to the furnace or
boiler. As a result, stoker firing is a common practice in larger
buildings (e.g., stores, hotels) where the initial high cost of the
equipment can be more easily absorbed into the total cost of the
structure. Despite the relative high cost of stokers, there are some
designed for use in single-family residences. These will be consid-
ered in detail at a later point in this chapter.

Because there is no need to invest in special and expensive coal-
handling equipment, hand-firing the coal has been the traditional
method used for firing house heating furnaces and boilers.
Although hand-firing coal is less expensive than stoker-firing for
these smaller installations, the following objections to the hand-
firing method should be noted:

e The frequent opening of the furnace or boiler doors allows a
large excess of air to enter and chill the flame. The combus-
tion efficiency of the flame therefore tends to fluctuate.

e The dumping of a lot of fuel at each firing results in a smoke
period until normal combustion conditions are restored.

* Hand-firing coal is by its nature an intermittent firing method.
The flame often reaches a low and inefficient level or is extin-
guished before new fuel is added.

Coal-Firing Draft Requirements

The amount of draft required for proper combustion is an important
consideration, and it depends on a number of different considera-
tions, including the following;:

e Grate area

e Fuel size and type

¢ Fuel bed thickness

e Boiler pass resistance

77
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The degree of resistance offered by the boiler passes to the flow of
the gases is an important consideration in determining the required
amount of draft. These gases must exist at a speed sufficient to pre-
vent them from backing up into the combustion chamber and rob-
bing the fire of necessary oxygen.

The total area of the grate, the type of coal burned (e.g., bitu-
minous, semibituminous), the size of the coal, and the thickness
of the coal bed all affect the amount of draft required for proper
combustion.

Insufficient draft usually results in the accumulation of excess
ashes in the ashpit. Moreover, it necessitates additional attention to
the fire including more frequent cleaning. These and other aspects
of improper firing contribute to fuel waste and higher operating
costs.

Firing Anthracite Coal

Anthracite coal is preferred over other coal for domestic heating
purposes because it produces a steadier and cleaner flame. Further-
more, it burns longer and with greater heat than the others. The
principal objections to using anthracite coal are that it requires
more heat than other coals to start combustion and is slightly more
expensive.

Anthracite coal is available in a number of different standardized
sizes, each suited to a different size of grate and firepot. The fol-
lowing are some of these coal sizes and their descriptive names:

* Buckwheat
* Egg

e Stove

e Chestnut
e Pea

e Broken

Buckwbheat-size coal is available in five grades or sizes: Buckwheat
No. 1; Buckwheat No. 2, or Rice size; Buckwheat No. 3, or Barley
size; Buckwheat No. 4; and Buckwheat No. 5. Buckwheat Anthracite
No. 2 (or Rice size) finds the widest use in automatic coal-firing
equipment and is used in domestic, commercial, and industrial
stokers.

There are certain recommended practices to be followed when
firing buckwheat coal. For best results, the following techniques
should be employed:
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1. Always maintain a uniform low fire. This reduces clinker for-
mation to a minimum and enables those clinkers that do form
to be broken up more easily.

2. Use a smaller mesh grate when possible or a domestic stoker.
Because of its relatively small size, buckwheat anthracite coal
often falls through the openings on ordinary grates when they
are shaken.

3. Immediately after coaling, push a poker down through the
fresh bed of buckwheat anthracite coal and expose a portion
of the hot fire. This tends to prevent delayed ignition and such
undesirable accompanying side effects as furnace or boiler
doors being blown open.

4. Keep the heating system warm at all times. Allowing it to cool
down and then having to warm it up results in burning fuel at
a higher rate.

Egg-size coal should be used in large firepots (24-inch grates or
larger). This is a deep-firing coal, and the most suitable results are
obtained with fuel beds that are at least 16 inches deep.

Stove-size coal was extensively used in heating buildings,
although today it has been largely replaced by gas or oil. It is used
on grates that are 16 inches or larger. The fuel bed should be at
least 12 inches deep.

Chestnut-size coal is used for firepots as large as 20 inches in
diameter. Fuel beds for this anthracite coal range in depth from 10
to 15 inches.

With careful firing, pea-size coal can be burned on standard
grates. Care should be taken not to overshake the grates (shake
only until the first bright coals begin to fall through the grates).
After a pea-coal fire has been built, the thickness of the fuel bed
should be increased by the addition of small charges until it is at
least level with the sill of the fire door. A common method of firing
pea coal consists of drawing the red coals toward the front of the
firebox and piling fresh fuel toward the back of the firebox.

A strong draft is required when burning pea coal. Figure 3-1
illustrates a satisfactory method of burning this coal size in a
boiler. The choke damper is kept open and regulated by means of
the cold air check and air inlet dampers. In stoker firing, the air
setting is generally kept lower for pea coal because an excess of air
under this kind of coal will burn up the retort. Forced draft and
small mesh grates are frequently used for burning buckwheat
anthracite coal.
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Figure 3-1 Dampers used on boilers and controls.

Firing Bituminous Coal

Bituminous coal is a broad category encompassing many different
burning characteristics and properties. Generally speaking, bitumi-
nous coals ignite and burn easily with a relatively long flame. They
are also characterized by excess smoke and soot when improperly
fired.

The side bank method is commonly recommended for firing bitu-
minous coal. It consists of moving the live coals to one side or the
other of the grate and placing a fresh fuel charge on the opposite
side. Variations of this firing method call for placing the live coals at
the back of the grate or covering the fresh fuel charge with a layer of
fine coal. The side bank method results in a slower and more uni-
form release of volatile gases.

Other recommendations that should be followed when firing
bituminous coal include the following;:

e Fire bituminous coal in small quantities at short intervals. This
results in a better combustion because the fuel supply is main-
tained more nearly proportional to the air supply.

® Never fire bituminous coal over the entire fuel bed at one
time. A portion of the glowing fuel should always be left
exposed to ignite the gases leaving the fresh fuel charge.
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e Use a stoking bar to break up a fresh charge of coking coal
approximately 20 minutes to 1 hour after firing.

* Do not bring the stoking bar up to the surface of the fuel.
Doing so will bring ash into the high-temperature zone at the
top of the fire, where it will melt and form clinkers.

A stoking bar should always be kept as near the grate as possible
and should be raised only enough to break up the fuel. The ash will
usually be dislodged when stoking, making it unnecessary to shake
the grates.

Alternate or checker firing is a bituminous coal firing method in
which the fuel is fired alternately on separate sides of the grate. This
method tends to decrease the amount of smoke and maintain a
higher furnace or boiler temperature.

A similar effect is produced by the coking method of firing bitu-
minous coal. The coal is first fired close to the firing door, and the
coke is moved back into the furnace just before firing again.

Firing Semibituminous Coal

Semibituminous coal burns with far less smoke than the bituminous
type. It ignites with more difficulty than bituminous coal but pro-
duces far less smoke.

The central cone method is recommended for firing semibitumi-
nous coal. In this method, the coal is heaped onto the center of the
bed, forming a cone, the top of which should be level with the mid-
dle of the firing door. This allows the larger lumps to fall to the
sides and the fine cones to remain in the center and be coked.

The poking should be limited to breaking down the coke with-
out stirring, and gently rocking the grates. It is recommended that
the slides in the firing door be kept closed, as the thinner fuel bed
around the sides allows enough air to get through.

Stoker Firing

A stoker is a mechanical device designed and constructed to auto-
matically feed fuel to a furnace. Stokers are used in commercial,
industrial, and domestic heating systems. Their use results in more
efficient combustion owing to constant instead of intermittent firing.

According to the ASHRAE Guide (1960), coal stokers can be
divided on the basis of their coal-burning capacity into the follow-
ing four classes:

® Class 1 stokers (10 to 100 Ibs per hour)
e Class 2 stokers (100 to 300 lbs per hour)
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e Class 3 stokers (300 to 1200 lbs per hour)
e Class 4 stokers (over 1200 Ibs per hour)

Class 1 stokers are used most commonly in domestic heating
installations. The other three classes of stokers are used in commer-
cial and industrial heating systems.

Class 1 stokers are usually the underfeed type and are designed
to burn anthracite, bituminous, semibituminous, and lignite coal,
and coke. Ash can be removed automatically or manually, with the
latter method being the most popular.

Stokers can also be classified on the basis of whether the coal is
stored in a hopper or bin. The disadvantage of the hopper design
(see Figure 3-2) is that it must be refilled at least once each day. The
bin stoker design (see Figure 3-3) eliminates coal handling. The coal
is delivered by the supplier and placed directly into the bin.

The underfeed stoker (see Figure 3-4) is generally used for house
heating furnaces and boilers. This type of stoker is one in which the

i

Figure 3-2 Hopper-fed conical grate. Coal is underfed into the furnace
and overfed to the fire in a slow movement. (Courtesy Drawz Stoker Mfg. Co)
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Figure 3-3 Bin-fed stoker equipped with conical grate.
(Courtesy Drawz Stoker Mfg. Co.)

STOKER RELAY, TIMER,

AND TRANSFORMER

T0 117-VOLT

SUPPLY LINK

ROOM THERMOSTAT DRAFT REGULATOR
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| 0000000000000 |

FURNACE THERMOSTAT
(HIGH LIMIT AND FAN
CONTROL)

JUNCTION BOX

HOPPER

STOKER MOTOR FAN MOTOR

HOUSING FOR A FAN RETORT
AND STOKER MOTOR WIND BOX

Figure 3-4 Underfeed stoker showing principal parts and typical
wiring diagram.
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fuel is fed upward from underneath the furnace or boiler. The
action of a screw or worm carries the fuel back through a retort
from which it passes upward as the fuel above is being consumed.
The ash is generally deposited on dead plates on either side of the
retort, from which it can be removed.

Underfeed stokers can be designed for use with either anthracite
or bituminous coal, but the individual pieces of coal should be uni-
form in size and no larger than 1 inch in diameter. As mentioned
elsewhere in this chapter, it is desirable to treat the coal with oil in
order to eliminate dust. The worm feed mechanism can be regu-
lated to feed coal at variable rates.

Stoker Construction

Although there are variations in the type and design of domestic
stokers, the general features are much the same. An elementary
stoker is shown in Figures 3-5 and 3-6, which gives the essentials
and the names of parts. These parts may be listed as follows:

I. Retort.

2. Fan.

3. Motor.

4. Transmission.
5. Air duct.

6. Air control.

RETORT COAL FEED TUBE FEED WORM HOPPER FEED WORM
/ TRANSMISSION

WIND BOX TUYERES AIRDUCT FAN BELT MOTOR FAN
(AIR PORTS) DRIVE

Figure 3-5 Underfeed stoker.
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/ FEED SCREW ;
[T _ﬂ I T /
| R

: / COAL CONVEYER TUBE

MANUAL AIR DAMPER
AIRTUBE RETORT BASE

Figure 3-6 Domestic underfeed stoker.

7. Hopper.
8. Feed worm.
9. Bin.

The retort is a firepot cast in a round or rectangular trough-
like shape in which the coal is burned. It is made of cast iron and
is surrounded by the windbox. The retort is provided with a
number of air ports, or tuyeres, through which air for combus-
tion is supplied.

The purpose of the fan is to supply forced draft, which is
directed to the windbox that surrounds the air ports in the retort.
This fan is commonly of the squirrel-cage type.

The air enters the retort through the ports via the air duct from
the fan and the windbox that surrounds the retort. The fan is
equipped with either manual or automatic control in the form of a
damper at either the discharge or intake end. The air supply is con-
trolled by means of these fan controls.

Coal stokers are designed to operate on either high- or low-air-
pressure systems. In the high- -air-pressure system, the air is forced in
small jets into the fire area. A major disadvantage of this type of
system is that the coal sometimes tends to fuse, causing clinkers to
form and wasting some of the combustible matter of the fuel. A
low-air-pressure system tends to produce a more complete circula-
tion of burning gases to all heat-inducting surfaces.

A stoker is usually powered with an electric motor, which oper-
ates both the coal feed worm and the fan. The stoker drive consists



86 Chapter 3

of a transmission, a shear pin (or clutch throw-out), pulleys, belts,
and related components. The purpose of the shear pin is to protect
the driving mechanism against damage in case large foreign objects
get mixed up with the coal.

The transmission rotates the coal feed worm at the proper speed
to feed the amount of coal required. The construction is such that
the rate of feed can be changed as desired.

The two kinds of transmission usually employed in stokers are
the continuous drive, which is operated by means of reduction
gears, and the intermittent drive, which operates with a ratchet.
Another drive used in stoker transmissions is the hydraulic (usually
referred to as an oil drive), which operates by regulating the oil
pressure on the driving mechanism to control the number of revo-
lutions the feed screw makes per minute.

The feed worm (sometimes called the feed screw) carries the coal
from the hopper to the retort (firepot). It is geared to the transmis-
sion, its rate of revolution depending on the desired feed rate. The
feed worm extends from the coal supply in the hopper or bin,
through the coal feed tube into the retort, where the coal it carries
is discharged.

Ashpits can be constructed so that they are located directly
below the furnace or boiler (see Figure 3-7). The ashes are auto-
matically deposited into the pit as the coal is burned. If the pit is
designed large enough, the ashes will need to be removed only once
or twice a year. It is recommended that the ashpit be constructed so
as to permit removal of ashes from outside the house. This will
result in a much cleaner and more convenient operation in the long
run. Always vent the ashpit to the chimney or outdoors.

Some stokers (e.g., the Drawz stoker illustrated in Figures 3-2
and 3-3) are designed to permit hand-firing in case of power failure.
In these situations, a natural draft may be provided by opening the
grate and ashpit door.

Stoker Automatic Controls

Figure 3-8 illustrates typical controls for a stoker in a forced warm-
air heating system. There are approximately three basic automatic
controls necessary for satisfactory operation of the stoker. These
three controls are as follows:

I. Thermostat.
2. Limit control.
3. Hold-fire control.
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Figure 3-7 Bin-fed conical grate stoker.

The purpose of the thermostat is to start the fire when the room
temperature falls below a predetermined point and to stop it when
the temperature again rises to normal. The thermostat setting should
be adjusted to give comfortable room temperature. Usually a setting
between 72F and 75F is desirable.

The limit control stops the stoker should the furnace or boiler
pressure become greater than the setting of the control. Furnace
limit switches on warm-air gravity installations usually require
settings above 300F¥ . Hot-water limit switches on hot-water
systems usually require settings above 160F . Steam pressure
controls on steam pressure installations usually require settings
of 2 to 5 Ibs.

The purpose of the hold-fire control is to produce a stoker
operation at intervals during mild weather in order to maintain
fire when the thermostat is not demanding heat. Sometimes the
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Figure 3-8 Typical controls for a stokerfired coal burner in a forced
warme-air heating system.

hold-fire control feeds either too much or too little coal to the
retort. The former results in overheating, and the latter may cause
the fire to go out. It is best to call a service representative of the
stoker manufacturer to adjust the hold-fire control, because this is
a complicated mechanism. The two types of hold-fire controls are
interval timers and stack temperature control switches.

Timers may be adjusted to give various-length firing periods so
that the stoker is operated for a few minutes at preset intervals.
This is done to keep the fire alive during cool weather when little
heat is required. The cycle of operation may be set for either 30-
minute or 1-hour intervals.

Figures 3-9 and 3-10 show two examples of typical timers
used on stokers. The combination switching relay and syn-
chronous motor-driven timer shown in Figure 3-9 provides peri-
odic burner operation so that the fire can be maintained during
times when the thermostat is not demanding heat. It may be used
with any two-wire, 24-volt thermostat or operating controller.
This particular timer is adjustable from Y2 to 72 minutes every
30 or 60 minutes.
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The timer shown in Figure 3-10 is designed for line voltage
switching. When used with a line voltage controller, it maintains the
stoker fire by providing short on periods between the controller off
periods. Timing may be adjusted from 1 to 7%2 minutes at 30- or
60-minute intervals.

The stack switch (or stack thermostat) starts the stoker when the
stack temperature becomes lower than a predetermined point and
operates it until the fire is again kindled to a degree that will guar-
antee that it will not go out.

Stack switches are not found on all stokers, but they should be
required in areas where electric power failures are long enough to
let the fire go out. The stack switch will keep the stoker from filling
the cold firepot with coal as soon as the electricity goes on again.

- MOUNTING
| HOLE

Sl TERMINAL
PANEL

~ TIMER
ASSEMBLY

- RELAY
UNIT

Figure 3-9 Honeywell combination switching relay and
synchronous motor-driven timer. (Courtesy Honeywell, Inc,)
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Figure 3-10 Internal view of a Honeywell stoker timer.
(Courtesy Honeywell, Inc.)

Sometimes a light-sensitive electronic device (such as an electric eye)

is used instead of a stack switch.

Stoker Operating Instructions

The stoker operating instructions found in the paragraphs that fol-
low should be regarded as generalized suggestions or recommenda-
tions rather than specific instructions. They may prove useful in
those situations in which no operating manual from the manufac-
turer can be found. When possible, always consult the manufac-

turer’s operating manual.
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Coal Selection

A bituminous coal, low in ash (6 percent or less), with an ash fusion
temperature of 2200F to 2600F and 1 Vs-inch to ¥s-inch maxi-
mum is ideal for stoker operation. Oil treatment of the coal is rec-
ommended in order to eliminate dust and add lifetime to the stoker.
Generally speaking, in most sections of the country, a high-quality
coal is generally most satisfactory and most economical. The annual
coal tonnage for domestic stokers is usually low. Convenience and
satisfaction are usually the primary factors considered when mak-
ing the decision to install a stoker; therefore, good coal is recom-
mended. Consult your local coal dealer or the stoker manufacturer
for recommendations.

Starting the Fire

Generally, the procedure involved in starting a fire in a stoker-
equipped heating installation includes the following steps:

1. Set the room thermostat above the room temperature.
2. Set the coal feed and air setting to the proper rate.

3. Throw the line switch to the oz position so that the stoker
starts.

4. Open the hopper lid, and watch the feed screw to make cer-
tain that it is turning. Sometimes in shipping or installing the
stoker, the feed screw may slip off the shaft on the gear case.
Be certain that the feed screw is engaged before putting any
coal in the hopper.

5. Fill the hopper with coal.

6. Set the overfire air door on the furnace % to %2 open, and
lock in this position.

7. Let the stoker run until the retort (inside the furnace or boiler)
is filled with coal.

8. Place a quantity of paper, kindling wood, and a small amount
of coal on top of the retort and ignite it.

Natural Stack Draft

Natural draft has a decided effect on the operating economy of the
stoker installation. Check the draft and baffle damper, which should
be adjusted to give the lowest possible draft without causing smok-
ing from the fire door.

The check damper in the smoke outlet to the furnace can also be
used advantageously when extreme natural draft conditions exist.
The ideal arrangement is obtained by limiting draft just to the point
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at which smoke or fumes are not emitted from the fire door when
the stoker is in operation.

Manual Air Adjustment

As the fuel bed builds up to the desired condition, the air adjust-
ment should be made in the following manner: Open or close the
manual air damper to give a yellow and practically smokeless flame
(not white-hot) and a fire fed with no intense blasts from air ports
in the burner. Sufficient air must be delivered to maintain an even-
burning fuel bed with a fairly consistent depth.

Automatic Air Control

Each stoker will usually have some means of automatically con-
trolling the pressure and volume of air delivered by the fan so that
the correct amount is supplied to the fire as burning conditions
vary. Usually no adjustment is necessary, as the setting made at
the factory will enable this control to function properly on most
installations.

Changing Coal Feeds

On some stokers, the coal feed change is easily made by altering the
position of the drive belt from the smaller to the larger or from the
larger to the smaller pulleys of the motor and transmission.

Follow these instructions:

1. Cut off the stoker line switch.
2. Move the belt-change lever down to reduce the tension on the

belt.

3. Move the belt to the pulley desired.
a. Belt on the large pulley of the motor gives maximum feed.
b. Belt on the center pulley of the motor gives intermediate

feed.
c. Belt on the small pulley of the motor gives minimum feed.
4. Move the belt-tightening lever up to the original position.
5. Throw in the line switch.

Motor Overload Protection

The stoker motor will have a built-in device for protection against
excessive motor temperatures. Should the motor become over-
heated, the protection device on the motor will prevent damage by
breaking the electrical circuit. Motor overloads are usually caused
by lack of bearing lubrication, low voltage, or excessive belt
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tension. To reset, push the reset button on motor after the motor
has cooled sufficiently.

Transmission Overload Protection

A stoker transmission will also include an overload protection
device that automatically breaks the electrical circuit to the motor
in the event that an obstruction should become lodged in the con-
veying mechanism of the unit. To reset (after removal of the
obstruction), push in reset button on the side of the transmission.

Removal of Obstruction

Read the manufacturer’s instructions for removing obstructions
from the conveying mechanism of the transmission. If these are not
available, then you will have to determine the best way to gain
access to the obstruction and remove it. There is usually an obstruc-
tion cleanout panel located in the back of the hopper. Full access to
the feed screw is obtained by removal of this panel. It may be nec-
essary to reverse the rotation of the feed screw manually to relieve
the obstruction. To do this, the transmission must be placed in neu-
tral. This can be done by disengaging the transmission from the
conveying mechanism.

Lubrication

The electric motor should be lubricated at the beginning of the
heating season and twice during the season. Use a good grade of
medium engine oil.

The transmission will require approximately one pint of a suit-
able grade of engine oil. This should be checked once each season.
The oil should be removed and replaced at the end of two heating
seasons provided there has been no flooding. Should the transmis-
sion become submerged in water, it is recommended that it be ser-
viced by a representative of the stoker manufacturer.

Summer Service

It is recommended that the stoker be prepared for the next heating
season just after the spring heating has been completed. The stoker
should be prepared in the following manner:

1. Remove the coal from the hopper.
2. Paint or grease the inside of the hopper.
3. Open the hopper lid for air circulation.

4. Remove any siftings from the retort base, and remove any ash
or clinker formation from the burner.
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. Clean and oil the electric motor and adjust the belts.
. Oil the stoker screw (or worm).
. Replace oil in the transmission, if necessary.

O N o U

. Run a heavily oiled coal or sawdust through the stoker, leav-
ing the feed screw and coal tube full, over the summer. This
prevents corrosion and rusting.

How to Remove Clinkers

You will find it easier to remove the clinker if you let the fire cool
off for § to 10 minutes before removing it. Turn the stoker off and
open the fire door to cool the fire. Fill the hopper while the clinker
is cooling. The clinker normally forms around the retort. Use an
iron bar or poker to raise the clinker. Do not dig in the retort. After
you have raised the clinker, use the clinker tong to lift it from the
furnace. It may be in one piece or several pieces, but remove all of
it. Keep the fuel bed clean. Remove clinkers as often as necessary.

How to Adjust Coal Feed

Figure 3-11 illustrates the steps involved in a typical coal feed
adjustment. Their order (in sequence) is as follows:

1. Select the proper amount of coal feed for the furnace (refer to
the coal feed chart provided by the stoker manufacturer).

2. When the proper coal feed is selected, the opposite side of the
pointer indicates the proper air setting (see Figure 3-11A).

3. When the coal meter is set on proper coal feed, lock the meter
with a wrench at the locknut shown (see Figure 3-11B).

How to Adjust Air Supply

From information on the coal meter, set the air selector knob to the
proper point and the automatic damper will furnish the proper
amount of air for the amount of coal fed to the furnace. The auto-
matic air damper opens slowly after the stoker starts feeding coal,
thus preventing puffbacks out of the fire door, and closes when the
stoker stops and automatically banks the fire. When this occurs, the
motor stops running.

Troubleshooting Coal Stokers

All mechanical devices occasionally malfunction or operate below a
commonly accepted level of efficiency. Coal stokers are no excep-
tion to this rule. Table 3-1 lists the conditions that indicate faulty
operation:
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Figure 3-11 Adjustment of a coal feed.
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Table 3-1 Troubleshooting Coal Stokers

Symptom and Possible Cause

Possible Remedy

Abnormal noises.

a) Loose pulleys or belt.
b) Dry motor bearings.
¢) Worn gears.

d) Gears lack oil.

o~ — —

a) Tighten or replace.
b) Oil the bearings.
¢) Oil or replace.

(
(
(
(d) Oil the gears.

Motor will not start.

(a) Hard clinkers over or on retort.

(b) Foreign matter caught in
the feed screw.

(c) Packing of coal in the retort
caused by the end of the feed
screw being worn.

(a) Remove the clinkers.
(b) Remove the foreign matter.

(c) Remove packed coal from the
retort and replace feed screw.

Stoker operates continuously.

(a) Controls out of adjustment.

(b) Dirty fire.
(c) Fire out.
(d) Dirty furnace or boiler.

(a) Contact manufacturer for a
service call.

(b) Rebuild or clean fire.
(c) Rebuild fire.
(d) Clean furnace or boiler.

Furnace filled with unburned coal.

(a) Clinkers clogging the retort.
(b) Coal feed set too high.

(c) Insufficient air getting to the fire.

(d) Windbox filled with siftings.

(a) Remove the clinkers.

(b) Reduce coal feed setting.

(c) Open manual damper. If this
does not help, check air ports
for clogging. Also, check the
windbox. If it is full of siftings,
they should be removed.

(d) Empty windbox.

Stoker will not run.

(a) Limit control has shut off
furnace or boiler due to
overheating.

(b) Low-water cutoff has shut
down the boiler.

(a) Allow limit control time to
cool off.

(b) Check water level in boiler
and correct.



(c) Gear case has been exposed
to water.

(d) Blown fuse.
(€) Tripped circuit breaker.
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(c) Do not try to operate the
stoker. Drain and flush out
the gear case immediately and
refill with oil.

(d) Replace fuse.

(e) Reset circuit breaker.

Smoke backed into hopper.

(a) Hopper empty or low in coal.

(b) Clinker obstructing the retort.
(c) Clogged smoke back connection.
(d) Fire burning down in the retort.

(a) Fill the hopper to the proper
level.

(b) Remove clinker.
(c) Remove obstruction.

(d) Check air supply (fire may be
getting too much) or rate of
coal feed (may be too low).

Fire is out.

a) Empty hopper.

b) Clinkers obstructing the retort.
¢) Switch may be off.

d) Blown fuse.

e) Tripped circuit breaker.

(
(
(
(
(
(

f) Failure in electric controls.

Refill to proper level.

)

) Remove clinkers.

) Place in on position.
)

a
b
c
d) Replace fuse.

e) Reset circuit breaker.

(
(
(
(
(
(

f) Contact manufacturer for a
service call.







Chapter 4

Thermostats and Humidistats

This chapter, and the two that immediately follow it, describe the
principal components of the automatic control systems used in
heating, ventilating, and air conditioning. The index should also be
checked because additional information about automatic controls
has been included in other chapters.

Automatic Control Systems

An automatic control system consists primarily of the following
two basic components:

e Controller
e Controlled device

A controller is any device that can detect changes in temperature,
humidity, or pressure and respond to these changes by activating a
controlled device.

A controlled device may be a valve or a damper, or a motor that
drives either of the two. It may also be a pump, fan, electric relay,
or any other device used to regulate the flow of air, steam, water,
gas, or oil.

Automatic control systems can be classified as either closed loop
or open loop. A closed-loop system (see Figure 4-1) is the more com-
mon type and involves the following stages in the control sequence:

I. The controller measures a change in a variable condition (e.g.,
temperature) and actuates the controlled device.

2. The controlled device compensates for the change in the vari-
able condition by regulating the flow rate of the medium (e.g.,
water, air, steam) carried in the system.

3. The result of the action of the controlled device is measured,
and this information is fed back to the controller completing
(i.e., closing) the loop.

An example of an open-loop system is one using an outdoor
thermostat. It is characterized by having no means of feedback. In
other words, room temperature has no effect on the operation of
the controller.

99
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Figure 4-1 Closed-loop automatic control system.
(Courtesy ASHRAE 1960 Guide)

Temperature Control Circuits

The thermostat is the basic controller in the electrical control circuits
used to operate a heating and/or cooling system. In systems using
gas-fired heating equipment, there are three basic control circuits:

e Safety shutoff circuit
e Fan or circulator control circuit
e Temperature control circuit

There are three basic types of temperature control circuits used
in heating and cooling systems. These three basic circuits are as
follows:

e Low-voltage control circuit
e Line voltage control circuit
e Millivolt control circuit

Typical wiring diagrams for these three temperature control cir-
cuits are shown in Figures 4-2, 4-3, and 4-4.

Thermostats

A thermostat is an automatic device designed to maintain tem-
perature control. It accomplishes this function by reacting to
temperature changes with adjustments of a controlled device such
as a damper or valve motor or the automatic firing equipment (gas
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Figure 4-2 Low-voltage temperature control circuit.
(Courtesy Honeywell Tradeline Controls)
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Figure 4-3 Line voltage temperature control circuit.
(Courtesy Honeywell Tradeline Controls)



102 Chapter 4
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(IN-LINE TYPE FOR COMPLETE SHUTOFF)
Figure 4-4 Millivolt temperature control circuit.
(Courtesy Honeywell Tradeline Controls)

burner, oil burner, or coal stoker) in space-heating furnaces and
boilers. Because of its specific function, a thermostat is sometimes
referred to as a temperature controller.

Thermostats can be classified on the basis of how they measure
(or sense) temperature changes. The following devices are most
commonly used to measure temperature changes:

¢ Bimetallic-strip sensing element
® Pressure-actuated sensing element
e Electrical resistance element

A bimetallic strip containing two dissimilar metals is probably the
most widely used of these three temperature-measuring devices. Its
operating principle is based on the different expansion and contrac-
tion rates of dissimilar metals. When two such metals are joined
together in a bimetallic strip, the differences in expansion and con-
traction rates will cause a bending movement as the temperature
changes. This movement is utilized to open or close an electrical
circuit between the thermostat and the controlled device in the heating
and/or cooling system. The bimetallic-strip sensing element is used in
either snap-action switch thermostats or mercury-switch thermostats.

A thermostat that operates on the positive snap-action switching
principle contains movable switch contacts. One of the contacts is
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connected to a movable switch armature; the other is fixed in posi-
tion. An auxiliary armature attached to a bimetal coil responds to
temperatures induced by the expansion or contraction of a moving
magnet (see Figure 4-5). The magnet, attached to the auxiliary
armature, controls the movement of the switch armature. When the
switch armature moves toward the magnet, it causes the contacts to
close (see Figure 4-6).

On some thermostats, the switch contacts are hermetically sealed
in a glass enclosure to protect them from dust or moisture. The ther-
mostats illustrated in Figures 4-5, 4-6, and 4-7 are of this design.

BIMETAL

AUXILLIARY ARMATURE

FIXED CONTACT
LEAD WIRES MAGNET
7z -
SWITCH
£ L T MOVABLE
a = i ARMATURE

GLASS ENCLOSURE MOVABLE CONTACT  p_ASTIC SLEEVE

Figure 4-5 Glass-enclosed contact switch in the open position.
(Courtesy Robertshaw Controls Co.)

A mercury-switch thermostat contains fixed contacts sealed in a
mercury-filled tube. The tube is attached to the end of a spiral
bimetal element. When the temperature changes, the bimetal ele-
ment tilts the tube and causes the mercury to shift its position, caus-
ing a definite opening and closing of the electrical circuit.

A two-wire thermostat using the mercury tube switch method is
illustrated in Figure 4-8. A drop in temperature causes the mercury
switch to complete (close) the circuit. The circuit is broken
(opened) on a rise in temperature.

Figure 4-9 illustrates the application of the mercury tube switch
method in a heating and cooling thermostat. A common terminal
wire runs along the bottom of the mercury tube. Mercury can make
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=

/=

Figure 4-6 Glass-enclosed contact switch in the closed
position. (Courtesy Robertshaw Controls Co.)

contact between either the heating or cooling terminals, but no#
both at the same time.

Sealing the contacts in a mercury-filled tube provides excellent
protection against contamination; however, care must be taken to
properly level the base when mounting the unit because the posi-
tion of the tube determines the switching action.

On either the snap-action or mercury-switch thermostat, the tem-
perature setting of the thermostat can be changed by rotating the
temperature dial. This device, acting through the cam, causes the
bimetal coil to rotate through its mounting post to carry the temper-
ature setting (see Figure 4-10).

Another temperature-measuring device used in thermostats is the
pressure-actuated sensing element. A liquid, gas, or vapor with a
high coefficient of expansion is used to activate a bellows connected
to a snap mechanism. A rise in temperature causes an expansion in
the volume of the liquid, gas, or vapor. This expansion is transferred
to the bellows, which activates the snap mechanism. See Remote
Bulb Thermostats later in this chapter for additional details.

An electrical-resistance sensing element consists of a coil of wire
with an electrical resistance that changes in direct proportion to
temperature changes. This type of sensing element is commonly
used in electronic controllers.

A thermocouple device consisting of two dissimilar electrical
wires welded together at one end also serves as a temperature-sens-
ing element in some thermostats. Temperature changes at the
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Figure 4-7 Thermostat with contacts in sealed glass enclosure.
(Courtesy Robertshaw Controls Co.)

welded juncture of the two wires cause electrical changes in the
control circuit, which operates a regulatory device.

Thermostat Components

A thermostat consists of two basic parts: the base and the cover. A
subbase can also be added to a thermostat to provide fan and vari-
ous switch functions (see Figure 4-11).



106 Chapter 4

Figure 4-8 Mercury tube
switch method in a two-wire
thermostat. (Courtesy Coleman Co, Inc.)

MERCURY TUBE
BIMETAL
] Figure 4-9 Mercury tube
g switch method in a three-wire
thermostat. (Courtesy Coleman Co, Inc.)
MERCURY TUBE—/
BIMETAL
]_— BIMETAL

— MOVING CONTACT
— FIXED CONTACT
[~ CAM FOLLOWER
[~ DIAL & CAM

TERMINAL CONNECTIONS
/ i
O<="0

Figure 4-10 Temperature dial and cam mechanism.
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THERMOSTAT BASE

TERMINAL SCREWS COVER

Figure 4-11 Thermostat cover, base, and subbase.
(Courtesy ITT General Controls)

The cover protects the internal wiring of the thermostat base
from dust, lint, and other possible contaminants. It also contains
the temperature-setting lever, the system-switching levers, and the
temperature indicator (see Figure 4-12).

The cover is secured to the base either with a positive friction
snap or screws. If the former is the case, the cover can be removed
by grasping the base with one hand and pulling it off with the other
(see Figure 4-13). Screws may require the use of an Allen wrench
(see Figure 4-14), which is usually supplied by the thermostat man-
ufacturer and shipped with the unit.

The base contains the internal wiring of the thermostat. Figure 4-
15 shows the back and front views of typical base wiring for the
low-voltage thermostat illustrated in Figure 4-12. This is not the
only possible way the base can be wired. How the base is wired will
depend on the particular application. A few of the possible varia-
tions are illustrated by the thermostat base wiring diagrams in
Figure 4-16. The many variations in wiring will depend on which
combination of the following features is required by the installation:

I. Type of switch and switching action (snap-action or mercury
bulb; spst or spdt contact).

2. Number of field wires (two, three, four, or five).

3. Type of anticipator (fixed heating, adjustable heating, fixed
cooling).
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Figure 4-12 Low-voltage thermostat for electric heating and/or
cooIing system. (Courtesy Singer Controls Co., of America)

4. Use of fan and system switches.

5. Type of operating voltage (low voltage, line voltage, or milli-
volt circuit).

Adding a subbase to a thermostat provides fan and other switch-
ing functions. The wiring diagrams of the ITT General Controls

OF BASE

Figure 4-13 Removing a cover
secured to the base with a
positive friction snap.

(Courtesy Com-Stat Inc.)
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Figure 4-14 Loosening cover screws
with an Allen wrench.

H (Courtesy Honeywell Tradeline Controls)

thermostats and subbases shown in Figure 4-17 illustrate the vari-
ety of different switching combinations available.

Thermostat guards can be purchased to protect the thermostat
from damage. This is particularly important in warehouses, stores,
and other areas where there is a greater possibility of the thermo-
stat being damaged. Some examples of how these guards are used
are shown in Figure 4-18. Adapter plates (wall plates) are also
available from thermostat manufacturers to cover electrical utility
or junction boxes (see Figure 4-19).

Thermostat Terminal Identification
The National Electrical Manufacturers Association is at present
attempting to standardize thermostat markings in order to aid the
installer in wiring and servicing. Thermostat terminals have been
given standard identification letters that specify the function of the
terminal. These identification letters are also matched, in most
cases, with the color-coding of the wire. A partial list of equivalent
terminal markings is given in Table 4-1.

Thermostat installation literature will generally contain at least
one internal view and/or wiring diagram in which the various ter-
minals are identified by a specific letter.

Thermostat Anticipators

A thermostat anticipator is a device used to reduce the operating
differential of the heating or cooling system. It is designed to enable
the thermostat to shut off the furnace or boiler slightly in advance
of the actual set temperature. As a result, the thermostat shuts off
the heating equipment sooner than it would if it were affected by
only the room temperature, thereby compensating for heat transfer
lag. A thermostat may be equipped with a heat anticipator, a cold
anticipator, or both.

A heat anticipator is a small resistor (resistive heater) connected
in series with the switch inside the thermostat. Heat generated by
the resistor when the switch is in the on position heats the thermo-
stat bimetal actuator and causes the internal temperature of the
thermostat to rise faster than the surrounding room temperature.
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Figure 4-15 Front and back view of Singer Thermostat model 360.
(Courtesy Singer Controls Co,, of America)
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Figure 4-16 Thermostat base wiring. (Courtesy Singer Controls Co., of America)

Thermostats are available with fixed anticipators, plug anticipa-
tors, or variable anticipators.
A fixed heat anticipator must be sized in accordance with the
amperage or current draw of the operating valve in order to secure
the correct degree of heat anticipation. These anticipators are
generally available in the range of 0.1 to 1.5 amperes. When using
a thermostat equipped with a fixed heat anticipator, check the
nameplate on the valve or relay to make certain the ampere rating
does not exceed the maximum amp (current) draw. For example, if
the thermostat is equipped with a 0.40- to 0.60-ampere fixed heat
anticipator, the valve or relay should not exceed 0.60 ampere.
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Figure 4-17 Thermostat switching combinations. (Courtesy ITT General Controls)

The thermostat shown in Figure 4-20 is an example of one
equipped with a fixed heat anticipator. The anticipator is contained
in the thermostat element along with the magnetic switch and a

room temperature thermometer.

Figure 4-21 illustrates a thermostat equipped with a plug-type heat
anticipator. This design offers some degree of latitude in selecting a
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Figure 4-18 Thermostat guards. (Courtesy ITT General Controls)
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Figure 4-19 Adapter plate kit. (Courtesy ITT General Controls)
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Table 4-1 Common Terminal ldentification

Letter Wire Color Terminal Function

R Red Power supply; transformer

W White Heating control; heating relay or valve coil
Y Yellow Cooling control; cooling contactor coil

G Green Fan relay coil

(0] Orange Cooling damper

B Brown Heating damper

X — Malfunction light

p — Heat pump contactor coil

z — Low-voltage fan switch

Note: The letters Ry, (heating) and R . (cooling) are used on thermostats with isolated circuits.

proper anticipator. The current (amps) drawn by the primary control
or valves is first determined, and an anticipator having the proper
value is selected from among those listed in Table 4-2. The heating
cycle can be lengthened by selecting an anticipator one step above the
proper value. Shorter cycles can be obtained by selecting an anticipa-
tor one step below the proper value.

Thermostats with adjustable (variable resistance) heat anticipa-
tors can be adjusted over a range of approximately 0.1 to 1.5
amperes (see Figure 4-22). Before making any adjustments, you
should first read the equipment manufacturer’s instructions for
selecting proper anticipator values.

Heat anticipator adjustments are made on a thermostat with an
indicator or adjustment lever that moves along a scale (see Figure
4-23). Adjustments are made in accordance with the values marked
along this scale.

As with the plug-type heat anticipator (see Figure 4-21), the cur-
rent (amps) drawn by the primary control or valve must be deter-
mined first. In a gas-fired heating system, the heat anticipator
should be set to correspond to the secondary (thermostat) current
of the valve or relay. In an oil-fired heating system, the heat antici-
pation indicator should be set 0.15 ampere higher than the rated
secondary current of the relay.

The anticipator adjustment lever should be moved only Y4 to %2
scale division at a time. Never move or set the lever more than 1%
scale divisions under the valve or relay current ratings. Longer on
periods can be obtained by setting the adjustment lever at a slightly
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Figure 4-20 Thermostat with fixed heat anticipator. (Courtesy ITT General Controls)
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Figure 4-21 Thermostat with plug heat anticipator. (Courtesy ITT General Controls)

higher amp value. For shorter oz periods, set the lever at a slightly
lower amp value.

The cold anticipator for the thermostat shown in Figure 4-24 is
not adjustable and should not be changed. The same is true of the
other thermostats. Only fixed cold anticipation is used. Furthermore,

Table 4-2 Anticipator Values

Amperes Color Amperes Color

0.830.72 Brown-red 0.330.29 Orange-yellow
0.720.68 Brown-blue 0.290.25 Orange-green
0.680.55 Orange 0.250.22 Red

0.550.48 Blue 0.226.19 Green-blue
0.480.41 Blue-orange 0.116.10 Orange-red
0.410.36 Blue-yellow 0.108.09 Red-yellow
0.360.33 Green 0.099.08 Green-yellow

(Courtesy ITT General Controls)
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on cooling thermostats, the cold anticipation is in parallel with the
cooling contacts so that anticipation heating occurs while the cooling
unit is off.

Types of Thermostats

Many different thermostats are manufactured for use in heating
and cooling systems. The design differences depend largely on the
type of application.

The most common thermostat is the wall-mounted room thermo-
stat used to control a heating and/or cooling system. The measuring
element is contained in the thermostat unit itself. This distinguishes
it from the remote-bulb-type thermostat used to measure tempera-
tures in spaces separate from the location of the thermostat.

An insertion-type thermostat (or duct thermostat) is used to
measure temperatures inside an air duct. The temperature-measur-
ing element is contained in an insertion device that extends into the
duct. The immersion-type thermostat is similar in design but is used
to measure the temperature of fluids inside a pipe or tank. These
thermostats are commonly used on water heaters.

A heating-cooling thermostat (also referred to as a summer-winter
thermostat) is designed to be switched to either a heating or cooling
application. The day-night thermostat (or electric clock thermostat)
operates on a similar working principle except that it is designed to
automatically switch from day to night operation and back again.

A multistage thermostat is designed to operate two or more cir-
cuits in sequence. These thermostats are used for line voltage or
low-voltage temperature control of heating and cooling equipment.
They are commonly used in heating and/or cooling systems where
zone control is necessary.

A thermostat and humidistat can also be combined in the same
control unit. These combined units sometimes also include the elec-
tronic air-cleaner control.

Room Thermostats
The room thermostat (see Figure 4-25) is regarded as the nerve cen-
ter of the heating and cooling system because it controls the opera-
tion of the furnace, boiler, or air conditioner. Ideally, it should be
mounted in an area of the living or working spaces where it is not
subjected to temperature or moisture extremes (see the following
section, Location of Room Thermostats).

Low-voltage room thermostats are recommended over the line
voltage types for residential heating and/or cooling systems. The
low-voltage thermostats respond more quickly to temperature
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Figure 4-25 Room heating and cooling thermostat. (Courtesy Com-Stat Inc,)

changes and will maintain the temperature and humidity more
closely than the line voltage types. A low-voltage thermostat requires
the use of a transformer to reduce the line voltage for the control cir-
cuit, but the cost of the transformer is more than offset by the lower
installation cost of this thermostat.

Location of Room Thermostats

The location of the room thermostat is very important to the efficient
operation of the heating and/or cooling system. If the room thermo-
stat is improperly located, it will often call for heat or cool air when
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neither is necessary. It is therefore important to locate the thermostat
where it will measure the actual temperature conditions of the space.

The following recommendations are offered as a guide for the
proper location of a room thermostat:

I. Never locate the thermostat on the interior surface of an out-
side wall. Outside walls are subject to temperature extremes
caused by weather changes. Always locate the thermostat on
a suitable inside partition.

2. Never locate the thermostat in the path of warm or cold air
drafts. The thermostat should not be placed opposite warm
air outlets or near a window or an outside door.

3. Never locate the thermostat where it will be subjected to the
direct rays of the sun or other forms of heat radiation.
Fireplaces, table lamps, and floor lamps are common sources
of this type of heat.

When you select a location for the room thermostat on an inside
wall, make certain that you are not placing it over a warm air duct,
steam pipe, or hot-water pipe. The warmth from these ducts or
pipes will interfere with the operation of the thermostat.

For the most satisfactory operation, locate the room thermostat
about 5 feet above the floor on an inside wall where there is good
natural air circulation and where the thermostat will be exposed to
average room temperatures.

Installing a Room Thermostat

Before attempting to install the thermostat, read the manufacturer’s
installation instructions. These instructions should be followed as
closely as possible to ensure efficient thermostat operation.

Always handle the thermostat carefully. Rough handling may
decrease its accuracy. Inspect the thermostat carefully when you
unpack it. Report any damage to the shipper if the damage was
caused after it left the factory or distribution center. Their insurance
should pay for any replacement. Any other damage or malfunction
should be reported to the thermostat manufacturer or his field rep-
resentative. The thermostat is the basic controller in any heating
and/or cooling system. It must operate accurately and efficiently.

Make sure the thermostat selected for the heating and cooling
system is the appropriate one for the job. Heat pumps require two-
stage thermostats. Furnaces and boilers used with air-conditioning
systems commonly require thermostats with extra terminals.
Thermostats with changeover terminals are required for many
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zoned systems. Check the manufacturer’s specification sheet before
making a final selection.

The installation instructions differ from one thermostat manu-
facturer to another, usually on the basis of design and construction;
however, the following points are common to all:

I. Mercury-switch thermostats are usually shipped with some
form of protection around the mercury tube to prevent break-
age. This must be removed before operating the thermostat.

2. Disconnect the power supply before connecting the wiring to
the thermostat in order to prevent electrical shock and/or equip-
ment damage. Low-voltage thermostats are used in heating and
cooling systems. These low voltages are not fatal, but they can
deliver a nasty shock and may damage the system controls.

w

All wiring must be done in accordance with local electrical
codes and ordinances. Be sure to follow the thermostat manu-
facturer’s wiring diagram when making the connections.

>

Use a plumb line or spirit level to accurately level the subbase
or wall plate when mounting it on the wall (see Figure 4-26).
Thermostat control deviations are often caused by inaccurate
leveling.

bl

Follow the manufacturer’s instructions for making any inter-
nal wiring connections (e.g., connecting lead wires to terminal
screws), connecting a heating thermostat to a cooling base,
and so on.
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Figure 4-26 Using a pIumb line and level. (Courtesy Honeywell Tradeline Controls)
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6. Check out the installation to make sure the thermostat is
operating correctly.

Thermostat Calibration

Thermostats are accurately calibrated at the factory under con-
trolled conditions and should not require recalibration. Sometimes
a thermostat will appear to require recalibration when the problem
is actually a quite different one. For example, a thermostat that is
not level or one subjected to a high degree of radiant heat from the
sun, radiators, convectors, or other heat sources often fails to func-
tion properly. Before jumping to the conclusion that it needs to be
recalibrated, check out the possibility that some external cause may
be the source of the difficulty. If you are certain the problem is in
the thermostat, then you should call a trained serviceman to recali-
brate it. Do not attempt to recalibrate it yourself unless you have
the necessary experience.

A new thermostat is generally shipped with complete installation
literature. This literature also usually contains instructions for
recalibrating the thermostat. By way of example, the instructions
for recalibrating a Honeywell T87 Room Thermostat include the
following steps:

I. Remove the thermostat cover ring (see Figure 4-27). The lock-
ing cover will require the use of an Allen wrench to loosen the
screws securing the cover.

2. Set the thermostat below the room temperature, and allow it
to remain in an off position for approximately 10 minutes.

3. Slowly raise the setting until the switch just makes contact. If
the thermostat pointer and setting indicator do not read the
same the instant the switch makes contact, then the thermo-
stat requires recalibration.

4. Turn the setting dial a few degrees above room temperature.

b

Slip the calibration wrench onto the calibration (hex) nut
under the bimetal coil (see Figure 4-28).

6. If the thermostat has a stationary pointer, hold the dial firmly
and turn the calibration nut counterclockwise until the mer-
cury breaks contact. If the thermostat has a movable pointer,
turn the calibration nut clockwise.

7. Turn the thermostat dial to a low setting, and wait approxi-
mately 5 minutes.

8. Slowly turn the dial until the pointers read the same.
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Figure 4-27 Removing the cover ring. (Courtesy Honeywell Tradeline Controls)
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Figure 4-28 Calibration nut under bimetal coil.
(Courtesy Honeywell Tradeline Controls)
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9. Hold the dial firmly, and turn the calibration in the opposite
direction from the one in step 6 until the mercury switch slips
to the heating contact end of the tube.

10. Recheck the calibration, select the desired temperature, and
replace the cover.

Programmable Thermostats

Sometimes a room thermostat is combined with a time switch. A
time switch is an electrical switching device operated by a clock to
provide one or more on periods for the space heating or domestic
(hot water) heating system. These are called programmable room
thermostats. There are three basic types of programmable room
thermostats: (a) the standard programmer, (b) the full programmer,
and (c) the mini-programmer.

The standard programmer type controls both the space heating
and domestic hot-water heating with the same time settings. A full
programmer thermostat, on the other hand, provides independent
time settings for space heating and domestic hot-water heating. This
allows the two to operate independently of one another. Finally, the
mini-programmer permits the domestic hot-water heating to be on
alone (without space heating) or to be on together with the space
heating. It does not allow the space heating to be on alone.

Some room thermostats have a night setback feature, which
reduces energy use by lowering temperatures at night when the
occupants are sleeping. These are called day-night (or twin-type)
thermostats. They comprise an assembly of two thermostats
mounted on a single base operating in conjunction with a timer or
clock. The electric clock can be set to throw the temperature con-
trols from one thermostat for the daytime onto the other for the
night (or vice versa) at a predetermined time setting on the clock.
This conveniently permits a low temperature at night and normal
temperature during the day. Figure 4-29 shows a wiring dlagram of
a typical twin-type thermostat and illustrates the connections
between the clock and primary control.

Day-night thermostats designed to provide automatic temperature-
switching control for only a heating system can be modified to pro-
vide system and fan switching. The Honeywell T882 Chronotherm
clock thermostat provides these functions for a heating and cooling
installation when used with the Honeywell Q611A thermostat sub-
base (see Figures 4-30 and 4-31).

Insertion Thermostats
An insertion thermostat is used primarily to measure the air tem-
perature in a duct. The thermostat is mounted on the outside of the
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Figure 4-29 Twin-type thermostat wiring diagram.

air duct with the sensing element extending inside. Because of this
application, it is sometimes referred to as a duct thermostat.
Remote-bulb-type thermostats are also used to measure the air tem-
perature in ducts.

Immersion Thermostats

An immersion thermostat is commonly used for water temperature
control in an automatic gas-fired water heater (see Figure 4-32).
This is usually a direct, snap-action, bimetallic thermostat in
which contraction of the thermal element immersed in the
stored hot water causes the main gas valve to open. This occurs
when there is a drop in the temperature of the water in the storage
tank. Expansion of this element serves to close the main gas
valve when the tank water attains the selected predetermined
temperature.



Thermostats and Humidistats 127

CLOCK SET WHEEL \

(ON BOTTOM) TIMER DIAL

Figure 4-30 Honeywell T882 Chronotherm clock thermostat.
(Courtesy Honeywell Tradeline Controls)

These thermostats normally operate at a temperature differential
of approximately 12F . In other words, if the thermostat is set to
shut off the gas to the main burner when the tank water tempera-
ture reaches 140F , it will react to open the valve when the temper-
ature drops to 128F .

Quite often, an immersion water heater thermostat will be
included in a combination control. These combination controls
used in water heaters are described in Chapter 4 of Volume 3
(W ater Heaters and Other Appliances?.

Cylinder Thermostats
A cylinder thermostat is used to control the temperature of
the domestic (potable) hot-water tank and to turn on and off the
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Figure 4-32 Immersion thermostat.

water heater. A single target temperature may be set on this
thermostat.

Boiler Thermostats

A boiler thermostat is a safety control device installed inside a
hydronic boiler. Its function is to limit the temperature of the hot
water produced by the boiler. When the water temperature reaches
a preset maximum limit, the thermostat switches off the burner and
boiler. The target temperature can be permanently fixed or adjusted
by the user.

Remote-Bulb Thermostats

A remote-bulb thermostat is distinguished from other thermostats
by having a sensing element (usually enclosed in a bulb-type
device) located at some distance from the thermostat controller
body.

In residential heating and/or cooling applications, remote-bulb
thermostats are used for space temperature control of room and
vented-recess heaters, room air-conditioning units, or radiator valves.
Outdoor thermostats also operate on the remote-bulb principle.
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Sometimes these thermostats are combined with other controls
to provide a number of different control functions in one package.
Two examples of this thermostatic combination control are the
Robertshaw Unitrol 110SR and 7000SR controls.

The Unitrol 110SR is used as a combination control for small
gas-fired room heaters (see Figure 4-33). The control contains
a thermostatic valve, a sensing bulb, temperature (thermostat)
dial, gas cock, automatic pilot valve, and a pressure regulator (see

Figure 4-34).

GAS INLET

T SENSORBULB

BURNER

Figure 4-33  Unitrol | [OSR combination control on a gas-fired
room heater. (Courtesy Robertshaw Controls Co.)

The sensing bulb is located in the return air stream at the bottom
of the heater. The temperature of the return air is sensed and the
valve is actuated to open and close by the hydraulic system in the
control. The gas cock and automatic pilot mechanism provide safe
lighting of the heater. If the pilot light should go out, the main gas
and pilot gas supplies are shut off by the automatic pilot valve.
Main burner gas pressure regulation is provided by the pressure
regulator incorporated in the Unitrol 110SR control.

Figure 4-35 illustrates the principal components of a Unitrol
7000SR control. This is a diaphragm valve that operates through
the center of a thermostatic bleed valve in an internal bleed line.
The Unitrol 7000SR combines into a single package a diaphragm
valve, thermostat valve, temperature (thermostat) dial, gas cock,
automatic pilot valve, and a pressure regulator.
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Figure 4-34  Principal components of a Unitrol | 10SR combination
gas valve. (Courtesy Robertshaw Controls Co.)

Application of a Unitrol 7000SR on a gas-fired vented-recess
heater is illustrated in Figure 4-36. The sensing bulb is placed in the
return air opening at the bottom of the furnace.

Both the Unitrol 110SR and Unitrol 7000SR thermostatic space
heater controls use a closed hydraulic sensing and actuating device
consisting of a bulb, capillary tube, and a bellows or diastat.

The cross section of a typical hydraulic sensor and actuator is
illustrated in Figure 4-37. The bulb, capillary tube, and actuator are
filled with a liquid that has a high coefficient of expansion. When the
bulb senses a rise in temperature, it causes the volume of the liquid to
expand. This expansion is transferred through the capillary tube to
expand the hydraulic bellows. The bellows is spring-loaded to oper-
ate a snap mechanism to a valve open condition (see Figure 4-38).
As the temperature rises, the expansion of the liquid opposes the
spring-loading to secure a valve closed (i.e., off) condition when the
required temperature is reached.
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Figure 4-35 Principal components of a Unitrol 7000SR combination
gas valve. (Courtesy Robertshaw Controls Co.)

Proportional Thermostats
Some thermostats are designed to provide proportional control for
valve and damper motors in heating or cooling systems. This type
of controller is generally referred to as a proportional thermostat.
The Honeywell T92 proportional thermostat, shown in Figure
4-39, contains a bellows that adjusts one or two potentiometers in
proportion to temperature changes. These potentiometer adjust-
ments regulate the power supplied to the controlled device. This
particular thermostat is designed to provide 24- to 30-volt propor-
tional control for valve and damper motors in the system. Those
models equipped with two potentiometers are capable of unison or
sequence control.

Outdoor Thermostats

An outdoor thermostat is designed to maintain the proper balance
between the temperature of the heating medium inside the structure
and the outdoor temperature.



Thermostats and Humidistats 133

s HEATED AR
[ /

L ]

ATAT

UNITROL 7000 SR

po—
SENSING BULB
RETURN AIR T

\

Figure 4-36 Unitrol 7000SR combination gas valve on a gas-fired
vented-recess heater.

The outdoor thermostat, illustrated in Figure 4-40, can be used
as an operating controller for a hot-water or warm-air heating sys-
tem. This is a remote-bulb thermostat suitable for line voltage, low-
voltage, or millivolt switching. It is designed to automatically raise
the heating medium control point as the outdoor temperature falls.

Outdoor thermostats are frequently used as controllers in hot-
water heating systems. A simple on-off control is possible, but this
usually involves stopping the circulation of the water in the system
during those periods when there is no call for heat. Anticipating
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Figure 4-37 Cross section of a typical hydraulic sensor and activator.
(Courtesy Robertshaw Controls Co.)

control systems are preferred to the simple on-off types because
there is no noticeable lag time between cold temperatures and a call
for heat. An anticipating control system provides continuous circu-
lation of the water temperature in direct ratio to changes in out-
door temperature.

Troubleshooting Thermostats

Thermostat problems are sometimes the result of poor wiring connec-
tions. Check the wiring first. You should also make certain that the
fan and system switches and the temperature setpoint are properly set.

The troubleshooting chart in Table 4-3 includes many of the
more common symptoms and possible causes of operating prob-
lems associated with thermostats.

Humidistats

A bumidistat is a switching device used to control the level of
humidity in a confined space. Standard applications include the
basic on-off humidity control of a heating/cooling system or the
high-limit safety interlock of a humidifier.
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Figure 4-38 Schematic of a hydraulic sensor and actuating system
used for snap-action control. (Courtesy Robertshaw Controls Co)

The earliest humidistats used a hygroscopic material in the con-
struction of the sensing or control element (see Figure 4-41).
Hygroscopic materials, such as animal hair or certain types of plas-
tics, are those affected by the moisture content of the air. When the
material absorbs moisture from the air, it expands. When the sur-
rounding air becomes drier, the hygroscopic material gives up mois-
ture to the air and contracts. This expansion and contraction of the
control element in the humidistat opens or closes the electrical cir-
cuit controlling the humidifier. These early humidistats, many of
which are still in use today, are commonly called electric humidis-
tats, mechanical humidistats, electromechanical humidistats,
humidity controllers, or hygrostats—a lot of different names, but
all operating on the same principle of using a hygroscopic material
to mechanically switch an electrical current on and off.

Electronic humidistats are being used in most new heating/
cooling systems today instead of the older electromechanical types.
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Figure 4-39 Honeywell T92 proportional thermostat.
(Courtesy Honeywell Tradeline Controls)

They are also being used to replace the older units in existing sys-
tems. An electronic humidistat uses electronic switching circuitry to
create the switching action. In some electronic humidistats, a thin
film capacitance is used to sense the moisture content of the sur-
rounding air. Others use various polymer-resistance analog humidity-
sensing technologies.

Pneumatic humidistats are also designed to sense changes in
ambient relative humidity (see Figures 4-42 and 4-43). As shown
in Figure 4-43, the sensing device is a nylon element near the set-
point adjustment wheel at the bottom of the humidistat. When the
nylon sensing element responds to changes in the ambient relative
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heating systems. (Courtesy Honeywell Tradeline Controls)
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Table 4-3 Troubleshooting Thermostats

Symptom and Possible Cause

Possible Remedy

Room temperature overshoots thermostat setting (too cold).

(a) Thermostat not mounted level

(mercury-switch types).

(b) Thermostat not properly
calibrated.

(c) Thermostat exposed to
heat source.

(d) Thermostat setpoint too low.
(€) System sized improperly.

(a) Remount thermostat in level
position.

(b) Recalibrate or replace.

(c) Move thermostat to better
location.

(d) Reset.

(e) Determine correct sizing and
make system adjustments.

Room thermostat does not reach setting (too warm).

(a) Thermostat subject to draft.

(b) Thermostat not mounted level

(mercury-switch types).

(c) Thermostat not properly
calibrated.

(d) Thermostat setpoint too high.
(e) System sized improperly.

(f) Thermostat damaged.

(a) Wiring hole may not be
plugged. Move thermostat to
better position.

(b) Remount thermostat in level
position.

(c) Recalibrate or replace.

(d) Reset.

(e) Determine correct sizing and
make system adjustments.

(f) Replace thermostat.

System cycles too often.

(a) Thermostat exposed to
heat source.

(b) Thermostat differential
too small.

(c) Thermostat heating element
improperly set.

(d) Thermostat subject to
vibrations.

(e) Thermostat exposed to
cold draft.

(a) Relocate thermostat.

(b) Reset or replace thermostat.

(c) Reset or replace thermostat.

(d) Remount thermostat in location
free from vibrations.

(e) Remount in better location.

(continued)
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System does not cycle often enough (burner operates too long).

(a) Thermostat not exposed to
circulating air.

(b) Contacts dirty.
(c) System sized improperly.

(d) Thermostat differential
too great.

(e) Thermostat heating element
improperly set.

(f) Thermostat set too high.

(a) Remount in better location.

(b) Clean or replace.

(c) Determine correct sizing and
make system adjustments.

(d) Reset or replace thermostat.

(e) Reset or replace thermostat.

(f) Reset.

Room temperature swings excessively.

(a) Thermostat not exposed
to circulating air.

(b) Thermostat exposed to
heat source.

(c) System sized improperly.

(a) Remount in better position.
(b) Remount in better position.

(c) Determine correct sizing and
make system adjustments.

Thermostat jumpered (system works).

a) Thermostat contacts dirty.
b)
)
)

c
d) Break in thermostat circuit.

Thermostat setpoint too high.
Thermostat damaged.

(
(
(
(

a) Clean or replace.
b)
)
)

c
d) Locate and correct.

Reset or replace thermostat.
Replace thermostat.

—~ o — —

Burner fails to stop.

a) Thermostat in cold location.
b) Thermostat set too high.
c) Defective thermostat.

)

(
(
(
(

(e) Thermostat contacts stuck.

d) Thermostat out of adjustment.

(a) Relocate in better location.
(b) Reset.
(c) Replace thermostat.
(

d) Recalibrate or replace
thermostat.

(e) Correct.
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Figure 4-41 Components of a typical humidistat.
(Courtesy Honeywell Tradeline Controls)

humidity, it produces a proportional change in the branch line
pressure and changes the control actuator position by the same
proportion.

Location of Room Humidistats

The proper location of the room humidistat is important to its effi-
cient operation. The following recommendations are offered as a
guide to locating the humidistat:
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Figure 4-42 Honeywell pneumatic humidistat.
(Courtesy Honeywell, Inc.)

e Never locate the humidistat in an area where there are
heavy concentrations of moisture. A kitchen, bathroom, or
laundry room will frequently have high levels of moisture in
the air.

® Never install the humidistat on the inside surface of an out-
side wall. Exterior walls are subject to temperature extremes
caused by weather changes.

e Never locate the humidistat where the air circulation is
restricted.

® Never locate the humidistat where it can be affected by a
nearby beat source. Heat sources such as sunlight, lamps, tele-
vision sets, fireplaces, warm-air outlets, or heat-producing
appliances will interfere with the efficient operation of the
humidistat.



142 Chapter 4

THROTTLING
RANGE
SCALE
SAGETAP (MINIMUM UP)
THROTTLING (
RANGE
INDICATOR
(SHOWN AT -
FACTORY
SETTING)
O
SCALE |
PLATE s
® 20 30 50 60 70
SETPOINT N\ coo
o OO0
INDICATOR \\\\\\\\\\\
CALIBRATION > /® [
SCREW 2 Q N _ NYLON
]| ELEMENT
SETPOINT
LOCK SCREW

SE-I-POINT/ SETPOINT
LOCKING STOPS ADJUSTMENT

Figure 4-43 Honeywell pneumatic humidistat with cover removed.
(Courtesy Honeywell, Inc.)

Troubleshooting Humidistats

Read the humidistat manufacturer’s installation and operating
manual for troubleshooting problems, their possible causes, and
their suggested remedies. In most cases, they will be specific to the
type of humidistat (electromechanical, electronic, or pneumatic)
and the model. Some very basic troubleshooting problems that
apply uniformly to all humidistats are listed in Table 4-4.



Thermostats and Humidistats 143

Table 4-4 Troubleshooting Humidistats

Problem and Possible Cause

Suggested Remedy

Slow response.

(a) Humidifier installed in a dead

air space.

(b) Inadequate airflow caused
by an incorrect cover.

(a) Relocate to appropriate
location.

(b) Install a correct cover.

Inaccurate reading.

(a) Backplate too tight.

(b) Humidistat installed on
inside surface of an
outside wall.

(¢) Humidistat installed near
heat source.

(a) Retighten.
(b) Move to appropriate location.

(c) Move nonpermanent heat
source (lamp, TV set, etc.) away
from humidistat or move
humidistat away from permanent
heat source (constant sunlight,
fireplace, stove, etc.).

Constant readings.

(a) Defective humidistat.

(b) Incorrectly calibrated
humidistat.

(¢) Humidistat is undersized.

(a) Replace humidistat.
(b) Recalibrate humidistat.

(c) Replace the humidistat with
a correctly sized one.







Chapter 5
Gas and Oil Controls

A variety of different types of controls are used in gas and oil heat-
ing systems to ensure the safe, efficient, and automatic operation of
the furnace, boiler, or water heater. These controls function together
as a control circuit within the heating system.

The most important functions of the control circuit are (1) to
start or stop the gas or oil burner in response to a signal from the
centrally located room thermostat and (2) to shut down the burner
if an unsafe operating condition occurs.

A complete description of all the controls used to govern the
operation of a furnace, boiler, or water heater would be too exten-
sive to include in a single chapter. For that reason, thermostats,
limit controls, and related safety and control devices are covered in
other chapters. This chapter is primarily concerned with a descrip-
tion of those controls that directly govern the flow of gas or oil to
the burner. These are primarily the safety, pressure-regulating, and
flame-sensing valves and devices. It also includes descriptions of the
operating (ignition) systems.

Caution

Work on gas-fired and oil-fired equipment should be performed
only by qualified personnel trained in the proper application,
installation, and maintenance of HVAC systems.

Gas Controls
In addition to the room thermostat and the fan and limit control, the
basic components of the control system of a gas-fired furnace, boiler,
or water heater will generally consist of the following controls:

* Main gas valve

® Pressure regulators

* Pilot gas cock

e Automatic gas control valve

e Automatic pilot valve

* Pilot assembly

The pilot assembly includes the pilot burner and the thermocou-
ple or thermopile (pilot generator) in standing-pilot systems. In
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more modern systems, the pilot assembly consists of the pilot
burner, a spark ignition module, and a flame sensor.

A control system may also include a gas primary control, trans-
former, or safety pilot relay. Some controls may be eliminated,
depending on the design and requirements of the system. For exam-
ple, a safety pilot relay is not necessary if a nonelectric pilot safety
valve is used in the gas line.

Note

The valves and other devices in a control system will vary depend-
ing on the type of ignition system.

Gas Control Circuits
The gas control circuits used to operate modern gas-fired heating
equipment can be divided into the following three basic types:

1. Low-voltage control circuits.
2. Line voltage control circuits.
3. Millivolt control circuit.

A low-voltage temperature control circuit (see Figure 5-1) uses a
step-down transformer to reduce the higher line voltage to approxi-
mately 24 to 30 volts. A 24-volt thermostat is used as the controller
in most installations.

The line voltage temperature control circuit shown in Figure 5-2
is a 120-volt system. Because the voltage is not reduced, a line volt-
age thermostat or controller and a line voltage operator must be
used in the system.

A millivolt control circuit (see Figure 5-3) operates on the ther-
mocouple principle. A single thermocouple automatically generates
approximately 30 millivolts without the aid of an outside source of
electricity. A number of thermocouples used together can generate
up to 750 millivolts. This combination is variously referred to as a
generator, pilot generator, thermopile generator, thermopile sys-
tem, or powerpile system.

Each of the three temperature control circuits described in the
preceding paragraphs is also wired into a pilot safety shutoff cir-
cuit, generally via a switch- -type pilot safety shutoff device. An
inline pilot safety shutoff device is also located in each safety shut-
off circuit, and these provide complete gas shutoff.

Gas Burner Primary Control

The primary control shown in Figure 5-4 is a solid-state electronic
relay used on gas, oil, or combination gas-oil burners. It is designed
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Figure 5-1 Low-voltage control circuit. (Courtesy Honeywell Tradeline Controls)

to provide operational control of the burner in response to the
room thermostat and limit controls, and to instantly shut off the
burner in the event of flame failure. Figure 5-5 illustrates a typical
wiring diagram for a Honeywell RA890F Protectorelay primary
control used in a control circuit for a gas-fired boiler.

This primary control is used with rectification-type flame detec-
tors to sense the presence or absence of flame. The heart of the flame
detector circuit in a gas-fired system is an electrode inserted in the
pilot flame. In the wiring diagram, shown in Figure 5-6, the flame
rod is connected to terminal F of the primary control.

In the event of pilot flame failure, the flame detector circuit
responds to control the gas valve in the manifold. When there is an
absence of flame, the primary control shuts off the supply of gas by
closing the gas valve or by keeping it closed if it is not already open.
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Figure 5-2 Line voltage control circuit. (Courtesy Honeywell Tradeline Controls)

These units are designed to be fail-safe. Abnormal conditions in
the flame detector circuit, such as an open circuit, short circuit, or
current leakage to ground, simulate absence of flame and cause the
system to shut down. Safety controls such as temperature or pres-
sure limits or low-water cutoffs are connected abead of the switch-
ing terminals of the relay so that shutdown of the burner occurs
even in the event of a relay malfunction such as fused contacts.

The main valve circuit is deenergized %10 of a second after flame
failure occurs. On starting up or after flame failure, a trial-for-igni-
tion period of approximately 45 seconds maximum occurs. During
this ignition period, only pilot gas is allowed to flow to the burner.
If the flame circuit is not completed within this time period, safety
lockout of the relay occurs, causing a total shutdown of the system.
Manual reset is then required to restart.
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TEMPERATURE CONTROL
CIRCUIT
SAFETY SHUTOFF CIRCUIT
PILOT THERMOPILE
BURNER GENERATOR POWERPILE
THERMOSTAT
OAAD-
HIGH LIMIT CONTROL
A PILOTSTAT CONTROL CALVE
OPERATOR
(IN-LINE TYPE
FOR COMPLETE SHUTOFF)

FAN OR CIRCULATOR CONTROL CIRCUIT

L2 -

FAN OR
CIRCULATOR
MOTOR oNe L1 (HOT) i
POWER SUPPLY

FAN CONTROL
OR CIRCULATOR RELAY

Figure 5-3 Millivolt control circuit. (Courtesy Honeywell Tradeline Controls)

Two sets of relays are contained in a Honeywell RA890F
Protectorelay primary control. The load relay (left hand) supplies
current to the No. 3 terminal to control the blower motor. The flame
relay (right hand) responds to the load relay but only if allowed by
the flame-detecting electronic network of the relay. The flame relay
can supply current to the No. 5 terminal controlling the gas valve
only if the load relay has also pulled in.

The load relay is responsive to the thermostat or other operating
control connected to the T/T terminal provided that safety controls,
located in the 16 circuit, indicate that safe conditions exist for
main burner operation.

On an interruption of power to the No. 1 and No. 2 terminals of the
primary control, the relay returns to the standby position. When power
is restored, normal operation is resumed except that the starting cycle is
maintained longer than usual while the vacuum tube is warming up.
Relay positions and their effect on the burner are listed in Table 5-1.
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Table 5-1

Relay Position and Effect on Gas Burner

Relay Position

Description

Effect on Burner

Standby Load and flame Motor and gas valve both
relays both out deenergized
Starting Load relay in; Motor energized; gas valve
flame relay out deenergized; trial-for-ignition
period; safety lockout occurs
after 45 seconds
Running Load and flame Motor and gas valve both
relays both in energized
Abnormal Load relay out; Motor and gas valve both
conditions flame relay in deenergized; safety lockout
due to flame occurs after 45 seconds
simulating
failure
1
-~
H .
FLAME RELAY
LOAD RELAY (2K)
(1K)
CAPTIVE ENCLOSED SAFETY SWITCH
MOUNTING (RESET BUTTON IN COVER)
SCREWS
(10)
FLAME CURRENT
TEST JACK
PILOT LINK JUMPER WIRE
(ON BASE ALONGSIDE TEST JACK)
ARC GAP
PROTECTOR

Figure 5-4 Honeywell RA890F Protectorelay primary control.

Courtesy Honeywell Tradeline Controls)
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POWER SUPPLY

L1 (HOT) f f L2

@ _j DISCONNECT SWITCH

MAIN VALVE

LIMIT
conTROL | O © 6 5 @—

Low VOLTAGE [l | s A 4 @
O]

CONTROLLER Ty 3 '
©)

F
rorave 1@
DETECTOR Yo @G o _M

PILOT VALVE

(FLAME ROD)
(UV DETECTOR) I NC ] I_N’ﬂ EOMI @
Use terminal NC and COM for LINE OR LOW LINE
normally-closed alarm indicator —i VOLTAGE e OR LOW
or interlock circuit if desired. N. 0. ALARM VOLTAGE
ALARM
 POWER
¥ SUPPLY

For intermittent ignition, connect to terminal 3.

If line voltage controller is used connect it between

the limit control and terminal 6. Jumper T1 and T2.
Hookup for standing pilot is the same as for interrupted
ignition except ignition and pilot valve connections are
not made.

SPDT alarm terminals optional. If line voltage alarm

is used, RA890F must be mounted in suitable enclosure.
Power supply-provide overload protection and disconnect
means as required.

For RAB90E replacement, leave power connected to
terminal 1. Subbase wiring changes are not required.

Figure 5-5 Wiring diagram of the RA890F control.
(Courtesy Honeywell Tradeline Controls)

©OE ©OO

Servicing a Gas Burner Primary Control

Access to the wiring terminals of the primary control illustrated in
Figure 5-4 is obtained by loosening the screws that secure the chas-
sis to the base. When remounting the chassis, be sure to tighten all
mounting screws because they also serve as electrical connections.
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POWER SOURCE
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L4008A L4008A CUT OFF
T T T # ? J)/ 0?4’\[‘)53“5(“ L4008A
i _ g
L 1 1 POWER |\ | |
1 ON LAMP *
o |e
[?) o
(FLAME ROD ®
Q1798
| o
|X THERMOCOUPLE GROUND ® G) 5
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SUPPLY LINE FOR 100% GAS VALVE

FLAME
RECTIFIER PILOT

Figure 5-6 Wiring diagram showing connections between a RA890F
control and other components in a gas control circuit. (Courtesy Bryan Steam Corp,)

SHUT OFF

No attempt should be made to repair a primary control except
for tube replacement. Vacuum tubes are used in Honeywell pri-
mary controls. Never replace them with radio tubes. If a primary
control is defective, the entire chassis should be replaced with a
good one.

Operating controls located in the T/T circuit (see Figure 5-6)
should be of the low-voltage, two-wire type. A low-voltage trans-
former for this purpose is built into a Honeywell Protectorelay.
Safety controls located in 16 terminals must be two-wire, line
voltage type. With the exception of the line switch, no controls
should ever be placed in the line ahead of the 12 terminals of the
primary control.

Before assuming that the primary control is defective, be sure to
check the pilot, pilot adjustment, flame detector circuit, and all
operating and safety controls; proper operation is also dependent
on these external factors. The flame circuit can be more accurately
checked by the use of a microammeter to read flame current.
Normal operation requires a current of 2 microamperes or more.

Never push relays in manually because it can result in accidental
opening of the main diaphragm valve. Be sure to turn off the electri-
cal power before removing the primary control chassis from the base.
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Gas Valves

The valves used to control the flow of gas through a gas-fired fur-
nace, boiler, or water heater can be divided into two basic cate-
gories: (1) manually operated valves and (2) power-operated
valves.

The two manually operated valves (gas cocks) used on gas-fired
heating equipment provide a backup safety function in case the
automatic gas valves fail to operate. One of these valves is located
in either the main gas supply riser or the manifold. The other one is
located on the pilot gas line.

The manual gas valve installed on the main gas supply line
(riser) or manifold is variously referred to as the main gas shutoff
valve, manual shutoff plug cock, or simply the gas cock (see
Figure 5-7). This valve provides manual control of the gas flow to
the main gas burners. It is not used to control the gas supply to
the pilot burner, the latter being provided with its own separate
shutoff valves.

The manual valve located on the pilot gas line is called the piloz
shutoff cock or the pilot gas cock. It is usually the first controlling
device on the pilot line (see Figure 5-7). It provides complete gas
shutoff whenever it is necessary to remove and service other con-
trols on the pilot line, such as the pilot gas regulator or the pilot
solenoid valve.

Power-operated or automatic valves are actuated by some form
of auxiliary power such as hydraulic pressure, pneumatic pressure,
electricity, or a combination of these sources. The following are the
principal types of power-operated valves used on gas-fired heating
equipment:

e Solenoid valves
e Direct-acting heat motor valves
* Diaphragm valves

Solenoid Gas Valves
The solenoid gas valve is commonly used on gas-fired heating
equipment to provide on-off control of the flow of gas.

The primary function of a solenoid valve is to provide direct
valve operation. The power to operate the valve is obtained from
the magnetic flux developed in a solenoid coil. A valve disc in the
valve body is connected by a rod to the core of an electromagnet.
When the room thermostat or power switch directs an electrical
current to the solenoid, it pulls the rod (plunger) to the top of the
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plunger tube and lifts the attached valve disc. Gas then flows
through the main valve port until the electrical circuit is interrupted
by the controller. This action releases the rod, which falls and shuts
off the valve. The weight of the rod and seat assembly and the gas
pressure on top of the valve seat ensure a tight shutoff. The ITT

ALTERNATE LOCATION
/ OF MAIN GAS COCK

-
SUPPLY
— RISER
THERMOCOUPLE
PILOT
BURNER
T0
BURNER
M
MAIN MAIN GAS
GAS COCK PRESSURE

REGULATOR
DRIP

LEG PILOT

" GAS COCK

/
PILOT GAS /

SUPPLY LINE AUTOMATIC
PILOT VALVE

Figure 5-7 Typical arrangement of gas cocks and main gas-pressure
regulator.
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General Controls K3 Series gas valve shown in Figure 5-8 is an
example of a direct-operated solenoid gas valve.

Some solenoid valves use a balanced diaphragm to control the
flow of gas (see Figure 5-9). When the solenoid coil is energized, it
lifts the rod or plunger just enough to open a bleed valve (or so-
called pilot valve). Gas then bleeds from the area above the

Figure 5-8 Direct-operated
%3 solenoid gas valve.
(Courtesy ITT General Controls)
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Figure 5-9 Balanced diaphragm solenoid gas valve.
(Courtesy ITT General Controls)

diaphragm faster than it can be replaced. This eventually results in
the pressure above the diaphragm being the same as the pressure
below the seat disc. This is referred to as a balanced or unloaded
condition. The solenoid coil lifts the complete interior assembly to
full open position. When the solenoid is deenergized, the pressure
recovers above the diaphragm. The weight of the interior assembly
and the gas pressure across the seat disc are sufficient to hold the
valve closed. In this type of valve, the pressure of the gas is used to
control its operation.
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A third type of solenoid valve consists of a solenoid-operated
(i.e., magnetically operated) puff bleed three-way valve and a
diaphragm valve in a single unit (see Figure 5-10). The combined
unit provides on-off control of the gas to the gas-fired heating
equipment.

HOT TO LIMIT OR
SAFETY CONTROL

RETAINER NUT

TO POWER GRD

COIL JACKET

VENT TUBE
OUTLET

DIAPHRAGM

Figure 5-10 Electric diaphragm gas valve.
(Courtesy ITT General Controls)

The three-way valve (also referred to as a pilot valve), respond-
ing to electrical signals from the limit or safety controls, opens or
closes the gas valve by controlling the gas pressure bleed-off above
the diaphragm in the main valve body. In the normally closed posi-
tion, inlet gas pressure above the diaphragm prevents the valve
from opening. In the open (energized) position, the three-way or
pilot valve closes off the inlet gas pressure and allows the gas pres-
sure above the diaphragm to bleed off so that gas pressure below
the diaphragm forces the diaphragm up to open the valve.

Dual-solenoid valves are designed for three-stage control (high-
low-off) of the flow of gas (see Figure 5-11). Both a high-fire
solenoid and a low-fire solenoid are used to accomplish this pur-
pose. Low-fire adjustments can be made by turning the adjustment
screw clockwise (to decrease low fire) or counterclockwise (to
increase it).



158 Chapter 5

e

~

HIGH-FIRE LOW-FIRE
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Push and turn Ly , —LOCKNUT
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L. —— ADJUSTMENT

T SCREW
Turn past lock
CAP

position to retract.

Figure 5-11 Dual-solenoid valve. (Courtesy ITT General Controls)

Figure 5-12 shows a schematic wiring diagram of a two-stage
control containing a dual-solenoid valve. If both solenoids are to be
energized at one time, the circuit requires a 40-volt transformer.

Solenoid Coils

Several different solenoid coils are available from manufacturers,
and the type selected for use will depend on the specific application.
For example, most standard applications will require a moisture-
resistant coil for normal usage of gas or fluid up to 175F . Special
applications include those with especially high ambient and fluid
temperatures, high voltage, or high steam pressure. A solenoid coil
may also be specifically required for moisture or water applica-
tions. Under these circumstances the coil should be both water-
proof and fungus proof. Some examples of solenoid coils are shown
in Figure 5-13.

A principal cause of coil malfunction is excessive heat. If the
valve is subjected to temperatures above the coil rating, it will prob-
ably fail. A missing part, a damaged plunger tube or tube sleeve, or
improper assembly may also be a cause of excess heat. The applied
voltage must be at the coil’s rated frequency and voltage.
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Figure 5-12 Dual-solenoid valve in a two-stage control circuit.
(Courtesy ITT General Controls)

ACOIL
STANDARD APPLICATION

WOR BWCOIL
MOISTURE OR WATER APPLICATION

BAND HCOIL
HIGH TEMPERATURE APPLICATION

Figure 5-13 Various types of solenoid coils. (Courtesy ITT General Controls)
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Always turn off the electrical power to the solenoid valve before
attempting to replace the coil. Then, having turned off the electrical
power, disconnect the coil leads. Figures 5-14 and 5-15 are
schematics of some typical solenoid valves. The numbers in the
illustrations refer to the valve components in their order of disas-
sembly and are identified as follows:

1. Jacket retaining nut or screw assembly.
. Elbow for coil leads.

. Valve O-ring.

. Coil jacket or coil assembly.

. Nut or screw.

. Spring retainer.

. Plunger tube spring.

O N O T AW N

. Screw assembly spacer.
9. Top washer and/or sleeve assembly.
10. Solenoid coil.
I1. Bottom washer and/or sleeve assembly.

12. Plunger tube.

Method of connection
for 120-volt operation.

Method of connection
for 240-volt operation.

Solder and tape
this connection.

Figure 5-14 Wiring diagrams for dual-voltage coils.
(Courtesy ITT General Controls)
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Figure 5-15 Examples of typical solenoid construction.
(Courtesy ITT General Controls)

The solenoid coil should be reassembled in reverse order, but
with the following precautions:

I. Be very careful to reassemble the top washer and/or sleeve
assembly (No. 9 above) exactly as it had been assembled.
Improper assembly will cause the solenoid coil to burn out.
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Figure 5-15 (Continued)

2. Be sure to align the top washer and/or sleeve assembly so
that the coil leads have an unobstructed passage out of the
solenoid.

3. Properly align all slots in the bottom washer and/or sleeve
assembly.
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Direct-Acting Heat Motor Valves
A direct-acting heat motor valve depends on the heat-induced
expansion and contraction of a rod-type element to provide the
movement and force for its operation.

The heat is generated by the passage of an electrical current
through a resistance coil wound around a metal rod. One end of the
rod is secured in place. The other end rests against a flexible snap
mechanism (see Figure 5-16). When the room thermostat calls for
heat, the electrical current flows through the coil and heats the
metal rod. The heat generated by the resistance of the coil causes
the rod to expand against the snap mechanism. When enough force
is applied to the rod, the snap mechanism snaps over center and
opens the valve. When the rod cools and contracts, the snap mech-
anism returns to its original position, and the valve closes.

ELECTRICAL TERMINALS

VALVE
D
v \1'\
| l-III\\\\II
D (0] o HEATING COIL

\
EXPANSIBLE ROD

Figure 5-16 Operating principle of a direct-acting heat motor
valve. (Courtesy Robertshaw Controls Co.)

Some combination gas valves utilize the direct-acting heat motor
principle of operation. The Robertshaw Unitrol 1000E is an exam-
ple of this type of valve (see Figure 5-17). It combines in one unit a
gas cock, an automatic pilot, a pilot gas filtration device, and a
heat-motor-actuated automatic valve. A main gas-pressure regula-
tor can be added as an option. As shown in Figure 5-17, a manual
opener or bypass selector is a common feature on these valves. When
the bypass selector is in the o7 position and the room thermostat is in
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MANUAL OPENER
OR BY-PASS
SELECTOR

Figure 5-17 Heat-motor-actuated combination gas valve.
(Courtesy Robertshaw Controls Co.)

the off position, a bypass rate is provided to the burner for mini-
mum input conditions.

Diaphragm Valves
The following are the three principal diaphragm valves, each distin-
guished by the kind of power used to actuate them:

* Hydraulic-actuated valves
¢ Solenoid-actuated valves
e Heat-motor-actuated valves
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A hydraulic-actuated valve utilizes a hydraulic element to provide
both the thermostatic sensing means and the power for valve opera-
tion. The closed hydraulic sensing and actuating device consists of a
bulb, capillary tube, and a bellows or diastat (see Figure 5-18).
Temperature changes cause the liquid in the remote-bulb sensing
device to expand or contract. This expansion or contraction of the
liquid operates the valve by controlling the pressure exerted against
a bellows in the valve body. Additional information about this type
of valve is contained in the section Remote-Bulb Thermostats in
Chapter 4 (Thermostats and Humidistats}.

Both solenoid-actuated diaphragm valves and heat-motor-actuated
diaphragm valves are described elsewhere in this chapter (see Solenoid
Gas Valves, Oil Valves, and Direct-Acting Heat Motor Valves).

The term diaphragm valve can be confusing because valves that
use a diaphragm are usually referred to by the power used to actu-
ate them (e.g., hydraulic-actuated valves, solenoid-actuated valves)
or their specific function (e.g., electric gas valves, oil burner valves).

REMOTE HYDRAULIC
TEMPERATURE DIAL

CAPILLARY TUBE

REMOTE BULB
SENSING DEVICE

BELLOWS CONTAINED!
IN VALVE BODY

Figure 5-18 Unitrol 7000SR-I1H hydraulic-actuated valve.

(Courtesy Robertshaw Controls Co.)



166 Chapter 5

A diaphragm valve is any valve that contains a diaphragm; its pur-
pose is to respond to pressure variations. Because this is an essential
feature of pressure regulators, the operating principles of a diaphragm
valve are described in the sections Gas-Pressure Regulators and
Combination Gas Controls.

Pressure Regulators

Natural gas is distributed through the city mains at pressures of 7
inches water gauge or higher. Normally this gas will be at a higher
pressure than the heating equipment or appliance can properly use.
Furthermore, the gas pressure in the mains (and in the building sup-
ply lines) will often fluctuate because of load demand variations.
Excessively high gas pressure and gas-pressure variations are detri-
mental to the operating efficiency and safety of a gas-fired furnace,
boiler, or water heater. Hence, they must be brought under control
before the gas enters the burners.

A gas-pressure regulator (or manifold pressure regulator as it is
also called) is a regulating device used to control manifold gas pres-
sure. Gas is delivered to the burners from the outlet orifice of the
regulator at a single, nonfluctuating constant pressure regardless of
inlet pressure changes.

A regulator must sense all changes in gas pressure and be able to
adjust the gas flow as required. The sensing device by which this is
accomplished is a diaphragm and spring arrangement attached to a
valve ball or disc used to restrict gas flow through the seat. These
and other components are illustrated in the cutaway of the low-
pressure regulator shown in Figure 5-19.

A pressure regulator uses the available gas pressure as the pri-
mary force to open or close the valve. Outlet gas pressure presses
against the diaphragm and spring. If the gas pressure is too little to
overcome the force of the spring, then the attached ball or disc is
pushed away from its seat. This enlarged opening allows more gas
to flow. If the outlet pressure against the diaphragm is greater than
the spring setting, then the valve ball or disc is brought toward its
seat, narrowing the opening and restricting flow. As the gas pres-
sure against the dlaphragm equals the force exerted by the spring,
the valve ball or disc is so positioned from the orifice to maintain a
steady downstream pressure. This principle of operation is basic to
all diaphragm valves.

The spring-loaded side of the diaphragm must be vented or the
movement of the diaphragm will be restricted. The most elemen-
tary form of venting is shown in Figure 5-20. This is simply an ori-
fice installed in a vent hole on the spring-loaded side of the
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Figure 5-19 Principal components of a low-pressure
regulator. (Courtesy ITT General Controls)

diaphragm. A more complex method of venting involves connect-
ing a tube to a tapping in the vent. This represents either the inter-
nal or external bleed system of venting gas. The principal
difference between the two systems lies in how and where the
vented gas is disposed.

Proper venting allows the valve diaphragm to move freely in
either direction. Installing an orifice in the vent hole slows the
diaphragm action, thereby providing a smoother operating control
(see Figure 5-20). The use of a vent hole orifice also prevents the
rapid and potentially dangerous escape of gas in the event of a
diaphragm rupture.

Both internal and external bleed systems are used to vent the gas
from the spring-loaded side of the diaphragm. In an internal bleed
system, the bleed gas is routed to the burner or pilot where it is
burned, or to the burner manifold where it is mixed with the main
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Figure 5-20 Pressure regulator with vent orifice. (Courtesy Robertshaw Controls Co,)

gas supply and eventually burned. In an external bleed system, the
bleed gas is vented by a tube extending to the outdoors. A variation
of the external bleed system is to place the outlet end of a tube in
the heat exchanger to vent the gas outside.

A simple diaphragm valve functions only to open or close the
valve and is generally of the external bleed type (see Figure 5-21).
The operator mechanism for a restricting internal bleed orifice
diaphragm valve is basically as shown in Figure 5-22.

A gas-pressure regulator can be either an independent control on
a gas manifold or a part of a combination gas control. The obvious
advantage to using a combination control is the simplification of
appliance assembly and the saving of space obtained when com-
pared to the use of separate components. Less obvious are the oper-
ational advantages.

When the pressure regulator is 7ot an integral part of the combi-
nation gas control, it either precedes or follows the location of the
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Figure 5-21 Schematic drawing of a millivolt diaphragm bleed valve.
(Courtesy Robertshaw Controls Co.)

latter in the manifold. If the separate pressure regulator precedes
the combination control, both the main burner gas and the pilot gas
are regulated by the same regulator in most installations. If this is
the case, a problem will sometimes occur with pilot outage. As the
main gas valve opens to provide gas to the main burners, a tempo-
rary starving of the pilot gas can occur due to regulator response
delay. This condition can be avoided by installing a separate pilot
gas regulator for pilot gas only or by using a regulator-equipped
combination gas control with the proper sequencing of operation.

Installing a separate pressure regulator after the combination gas
control (i.e., downstream from it) can sometimes result in over-
gassing the main burners. This occurs because the regulator
remains in a wide-open position when the main gas valve remains
closed. When the gas valve opens, overgassing can result from the
delay of the regulator valve in resuming regulation. A combination
gas control can eliminate this problem.
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Figure 5-22 Restricting internal bleed orifice diaphragm valve.
(Courtesy Robertshaw Controls Co.)

Some gas-fired water heaters use a balanced pressure regulator.
This type of pressure regulator uses two internal diaphragms to con-
trol gas pressure. The operating principle is quite different from that
described for the regulators used on gas-fired heating equipment. For
additional information, read the section Balanced Pressure Regulators
in Chapter 4 of Volume 3 (W ater Heaters and Other Appliances).

Pressure Switches

A pressure switch is a safety device used in positive-pressure or dif-
ferential-pressure systems to sense gas- or air-pressure changes. A
typical arrangement of gas-pressure switches on a gas manifold is
shown in Figure 5-23. The wiring diagram in Figure 5-24 illustrates
the connections between the high and low gas-pressure switches on
a gas-fired boiler manifold and the primary control.

Gas-pressure switches are available in two basic types:

e Falling-pressure switches
* Rising-pressure switches

In the falling-pressure switch, decreased pressure on the diaphragm
actuates the device. The switch is designed to lock out when the
pressure falls to the setpoint (minus differential). As the pressure
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increases, the diaphragm rises and the switch is deactuated (except
on manual reset models). An adjustable spring-loaded diaphragm
determines the amount of pressure required to actuate the switch.

In a rising-pressure switch, the switch is actuated by increased
pressure on the diaphragm. As the pressure falls, the diaphragm
lowers and the switch is deactuated (again, except on manual reset
models). An adjustable spring-loaded diaphragm determines the
amount of pressure required to actuate the switch.

The pressure required to move the diaphragm in these switches is
adjustable within the pressure range stamped on the switch name-
plate. The pressure switch shown in Figure 5-25 can be adjusted by
removing the cover and turning the adjustment screws clockwise.
This action raises the actuation point of the switch. Turning the
screws counterclockwise lowers the actuation point. The range
scale plate in the switch is marked for four relative pressure set-
tings. Setting A corresponds to a minimum range, D to a maximum
range, and both B and C to intermediate ranges.

A typical wiring diagram for a single-pole double-throw SPDT
switch is shown in Figure 5-26. An SPDT switch may be wired to
open or close the circuit on pressure rise.

On switches equipped with manual reset (see Figure 5-25), the
switch contacts open on pressure rise or pressure drop (depending
on which model is used) and remain open regardless of pressure
change. The reset button is pushed to close the switch after the
pressure has returned to an acceptable level.

RESET
BUTTON SWITCH
ADJUSTMENT

RANGE
INDICATOR

VENT
CONNECTION

SWITCH POSITION
INDICATOR
{HI-PRESS MODEL SHOWN)
Figure 5-25 Gas-pressure switch with manual
reset. (Courtesy ITT General Controls)
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Figure 5-26 Wiring diagram of SPDT gas-pressure switch.
(Courtesy ITT General Controls)

Automatic Pilot Safety Valve
The automatic pilot safety valve is a device used to shut off the gas
supply when the pilot flame is extinguished or fails to light.

There are a variety of different pilot safety controls available on
the market, but all are based on one of the following three operat-
ing principles:

e Thermocouple
* Metal expansion
e Liquid pressure

Pilot safety controls based on the thermocouple operating princi-
ple are probably the most common. The schematic in Figure 5-27
shows the principal components of an automatic pilot in which a
thermocouple is used. The constant-burning pilot of the system
illustrated here provides not only burner gas ignition but also heat
for the hot junction of the thermocouple. As shown in Figure 5-28,
the hot junction of a thermocouple is positioned so that it is directly
in the path of the pilot flame.

The thermocouple itself is actually a miniature generator that
can convert heat (from the pilot flame) into millivolts of electricity.
It consists of two dissimilar metals joined together at their extremi-
ties. When one of the junctions (the hot junction) remains cold,
electrical energy is generated. The amount of energy generated by
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Figure 5-27 Thermocouple used in conjunction with an
automatic pilOt valve. (Courtesy Robertshaw Controls Co,)

the thermocouple is directly proportional to the temperature differ-
ence between the hot and cold junctions (see Figure 5-28). One
thermocouple or junction will deliver approximately 25 millivolts.
Several thermocouples or junctions can be wired in series to pro-
duce a higher voltage (see Pilot Generators). The electrical energy
generated by the thermocouple energizes an electromagnet that
operates the automatic pilot valve.

The automatic pilot safety valve may be an individual control but
is more commonly a part of a combination control, which usually
combines manual valve and thermostatic or automatic valve func-

tions. These valves are described in this chapter (see Combination Gas
Valves).
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Figure 5-28° Common thermocouple construction. (Courtesy Trane Co)

Some automatic pilot valves are designed to shut off both the main
gas (i.e., the gas to the main burners) and the pilot gas. This is called
100 percent safety automatic pilot or a 100 percent safety shutoff.
They are recommended for use with either natural or LP gases.

A 90 percent safety automatic pilot (or 90 percent safety shutoff)
shuts off the gas supply to the main burners but allows gas to con-
tinue flowing to the pilot burner. This type of gas pilot may be used
safely with natural gas (and is permitted by some local codes), but
it should never be used with LP gas. LP gas is heavier than air and
will not vent.

The procedure for lighting the pilot in a system containing a
thermocouple (or pilot generator) and an automatic pilot safety
valve is fairly simple. The reset button on the automatic pilot valve
must be pushed down while the pilot is being lit (see Figures 5-29
and 5-30). While the reset button is depressed, an auxiliary valve
causes the main gas porting to close. At the same time, the spring-
loaded automatic pilot valve is opened, allowing gas to flow only to
the pilot burner, which can now be lit.

The same action that opened the spring-loaded automatic valve
has also forced the keeper (see Figure 5-29) against the pole faces of
the electromagnet. Eventually the heat of the pilot flame causes the
thermocouple to generate an electrical current, which causes the
electromagnet to become magnetized. As a result, the keeper is held
against the magnet and the automatic pilot valve is maintained in
an open position. The pilot should be allowed to burn for at least 60
seconds before releasing the button. This permits enough current to
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Figure 5-29 Reset button depressed while pilot is being lit.
(Courtesy Robertshaw Controls Co.)

be built up by the thermocouple or pilot generator to hold the valve
open.

Once the pilot has been established, the reset button can be
released, and the main gas and pilot gas will be free to move past the
automatic pilot valve (see Figure 5-30). When the pilot flame is
extinguished, the thermocouple hot junction cools and breaks the
electrical current. The electromagnet is demagnetized as a result of
this loss of current, and the keeper is released, causing the automatic
pilot valve to close and shut off the flow of gas. Before relighting the
pilot, allow at least 5 minutes for all the gas to clear the system.
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Figure 5-30 Reset button released after pilot flame is
established. (Courtesy Robertshaw Controls Co.)

Thermopilot Valves

A thermopilot valve is a 100 percent safety shutoff control for gas-
fired heating equipment and appliances. It operates on current sup-
plied by a thermocouple or pilot generator. This current energizes a
thermomagnet, which holds the valve open after manual reset.
When there is an unstable or low pilot flame or no flame at all, the
current to the thermomagnet is lost. As a result, the valve closes,
shutting off the gas flow.

An example of a thermopilot valve operated by a thermocouple
is the ITT General Controls MR-2G valve. Using it in conjunction
with a solenoid gas valve provides 100 percent safety shutoff con-
trol (see Figure 5-31).
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Figure 5-31 ITT control valve model MR-2G.

(Courtesy ITT General Controls)
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The thermomagnet of an ITT General Controls MR-2YA valve is
energized by a pilot generator. It must be used with a pilot-operated
diaphragm valve to provide 100 percent safety shutoff control (see

Figure 5-32).

The following suggestions should be carefully observed when
installing ITT thermopilot valves in order to ensure efficient valve

operation:

® Locate the valve so that it is easily accessible and where the
ambient temperature is below 200F .

|| T-80 THERMOSTAT
J

FAN AND LIMI

T CONTROL

d

| ——
FAN CIRCUIT

102465AT B6O VALVE

JUMPER

PILOT LINE

\
V-300 REGULATOR
PRESSURE

PILOT GENERATOR

Figure 5-32 ITT control valve model MR-2YA. (Courtesy ITT General Controls)
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Make sure the piping is clean (blow out all particles and other
impurities).
Apply thread seal sparingly to male threads only.

Install valve with gas flow in the same direction as the arrow
in the valve body is pointing.

Use the pipe wrench on the valve body flats at the end being
connected.

Avoid stress on the valve body by aligning the inlet and outlet
pipe connections.

Check all pipe connections for gas leaks with a soap and
water solution. Never use a flame.

Check the valve with a millivolt meter (see next paragraph).
All wiring connections should be clean and tight.

Pilot burner should be installed on main burner so that the
ignition flame will light the main burner with the pilot turned
down low.

Testing an ITT General Controls MR-2G thermopilot valve
with a millivolt meter requires the use of a special adapter. The
adapter and thermocouple are connected to the valve as shown in
Figure 5-33. Attach the meter clips as shown. Figure 5-34 illus-
trates the testing of an ITT MR-2YA valve. In either case, the valve
should be replaced if the meter reading is above that shown on the
applicable scale and the valve fails to open after following the light-
ing instructions.

T 7 MILLIVOLTS ADAPTER
® 200 300 0
A (\O 03 0 o
S \ % 3
0-50 SCALE (G) BUSHING

Figure 5-33 Testing control valve MR-2G.
(Courtesy ITT General Controls)

140 MILLIVOLTS ATERMINAL Figure 5-34 Testing control

0 of valve MR-2YA. (Courtesy ITT
o 20 300 w0
9, 5, General Controls)
\“\m 30 g 4

4

0-500 SCALE
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Thermocouples

The function of the thermocouple is to detect (prove) the existence
of the pilot flame. If the pilot light is lit and the thermocouple
detects the pilot flame, it opens the main gas valve and allows natu-
ral gas to flow to the burner(s). If there is no pilot flame, the ther-
mocouple shuts off the gas to the pilot and closes the main gas valve
so that no gas can flow to the burner(s).

Thermocouples are made from flame-resistant metal alloys and are
available in standard lengths of 13.5 to 48 inches (see Figure 5-35).
Industry-standard G bushing or R bushing threads are used for
connecting the thermocouple to the valve. Thermocouples from the
various manufacturers can also be interchanged. The thermocou-
ples manufactured by ITT General Controls, Robertshaw-Grayson,
Baso, Honeywell and others are designed for universal installation
when used with the proper adapter and retainer (where required)
(see Figures 5-36 and 5-37).

e

Figure 5-35 Typical thermocouple.

(Courtesy ITT General Controls)

Always test the thermocouple before replacing it. The problem
with the pilot flame or safety control may be caused by something
other than a malfunctioning thermocouple.

Manufacturers of thermocouples generally provide a special
adapter for testing thermomagnet valves. The adapter is screwed
into the gas valve, the thermocouple (or generator) leads into the
adapter, and the test is run as follows:

I. Attach the meter clips as shown in Figure 5-38. Reverse the meter
clips if the needle moves to the left of zero on the millivoltmeter.

2. A meter reading of less than 7 millivolts for thermocouples or
less than 140 millivolts for pilot generators indicates the orifice
and primary air holes on the pilot burner need to be cleaned.
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Figure 5-36 Thermocouple
adapters and retainers. (Courtesy
RETAINER

Robertshaw Controls Co.)
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Figure 5-38 Relay bushing connections. (Courtesy ITT General Controls)
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Figure 5-39 Checking a terminal block
connected to a high-energy cutoff switch.
(Courtesy ITT General Controls)

Sometimes a thermocouple will have a terminal block connected
to a high-energy cutoff switch. The millivoltage should be checked
with meter probes as shown in Figure 5-39. The various readings
suggest the following courses of action:

* Replace the high-energy cutoff switch if the reading exceeds 4
millivolts.

e Replace the thermocouple if the reading is still less than 7 mil-
livolts.

e Replace (or repair) the valve if it fails to hold open with a
meter reading of more than 7 millivolts.

Troubleshooting Thermocouples
Table 5-2 lists possible remedies for a number of different operat-
ing problems associated with thermocouples.

Table 5-2 Troubleshooting Thermocouples

Symptom and Possible Cause Possible Remedy

Pilot flame lit but safety control fails to function.

(a) Thermocouple not hot (a) Wait at least 1 minute for the-
enough to generate current. rmocouple to become hot enough.
(b) Drafts deflecting flame (b) Eliminate source of draft.

away from thermocouple.
(continued)
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Table 5-2 (continued)

Symptom and Possible Cause Possible Remedy

(c) Pilot flame too small or (c) Disconnect, clean
yellow in color due to restricted thoroughly, and reconnect.
pilot line or dirt in primary air Change orifice if necessary.
opening or burner head.

(d) Loose or dirty electrical (d) Disconnect, clean,
connections. reconnect, and tighten.

(e) Thermocouple tip too (e) Check installation to make
low in pilot flame sure thermocouple is properly.

mounted in bracket.

Safety control operates but fails when main burner has
been on a short time.

(a) Restriction in pilot or (a) Eliminate restriction.
main gas tubing. Provide normal pressure.
(b) Draft-deflecting flame couple. (b) Eliminate draft or baffle.

Thermopiles (Pilot Generators)

The amount of electrical energy generated by a thermocouple that
has a single hot junction and a single cold junction (i.e., approxi-
mately 25 millivolts) is considered adequate for most residential
heating equipment. However, a few residential furnaces and boil-
ers and most commercial types require a higher voltage. An
increase in voltage can be obtained by using a number of thermo-
couples wired in series (see Figure 5-40). A series of thermocouples
in one unit is called a thermopile, pilot generator, or thermopile
generator. A thermopile forms a part of a millivolt or self-energiz-
ing control circuit.

An example of a thermopile used in gas-fired heating equipment
and appliances is shown in Figure 5-41. This particular unit produces

JUNCTIONS

Seven junctions connected in series produce 175 MV
when each junction produces 25 MV.

Figure 5-40 Thermocouple construction and series wiring. (Courtesy Trane Co)
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Figure 5-41 ITT pilot generator model PG-1.

(Courtesy ITT General Controls)

approximately 320 millivolts in an open circuit for gas valve control.
It is available with an adjustable ignition port and interchangeable
orifices for use with any gas.

Figure 5-42 |TT
pilot generator
model PG-9A with
cartridge.

(Courtesy ITT General Controls)

A thermopile that produces an even
higher voltage is the ITT General Controls
PG-9A (see Figure 5-42). This thermopile
provides a pilot flame for gas burner ignition
and generates electricity from the heat of the
pilot flame to operate millivolt gas valves
and relays. The replaceable cartridge in the
thermopile contains many thermocouples
connected in series. The top ¥ to Y2 inch of
the cartridge is heated by the pilot flame,
which produces approximately 500 to 750
millivolts (Y2 to % of 1 volt) open circuit.

A millivoltmeter must be used to test a
thermopile. The meter leads are attached to
the valve or relay terminals to which the
wires of the pilot generator are also attached.

The thermostat must be calling for heat and the pilot burning during

a millivoltmeter test.

Pilot-Operated Diaphragm Valves

A pilot-operated diaphragm valve is used to provide automatic shut-
off of main line gas when there is an unstable pilot flame or no flame
at all. These valves are operated by electrical energy (millivoltage)
produced by the pilot generator. Their operation is controlled by the
room thermostat, limit devices, and other operating controls.
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The ITT General Controls B60 gas valve (see Figure 5-43) is an
example of a pilot-operated diaphragm valve commonly used with
gas-fired heating equipment. Where 100 percent shutoff is required,
it should be used in conjunction with a thermopilot valve (see
Figure 5-44).

LIMIT CONTROL
(IF USED)

7

PILOT
GENERATOR

WASHER

DIAPHRAGM
& GASKET
ASSEMBLY

Figure 5-43 Pilot-operated diaphragm valve. (Courtesy ITT General Controls)

PILOT
GENERATOR THERMOSTAT

REGULATOR

OPTIONAL LOCATION
OF THERMOPILOT VALVE

Figure 5-44 ITT valve model B60Y used in
conjunction with a thermopilot valve.
(Courtesy ITT General Controls)



Gas and Oil Controls 187

Combination Gas Valves

A combination gas valve (or combination gas control) combines in
a single unit all manual and automatic control functions required
for the operation of gas-fired heating equipment. In other words, a
single valve replaces the various individual pilot line and main line
gas controls. A gas-pressure regulator is usually optional.

Many manufacturers of gas controls offer a complete line of com-
bination gas valves; each valve is designed for a different kind of
installation or application. Usually these valves will differ on the basis
of the controller voltage or voltage source, valve application or func-
tion, required Btu capacity for the installation, and type of gas used.

Honeywell manufactures a line of standardized and inter-
changeable gas control components. A complete preassembled
combination gas control can be ordered from the factory or one
can be assembled in the field from a variety of different standard-
ized components in order to meet the needs of a particular installa-
tion. This add-on feature also allows field replacement of a
defective component without removing the complete valve from
the installation. A number of possible combinations are illustrated
in Figures 5-45 and 5-46.

Standing Pilot Combination Gas Valves
A typical Honeywell combination gas control used with a standing
pilot consists of the following basic components (see Figure 5-47):

I. Main valve body.
2. Valve operator.
3. Pressure regulator.

As shown in the schematic diagram of the control (see Figure
5-48), the main valve body (or manifold control) contains a valve
diaphragm (5) and disc (3). This portion of the combination gas
control operates as a conventional diaphragm valve. The valve
opens and closes in response to the presence or absence of gas in the
pressure chamber (4). This gas is called the working gas because it
provides the lifting force necessary to raise the valve disc off its seat.

The valve operator controls the flow of working gas by means of
an electrically actuated lever (1). This lever is opened or closed by
the temperature control circuit. When the burner is off and there is
no call for heat from the room thermostat, the lever is in the
position shown in Figure 5-48. Note that while the lever is in this
position, it blocks the admission of gas into the valve. Furthermore,
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Figure 5-45 Various gas-pressure regulators available for
use on a combination gas control equipped with a valve
operator. (Courtesy Honeywell Tradeline Controls)

the working gas can escape through the working channel (2),
resulting in a reduction of the gas pressure in the pressure chamber.
The main gas valve closes with this loss of working gas pressure.

A call for heat from the room thermostat energizes the valve oper-
ator and causes the lever to open the inlet port (see Figure 5-49). The
working gas then flows into the pressure chamber (4) and pushes the
diaphragm (5) up against the valve disc assembly (3) to allow the flow
of gas through the valve to the burner. At the same time, gas also
flows into the pressure regulator chamber (8) and through the evacu-
ation gas channel (6) into the combination gas control outlet.



Gas and Oil Controls 189

STANDARD
V5306A

GASKET @r

ADAPTER CASTING
(COVER PLATE REMOVED)

PRESSURE
TAPPING

Figure 5-46 Standard gas-pressure regulators
installed on manual manifold control not equipped
with valve operator. (Courtesy Honeywell Tradeline Controls)

Changes in the outlet pressure of the gas cause changes in the
position of the regulator diaphragm (9). If the outlet pressure rises,
the regulator valve (7) opens slightly to allow more working gas
into the evacuation gas channel (6). This discharge of working gas
causes the main valve diaphragm (5) to drop and allows the main
valve disc (3) to move downward on its seat. This action reduces
the flow of main burner gas through the control to correct the rise
in outlet pressure.

A drop in the outlet pressure has the opposite effect. The regula-
tor valve (7) closes slightly and reduces the amount of working gas
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Figure 5-47 Basic components of a typical
Honeywell combination gas control.
(Courtesy Honeywell Tradeline Controls)

entering the evacuation gas channel (6). This action increases the
gas pressure in the main valve pressure chamber (4) and forces the
main valve disc upward away from its seat. As a result, the flow of
gas through the control is increased enough to counter the fall in
outlet pressure.

Manufacturers provide detailed instructions for lighting a pilot
in an installation equipped with a combination gas valve. These
instructions should be read carefully before attempting to light the
pilot burner. If there are no instructions with the equipment, the
following procedure is suggested:

I. Turn the wall thermostat to off or its lowest setting.

2. Depress the gas cock and rotate it to the off position (see
Figure 5-50).

3. Allow 5 minutes for any gas in the burner compartment to
escape.

4. Turn the gas cock dial to the pilot position.

5. Depress and hold the gas cock dial down while lighting the
gas pilot.
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Figure 5-48 Schematic diagram of combination gas control in the
burner off pOSitiOl‘\. (Courtesy Honeywell Tradeline Controls)

6. Allow the pilot to burn 60 seconds before releasing the gas
cock dial.

7. Turn the gas cock dial to on position after the pilot burner
flame has been established.

8. Set the room thermostat to the desired temperature position.

The pilot position on a combination gas valve is used for tempo-
rary or seasonal shutdown. The off position is used when complete
shutdown is necessary.

Continuous Pilot Dual Automatic Gas Valve

The Honeywell VR4205 direct-spark ignition (DSI) combination
gas valve shown in Figure 5-51 contains a safety shutoff, a manual
valve, two automatic operators, a pressure regulator, and a pilot
adjustment device. Some models use a single electrode for spark
ignition and flame sensing; others use separate electrodes for spark
ignition and flame sensing. The Honeywell VR4205 gas control is
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Figure 5-49 Wiring diagram of a combination gas control in the
burner on POSitiOI’]. (Courtesy Honeywell Tradeline Controls)

also designed to provide on-off manual control of gas flow. In the
off position, gas flow to the main burner is mechanically blocked.
In the on position, gas flows to the main burner under control of
the thermostat, the direct-spark ignition (DSI) module, and the two
automatic main valves.

The operation of a Honeywell VR4205 valve gas control is illus-
trated in Figures 5-52 and 5-53. When the thermostat calls for heat,
the DSI module is energized. The module activates the first and sec-
ond automatic valves of the gas control, which allow gas to flow to
the main burner. At the same time, the DSI module generates a
spark at the igniter-sensor to light the main burner. The second
automatic valve diaphragm, controlled by the servo pressure regu-
lator, opens and adjusts gas flow as long as the system is powered.
The servo pressure regulator monitors outlet pressure to provide an
even flow of gas to the main burner.

Loss of power (thermostat satisfied) deenergizes the DSI module
and closes the automatic valves. The first automatic valve and the
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Figure 5-50 Lighting procedure for a combination gas control.
(Courtesy ITT General Controls)

second automatic valve operator close, bypassing the regulator(s) and
shutting off the main burner and the pilot. As pressure inside the gas
control and underneath the automatic valve diaphragm equalizes,
spring pressure closes the second automatic valve to provide a second
barrier to gas flow. The system is now ready to return to normal ser-
vice when the thermostat again calls for heat and power is restored.
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Figure 5-51 Honeywell VR4205 direct ignition dual automatic
combination gas control. (Courtesy Honeywell Inc.)

Some gas control modules are offered with slow-opening or
step-opening regulation of the gas flow. Slow-opening gas controls
function the same as standard models except that when the ther-
mostat calls for heat, the second automatic valve opens gradually.
Step-opening gas controls actually combine two pressure regula-
tors, one for the low pressure and one for the full-rate pressure.

Universal Electronic Ignition Combination Gas Valve

The Honeywell universal electronic ignition combination gas valve
shown in Figure 5-54 is designed for use with intermittent-spark
ignition, direct-spark ignition, and hot-surface ignition systems in
24 VAC gas furnaces and boilers. This combination gas valve
includes a manual valve, two automatic operators, pressure regula-
tor, pilot adjustment, pilot plug, and ignition adapter.

Pilot Burners

A pilot burner is a device used in a gas-fired appliance to light the
main gas burners and generate sufficient millivoltage to operate a
thermocouple or thermopile pilot safety shutoff device (see
Automatic Pilot Valves in this chapter). Modern pilot burners are
designed to burn continually in order to provide an automatic
ignition of the burners when the main gas supply is turned on.
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Figure 5-53 Continuous pilot dual automatic gas valve operation
during burner off cycle. (Courtesy Honeywell, Inc.)



196 Chapter 5

Figure 5-54 Honeywell
universal ignition combination
valve. (Courtesy Honeywell, Inc.)

The pilot burners in common use today can be divided into aerated
and nonaerated types.

An aerated pilot (see Figure 5-55) is one that injects primary air
through an air intake opening into the gas stream. The air and gas
are mixed before burning.

An aerated pilot burner produces a very stable flame. For this
reason, these pilots are often used where the pilot location is partic-
ularly inaccessible. Although the flame produced by an aerated
pilot burner is more stable than one produced by a nonaerated
type, an aerated pilot burner does have some disadvantages. An
important one to remember is the tendency for the small primary
air openings to clog with lint and dirt. Frequent cleaning is
required, particularly when these pilots are used in areas having a
large amount of foreign material in the air.

j Q T SECONDARY AIR IN ADDITION TO

GAS-AIR MIXTURE

1. More stable than non-aerated pilot.

2. Primary air openings can plug with
lint and dirt, requiring frequent
cleaning.

IS O

PRIMARY AIR PRIMARY AIR

GAS FLOW
Figure 5-55 Aerated P"Ot. (Courtesy Trane Co,)
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A nonaerated pilot (see Figure 5-56) does not inject primary air.
As a result, the air and gas are not premixed, and the combustion
process must be completed with secondary air only. This results in a
less-stable flame than the one produced by an aerated pilot. On the
credit side, a nonaerated pilot requires less maintenance than an
aerated pilot. For this reason, the nonaerated pilot burner is usually
preferred by most utility companies.

COMBUSTION COMPLETED WITH
SECONDARY AIR ONLY

SECONDARY ___—=
AR 1. Does not have as stable

flame as aerated.

2. s not subject to plugging and usually
requires less maintenance.

T GAS FLOW

Figure 5-56 Nonaerated Pi|0t. (Courtesy Trane Co,)

A pilot burner assembly consists of the pilot bracket, pilot ori-
fice, primary air intake, lint screen, mixing chamber, pilot ports,
and pilot hood.

The pilot bracket is a device used to mount the pilot in a fixed rela-
tionship to the burner. Some pilot brackets also contain means for
mounting the thermocouple or pilot generator so that the hot junction
is located directly in the path of the pilot flame (see Figure 5-57).

The pilot ports are the openings through which the gas (in non-
aerated pilot burners) or the gas and air mixture (in aerated pilot
burners) passes before burning. The gas and air are premixed in
the mixing chamber of an aerated pilot. The air is injected into the
mixing chamber of an aerated pilot through a hole or opening
called the primary air intake. The amount of primary air can be
controlled by adjusting an air shutter that covers the primary air
intake opening.

A lint screen is generally used to remove lint, dirt, and other con-
taminants from the primary air before it enters the primary air
opening. In some pilots, the lint and other particles are burned
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Figure 5-57 Pilot bracket with means for mounting thermocouple.
(Courtesy Robertshaw Controls Co.)

before entering the primary air intake. An incinerated pilot is an
aerated pilot in which the primary air passes adjacent to the flame
area where the particles are burned out of the air before it enters the
primary air intake.

Impurities are also found in the pilot gas. These impurities can
be removed by installing a pilot gas filter in the line upstream from
the pilot adjustment means in the control. The pilot gas filter is
expected to operate several years without service. Clogging of the
filter will be indicated by shortened pilot flames, which will result
in improper pilot operation. Shortened pilot flames can also be
caused by pilot tube stoppage or a dirty pilot orifice. These possi-
bilities should be checked before removing the filter. If the filter
should become clogged, replace the entire filter rather than just the
filtering medium.

The pilot orifice is a removable component in the pilot that con-
tains precisely sized openings that control the admission of gas to
the pilot. Pilot orifices are either of the spud or insert type. A spud
orifice screws into the bottom of the pilot burner. It is both an ori-
fice and a fitting combined into a single unit with threads at either
end (see Figure 5-58). An insert orifice must be held in position by
a separate fitting (see Figure 5-59). The pilot gas line (tubing) is
connected to the bottom of the pilot orifice.

Installing a Pilot Burner

Always follow the manufacturer’s instructions when installing a
new pilot burner. Read these instructions very carefully before
beginning any work.
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Figure 5-58 Spud orifice. (Courtesy Honeywell Tradeline Controls)
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Figure 5-59 Insert orifice. (Courtesy Honeywell Tradeline Controls)

If no installation instructions are available, the following loca-
tion and mounting requirements should be carefully observed:

1. Choose a location for the pilot burner that provides easy
access, observation, and lighting.

2. Rigidly affix the pilot burner to the main burner. Other
mounting surfaces should not be used (see Figure 5-60).
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3. Mount the pilot burner so that the flame is properly positioned
with respect to the main burner flame (see Figure 5-61).

©@ © ©

© O
@@@%@

©
©)

=
Pilot burner must be / A
rigidly positioned (=
relative to main burner. ‘Q

Figure 5-60 Rigidly affix pilot burner to main burner.
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Figure 5-61 Proper positioning of the pilot burner flame.
(Courtesy Honeywell Tradeline Controls)

A vpilot flame should never be exposed to falling scale, which
could impair the ignition of the main burners. Furthermore, the
flame should not be exposed to draft conditions or to sudden puffs
of air sometimes caused by igniting or extinguishing the main
burner. Always provide an ample air supply free of contaminating
products of combustion.

Replacing the Pilot Burner Orifice

The procedure for replacing a pilot burner orifice depends on
whether it is a spud or an insert orifice. For a Honeywell spud ori-
fice, the procedure is as follows:
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. Disconnect the gas supply tubing from the pilot burner.
. Unscrew the spud orifice and throw it away.
. Remove any burrs from the tubing and square off the ends.

H W N -

. Remove the one-piece nut and ferrule from the new assembly
and slip them over the tubing.

%,

. Install the new assembly in the pilot burner and tighten securely.

6. Push the tubing (along with the nut and ferrule) into the
burner as far as it will go and engage the nut.

7. Tighten the nut by hand until it will turn no further. Use a
wrench to make one final turn.

The connection in step 7 should be tight enough to prevent any
gas leakage. Do not tighten it too much or you will run the risk of
stripping the threads. Try not to bend the tubing near the fitting
after the nut has been tightened.

As shown in Figure 5-59 the procedure for replacing an insert ori-
fice presents no serious problems. The gas supply tubing must first be
disconnected from the pilot burner by unscrewing the compression fit-
ting. The small insert orifice can then be removed. Sometimes a light
tap on the pilot burner bracket will be required to dislodge the orifice.

Place the new orifice on the end of the gas tubing and insert both
the orifice and tubing into the pilot burner. Tighten the compres-
sion nut until it is secure. Use the same procedure described for
tightening a spud orifice.

Lighting the Pilot

Read the appliance manufacturer’s lighting instructions before
attempting to light the pilot burner. The basic procedure for light-
ing a pilot is as follows:

I. Turn the room thermostat to its lowest setting.

2. Shut off the main gas supply to the main burner and the pilot
burner.

3. Allow at least 5 minutes for the unburned gas to vent.

4. Light the pilot burner in accordance with the appliance man-
ufacturer’s lighting instructions.

Venting the unburned gas (step 3) is very important. This is espe-
cially true for LP gas because it is heavier than air and will not vent
upward naturally. Every precaution should be taken to ensure that
the appliance is properly venting any unburned gas.
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Appliance and pilot burner manufacturers provide very detailed
lighting instructions for their equipment. Moreover, the develop-
ment of various types of combination gas controls has simplified
the lighting procedure and increased the safety factor (see
Combination Gas Valves in this chapter).

Pilot Flame Adjustment

The pilot flame must be adjusted for proper color and size.
Appliance manufacturers refer to this procedure as pilot flame
adjustment or pilot gas adjustment.

The appliance manufacturer will provide instructions for making
pilot flame adjustments. On combination gas valves, this involves the
removal of a pilot adjustment cap and turning the adjustment screw
until the desired flame characteristics are obtained. The best pilot
flame is a steady, nonblowing blue flame that envelops the upper ¥
to %4 inch of the thermocouple or generator (see Figure 5-62).

Main Burner Ignition

The pilot burner should ignite the main burner quietly and reliably
under all operating conditions, including low gas supply pressure.
The ignition of the main burner gas should occur within 4 seconds
from the time that gas is admitted to the main burner. This should
occur when the pilot gas supply is reduced to an amount just above
the point of pilot flame extinction.

A main burner ignition test should be performed after the main
burner gas input and primary air adjustments have been made. The
type of test used to check main burner ignition will depend on the
type of pilot used in the gas-fired appliance. For example, in a pilot

¥8TO V2 INCH l ¥8T0 V2 INCH ]

¥ T0 12 INCH——L
-&W D

Figure 5-62 Pilot flame should generally envelop ¥& to '/ inch of the
thermocouple or thermopile tip. (Courtesy Honeywell Tradeline Controls)
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generator system, main burner ignition is checked with the pilot flame
adjusted to the minimum millivoltage required to open the main
valve. The manufacturer’s installation literature for the appliance will
probably include instructions for testing main burner ignition. If no
literature is available, check with the local gas company.

Pilot-Pressure Switch

A pilot-pressure switch operates on the same principle as the gas-
pressure switch used in the manifold of the gas-fired furnace or
boiler. Its function is to prevent the premature failure of the spark
igniter or glow coil should a prolonged gas interruption occur while
the thermostat is calling for heat.

The pilot-pressure switch is installed in the pilot gas line between
the pilot and pilot regulator. Installing a pilot switch requires that
the pilot gas line be disconnected downstream from the pilot gas
regulator. The gas line is then connected to the pilot-pressure switch
by cutting the existing tubing to the regulator and connecting into
the tee provided for switch mounting. A typical wiring of a pilot-
pressure switch is shown in Figure 5-63.

PILOT FLAME SWITCH

TO LIMIT SWITCH
o T0 GLOW COIL TRANSFORMER
o) o)
o——0
PILOT-
PRESSURE GAS VALVE
SWITCH

Figure 5-63 Typical wiring of a pilot-pressure switch. (Courtesy Janitro)

Electronic Ignition Modules

Electronic (solid-state) ignition systems have been developed to
improve the energy efficiency of gas furnaces, boilers, and water
heaters. These electronic ignition systems replace the less energy-effi-
cient standing pilot used in traditional gas-fired appliances. There are
three different types of controls used in electronic ignition systems:

e Intermittent pilot ignition module
e Direct ignition gas module
¢ Hot-surface ignition module
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Note

Ignition modules do not have replaceable parts. If defective, the
entire unit must be replaced. A replacement module must be of
the exact same model and type as the defective one.

Manufacturers of electronic ignition modules offer a wide range
of models designed to fit a variety of different applications (see
Figure 5-64). Always make certain that the make, model, and oper-
ating specifications of the original gas valve control module match
those of the replacement one. Specification sheets and installation
instructions for electronic ignition modules are available online at
the manufacturer’s Web site or by writing directly to the manufac-
turer (see Appendix B for contact information).

The following three sections briefly describe the three types of
electronic ignition modules used in gas-fired furnaces, boilers, and
water heaters. For more detailed and model-specific information,
consult the owner’s manual, installation manual, and/or the specifi-
cation/data sheets provided by the manufacturer.

Intermittent Pilot Ignition Module

An intermittent pilot ignition module is a solid-state ignition device
used to automatically light a pilot burner and simultaneously energize
(operate) the main gas valve of the heating system when the room

il

MAIN
VALVE
24V
MAIN VALVE/PILOT VALVE GROUND

(BURNER)
SPARK (IGNITER
CONNECTION)

PILOT
VALVE 24-V GROUND

Figure 5-64 Typical intermittent pilot ignition module. (Courtesy Honeywell Inc)
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thermostat calls for heat (see Figure 5-65). Figure 5-66 illustrates the
wiring connections between an intermittent pilot module, the dual-
valve combination valve, and the combined pilot burner and igniter-

sensor unit.

TH-W

CND 24V
MV MV/PV_PV (BURNER) CVD 24V (DPT)

VENT
DAMPER

PLUG (OPT) SENSE  SPARK

18T 2ND
OPERATOR|OPERATOR

DUAL VALVE COMDINATION

GAS CONTROL

Power supply, provide disconnect means and overload
protection as required.

é Alternate limit controller location.
& Maximum cable length 3. ft (0.9 m).

A Controls in 24 V circuit must not be in ground leg to
transformer.

@ For module with TH-W terminal and vent damper plug,
connect thermostat to TH-W. Leave 24 V open do not

MAIN
J‘wPILOT [C0M |-_|-}/ALVE

L1V
A\HDT) L2

GROUND

PILOT GAS
SUPPLY

remove vent damper plug.

Figure 5-65 Intermittent pilot ignition

module. (Courtesy Honeywell, Inc.)

The operating sequence for a gas burner operated by an inter-
mittent pilot ignition control is as follows:

I. Room thermostat calls for heat, and the intermittent pilot
ignition module simultaneously opens the pilot valve and sup-
plies a continuous spark to the electrode in the pilot burner.

2. Pilot burner gas ignites and produces a flame.

3. Pilot flame sensor detects the pilot flame and signals the inter-
mittent pilot ignition control to discontinue the spark and
energize (open) the main gas valve.

Note

The main gas valve will not be energized until the flame sensor
detects the presence of the pilot flame. As long as the main gas
valve remains closed, no gas from the supply line can flow through
the burners. Should a loss of flame occur, the main gas valve closes
and the spark recurs within 0.5 second.
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VENT
G 24 HV TH-W  DAMPER
MV MV/PV PV (BURNER) GND 24 HV(DPT) PLUG (DPT) SPARK

MAIN
L PILOT __ com VALVE

18T 2ND
OPERATOR  OPERATOR

THERMOSTAT

DUAL VALVE COMBINATION

GAS CONTROL
LIMIT
CONTROLLER
L1
(HOT) X
p
— PLOT BURNER
PILOT BURNER GROUND
IGNITER-SENSOR

PLOT GAS
SUPPLY

Power supply, provide disconnect means and overload
protection as required.

Alternate limit controller location.

Maximum cable length 3 ft (0.9 m).

BB > B

Controls in 24 HV circuit must not be in ground leg to
transformer.

For module with TH-W terminal and vent damper plug,
@ connect thermostat to TH-W. Leave 24 HV open. Do not
remove vent damper plug.
Figure 5-66 Intermittent pilot module with a combination pilot
burner and igniter—flame sensor in a heating system with an
atmospheric burner. (Courtesy Honeywell, Inc)
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4. Gas from the gas supply line flows through the now-open
main gas valve to the burners and ignites. This is the burn or
on cycle. When the heat has reached the level required by the
thermostat setting, the main gas closes and the burner or
burners shut down. This is the off cycle in an intermittent
pilot ignition control system.

Some Useful Definitions
* Run—The period during which the main gas valve remains
energized and the spark is turned off after the successful
ignition.
e Trial for ignition—The period during which the pilot valve
and spark are activated, attempting to ignite gas at the main
gas burner.

e Flameout—The loss of proven flame.

® Proven flame—A pilot flame detected by a flame sensory
device.

® On cycle—Period of time during which the main gas valve is
open and the burners are operating.

e Off cycle—Period of time during which the main gas valve is
closed and the burners are not operating.

If the pilot flame is extinguished, even though the room thermo-
stat is still calling for heat, the intermittent pilot ignition control
immediately deenergizes the main gas valve, causing it to close its
open supply port and stop the flow of gas to the burners. A spark at
the pilot burner electrode will recur within 0.8 second.

As soon as the pilot flame is reignited and detected by the pilot
flame sensor, the main gas valve is energized, the valve port is
opened, and the spark is extinguished. The intermittent pilot igni-
tion control then deenergizes the pilot gas and main burner gas
valve when the thermostat stops calling for heat.

Direct-Spark Ignition Module

The direct-spark ignition (DSI) module illustrated in Figure 5-67 is
a low-voltage, solid-state unit that controls the gas valve, monitors
the burner flame, and generates a high-voltage spark for ignition.
DSI modules are available with or without a purge timer and with
separate or combined igniters and flame sensors. Typical wiring
connections for a direct-spark ignition system are illustrated in
Figure 5-68.
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CONNECTIONS TO
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CONNECTION TO COMBINATION GAS
TRANSFORMER ALARM CONTROL
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SENSOR TERMINAL LOCATION ON 587C, D AND K ONLY
REPLACEABLE FUSE.

25-VOLT CONNECTION
TO TEMPERATURE
CONTROLLER

Figure 5-67 Typical direct-spark ignition module. (Courtesy Honeywell, Inc)

Hot-Surface Ignition Module

The principal components of a hot-surface ignition system are the
hot-surface ignition module, a line voltage silicon carbide igniter
(also sometimes called a glow stick or glow plug), a remote flame
sensor, a 24-volt AC ignition-detection control, and a 24-volt (AC)
redundant gas valve (see Figure 5-69). The flame sensor is designed
to detect the presence of a flame. It can be mounted remotely on
multiple burners or next to the gas burner.

The hot-surface ignition module, similar to the one shown in
Figure 5-70, is a microprocessor-based gas ignition control
designed for direct ignition gas-fired appliances. It provides direct
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Power supply, provide disconnect means and overload
protection as required.

A Alternate limit controller location.
A Maximum ingniter-sensor cable length 3 ft (0.9 m) or less.

A Factory-installed wire on VR-type controls. Do not remove.

A 3 AReplaceable fuse.

Figure 5-68 Typical wiring connections for a direct-spark ignition
system. (Courtesy Honeywel, Inc.)

main gas burner ignition, remote sensing, and prepurging. It will
retry for ignition and has a fixed time for flame lockout.

Some hot-surface ignition modules have self-diagnostic capabili-
ties. A diagnostic light on the HSI module provides the following
information:
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Figure 5-69 Typical hot-surface ignition
module. (Courtesy Honeywell, Inc.)

LO

e If the diagnostic light on the module flashes on and off one
time at initial startup, the unit is functioning properly.

e If the diagnostic light is lit continuously, there is most likely
an internal problem with the module. Check for an internal
problem by interrupting the line power or 25-volt thermo-
static power for a few seconds and then restore it. If the
burner still fails to ignite, replace the module.

e If the diagnostic light continues to flash, the problem is in the
external components or wiring.

For HIS modules without self-diagnostic capabilities, a qualified
HVAC technician or electrician should troubleshoot the system
with the appropriate test equipment. The test equipment should
include the following:

¢ A volt-ohm meter for checking both the voltage and the resis-
tance.

e A precision microammeter for checking the flame sensor out-
put and location.

e A pressure gauge (low scale) for checking gas pressure.
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Figure 5-70 Honeywell hot-surface ignition module with wiring
connections to the flame sensor and the hot-surface igniter.
(Courtesy Honeywell, Inc.)

Warning

Extreme caution must be taken when working on a hot-surface
ignition system. Because of the high voltage present, there is
always the potential for serious electrical shock.

If the unit is not equipped with a self-diagnostic light, closely fol-
low the troubleshooting suggestions provided by the manufacturer.
These will be specific to the make and model. Some simple things to
look for include the following:

* Checking to make certain the manual knob on the gas valve is
in the on position and gas is available at the inlet piping

* Checking the outlet gas pressure to make sure it matches the
nameplate rating

® Checking the wire leads to the gas valve for proper connec-
tion or damage

Igniters
An igniter produces the spark for direct ignition of the main gas
burner in various heating applications (gas furnaces, gas boilers,
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gas water heaters, etc.). The Honeywell Q347 igniter shown in
Figure 5-71 consists of an internal electrode with a ceramic insula-
tor, bracket, and ground strap.

Note

The flame-sensing rod is separate from the hot-surface igniter in
most hot-surface ignition systems.

An igniter is used to provide the spark to ignite the main burner
flame. Some igniters have an integral flame sensor. When this is the
case, the igniter both ignites and senses (proves) the main gas
burner flame.

Figure 5-71 HoneyweII Q347 igniter. (Courtesy Honeywell, Inc.)
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The operating sequence of a system in which an igniter is used
may be summarized as follows:

1. Room thermostat calls for heat.

2. Gas valve opens and gas flows to the burner(s).

3. Burner ignites when the gas reaches the main burner.

4. Spark igniter shuts off.

The duration of the spark operation must be within the igniter
manufacturer’s specified lockout timing period. The igniter manu-
facturer will provide a chart of the ignition control lockout times in

the service literature for the igniter. The example shown in Table 5-3
is for Honeywell’s Q347 igniter.

Table 5-3 Ignition Control Lockout Times

Specified Lockout Time

(Stamped on Ignition Module) Maximum Safety Lockout Time
4.0 seconds 5.0 seconds
6.0 second 7.0 seconds

11.0 seconds 15.0 seconds

15.0 seconds 20.0 seconds

21.0 seconds 35.0 seconds

(Courtesy Honeywell, Inc.)

The electrode spark gap in the igniter must be within the speci-
fied maximum (see Figure 5-72). If the gap is not within specifica-
tions, it will have to be adjusted for optimum performance.

The flame rod of a combined igniterflame sensor unit must be
immersed 1 inch in the burner flame to produce the best flame signal

BEND GROUND
SPARK ] % STRAP TO ADJUST
IGNITER SPARK GAP

-] —

—-}‘ ‘4——0. 164 IN. (4.17 MM)

SPARK GAP

Figure 5-72 Igniter gap adjustment. (Courtesy Honeywel, Inc.)
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Figure 5-73 Flame rod immersed | inch in burner flame.
(Courtesy Honeywell, Inc.)

(see Figure 5-73). Examples of poor flame conditions and their
probable causes are illustrated in Figure 5-74.

The flame signal can also be adversely affected by a bent
bracket, bent rod, or cracked ceramic insulator. Sometimes the
bracket can be bent back into shape. If the rod is bent or the
ceramic insulator is cracked, the igniter should be replaced.

Note

Always check the specifications of the replacement hot-surface
igniter before installing it. Not all igniters have the same voltage or
warm-up time as the original design.

The igniter used in a hot-surface ignition operating system differs
in design from the type used in intermittent pilot or direct-spark igni-
tion systems described in the preceding paragraphs (see Figure 5-75).

Be careful when replacing a hot-surface igniter because they are
fragile and easily damaged. Sometimes a crack in the igniter surface is
so small that it is not visible. A cracked hot-surface igniter may still
work, but it will have a much shorter service life. After it is installed,
check the hot-surface igniter for any inconsistencies in its glow pattern.

Flame Sensors

In electronic ignition systems, a flame sensor is used in conjunction
with the igniter to control the burner flame. The ignition module
provides AC power to the flame sensor, which the burner flame rec-
tifies (changes) to direct current (DC). The level of flame current is
measured by the flame sensor to ensure flame presence. The flame
current must be the specified minimum for the ignition module. For
example, the flame current for a Honeywell S87C direct-spark
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Figure 5-74 Examples of poor flame conditions. (Courtesy Honeywell, Inc)
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Figure 5-75 Typical hot-surface
igniter.

ignition module must be at least 1.5 #A, whereas for a Honeywell
$89 hot-surface ignition module it must be at least 0.8 u#A.

Note

In electronics, rectification is the process of converting alternating
current (AC) to direct current (DC). Flame rectification indicates
that a flame (e.g., a gas burner flame) is used to convert from AC
to DC current.

Mercury Flame Sensors

Many people frequently confuse mercury flame sensors (MEFS)
with thermocouples because each has a similar sensor that extends
into the pilot flame and a tube connecting the device to the gas
valve. Moreover, they have the same function in the control system
of a gas-fired appliance, but there are significant differences.

The principal components of a mercury flame sensor (MFS)
device are (1) a pilot flame sensor (the portion of the MFS device
extending into the pilot flame), (2) a diaphragm/SPDT switch assem-
bly located at the main gas valve, and (3) a hollow capillary tube
connecting the flame sensor to the diaphragm/switch assembly.

The operation of a mercury flame sensor device depends on the
evaporation of mercury. The sensor end, capillary tube, and the
SPDT switch are filled with mercury. When there is enough heat
produced by the pilot flame at the sensor end of the capillary tube,
it vaporizes and pushes the remaining nonvaporized (liquid) mer-
cury down the capillary tube to the bellows-type diaphragm/switch
assembly located at the main gas valve. Movement of the bellows
diaphragm presses against a nonadjustable, calculated spring ten-
sion with enough force to snap the SPDT switch from one set of
contacts to another. This action causes the switch contacts to move
from one position to another. In an MFS device switch assembly,
the normally closed contact opens and the normally open contact
closes. This action deactivates the igniter (after the pilot flame is
proven) and opens the main gas valve to allow raw gas to flow to
the burners.
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Note

Mercury flame sensors are no longer used in gas-fired furnaces and
boilers, especially those equipped with solid-state control modules.
However, manufacturers still produce replacement MFS units along
with their compatible main gas valves.

Oil Controls

The principal functions of the oil controls are (1) to turn the oil burner
on and off in response to temperature changes in the space or spaces
being heated and (2) to stop the system if an unsafe condition devel-
ops. The following controls are necessary to perform these functions:

® Thermostat

e Limit controls

e Primary control

e QOil valves

* Time-delay controls

e Circulator or fan control
* Other auxiliary controls

This chapter is concerned with a description of the oil burner pri-
mary control, oil valves, and time-delay controls. The remaining
controls found in an oil burner control system are described in
Chapter 4 (Thermostats and Humidistatsfand Chapter 6 (Other
Automatic Controls).

Oil Valves

Oil valves are used to provide on-off control of the flow of oil to
the oil burner. These are normally closed solenoid valves that open
when energized and close immediately when deenergized. They are
variously referred to as solenoid oil valves, magnetic oil valves, or
oil burner valves and are available in either immediate-discharge or
delayed-discharge models.

An immediate-discharge oil valve discharges oil as soon as it is
energized. A delayed-discharge valve is equipped with an integral
thermistor to delay the valve opening for about 3 to 15 seconds
(the length of time will vary depending on the manufacturer).
This delay allows the burner fan to reach operating speed and
establish sufficient draft before the oil is discharged.

A solenoid oil valve will make an audible click when it is
opening and closing properly. If the valve fails to open after the
room thermostat calls for heat, the following conditions may be
responsible:
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* Inadequate fuel pressure available at the valve
* An obstructed bleed line
* No voltage indicated at valve

Check the voltage at the coil lead terminals against the voltage
shown in the nameplate. Also check the inlet pressure against the
rating on the nameplate. If none of these conditions is causing the
problem, the failure of the valve to open is probably due to a mal-
functioning solenoid coil. The position of the coil is shown in the
exploded view of the valve in Figure 5-76. The steps for replacing
the solenoid are as follows:

I. Remove the nut on top of the valve by turning it counter-
clockwise.

NUT _\.‘\“é

INSULATING

/ FALER

CASE / |
coiL

VALVE BODY —\\
> 0

Figure 5-76 Position of the coil in a solenoid oil valve.
(Courtesy Honeywell Tradeline Controls)
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2. Remove the powerhead assembly from the spindle.

3. Disconnect and remove the solenoid coil.

4. Connect the replacement coil and reassemble.

Examples of delayed-discharge valves
are shown in Figures 5-77 and 5-78. In both
valves, the timing delay is governed by a
thermistor attached to the solenoid coil. In
these valves, the timing delay will vary with
ambient temperature, voltage level, and
other factors during normal operation. If
the timing is significantly off, it may be nec-
essary to replace the thermistor. Because the
thermistor is attached to the solenoid coil,
the coil must also be replaced in order to
replace the thermistor.

Delayed valve opening can also be
obtained by using an electronic time delay
wired in series with the oil valve (see Figure
5-79). Unlike the thermistor, the timing of
this device is not affected by ambient tem-
perature. On a call for heat, the valve open-
ing is delayed for approximately 5 seconds.

Oil Burner Primary Control

The oil burner primary control is an auto-
matic safety device designed to turn off the
oil burner motor should ignition or flame
failure occur.

Each primary control operates in con-
junction with a sensor by which the burner
flame is monitored throughout the burner
on cycle. The method used to sense the

Figure 5-77

Magnetic valve used in
controlling oil flow to
the oil burner.

(Courtesy Honeywell Tradeline
Controls)

~ &

Figure 5-78
Magnetic oil valve.
(Courtesy Honeywell Tradeline

Controls)

burner flame determines the type of primary control used and its

location in the heating system.

The two types of primary controls commonly used in oil burner
control systems are (1) the cadmium cell primary control and (2) the
stack detector primary control. The cadmium cell primary control is
burner mounted and uses a light-sensitive cad cell flame detector (sen-
sor). The stack detector primary control relies on a thermal sensor to
detect flame or ignition failure. This type of primary control assembly
is available with the thermal sensor mounted in the stack and the
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A Power supply. Provide overload protection and disconnect
means as required.
Figure 5-79 Electronic time delay wired in series with the oil valve.

(Courtesy Honeywell Tradeline Controls)

primary control mounted on the burner, or with both the primary
control and thermal sensor mounted in the stack as a single unit.

Cadmium Cell Primary Controls

A cadmium cell primary control consists of a primary control
assembly operating in conjunction with a cadmium detection cell.
The cadmium detection cell is considered the most effective sen-
sor used to monitor the burner flame. It consists of a light-sensitive
photocell, a holder, and a cord assembly (see Figure 5-80). The sur-
face of the detection cell is coated with cadmium sulfide and over-
laid with a conductive grid. Electrodes attached to the detection
cell are used to transmit an electrical signal to the primary control.
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Figure 5-80 Cadmium detector
cell. (Courtesy Honeywell Tradeline Controls)

The variable resistance of this surface to the presence of light (i.e.,
the burner flame) is used to actuate the flame detection circuit.
When light is present (in the form of the burner flame), the resis-
tance of the cadmium sulfide surface to the passage of electrical
current is very low. Consequently, as long as the burner flame lasts,
an electrical current will pass between the cadmium detection cell
and the primary control unit, and the burner motor oz cycle will
continue operating. If the burner flame should fail or if ignition
should fail to occur, the resistance of the cadmium sulfide surface
to the passage of electrical current will be very high. This will
interrupt the passage of the electrical current to the primary con-
trol and will cause the latter to shut off the burner motor.

The detection cell is mounted inside the burner air tube so that
it faces the burner flame (see Figure 5-81). The exact location of

IGNITION
CAD CELL TRANSFORMER

AIR TUBE

IGNITION

ELECTRODE
-
NOZZLE/

Figure 5-81 Cadmium detection cell mounted inside burner air tube
and facing burner flame.
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the detection cell is determined by the oil burner manufacturer
and dictated by the design of the oil burner. In any event, the
detection cell must be placed so that it views the burner flame
directly. The fact that the detection cell responds to any light
source means that it must be located where its surface will be
shielded from any form of direct or reflected external light.
Moreover, the ambient temperature should be kept below 140F
because excessive temperatures can also cause the detection cell
to malfunction.

Sometimes a malfunctioning oil burner will cause a heavy layer
of soot to accumulate on the cell surface. The cell surface should
be carefully wiped to remove the soot and restore full view of the
oil flame. A damaged detection cell should be replaced.

The type of primary control used with a cadmium detection cell
will depend on the type of controller voltage, the type of ignition
system, and the length of safety switch timing required by the
installation.

The Honeywell R8184G Protectorelay primary control shown in
Figure 5-82 has a transformer included in the unit to supply 24-volt
power to the control circuit. This is a low-voltage primary, and it
requires a 24-volt thermostat. Other models are available that
require a line voltage controller (see Figure 5-83).

1K RELAY

MANUAL TRIP LEVER

(R81846 1138 ONLY) THERMOSTAT

TERMINALS

SAFETY SWITCH /

RESET BUTTON ~ _ FLAME-DETECTOR

TERMINALS

TRANSFORMER

Figure 5-82 Honeywell model R8184G Protectorelay primary
control. (Courtesy Honeywell Tradeline Controls)
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FLAME-DETECTOR SAFETY-SWITCH LINE-VOLTAGE
TERMINALS TERMINALS7

BASE

| TYPE A
| R4118A& B
FULL LOAD
LOCKED ROTOR]
| IGN.RATING

GROUP 1
MINNEAPOLIS-HONEYWELL
REGULATOR COMPANY
MINNEAPOLIS, MINNESOTA
MADE IN U.S.A. 120255

Figure 5-83 Primary control used with a line voltage thermostat.
(Courtesy Honeywell Tradeline Controls)

The primaries illustrated in Figures 5-82 and 5-83 are designed
for use with nonrecycling constant-ignition oil burners. Automatic
recycling control of an intermittent-ignition oil burner can be
obtained by using the primary shown in Figure 5-84. The basic dif-
ferences between the constant-ignition and intermittent-ignition sys-
tems can best be illustrated by the wiring diagrams shown in Figures
5-85 and 5-86. An intermittent-ignition system contains the same
components as a constant-ignition system plus the following:

I. A interlock contact in the ignition circuit (T).
2. An ignition timer heater (7).

3. An interlock contact (T,) in the circuit between the safety

switch heater (SS) and the ignition timer heater (T).

Safety switch timing can be 15, 30, 45, or 80 seconds depending
on the manufacturer and model.

Stack Detector Primary Control

Stack-mounted oil burner primary controls employ thermal sen-
sors to detect ignition or flame failure. A typical stack detector
thermal sensor (see Figure 5-87) consists of a bimetal element
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IGNITION
SAFETY TIMER LOW-VOLTAGE
TERMINAL STRIP

SWITCH

SENSITIVE
RELAY (2K)

TRANSFORMER

LOAD
RELAY (1K)
Figure 5-84 Honeywell R8185E Protectorelay primary control.

(Courtesy Honeywell Tradeline Controls)

THERMOSTAT
o ¥ BLACK 0
L,
M (HoT/*
X2 § opance A
{—— BURNER MOTOR L
QILVALVE

’Eg

=

2

CAD
CELL
1K1
IGNITION

o) SOLID
STATE o SAFETY
swiTcH | swiTcH
e 1 HEATER WHITE 0
O

‘& Power supply. Provide disconnect means and overload protection

as required.
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Figure 5-85 Schematic diagram of Honeywell model R8184G primary

control. (Courtesy Honeywell Tradeline Controls)
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Figure 5-86 Schematic diagram of Honeywell model R8185E
primary control. (Courtesy Honeywell Tradeline Controls)
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Figure 5-87 Typical stack detector thermal sensor.
(Courtesy Honeywell Tradeline Controls)

inserted into the stack (see Figure 5-88). The thermal sensor (com-
bustion thermostat) is usually located on the stack where the ele-
ment will be exposed to the most rapid temperature changes. The
thermal sensor should always be mounted ahead of any draft regu-
lator. If installed on an elbow, it should be mounted on the outside
curve of the elbow.

The stack-mounted primary control illustrated in Figure 5-89
combines a Honeywell RA117A Protectorelay control for burner
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MOUNTING BRACKET /BACK OF CASE
DRIVE SHAFT\ CLUTCH FINGERS (2)
ﬂ /RESET LEVER

DRIVE SHAFT
d
BIMETAL
ELEMENT STOP ARM
HOT CONTACTS / COLD CONTACTS
(MADE WHEN RUNNING) CONTACT (MADE WHEN STARTING)
HOLDER

Figure 5-88 Bimetal element inserted into the stack.
(Courtesy Honeywell Tradeline Controls)

DRIVE SHAFT
LEVER
IGNITION
TRANSFORMER RELAY (1K)
LOAD
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SWITCH -, !
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TERMINAL BOARD

RELAY (2K)

LINE VOLTAGE
TERMINAL BOARD

Figure 5-89 Honeywell RAI17A Protectorelay primary control for
stack-mounted installation. (Courtesy Honeywell Tradeline Controls)



Gas and Oil Controls 227

cycling control and a thermal detector for sensing temperature
changes of the flue gases (as high as 1000F maximum tempera-

ture). The safety switch shown on the center-left of the unit is
designed to lock out if the flame is not properly established. If the
flame goes out during the burner on cycle, the primary control will
make one attempt to restart. If the attempt is unsuccessful, the
safety switch will lock out. A manual reset is then required in order
to restart the burner. The primary control shown in Figure 5-89 is
used with a two-wire or three-wire primary controller.

A stack-mounted combination line voltage primary control and
flame detector is shown in Figure 5-90. This type of primary con-
trol is used with constant-ignition oil burners and is designed for
flange-mounting on a stack, flue pipe, or combustion chamber door
of a furnace or boiler. It must be used with a line voltage thermostat
or controller.

Combination Primary Control and Aquastat

The combination primary control and aquastat is designed for use
with a constant-ignition oil burner in a hydronic heating system.
The purpose of this unit is to supervise the operation of the oil
burner and provide both water temperature and circulator control.
A remote sensor (cadmium detection cell) is used to detect any
irregularities in the oil burner flame.

Figures 5-91 and 5-92 illustrate a number of different combina-
tion primary control and aquastat units used in hydronic heating
systems. In operation, the high-limit switch (SPST) will automati-
cally turn off the burner if the boiler overheats. The low-limit circu-
lator switch (SPDT) is used to maintain water temperature for the
domestic hot-water supply. It will also prevent the circulator from
operating if the water temperature is too low (i.e., below the set-
point).

On the units shown in Figures 5-91 and 5-92, a call for heat
from the room thermostat pulls in relays 1K and 2K to turn on the
oil burner and start heating the safety switch. Under normal oper-
ating conditions, the burner should ignite within safety-switch tim-
ing. If such is the case, the cadmium cell detects the flame, and relay
3K pulls in to deenergize the safety-switch heater. The oil burner
then continues to operate until the call for heat is satisfied.

The circulator (pump) in the heating system operates when relay
1K pulls in only if the R to W contact on the aquastat control is
made (see Figure 5-92). A drop in water temperature will cause the
R to B (low limit) contact to be made. This acts as a call for heat,
pulling in relay 2K to turn on the oil burner.
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Figure 5-90 Stack-mounted combination line voltage primary control
and flame detector. (Courtesy Honeywell Tradeline Controls)



Gas and Oil Controls 229

DIFFERENTIAL SETTING - SAFETY
(R8182D ONLY) ; - SWITCH

TRANSFORMER

BURNER

LOW-LIMIT-CIRCULATOR RELAY
(R8182D) OR CIRCULATOR -
(R8182F) SETTING FLAME
RELAY
<
HIGH-LIMIT SETTING ———Sgs
: CIRCULATOR
VOLTAGE BARRIER RELAY
& 24-VOLT
THERMOSTAT

Tlooo

OAFND
1K1

CIRCULATOR -

ToOIL -
BURNER 2
AND IGNITION Bi

w
®
“LoHEH—"0t-D

SAFETY HIGH LIMIT

SWITCH

2K 2K2

| INE VOLTAGE
LOW VOLTAGE

3K1 3K2

A Power supply, 120 volts AC. Provide disconnect means and over-
load protection as required.

Control wires can be run with line-voltage wires in conduit
but then must have NEC class 1 insulation.

Figure 5-91 Model R8182H Protectorelay primary control.
High-limit/ low-limit aquastat switching with remote-bulb sensor.
(Courtesy Honeywell Tradeline Controls)
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Figure 5-92 Model R8182D Protectorelay primary control. High-
limit/low-limit circulator aquastat switching. (Courtesy Honeywell Tradeline Controls)
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Combination primary control and aquastat units are also used
on water heaters (see Chapter 4 of Volume 3, W ater Heaters and

Other Appliances?.

Troubleshooting the Oil Burner Primary Control

Table 5-4 lists possible remedies to a number of different operating
problems associated with oil burner primary controls. Before
checking the primary control, examine the following parts of the oil

burner and ignition systems:

* Main power supply and burner motor fuse

e Ignition transformer

Electrode gap and position

e Contacts between ignition transformer and electrode

Other system components that should be checked before exam-
ining the primary control are the oil piping to the tank, the oil filter,
oil pump pressure, oil nozzle, and oil supply.

Table 5-4 Troubleshooting Oil Burner Primary Control

Symptom and Possible Cause

Possible Remedy

Repeated safety shutdown.

(a) Slow combustion
thermostat response.

(b) Low line voltage.

(c) High resistance in
combustion thermostat
circuit.

(d) High resistance in
thermostat or operating
control circuit.

(€) Short cycling of burner.

(a) Move combustion thermostat to
better location. Adjust for more-
efficient burner flame. Clean
surface of cad cell.

(b) Check wiring and rewire if
necessary. Contact local power
company.

(c) Replace combustion thermostat.

(d) Check circuit and correct cause.

(€) Clean filters. Reset or replace
differential of auxiliary controls.
Repair or replace faulty auxiliary
control. Set thermostat heat
anticipation at higher amp value.
Clean holding circuit contacts.

(continued)
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Table 5-4

(continued)

Symptom and Possible Cause

Possible Remedy

(f) Short circuit in combustion
thermostat cable.

(f) Repair cable or replace
combustion thermostat.

Relay will not pull in.

(a) No power; open power
circuit.

(b) Open thermostat circuit.

(c) Combustion thermostat open.

(d) Ignition timer contacts open.
(e) Open circuit in relay coil.

(a) Repair, replace, or reset fuses,
line switch, limit control,
auxiliary controls.

(b) With power to relay,
momentarily short thermostat
terminals on relay. If burner
starts, check wiring.

(c) Repair or replace combustion
thermostat.

(d) Clean magnet.
(e) Replace relay.
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Other Automatic Controls

Modern heating and cooling systems contain electrical control cir-
cuits that are interconnected and interlocked with the various sys-
tem components by a series of switches and relays. Most of these
components, particularly the heating and cooling equipment (fur-
naces, boilers, compressors, condensers, and so on) and most sys-
tem controls have been described in other chapters of the book.
This chapter is reserved for a description of the fan and limit con-
trols; the various electrical control circuit switches and relays;
transformers; and a number of different control devices used in
cooling systems.

Fan Controls

A number of different devices are available for controlling the oper-
ation of fans in heating and/or cooling installations. Most of these
devices function as fan safety controls; a few of them serve as fan
primary controllers. The following are fan controls described in
this chapter:

e Fan control

e Air switch

* Fan relays

¢ Fan center

e Fan manager

* Fan timer switch

* Fan safety cutoff switch

Caution
Always disconnect the power supply before installing, servicing, or
repairing any of the electrically operated devices described in this
chapter. Failure to do so may result in damage to equipment
and/or electric shock.

Fan Control

A fan control is a device used to turn the system fan on and off in
response to air temperature changes in the furnace plenum. This

233
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fan controller is frequently combined with a limit controller in one
unit (see Combination Fan and Limit Control in this chapter).

In the operation of the furnace, the burner or burner assembly
starts first and heats the air, which rises through the heat exchanger
to the furnace plenum. The fan control is located in the plenum and
is present for a specific cut-in temperature. When the temperature
of the rising air reaches the cut-in temperature setting on the fan
controller, the fan is automatically turned on and warm air is
moved through the distribution ducts. After a period of time, the
room thermostat will no longer call for heat and will shut off the
burner. The air in the plenum then begins to cool. When the air
temperature drops below the cut-in temperature of the fan con-
troller, the fan is automatically shut off.

In most forced warm-air heating systems, the fan control is usu-
ally a line voltage device wired in the hot lead (L1) of the power
supply to the fan motor (see Figure 6-1). If a step-down transformer
is used to provide a low-voltage control circuit for the room ther-
mostat, the fan motor and fan controller will connect at the line
side of the transformer (see Figure 6-2).

FAN
CONTROLLER
L1 I ol
POWER  -#———— 0
0 (HOT) —

SUPPLY

@ - L2 0

FAN MOTOR
@ Provide disconnect means and overload protection as required.

Figure 6-1 Fan controller wired in the hot lead.
(Courtesy Honeywell Tradeline Controls)

The following procedure may be used for setting a fan control:

1. Allow the burner or burner assembly to operate for a normal
running period.

2. Lower the thermostat setting so that the burner(s) will not
operate during the fan control setting procedure.

3. Place a thermometer in the furnace plenum or bonnet or in
one of the warm-air ducts near the furnace.
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Figure 6-2 Typical warm-air fan control circuit.
(Courtesy Honeywell Tradeline Controls)

4. Set the fan adjustment lever and the fan differential adjust-
ment (when used) to their lowest or coldest position so that
the fan will run continuously.

5. Watch the thermometer until the temperature drops to about
SF (3€) above the temperature normally maintained in the
rooms being heated.

6. As soon as the temperature on the thermometer has reached
the appropriate level (see step 5), slowly move the fan temper-
ature adjustment lever up to a point where it will stop the fan.

When setting a fan according to the aforementioned procedure,
the speed of the fan must be set so that the average temperature rise
through the furnace is about 90F (50€C).

In some installations, a drafty condition may result from the
location or types of warm-air outlets. This condition can be
corrected by the following adjustments to the procedure described
previously:

I. Place the thermometer in front of the return air grille in the
room or space that is most difficult to heat.
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2. When the air leaving the room begins to feel cool, slowly
move the fan adjustment up until the fan just stops.

Air Switch

An air switch is a device designed to control a two-speed fan in
response to air temperature changes in the furnace plenum (see
Figure 6-3). When the temperature in the plenum rises to the set-
point, the air switch will change fan operation from low to high. In
other words, the air will be removed from the plenum at a higher
rate of speed in order to lower the temperature of the air in the fur-
nace. Because this device is frequently used in conjunction with a
fan controller or a combination fan and limit controller, it is some-
times referred to as an upper fan control.

FAN CONTROLLER
B o O
%R

SUPPLY HIGH-LIMIT

O
CONTROLLER C H LO

FAN MOTOR
TRANSFORMER

TO GAS-VALVE
CONTROL CIRCUIT

Typical wiring connections for L6068 uses to control a 2-speed

fan motor. R-W makes. R-B breaks on temperature rise to set point.

Figure 6-3 Model L6068A air switch and wiring diagram.
(Courtesy Honeywell Tradeline Controls)

Air switches are generally available with fixed temperature set-
tings (e.g., 125F , 135F | 165F , or 200F) or with an adjustable tem-
perature range (125F to 165F or 160F to 200F). T  emperature
setting adjustments can be made as shown in Figure 6-4.
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Figure 6-4 Adjustment and connection points on a model L6068 air
switch. (Courtesy Honeywell Tradeline Controls)

An air switch can also be used to shut off the burner and turn on
the fan when the temperature between the filter and heat exchanger
rises to the setpoint. In this manner, it functions as a limit control
(see Secondary High-Limit Switch in this chapter).

Fan Relays
A fan relay is a primary controller designed to provide 24-volt
circuit control of line voltage fan motors and auxiliary circuits in
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heating and/or cooling systems (see Figures 6-5 and 6-6). It also
provides manual fan operation at any time by using the manual fan
switch of the thermostat base.

Figure 6-5 Model R851 fan
relay (contactor) provides
24-volt control of single- or
two-speed fan motors up to
'/2 hp.

(Courtesy Honeywell Tradeline Controls)

Fan relays are available in a variety of different models based on
the switching element contact position. The following are some
examples:

e Single-pole, single-throw (SPST) switching element—both
contacts normally open.

¢ Single-pole, double-throw (SPDT) switching element—one
contact normally open and one normally closed.

® Double-pole, single-throw (DPST) switching element—one
normally open main contact and one normally open auxiliary
pole.

Fan relays are often used with multiple-speed fans to provide
low-speed fan operation during the heating cycle and high-speed
operation during the cooling cycle.

A 24-volt room thermostat is generally used to switch the fan
relay controlling the indoor fan (120- or 240-volt AC power). In
cooling systems, a second fan relay must be added if switching con-
trol of the condenser fan motor is desired.
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Figure 6-6 Fan relay used for low-voltage control
of line voltage fan motors and auxiliary circuits.
(Courtesy Honeywell Tradeline Controls)

The operation of a fan relay can be checked by applying power
to the coil and listening for the click of the contacts closing or by
testing for electrical continuity. If the fan relay does not operate,
check the voltage to the coil.

Sometimes a fan will operate at low speed but not at high speed.
Check the fan relay first. If it is not defective and is receiving proper
voltage, the failure of the fan to operate at high speed may be
caused by loose wiring or dirty contacts. The method used for
cleaning relay contacts is described elsewhere in this chapter (see
Cleaning Contactors).

A defective fan relay is also the occasional cause of compressor
short cycling; however, this operating problem is more commonly
traced to dirty air filters and other air movement restrictions on the
low side of the compressor. These possible causes should be

checked first.

Fan Center

A fan center is a primary controller designed to provide automatic
low-voltage control of line voltage fan motors and auxiliary circuits
in heating, cooling, and heating/cooling circuits. A typical wiring
hookup with a two-speed fan motor, electronic air cleaner, and
humidifier is illustrated in Figure 6-7.
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Figure 6-7 Fan control center and wiring diagram.

(Courtesy Honeywell Tradeline Controls)



Other Automatic Controls 241

In addition to providing the same switching functions as a fan relay
(see previous section), a fan center includes an integral low-voltage
transformer and a terminal board for low-voltage system wiring. In
air-conditioning systems, a thermal delay relay is often added to a fan
center to prevent short cycling of the compressor motor.

Fan Manager

A fan manager is used in compressor-operated air-conditioning sys-
tems and heat-pump systems to enable the blower to continue run-
ning for a short time after the compressor has shut off (see Figure
6-8). This short delay increases the cooling efficiency of the system
by allowing the blower enough time to force the residual cooled air
into the living spaces. Heat-pump systems can be wired so that the
blower shutoff delay also occurs in the heating cycle.

Fan Timer Switch

A fan timer switch is a device that provides timed fan operation for
forced warm-air furnaces and unit heaters when they are wired in
parallel with a furnace or heater controller. The switch operation is

Figure 6-8 Fan manager and wiring diagram.
(Courtesy Honeywell Inc.)
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Figure 6-8 (continued)

independent of furnace plenum temperature changes. This factor
ensures fan operation and eliminates unnecessary recycling at the
beginning and end of burner operation. The use of a fan switch is
particularly recommended for horizontal and downflow furnaces.

The Honeywell S876 fan timer switch shown in Figure 6-9 con-
tains a heater-actuated SPST bimetal snap-action switch that turns
the fan on after the burner starts and off after the burner stops.
Typical wiring connections for a timer switch are shown in Figures
6-10 and 6-11.

Fan Safety Cutoff Switch

A fan safety cutoff switch can be installed in any heating, ventilating,
or air-conditioning system to control fan motor operation (see Figure
6-12). These are manually reset mercury switches that automatically
break the fan motor circuit on temperature rise to the setpoint. The
setpoint is established by adjusting the temperature-setting screw on
the unit. This switch is designed to lock out to prevent the return of
fan operation until manually reset.
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Figure 6-9 Model S876 fan timer switch. (Courtesy Honeywell Tradeline Controls)
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@ Provide disconnect mean and overload protection as required.

Figure 6-10 Fan motor controlled by a time switch.
(Courtesy Honeywell Tradeline Controls)
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Figure 6-11 Two-speed fan control circuit with low fan speed

controlled b)’ a fan timer switch. (Courtesy Honeywell Tradeline Controls)

Limit Controls

Limit controls are also used to prevent the buildup of excessive and
dangerous high temperatures in the furnace plenums. They accom-
plish this task by shutting off the burner when the maximum tem-
perature setting on the control is reached and by turning it on again
when the air temperature returns to normal.

The following limit controls are described in this chapter:

e Limit control
e Secondary high-limit switch

Limit Control

A limit control is a device designed to provide high-limit protection
for a forced warm-air furnace (see Figure 6-13). It controls the oper-
ation of a burner or burner assembly in response to air temperature
changes in the furnace plenum. If the air temperature in the plenum
becomes excessively high, the limit controller shuts off the burner or
burner assembly until the air temperature returns to normal.
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Figure 6-13 Limit control. (Courtesy Honeywell Tradeline Controls)
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Limit controls are available in models suitable for use in low-
voltage, line voltage, and self-energizing (millivolt) systems. Typical
wiring hookups for these different systems are shown in Figures 6-14
and 6-15. These limit controls have so-called universal contacts in
the limit switch, which makes them suitable for all voltages from
millivolt to line voltage.

THERMOSTAT
9
LOW-VOLTAGE
LIMIT CONTROL
POWER g L1____| [ | PRIMARY
SUPPLY (HOT) £ % =2 SAFETY
® ""__Lz—‘ O CONTROL

TRANSFORMER

@ Provide disconnect means and overload protection as required.

Figure 6-14 Limit control in a low-voltage circuit.
(Courtesy Honeywell Tradeline Controls)

LINE VOLTAGE

LIMIT CONTROL
L1 PRIMARY

POWER <+ o o}—
SUPPLY (Hom)  —d SAFETY
gl © CONTROL

@ Provide disconnect means and overload protection as required.

Figure 6-15 Limit control in a line voltage circuit.
(Courtesy Honeywell Tradeline Controls)

A limit control contains a snap-action switch operated by either
a fluid-filled or bimetallic sensing element.

Fluid-filled sensing elements are connected to the control by a
length of capillary tube, which is available in lengths up to 72
inches. The tube is filled with a temperature-sensitive liquid. A tem-
perature change causes the liquid to expand against a diaphragm
that operates a snap-action switch (see Figure 6-16).

Bimetal sensing elements are available in helical, flat-blade, and
spiral types (see Figures 6-17, 6-18, and 6-19). The bimetal sensing
element is connected directly to the switch operator.
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Figure 6-16 Fluid-filled sensing bulb, diaphragm, and snap mechanism.
(Courtesy Robertshaw Controls Co.)

Figure 6-17 Helical bimetal sensing element.

The temperature setting of the limit control should be high
enough not to interfere with the normal operation of the furnace,
but low enough to shut off the burner or burner assembly before air
temperatures in the furnace plenum reach the danger point. After
the temperature in the furnace plenum has cooled and dropped
below the setting on the limit control, the limit switch closes and
starts the burner or burner assembly again.
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Figure 6-18 Flat-blade
bimetal sensing element.

Secondary High-Limit Switch
The same type of air switch used to
provide two-speed control of fan
motors can also serve as a secondary
high-limit switch (or upper-limit con-
trol) on downflow or horizontal warm-
air furnaces (see Figure 6-20).

Downflow and horizontal furnaces
are sometimes subject to a reverse air
circulation condition that can result in a
dangerous buildup of temperatures.
This condition is usually caused by fan
failure or clogged filters. The secondary
high-limit switch is a safety device used
as a backup system for the regular high-
limit controller (see Figure 6-3). It is par-
ticularly important to have a secondary
high-limit switch on a furnace if there is
a possibility that the location of the reg-
ular high-limit controller may cause it to
fail to detect a fan malfunction.

The secondary high-limit switch is
located between the filter and the fur-
nace fan (see Figures 6-21 and 6-22).

When the air temperature exceeds a certain setting, the switch
opens and shuts off the burner or burner assembly and turns on the
fan. Secondary high-limit switches are either automatic or manually

Figure 6-19 Spiral bimetal
sensing element.
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Figure 6-20 Secondary high-limit switch. (Courtesy Trane Co,)
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reset types. The automatic type is a single-pole, double-throw
(SPDT) switch that turns on the burner when the limit cuts out. The
manually reset switch must be reset before the burner will operate
again.

AR
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HIGH-LIMIT CONTROL
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SECONDARY HIGH-
LIMIT CONTROL
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55 = _{D

et

WARM AIR
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Figure 6-21 Approximate location of a secondary high-limit control
on a downflow warme-air furnace. (Courtesy Honeywell Tradeline Controls)
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Figure 6-22 Approximate location of the secondary high-limit control
in a horizontal warm-air furnace. (Courtesy Honeywell Tradeline Controls)
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When the air temperature between the filter and the heat
exchanger reaches the setting (i.e., setpoint) in the air switch, one
internal switch closes (R to W) and another opens (R to B). This
operation shuts off the burner and starts the fan.

Combination Fan and Limit Control
A combination fan and limit control combines the functions of a
fan controller and a limit controller in a single unit. One sensing

element (either bimetal or fluid-filled) is used for both controls (see
Figures 6-23 and 6-24).

ROTATES ON TEMPERATURE RISE

/.RA HIGH-LIMIT INDICATOR (180°F)
MAY BE STOPPED AT MAX.

SETTING

i
ADJUSTABLE * ADJUSTABLE
FAN "OFF" FAN "ON"
INDICATOR L/ INDICATOR

WIRE CONNECTION

The spiral element is made of

2 dissimilar metals. Each with a

different coefficient of expansion.

When heated, one expands more than the
other, causing the element to twist.

|~

Figure 6-23 Typical combination fan and limit control. Courtesy Trane Co,)
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Figure 6-24 Model L4017 combination fan and limit control.
(Courtesy Honeywell Tradeline Controls)

Combination controllers are wired in much the same way as the
individual controls. Examples of some typical wiring hookups are
shown in Figures 6-25, 6-26, 6-27, and 6-28. These combined con-
trols can be used in line voltage, low-voltage, or self-energizing mil-
livolt systems.

The combination fan and limit controller should be located
where it will provide the best possible operating characteristics.

Limit switch terminals are on the left side of the control, fan
switch terminals on the right. This arrangement is true of combina-
tion fan and limit controls as well as single-purpose types (see
Figures 6-29, 6-30, 6-31, and 6-32).

On the fan and limit controls shown in Figures 6-29, 6-30, 6-31,
and 6-32, temperature settings can be changed by moving the
temperature-setting pointers. Temperature settings are interlocked
to prevent the limit off from being set as low as the fan oz pointer.
Sometimes the limit off setting will be factory-locked to a specific
setting. If this is the case, do nof attempt to adjust this setting. A
safety interlock prevents the fan on pointer from being set as high
as the limit off pointer.
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Figure 6-25 Combination fan and limit control wiring diagram with

limit controller in the low-voltage circuit. (Courtesy Honeywell Tradeline Controls)
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Figure 6-26 Combination fan and limit control wiring diagram with

limit controller in the line voltage circuit. (Courtesy Honeywell Tradeline Controls)

Some combination fan and limit controls are equipped with a
manual summer fan switch to provide continuous fan operation
for summer ventilation. To operate the blower during summer
weather without the burner in operation, move the switch lever on
the manual summer fan switch from auto to on position. This will
provide continuous fan operation until the lever is moved to the

auto position.
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Figure 6-27 Combination fan and limit control in warm-air heating
control circuit with Iow-voltage limit. (Courtesy Honeywell Tradeline Controls)
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Figure 6-28 Combination fan and limit control in warm-air heating

control circuit with line voltage limit. (Courtesy Honeywell Tradeline Controls)
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Figure 6-29 Fan control with adjustable fan
differential and summer fan switch.
(Courtesy Robertshaw Controls Co.)

As shown in Figure 6-33, the metal tabs on the temperature dial
of the Robertshaw combination fan and limit controller can be bent
back to serve as stops for the fan and limit setting pointers. The dial
is held to prevent rotation, and the pointer is pressed in and rotates
to the proper temperature setting. The first tab above the pointer is
bent back 90°toward the sensing element.

A certain amount of caution must be exercised when installing a
combination fan and limit control. These controls can be either
located in the furnace plenum or mounted directly on a panel, but
the sensing element must be located in the path of free-flowing air.
Never mount the control near the cool-air intake, and keep the
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Figure 6-30 Limit control without summer
fan switch. (Courtesy Robertshaw Controls Co.)

sensing element away from any hot metal surfaces. Furthermore,
make sure you mount the control where it is accessible for making
temperature adjustments.

Switching Relays
A switching relay is a device used to increase system switching
capabilities, to isolate electrical circuits, and to provide electrical
interlocks in a heating and cooling system. These devices are espe-
cially useful in systems where the heating and cooling equipment
have separate supplies.

A typical switching relay contains an integral transformer and a
magnetic relay with contacts designed to make or break an electri-
cal circuit. These contacts will be either normally open or normally
closed, depending on the design of the relay and its purpose in the
heating and/or cooling system.
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Figure 6-31 Combination fan and limit control
with nonadjustable fan differential and summer
fan switch. (Courtesy Robertshaw Controls Co.)

The 24-volt switching relay illustrated by the wiring diagram in
Figure 6-34 is designed to control 115-volt and 24-volt or millivolt
circuits. It incorporates a 20 VA 115 V/24 V transformer and a
24 V/60 Hz 0.2-ampere magnetic relay with two normally open con-
tacts. One set of the relay contacts is line voltage rated for the
switching of a circulator or other device. The other set of contacts is
used for the switching of a self-energized (millivolt) or 24-volt cir-
cuit. A terminal board is located on top of the relay cover with
screw terminals for connecting a thermostat (terminals T, and T,)

1

and a gas valve or oil burner control (terminals X, and X,).

The switching relay illustrated in Figure 6-34 1s shown as used
in a gas-fired, forced hot-water heating system. In operation, a



258 Chapter 6

Figure 6-32 Combination fan and limit control
with adjustable fan differential and summer
switch. (Courtesy Robertshaw Controls Co.)

thermostat or some other switching accessory (e.g., an aquastat or
zone valve) connected to the T, and T, terminals starts the circula-
tor and boiler simultaneously by energizing and closing the two-
pole, normally open relay. When the relay is activated by the
thermostat, it closes a circuit from the integral transformer to a
magnetic switch, which causes high voltage to be fed to the circula-
tor to start the system pump. At the same time, the second pole of
the relay switches 24-volt power to the gas valve or oil burner con-
trol, thereby starting the boiler.

A switching relay can also be used as a pilot duty relay to power
a contactor and control a crankcase heater for the compressor
motor. This type of switching relay has normally closed contacts
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Figure 6-33 Temperature dial metal tabs bent to form a stop.
(Courtesy Robertshaw Controls Co.)

that complete an electrical circuit to the heater until the thermostat
calls for cooling. When this occurs, the relay switches to break the
heater circuit and power the compressor motor circuit.

In installations where a cooling system has been added to a self-
energizing (millivolt) heating system, a switching relay may be used
to isolate the cooling and heating power supplies (see Figure 6-35).
When the room thermostat calls for heat, an isolating relay is used
to switch the heating equipment directly.

Heavy-duty switching relays are used for control of high-current
loads such as cooling compressors or electric heating where sudden
high-current demands are not unusual. The relay is wired to break
both sides of the circuit with DPST switching (see Figure 6-36).

Impedance Relays

An impedance relay (see Figure 6-37) is used to provide lockout
and remote reset in refrigeration, air-conditioning, and other
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Figure 6-34 Switching relay used with 24-volt power supply.
(Courtesy Hydrotherm, Inc.)

systems. A typical wiring diagram for a low-voltage impedance
relay is shown in Figure 6-38. A low-voltage relay requires the use
of a transformer with an open circuit secondary of between 24 and
27 volts AC.

As shown in Figure 6-38, one pair of contacts is normally open
and the other pair is normally closed. During normal operation, the
normally closed contacts of the pressure controls (i.e., the low-
pressure and high-pressure cutout switches) and the motor overloads
short out the impedance relay coil so that the compressor contactor
pulls in. If one of the pressure controls or overloads opens, the
impedance relay coil is energized in series with the contactor coil
and most of the available voltage is used by the high impedance of
the relay coil. Because insufficient voltage remains to operate the
contactor coil, the contactor drops out and compressor operation
stops.

As the impedance relay pulls in, its normally closed contacts
open to keep the contactor out, even though the pressure control or
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Figure 6-35 Switching relay used to isolate cooling and heating power
supply. (Courtesy Honeywell Tradeline Controls)

overload (automatic reset) remakes. The system can be reset by
breaking the contactor circuit to allow the impedance relay to drop
out. In most systems, this is accomplished by moving the thermo-
stat subbase switch to off and back to cool again.

Heating Relays/Time-Delay Relays
In air-conditioning installations, a time-delay relay is often installed
in the control circuit to provide protection for the compressor and
contactor. This device is activated or deactivated by the room ther-
mostat. In operation, it causes a time delay between turning down
the thermostat setting and the start of the compressor unit of
approximately 20 to 45 seconds (depending on the manufacturer).
On the shutoff cycle at the thermostat, the same delay occurs. This
control prevents rapid short cycles from occurring.

A time-delay relay is essentially a switching relay that contains a
small heater wound around a bimetal element. The relay heater is
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Figure 6-36 Heavy-duty switching relay. (Courtesy Honeywell Tradeline Controls)

Figure 6-37 Impedance relay.
(Courtesy Honeywell Tradeline Controls)



Other Automatic Controls 263

IMPENDANCE
RELAY PRESSURE, OVERLOAD CONTROLS
r (MAY BE ONE OR SEVERAL)
CONTRACTOR "
A l L IL

1t it POWER
THERMOSTAT . SUPPLY
Y R I —--:
X1 ——

CHECK LITE @

@ Provide disconnect means and overload protection as required.

Transformer for low-voltage wiring or R8231 relays. R4231 are used in
line-voltage systems (omit transformer).
Figure 6-38 Impedance relay in a low-voltage circuit.
(Courtesy Honeywell Tradeline Controls)

energized through the cooling contacts of the thermostat and heats
the bimetal element. After a time delay of approximately 20 to 45
seconds, the heated bimetal element bends to provide the switching
force. In other words, it closes a set of snap-action contacts, thereby
completing the circuit through the starter or contactor coil required
to start the compressor. The relay may be wired to provide a delay
in breaking the circuit after the thermostat is satisfied.

The time-delay relay shown in Figure 6-39 is used with a two-
wire low-voltage thermostat (and remote-mounted thermostat) to
provide a time delay between stages for electric heaters in furnace
ducts. Each relay can control up to 6000 watts at 240 volts AC.
One relay is required per stage or time increment. This particular
model provides a delay of approximately 75 seconds between the
on cycles of consecutive stages. The sequencing of heating loads is
permitted by auxiliary contacts.

Because of the dual nature of their function, time-delay relays are
also referred to as time-delay switches, thermal switching relays, ther-
mal time-delay relays, thermal relays, and heating relays. Other exam-
ples of time-delay/heating relays are shown in Figures 6-40 and 6-41.

Potential Relay

In air-conditioning installations, the potential (start) relay serves as
a switch to disconnect the starting capacitors when the compressor
motor has overcome the initial starting torque.
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Figure 6-39 Thermal switching relay used for
control of electric furnaces or electric duct heaters.
(Courtesy Honeywell Tradeline Controls)

Figure 6-40 Electric heating relay
used with a two-wire thermostat
for control of electric boilers, duct
heaters, fan coils, or electric
furnaces.

(Courtesy Honeywell Tradeline Controls)

An important fact to remember is that each potential relay is
specifically designed for the compressor to which it is attached.
Should this relay fail or become erratic in its operation, no attempt
should be made to repair it. The relay must be replaced with an
identical component.
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Figure 6-41 Time-delay relay used in electric baseboard heating.
(Courtesy Singer Controls Co. of America)

Pressure Switches

A pressure switch is a safety device designed to stop or start heating
or air-conditioning equipment in response to gas- or air-pressure
changes. These switches are used in either positive-pressure or
differential-pressure systems.

Gas-pressure switches used in the control of gas-fired furnaces and
boilers are described in the section Pressure Switches in Chapter 5
(Gas and Oil Controls). Pressure switches used as refrigerant con-
trollers in a cooling system are described in this chapter (see Low-
Pressure Cutout Switch and High-Pressure Cutout Switch).

The National Electrical Code requires that a duct heater be inter-
locked with the system fan so that the heater cannot be energized
unless the fan is also energized. This can be accomplished by using
either a fan interlock relay or a built-in air-pressure switch.
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An air-pressure switch designed to provide fan interlock control
consists of an internal diaphragm that is actuated by positive air
pressure. The switch sensor is mounted so that it extends into the
air stream (see Figure 6-42). Movement of the diaphragm closes an
electrical switch, which permits the duct heater to turn on. When
there is no airflow or low airflow, the switch will open and turn off
the duct heater.

SHOWN WITH
CONDUIT BOX

SENSOR INSTALLED
IN AIR STREAM

Figure 6-42 Air-pressure switch. (Courtesy Vulcan Radiator Co,)

Sail Switches

A sail switch consists of a steel or polyester film sail mounted on a
switching device (see Figure 6-43). The combined unit is mounted
so that the sail is located in an air duct. When the air velocity
increases, the switch makes an electrical circuit. Figure 6-44 illus-
trates the location of the sail switch in a gas control circuit.

Sail switches are used in forced warm-air heating systems, in air-
conditioning systems, and with gas-fired unit heaters. Some sail
switches are designed to provide on-off control of electronic air
cleaners, odor-control systems, humidifiers, and other equipment
that is energized when the fan is operating. In these applications,
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Figure 6-43 Sail switches. (Courtesy Honeywell Tradeline Controls)
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Figure 6-44 Location of the sail switch in a gas control circuit.

the sail switch completes a power circuit to auxiliary equipment,
which can be wired independently of the blower motor. Sail
switches are also used in electric heating systems to provide mini-
mum airflow.
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Other Switches and Relays

Other switches and relays used in heating and/or cooling systems
include the following;:

* Balancing relays
* Manual switches
e Auxiliary switches

A balancing relay (see Figure 6-45) is used with an electric motor
that does not have an integral balancing relay. The relay is mounted
separately from the motor so that vibrations will not affect it.

BALANCING
RELAY

RELAY
CONTACTS

TERMINAL
STRIP

COVER
SCREWS (2)

Figure 6-45 Balancing reIay. (Courtesy Honeywell Tradeline Controls)

A manual switch is used to manually perform one or more oper-
ations in a heating and/or cooling installation. These switches are
generally two-position types (on-off), although multiple-position
switches are also available. An example of the latter would be the
heat-off-cool switch on a heating and cooling thermostat. Examples
of some special switching hookups in which manual switches
are used are shown in Figures 6-46, 6-47, and 6-48. In each of
these examples, a relay could have been used instead of the manual
switch.
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Figure 6-46 Manual switch (DPDT) used to transfer control of an
electric motor from one thermostat to another.
(Courtesy Honeywell Tradeline Controls)

An auxiliary switch (see Figure 6-49) is used in conjunction with
an electric motor to provide control of auxiliary equipment. This
control functions as a direct extension of motor operation. The aux-
iliary switch may be an integral part of the motor or an external unit
fitted to the motor and adjusted to open or close at the desired point
in the motor stroke (see Figure 6-50). As shown in Figure 6-51, the
internal auxiliary switches are in a single-pole, double-throw
(SPDT) configuration.

Sequence Controllers

A sequence controller (also referred to as a sequencer or step con-
troller) is a device used to operate two or more electric switches in
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Figure 6-47 Manual switch (DPDT) used for reversing control so that
the same thermostat can be used for both heating and cooling.
(Courtesy Honeywell Tradeline Controls)

predetermined sequence. This function is accomplished by means of
a proportional electric or pneumatic operator.

Sequence controllers are most commonly used to provide
sequenced starting of a number of electric heating elements or com-
pressor motors. This prevents the massive drawing on the current
that simultaneous starting would cause.

Sequence controllers are manufactured in a number of different
sizes and capacities. The Honeywell $984 step controller, shown in
Figure 6-52, provides up to 10 adjustable switches. It can also be
used to control at least two other step controllers when greater
switching capacity is required.

Each switch in the Honeywell step controller is operated by a
cam mounted on the main shaft (see Figure 6-53).