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

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

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

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

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

James E. Brumbaugh
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Chapter 1
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 oil 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:

1. 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.

1

Figure 1-1 Basic shape of a gun-type oil burner.
(Courtesy Stewart-Warner Corp.)
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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:

1. 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:

2 Chapter 1

DRAFT TUBE

 PUMP STRAINER
      AND VALVE

      UNIT

COUNTER-BALANCED
DRAFT SHUTTER

 LEGS FOR PEDESTAL-MOUNTED
ATTACHMENT

FAN HOUSING

MOTOR

BUILT-IN
MOTOR

PROTECTOR

 PYPEX FIRE
 INSPECTION
       HOLES

        

 OIL FEED TUBE
FROM PUMP TO

      IGNITION AND
FIRING ASSEMBLY
            PLATE

TRANSFORMER

Figure 1-2 Principal components of an S.T. Johnson gun-type oil
burner. (Courtesy S.T. Johnson Company)
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• Vertical rotary burners
• Horizontal rotary burners
• 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

Oil Burners 3

MOTOR
FAN

FUEL LINE

STRAINER

PUMP
TRANSFORMER AIR TUBE

REFRACTORY
   FIREPOT 

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

4 Chapter 1

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

GB039-1317G-P01[001-056].qxd  6/8/04  7:11 PM  Page 4 Quark03 Quark03:Desktop Folder:repro:



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

Oil Burners 5

Figure 1-5 Horizontal rotary burner. (Courtesy Integrated Publishing)
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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.

6 Chapter 1

Figure 1-6 Typical gun-type oil burner (side view).
(Courtesy Lennox Industries Inc.)
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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 1-5, 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.

Oil Burners 7

Figure 1-7 Typical gun-type oil burner (front view).
(Courtesy Lennox Industries Inc.)
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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

8 Chapter 1

BURNER CONTROL

CAD CELL
FLAME DETECTOR
LOCATED INSIDE
BURNER ASSEMBLY

FUEL PUMP

COMBUSTION AIR
BLOWER ASSEMBLY

Figure 1-8 Locations of burner control and cadmium cell primary
safety control.
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Oil Burners 9

Figure 1-9 Oil burner with transformer removed revealing the gun
assembly. (Courtesy Wayne Home Equipment Co., Inc.)
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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

10 Chapter 1

Figure 1-10 Gun assembly details. (Courtesy Lennox Industries Inc.)
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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,

Oil Burners 11

Figure 1-11 Typical fuel pump. (Courtesy Lennox Industries Inc.)

RETURN PORT
(1⁄4" [6 MM])

INLET PORT
SHOWN (1⁄4" [6 MM])

PRESSURE GAUGE
PORT (1⁄8" [3 MM])

NOZZLE PORT
(1⁄8" [3 MM])

INLET PORT
(1⁄4" [6 MM])

BLEED PORT

GB039-1317G-P01[001-056].qxd  6/8/04  7:12 PM  Page 11 Quark03 Quark03:Desktop Folder:repro:



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. 

12 Chapter 1

Figure 1-12 Schematic of a gun-type oil burner.
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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 lbs 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 lbs 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 lbs), 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 lbs (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 lbs, 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 lbs. When the oil burner is turned off, the
oil pressure quickly drops, and the pressure relief valve closes.

Oil Burners 13
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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 1-14 Schematic sectional view of separate unit cutoff valve
and pressure relief valve showing strainer, pump, and piping.

INLET

STRAINER

CUTOFF
 VALVE

ADJUSTING
   SCREW 

CLOSING
 SPRING 

BELLOWS 

NOZZLE 

SPRAY 

ADJUSTING
   SCREW 

PRESSURE-RELIEF
          VALVE

CLOSING
 SPRING

RETURN TO TANK
   "TWO-PIPE"

PUMP

RE
TU

RN
 T

O 
IN

LE
T 

LI
N

E 
"O

N
E-

PI
PE

"

GB039-1317G-P01[001-056].qxd  6/8/04  7:12 PM  Page 14 Quark03 Quark03:Desktop Folder:repro:



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 lbs (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

Oil Burners 15

Figure 1-15 Schematic sectional view of combined cutoff valve and
pressure relief valve showing the strainer, fuel pump, and piping locations.

INLET

STRAINER

BYPASS "ONE-PIPE"

RETURN TO TANK
    "TWO-PIPE"

PISTON

PISTON
SPRING

COMMON
   STEM

STOP

 VALVE
FLANGE

MAXIMUM
    VALVE
      LIFT

   SCREW 
ADJUSTING

CUTOFF
 VALVE

     PRESSURE
RELIEVING SLOT

     VALVE
ACTIVATING
   SPRING 
          NOZZLE 

          

SPRAY 
          

PUMP 
          

PRESSURE-RELIEF
         VALVE 
          

GB039-1317G-P01[001-056].qxd  6/8/04  7:12 PM  Page 15 Quark03 Quark03:Desktop Folder:repro:



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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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 centrifugal
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

Oil Burners 17

Figure 1-16 Elementary rotary nozzle oil burner.

VAPOR

VAPORIZING
         RIM

OIL DUCT

PROPELLER

ROTARY NOZZLES

SPRAY

GB039-1317G-P01[001-056].qxd  6/8/04  7:12 PM  Page 17 Quark03 Quark03:Desktop Folder:repro:



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:

1. 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 1-17 Elementary rotary cup oil burner.
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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

Oil Burners 19

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.
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Figure 1-19 Vaporizing (pot-type) oil burner illustrating the
connection to the pot or vaporizing assembly.
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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:

1. Pumping gears.
2. Cutoff valve.
3. Strainer.
4. Shaft seal.
5. Noise-dampening device.
6. Shaft bearing.
7. Body.
8. Bleed valve.

Oil Burners 21

Figure 1-21 Combination oil and gas burner.
(Courtesy Wayne Home Equipment Co., Inc.)
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Figure 1-22 Fuel pump assembly. (Courtesy Sundstrand Hydraulics)
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Fuels Used in Oil Burners
No. 1 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. 1 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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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.

Oil Burners 23

Figure 1-23 Cutaway view of a single-stage fuel pump.
(Courtesy Sundstrand Hydraulics)
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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.
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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
• 1 inch of vacuum for each 10 feet of horizontal run (3⁄8-inch

OD line)
• 1 inch of vacuum for each 20 feet of horizontal run (1⁄2-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 1-1 Types of Pumps Recommended for Different
Vacuums

Total Vacuum Type of Pump

Up to a 3-inch vacuum Single-stage pump
4–13-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
• Lift
• Air leaks
• Pressure
• 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:

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

Oil Burners 27

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

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:

1. 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:

• Suction inlet vacuum is greater than 15 inches of vacuum.
• Suction line is incorrectly sized.
• Oil 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:

1. 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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Table 1-2 Maximum Recommended Pressures

Bonnet Firing Standard Pump
Capacity Rate Nozzle Pressure
(1000 Btu/h) (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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Figure 1-29 Webster model M series fuel pump.
(Courtesy Webster Electrical Co., Inc.)
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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. (a) Remove and clean strainer;
repack filter element.

(b) Air binding in two-pipe (b) Check and insert bypass plug.
system.

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

Oil leak.

(a) Loose plugs or fittings. (a) Dope with good-quality thread
sealer.

(b) Leak at pressure-adjusting (b) Fiber washer may have been left
end cap nut. out after adjustment of valve

spring; replace washer.
(c) Blown seal. (c) Replace fuel unit.
(d) Seal leaking. (d) Replace fuel unit.

Noisy operation.

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

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

(c) Pump noise. (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.
(e) 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 Furnaces”) in 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. Orifice 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
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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.

34 Chapter 1

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

Figure 1-33 Varieties of spray angles. (Courtesy Wayne Home Equipment Co., Inc.)

30°45°60°70°80°90°
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70°TO 90°  

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:

• Ignition transformer failure
• Contaminated or eroded oil burner nozzle
• Fuel pump malfunction
• Clogged oil filter
• Clogged burner air intake
• 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.)

30°TO 60°

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
• Dull electrode points
• 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 1⁄2 inch. Set the distance between
the center of the nozzle and the tips at 1⁄4 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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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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Table 1-4 Recommended Combustion Chamber Dimensions

Square or Rectangular 
Combustion Chamber

Nozzle C Round
Size of L  W  H Nozzle Chamber
Rating Spray Length Width Height Height Diameter
(gph) Angle (inches) (inches) (inches) (inches) (inches)

0.50–0.65 80° 8 8 11 4 9
0.75–0.85 60° 10 8 12 4 *

80° 9 9 13 5 10
1.00–1.10 45° 14 7 12 4 *

60° 11 9 13 5 *
80° 10 10 14 6 11

1.25–1.35 45° 15 8 11 5 *
60° 12 10 14 6 *
80° 11 11 15 7 12

1.50–1.65 45° 16 10 12 6 *
60° 13 11 14 7 *
80° 12 12 15 7 13

1.75–2.00 45° 18 11 14 6 *
60° 15 12 15 7 *
80° 14 13 16 8 15

2.25–2.50 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.)
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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.
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Figure 1-36 Fan and flexible coupling.

FLEXIBLE COUPLING

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-
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Figure 1-38 Constant-ignition wiring diagram. (Courtesy Stewart-Warner Corp.)
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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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Figure 1-39 Intermittent-ignition wiring diagram.
(Courtesy Stewart-Warner Corp.)
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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 Furnaces”) of 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
• 200/1000°F 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 3⁄8-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:

• Insufficient draft
• Poor fuel supply
• Fuel pump malfunctioning
• Defective firebox
• Incorrectly adjusted draft regulator
• Defective oil-burner nozzle
• Wrong size oil-burner nozzle

Oil Burners 43
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Figure 1-41 A smoke tester in use.
(Courtesy Bacharach Instrument Co.)

Insert filter test paper into
TRUE-SPOT.

Withdraw gas sample from
flue pipe by 10 pump strokes.

Grade soot spot test paper
by comparison with shadings on scale.

Figure 1-40 Bacharach true-spot
smoke tester.
(Courtesy Bacharach Instrument Co.)
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• Improper fan delivery
• Excessive air leaks in boiler or furnace
• Unsuitable fuel-air ratio

Net stack temperatures in excess of 700°F for conversion units
and 500°F 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 600°F and the room tem-
perature is 75°F , then the net stack temperature is 525°F (600°F –
75°F � 525°F).

A 200/1000°F 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:

• Undersized furnace
• Defective combustion chamber
• Incorrectly sized combustion chamber
• Lack of sufficient baffling
• Dirty heating surfaces
• Excessive draft
• Boiler or furnace overfired
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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.)
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• Unit unsuited to automatic firing
• Draft regulator improperly adjusted

When the carbon dioxide (CO2) 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
• 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 CO2 indicator (see Figure 1-43). The CO2
indicator is used as shown in Figure 1-44. The results are indicated
by a test liquid on a scale calibrated in %CO2.

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 1-42 Running a stack-gas temperature test with a stack
thermometer. (Courtesy Bacharach Instrument Co.)
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Figure 1-44 CO2 test. (Courtesy Bacharach Instrument Co.)

Figure 1-43 Bacharach Fyrite
CO2 indicator.
(Courtesy Bacharach Instrument Co.)

Push rubber connecter down-then
squeeze bulb 18 times.1 Turn bottom side up and back again.2 Read fluid level on scale for percent-

age of gas.3
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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 a –0.01 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 a –0.01 to a –0.02
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.
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Figure 1-45 Bacharach model
MZF draft gauge.
(Courtesy Bacharach Instrument Co.)
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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:

• 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.

Figure 1-46 Overfire and flue pipe draft tests.
(Courtesy Bacharach Instrument Co.)

(A) Overfire draft. (B) Flue pipe draft.
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• 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
• 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:

• Improper electrode setting
• Insulator cracks
• A coating of soot or oil on the electrode
• Incorrect pump pressure setting
• 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 1⁄8� to 3⁄16� 1⁄2� to 9⁄16� 1⁄4�

60° 0.75 to 4.00 1⁄8� to 3⁄16� 9⁄16� to 5⁄8� 1⁄4�

70° 0.75 to 4.00 1⁄8� to 3⁄16� 9⁄16� to 5⁄8� 1⁄8�

80° 0.75 to 4.00 1⁄8� to 3⁄16� 9⁄16� to 5⁄8� 1⁄8�

90° 0.75 to 4.00 1⁄8� to 3⁄16� 9⁄16� to 5⁄8� 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.

(a) Defective circulator. (a) Replace circulator.
(b) Defective thermostat. (b) Replace thermostat.
(c) Defective relay. (c) Replace relay.
(d) Defective aquastat. (d) Replace aquastat.
(e) Incorrect aquastat setting. (e) Reset aquastat.
(f) Loose or disconnected wiring. (f) Tighten or reconnect wiring.
(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)

Oil Burners 51

GB039-1317G-P01[001-056].qxd  6/8/04  7:12 PM  Page 51 Quark03 Quark03:Desktop Folder:repro:


