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BURNER APPARATUS
Frederick A. Loebel and Glenn D. Craig, Milwaukee,
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tion of Wisconsin
Filed Sept. 6, 1957, Ser. No. 682,517
6 Claims, (CL 158—28)

This invention relates to burner apparatus, and more
particularly to apparatus for burning oil which is atomized
and must be intimately mixed with air in quantities cal-
culated to promote clean and quist ignition and efficient
combustion.

1t is a general object of the invention to provide a new
and improved burner apparatus of the type described.

One of the principal problems in manufacturing com-
mercial and industrial oil burners lies in providing for
satisfactory ignition of the fuel. In order to achieve con-
tinuous efficient combustion of fuel oil over extended peri-
ods of operation, the fuel must be intimately mixed with
a proper amount of air for supporting combustion, usual-
1y about 20% in excess of stoichiometric quantity. Inti-
mate mixing of the atomized oil and the combustion air
is attained by imparting turbulence to the combustion air,
and introducing the atomized oil into the turbulent air
siream, after which combustion occurs in a concentrated
area, usually near the point of fuel injection.

The air turbulence necessary for intimate mixing of the
fuel and air must cccur in an orderly, conirolied manner
so that there is a uniformity of air supply to all sections
of the combustion chamber. In order to achieve umi-
form distribution of the air, a diffuser means is employed
in the air supply duct to the combustion chamber which
is designed to impart a swirling motion to the air to pro-
vide the proper degree of turbulence for satisfactory mix-
ing of oil and air. In passing through the diffuser, the
air is subjected to a drop in static pressure which in-
creases the air veiocity. The absolute value of the re-
quired velocity -of air flowing to the combustion chamber
depends upon the volume of air involved. Generally, as
the volume decreases, more turbulence and higher velsci-
ties are reguired. In burner apparatus of the type de-
scribed herein the air velocity at ¢he diffuser exit is in the
range of about 4,000 to 6,000 feet per minute and while
the air pressure drop across the diffuser and the resulting
increase in velocity promote efficient combustion, the high
velocity of the air makes it extremely difficult to ignite the
rapidly moving mixture of oil and air.

In some burners, the problems of ignition are mini-
mized by providing for a continuous operation, reducing
the firing rate to a low fire or pilot fire when there is no
call for heai, and increasing the firing rate to high fire
operation when there is a call for heat. However, where
economy of operation is an important factor, continuous
burner operation is undesirable, and it is preferable to
utilize an “on-off” cperation wherein the burner is com-
pletely shutdown when there is no call for heat and is re-
ignited when there is a call for heat.

In burners of the capacity here under consideration,
having a firing rate of from approximately 6 to 15 gal-
ons per hour, where burner operation is confined to “on-
off” operation, there are several common practices of ignit-
ing the oil and air mixture. One of these methods is to
fully open the oil supply valve instantaneously with the
starting of the blower motor. This arrangement allows
the fuil quantity of oil to flow to the combustion chamber
before the motor and the blower have come up to full
speed. Since ignition must be attempted as soon as fuel
fiow begins, the air is insufficient for complete combus-
ton during the motor speed-up period (say for example,
5 to 19 seconds), and there results heavy smoking during
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the burner starting. In addition to the smoke nuisance,
ignition in this manner causes rapid sooting and fouling
of the heat transfer surfaces, thus requiring frequent shut-
down for cleaning.

Another practice employed in igniting the fuel for “on-
off” operation may be described as step firing. This prac-
tice involves the use of multiple fuel nozzles controlled
by valves which must be opened at pre-set intervals dur-
ing the fan speed-up pericd. The timing control for such
valves must be extremely accurate and is quite intricate,
because if the valves open prematurely heavy smoking re-
sults due to an excessive quantity of oil being ignited
with insufficient air, and if any valve opens too late there
may be sufficient combustion air flowing to extinguish the
previously lighted nozzle or nozzles. In any case, the ad-
justments in a burner arrangement of this type are critical.

With the above and other considerations in mind, it is
a broad cbject of this invention to provide a new and im-
proved burner apparatus of the type described wherein
ignition is easily achieved in a smooth and clean fashion
so as to eliminate smoking, without the necessity of in-
tricate controls requiring accurate adjustments which are
critical for proper burner operation.

Another object is to provide a new and improved two
stage burner apparatus including a pilot burner nozzle
and one or more main burner nozzles wherein oil is sup-
plied to the pilot nozzle immediately on starting the
blower, when the blower supplies sufficient air for com-
bustion at the pilot nozzle, and wherein the pilot burner
is shielded for stable firing during full air fiow sufficient
for combustion at the pilot and the main burner nozzles,
so that fuel flow to the main burner nozzles may be de-
lay until after the blower attains full speed.

A further object is to provide a new and improved
shielded pilot nozzle structure for use in the main stream
of air flowing to a combustion chamber, including a shield
for protecting the pilot nozzle discharge from disruption
in an air flow sufficient to support main burner firing.

It is also an object of the invention to provide a new
and improved electric circuitry for automatically effecting
burner ignition in a burner apparatus of the character de-
scribed.

Another object is to provide, in a burner apparatus of
the type described, a circuit for obtaining a novel sequence
of operations wherein the bloewer means for supplying
air to the combustion chamber, the means for supply-
ing fuel to the pilot or first stage burner, and the ignition
means for lighting the pilot burner are all set in opera-
tion simultaneously and function to immediately supply
fuel to the pilot burner, to immediately supply air in
sufficient guantities to support combustion at the pilot
burner, and to immediately light the pilot burner to
obtain a smooth clean ignition with a relatively small
quantity of fuel involved, and wherein supply of fuel
to the main burner is delayed untii such time as the blower
means hag attained speed sufficient to supply air in quan-
tities necessary for combustion at both burners,

Other objects and advantages will become readily ap-
parent from the following detailed description taken in
connection with the accompanying drawings, in which:

FIG. 1 is a fragmentary perspective view, partly broken
away, of a boiler structure including a burner apparatus
embodying the principles of the present invention;

FIG. 2 is an enlarged longitudinal vertical section taken
through the burner tube of the burner apparatus illus-
trated in FIG. 1, with parts in elevation, and including a
diagrammatic showing of the fluid circuits for supplying
fuel to the burner nozzles;

FIG. 3 is an end elevational view of the structure
illustrated in FIG. 2, taken at about the line 3—3 of
FIG. 2;
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‘FIG. 4 is an enlarged longitudinal sectional view
through the pilot burner shield;

FIG. 5 is a right end elevational view of the shield
illustrated in FIG. 4; and

FIG. 6 is an electric circuit diagram for controlling
operation of the burner apparatus illustrated in the pre-
ceding figures.

While an illustrative embodiment of the invention is
shown in the drawings and will be described in- detail
herein, the invention is susceptible ‘'of embodiment in
many different forms, and it should be understood that
the present disclosure is to be considered as an ex-
emplification of the principles of the invention and is
not intended to limit the invention to the embodiments
illustrated. The scope ‘of the ‘invention will 'be ‘pointed
out in the appended claims. A

Referring now to the drawings, as illustrated, the in-
vention is embodied in a horizontal fire tube boiler which
includes a horizontally disposed cylindrical boiler shell
19 which ‘may be supported in any suitable manner.. A
horizontally disposed fire tube 11 of suitable metal mate-
rial is supported in the lower portion of the boiler shell
and provides a combustion chamber. Near the front
end of the boiler,-in the combustion zone, the fire tube
11 is lined for a portion of its length with a suitable dry
oven refractory material 12, and forwardly of the refrac-
tory 12 is lined with a'suitable insulating refractory mate-
rial 13. ‘Combustion occurs in ‘the firé tube in the vicinity
of refractory 12, and boilers of the type illustrated con-
ventionally include ‘suitable structure forming multiple
passes through the boiler from combustion gases which
ultimately pass from the boiler shell through an exhaust
stack 14, o

At the front end of the boiler, the shell 10 is closed
by an inner front boiler door 16 in the form of a circular
plate which may be secured in any suitable manner to
the shell. In addition to the inner door 16, the front
of the boiler shell is closed by an outer ‘dish-shaped door
18 of generally cylindrical configuration and including a
radially outwardly turned flange 19 which abuts the inner
door-and which-may be supported in any suitable manner:
Doors 16 and 18 together form an air plenum chamber
into which air is drawn from atmosphere and from which
air is discharged to the combustion chamber.

A burner tube 29 of cylindrical configuration is fitted
in suitable openings provided in the ‘inner door 1§, the
refractory 13 and the refractory 12. One end of the
burner tube extends into and opens into the plenum
chamber formed between the déors 16 and 18, and the
other end of the burner tube extends to and opens into
the combustion chamber formed in the refractory 12
and the fire tube 11. The burner tube may be secured
in place as illustrated by means of an integral outwardly
extending flange 21 secured to the inner door 16 by any
suitable means. The tube 20 functions as a housing for
burner .apparatus and also functions as an air duct for
conducting combustion air from the air plenum chamber
to the combustion chamber.

¢ upper portion of the outer door 18 is formed with
a circular air inlet opening 23 through which air is drawn
into the plenum chamber. A dish-shaped fan motor sup-
port 24 is suitably secured to the outer door concentrically
with the air inlet opening 23 and carries a fan motor 25
having a drive shaft on which a fan wheel 26 is secured.
The motor support 24 is formed with a plurality of air
inlet openings 27 concentrically arranged about the fan
motor and controlled by an adjustable damper means 28
for regulating the size of the openings 27. Operation
of the motor 25 causes rotation of the fan wheel 26,
drawing combustion air from atmosphere through the
motor support openings 27 and the inner-opening 23 into
the central portion. of the fan wheel, to be directed radially
of the fan wheel between the fan blades 29 into the
. plenum chamber. : i
An air diffuser 39 is positioned in the end of the burner
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tube 29 adjacent the combustion chamber and includes
a cylindrical side wall portion 31 which is fitted in the
burner tube. At the end of the cylinder wall 31, adja-
cent the combustion chamber, the diffuser is formed with
a diffuser plate 32 which extends transversely across the
duct or passage provided by the cylindrical wall 31 and
the burner tube 28. The diffuser plate is formed with
a concentric cenfral opening 33 and, outwardly of the
central opening, is formed with radially extending open-
ings 34, and adjacent the openings 34, with louvers or
baffles 35. In flowing from the plenum chamber to the
combustion chamber, air passes through the diffuser, and
the diffuser functions to impart a swirling motion to the
air to distribute the ait uniformly over the combustion
zone to insure efficient combustion of fuel in the com-
bustion chamber. In passing through the diffuser, an
air pressure drop is encountered, resulting in an increase
in air velocity which promotes efficient combustion. Air
velocity at the diffuser exit in the burner chosen for illus-
tration is in the range of 4,000 to 6,000 feet per minute.

As best seen in FIGS, 2 and 3, the burner apparatus
includes a pair of main burner nozzles 38 which are cen-
trally Iocated in the burner tube 20 and centraily of the
central opening 33 in the diffuser plate, with the tips of
the nozzles displaced slightly inwardly from the end of
the burner tube adjacent the combustion chamber. Posi-
tioned centrally between the main burner nozzles. 38
and thereabove, there is provided a pilot burner nozzle
39 which is utilized for igniting fuel discharged from the
main_burner nozzles. Fuel discharged from the pilot
nozzie 39 is ignited by suitable ignition means including
a pair of ignition electrodes 46 disposed slightly below
the tip of the pilot nozzle and one slightly to each side
of the nozzle. —

The main burner nozzles 38 are supported on the end
of a main burner fuel supply pipe 42, and the pilot burner
nozzle is supported on the end of a pilot fuel supply
pipe 43. The fuel supply pipes 42 and 43 are in turn
supported on a spider structure 44 through which the
pipes pass. The spider includes three equally spaced
radially extending legs 45 which project outwardly from
a central hub portion and have their outer ends secured
to the cylindrical wall 31 of the diffuser. The fuel sup-
ply pipes 42 and 43 extend from the nozzles to a mount-
ing plate or closure member 47, through the member 47,
and are suitably secured thereto so that the plate 47
functions as a support for the pipes. The plate 47 in
turn may be removably secured by any suitable means
to the outside of the outer boiler door 18 and fits over
an opening 48 in the outer door which permits removal
of the burner nozzles on removal of the plate 47. Ex-
ternally of the plate 47, the fuel lines 42 and 43 connect
respectively with supply conduits 422 and 43¢ in turn
connected with 2 fuel supply system.

Referring to the fluid fuel circuit diagram of FIG. 2,
the means for supplying fuel to the main burner nozzles
and the pilot burner nozzle includes a pump 56 which
may desirably be mounted on the outside of the outer
boiler door 18, and which is connected to be driven by
a belt-drive 51 from the shaft of the fan wheel 26 to the
drive shaft of the pump. The pump 50 draws fuel oil
through on intake line 52 from a reservoir 53, and dis-
charges fuel under pressure to a delivery line 54. The
pump 58 is of a standard manufacture, and includes a
pressure regulating valve incorporated therein which
E{Iocks the flow of fuel from the pump to the delivery’
line 54 until a pressure of approximately 80 pounds per
square inch has been attained within the pump, where-
upon the valve opens to permit flow to the delivery line.
The pressure necessary to open the pressure regulating
valve is normally attained within about 1 second after
the drive motor 25 starts, and will thereafier function
to supply oil to the atomizing nozzles at an oil atomizing
pressure, normally about .100 pounds per square inch.
Fuel pumped in excess of that required at the burmer
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nozzles is relieved through a relief valve incorporated
in the pump, and returns to the reservoir 53 through a
return line 55.

The pump delivery line 54 connects with a T-fitting
57 which in turn is connscted to the branch line 424
leading to the main burner nozeles and the branch line
43q leading to the pilot nozzle. A mnormally closed
solencid operable valve 58 is provided in the delivery
line 54 for controiling the flow of fuel to the fitting 57
and to the pilot nozzie 339. * A normally closed solenoid

perable valve 59 is provided in the branch conduit 42«
for controlling the flow of fluid to the main burnmer
nozzles 38.

As previously set forth, the burner apparatus illustrated
is arranged to operate on an “on-off” principle only, in
order to achieve low cost operation. Ignition of the fuel
oil af the full firing rate, in quantities varying from 6 to
15 gallons per hour, i3 extremely hazardous and noisy,
and has never been accomplished in a satisfactory man-
ner. The provision of a pilot burner makes use of a
small quantity of fuel which must be initially ignited,
and is particularly desirable in burner apparatus operat-
ing on the “on-off” principle, provided that smooth, quiet
ignition of the small quantity of fuel can be attained,
and provided that smooth, quiet ignition of the remain-
ing fuel at the full firing rate can be obtained from the
pilot fire.

Accordingly, in operation, as will be described in more
detail in describing the wiring diagram, the drive motor
25 for the blower and the pump 58 is energized, and
within 1 second after the drive motor starts, oil begins
to flow toward the pilct nozzle 39. At the same time the
drive motor 23 is energized, the solenoid operated valve 58
is also energized to open the pump delivery line 54, per-
mitting cil flow to the pilot nozzle at a pilot firing rate
of about 2 gallons per hour. Simultaneously with ener-
gization of the drive motor and the valve 58, the ignition
means 4% is energized. By the time fuel oil reaches the
pilot nozzie 39, the blower has attained sufficient speed
to supply the air necessary to support combustion of fuel
issuing from the pilot nozzie. Since the ignition means
is energized, a flame is immediately established at the
pilot nozzic in a quiet, and safe manner.

In order to achieve a smooth ignition of the remaining
uel at the main burner nozzles with a full firing rate, it
irable to delay the flow of fuel to the main nozzle
such time as the blower has attained a speed suf-
ient to deliver air to the combustion chamber in quan-

3 essary to support combustion at all the nozzles.
el fows to the main burner nozzie before the air
vplied i3 sufficient to support combustion at these noz-
zles, igmition of the fuel will be accompanied by exces-
sive smoking. Thus, opening of the solencid operated
valve 59 in the burner conduit 42a is delayed for a pre-
determined time after the blower starts, about 4 to 7
seconds, so that ignition of the remaining fue! at the full

ing rate will be accomplished in a suitable fashion. One
probiems encountersd in such an operation is that

mainiaining the pilot fire, before the main burner noz-
les are lighted, in an air fow greatly in excess of that
quired for combustion at the pilot burner, as much as
0% in excess of the air required for pilot firing.

According to the invention, a shield 60 is provided for

vilet nozzle in order to maintain stable firing at the
ot nozzle uvntil such itime as the main burners are
vited.  As seen best in FIGS. 2 and 3, the pilot nozzle

comprises a cylindrical pilot nozzle bedy 63 having a
ar end portion adapted to be joined to the supply pipe

to receive fuel cil therefrom. At the forward end of
the nozzie body 61, a nozzle tip 62 is suitably affixed to
the nozzie body as by being threaded therein for example,
and includes a discharge orifice 63 from which fusl oil
in an atomized state issues in a come shaped spray sub-
stantially as illustrated at ¢4 (FIG. 2). The pilot burner
nozzle 39 is positioned so that the orifice 63 is disposed
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6
just inside the upper edge of the central opening 53 in
the diffuser plate 32, as seen best in FIGS. 2 and 3.

The pilot nozzle shield 68 comprises an essentially cy-
lindrical part including an intermediate portion 65 which
is threaded on the outside of the nozzle body 61, a rear
end porticn 65 which is internally threaded to receive the
end of the fuel supply pipe 43, and a forward end portion
67 which encircles the nozzle tip 62 in slightly spaced
relation thereto. The rear end portion 66 is preferably
flattened at diametrically spaced positions, as illustrated
at 66a, to receive a wrench or tool. The forward open
end of the shield abuts against the rear face of the diffuser
plate 32 and is positioned so that an upper portion, ap-
proximately the upper half, of the open end of the shield,
above the discharge orifice &3, is closed by the diffuser
plate 32.

The construction and arrangemesnt of the shield 62 is
such that it shields the nozzle tip and protects the cone
shaped spray issuing from the nozzle from dissipation
by the main air stream at a full flow rate sufficient to
support combustion at all the burner nozzles. The cone
shaped spray 64 issuing from the pilot nozzle is initially
ignited while the air flow is relatively low, at a value not
greatly in excess of that required for pilot fire operation.
Ignition occurs quietly and cleanly. Once the flame is
established, and burning with a base located approxi-
mately at the position illustrated at 78 (FIG. 2) the flame
will continte to bura further downstream from the base
of the flame even in a more turbulent air zone after the
air flow increases to a value sufficient for full firing. The
shield protects at least a portion of the cone shaped spray
from dissipatien in the main air stream and provides a
relatively quiescent air zone at the base of the pilot flame.

When fuel flow to the main burner nozzle 38 is es-
tablished, these nozzles discharge atomized oil in cone
shaped sprays 64a similar to the pilot nozzle discharge.
These sprays intersect the burning pilot nozzle fuel aand
are ignited thereby to burn with bases located approxi-
mately as illustrated at 78a¢. Ignition of the main burners
is quiet and smooth without excessive smoking. After
this, the flame continues to burn fuel supplied by all the
nozzles.

Shielding of the pilot nozzle in the manner described
normally would cause eddy currents within the pilot noz-
zle shield causing a deposit of oil and soot on the nozzle
tip surfaces during main burner operation. In order to
prevent the deposition of soot, oil, and other extraneous
matter on the nozzle tip, the nozzle shield is provided
with gnnular series of radial openings 7% leading to the
interior of the shield adjacent the nozzle tip. The open-
ings 71 permit g uniform flow of air through the shield
over the nozzle tip in quantities insufficient to support
combustion at the pilot nozzle but in quantities sufficient
to prevent sooting. Accordingly, the pilot nozzle burns
clean and cool even during operation cf the main burner
nozzles.

Additionally, the shield 68 serves to enclose the pilot
nozzle and fo protect the latter from heat radiating toward
the nozzle from hot refractories on burner shutdown, an
thus prevents coking of oil in the nozzle passages due
to the radiating heat and thereby prevents plugging of
the nozzie passages.

Additionally, the flow of air through the nozzle shield
over the nozzle tip in quantities insufficient fo hampsr
operation of the nozzle but sufficient to prevent scoting
also serves to prevent sooting on the ignition electrodes
48, so that the electrodes remain clean and free of soot
for extended periods of operation.

The burner apparatus illustrated and described was
tested on a continuous cycle for a period of about 900
hours, during which time about 5000 ignition cycles were
compisted. Mo difficulties were encountered in burner
operation, and the pilot nozzle remained free of soot and
carbon.

The ignition electrodes 49 are conductive sparking ele-
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ments having major portions suitably encased in insulators
73 which are held by a mounting bracket 73a in turn sup-
ported on the main burner supply pipe 42. The ends of
the ignition electrodes remote from the combustion cham-
bér are conmected with suitable conductors 74 in turn
connected with conductors 75 encased in insulators 75«
passing through the closure plate 47. Externally of the
outer door 18, the conductors 75 are connected by wiring
76 (FIG. 1) to an ignition transformer 77 supported on
the door 18. The ignition transformer is connected in
the electric circuit to be described.

A flame detecting photocell 78 is supported by the
closure plate 47 in the burner tube 2¢ to detect the
presence of a pilot flame as a condition precedent to
the opening of the main fuel valve 59, though this forms
no part of the present invention. The phetocell is suit-
ably connected in the wiring diagram to perform the
desired function, as described below.

Referring now to the wiring diagram of Fig. 6, the
electric circuits for obtaining operaticn of the burner
apparatus described include the electrically operated ele-
ments previously referred to, including the blower and
pump motor 25, the ignition electrodes 49, the ignition
transformer 77, the solencid operated pilot fuel valve
57, the solenoid operated main fuel valve 59, and the
photocell 78. Additionally, the circuit includes a con-
trol unit 8% of conventicnal manufacture, sometimes de-
scribed as a program relay, a manually controllable
burner switch 81, a timer 82, a relay 83 controlled by
the timer, and a starter relay 84 for the motor 25. Fur-
ther, the circuit may include, if desired, conventjonal
limit ‘control switches illustrated at 85 and 86, and a
room thermostatic switch 87 for antomatically control-
ling the circuit. Alternatively, the switches 85, 86 and
87 may be omitted if desired and control maintained
over the circuit through the manually operated switch 81.

The control unit 8¢ which per se forms no part of
the present invention includes a network of wiring not
entirely iflustrated, but a portion of which is illustrated
in order to facilitate an understanding of the circuit.op-
eration, including a transformer 9¢ for supplying power
to a load relay LR controlling normally open switch
contacts LR—1 which are closed on energization of the
coil LR. Also included in the control unit is a trans-
former 91 for supplying power to an electronic network
illustrated generally at §2 which is responsive to the
photocell 78 on detection of a -pilot flame to energize
a flame relay FR controlling normally open switch con-
tacts FR-1 which are closed when the flame relay is
energized.

The timer 82 is a device of conventional construction
which includes a timer motor having a winding illus-
trated at 94 which, when energized, effects operation of
the timer motor and suitable means driven thereby, such
as a cam, for closing a normally open switch 95 after
a predetermined time delay following energization of
the winding 94. On deenergization of the motor wind-
ing, the operator for the switch 95 is automatically re-
turned to its starting position by means such as a spring.

The control relay 83 is also a unit of conventional con-
struction, and includes 4 pairs of staticnary switch con-
tacts, the pairs being identified respectively by the refer-
ence numbers 96, 97, 98 and $9. A movable switch
contact 108 is arranged for cooperation with the con-
tacts 96 and 97, and -a movable contact 101 is arranged
for cooperation with the contacts 98 and 99. The mov-
able contacts 186 and 161 are normally positioned as
illustrated, and are controlled by a relay coil 102, which
on energization is effective to move the movable con-
tacts from the positions illustrated, in engagement with
stationary contacts 96 and 98, to positions engaging the
stationary contacts 97 and 99.. The relay is of the “make
before break” type in which the contacts 7 are closed
by the movable contact 188 before the contacts 96 are

[

10

15

20

25

30

40

50

53

60

65

70

75

8
opened, and the contacts 99 are closed by the movable
contact 181 before the contacts 98 are opened.

The starter relay 84 for the blower and the pump
motor 25 includes a relay coil 104 conirolling a nor-
mally open switch 185 which is closed on energization
of the winding 184. .

1t is believed that the remaining portions of the wiring
diagram will be best understood in describing the oper-
ation of the circuit. Accordingly, these will not be de-
scribed in detail excest as follows in the description of
operation. .

In operation, if the room thermostatic switch 87 is
employed to control the circuit, the manually controllable
burner switch 81 will normally remain closed at all times
in order to permit control by the room thermostatic
switch., If the room thermostatic switch is not employed,
the circuit will be controlled by manually closing and
opening the burner switch 81.

Assuming that the room thermostatic switch and the
burner switch are both closed, a circuit- will be com-
pleted from a suitable source of electric power through
a wire 187, a wire 268, a wire 109, the primary winding
of transformer 90, a wire 118, a wire 111, the limit
switches 85 and 86, the thermostatic switch 87, the burner
switch 81a, a wire 112, and a wire 113, back to the
source of power to energize the transformer: 90. En-
ergization of the transformer 90 is effective to energize
the load relay winding LR to close the relay switch con-
tacts LR-1.

On closure of the switch LR~1, a circuit is completed
to energize the starter relay for the motor 25, to energize
the timer motor winding 94, to energize the ignition
transformer 77, and to energize the pilot fuel valve 57.

The circuit for energizing the starter relay 84 can
be traced from the supply line 107, a wire 115, burner
switch 81b, a wire 116, a wire 117, the relay winding
104, a wire 118, a wire 119, the switch contacts LR-1,
and wire 111 back to the source of power. Energiza-
tion of the starter relay coil 104 is effective to complete
a circuit from a source of power through a wire 121, the
relay switch 105, a wire 122, the motor 25, and a wire
123 back to the source of power, to thereby energize the
motor 25 for driving the blower and fuel pump.

The circuit for energizing the timer motor winding
84 can be traced from the wire 115, burner switch 815,
a wire 125, the timer motor winding 94, a wire 126,
relay contacts 98 and 101, a wire 127, a wire 128, and
the wire 118 back to the source of power, to thereby en-
ergize the timer motor and to begin the predetermined
time delay after which the main fuel valve is opened.

The circuit for energizing the ignition transformer can’
be traced from the burner switch 815, a wire 130, the
primary of the ignition transformer, a wire 131, and re-
lay contacts 28 and 181 back to the source of power.

The circuit for energizing the pilot fuel valve may be
traced from the wire 130, a wire 132, the valve 57, a wire
133, relay contacts 96 and 100, a wire 134, and the wire
127 back to the source of power.

The blower and fuel pump are thereby started in oper-
ation, the pilot fuel valve is opened and the ignition trans-
former is energized to immediately effect the flow of fuel
and air to the pilot burner nozzle -and to immediately -
ignite the combustible mixture of fuel and air to establish
a pilot flame. Oil flows to the pilot nozzle at a pilot or
first stage firing rate, about 2 gallons per -hour in the
model illustrated.

On establishing a pilot flame, the flame is sensed by the
photocell 78 and the sensing of the flame is reflected in
energization of the flame relay FR which upon energiza-
tion effects closure of the switch contacts FR~1 to partial-
1y complete a circuit to the main fuel valve 59.

During the time that the pilot flame is being established,
and the blower is attaining a speed sufficient to supply air
necessary for combustion at all the burners, the timer 82
continues to operate for a predetermined time. After
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the predetermined time passes, the timer switch 95 is
closed to complete a circuit energizing the relay winding
162 of the control relay 83. The circuit to the winding
102 can be traced from the wire 1186, through the winding
192, a wire 136, the time switch 95, a wire 137, and the
wire 127 back to the source of power. Energization of
the winding effects closure of the movable relay contacts
190 and 161 with stationary contacts 7 and 9% and, later,
the opening of contacts $6 and 98.

On energization of the relay winding 182, a holding
circuit is completed to maintain the winding energized,
and a circuit is completed to the main fuel valve 589.

The holding circuit for maintaining the winding 102
energized can be traced from the wire 116, through the
winding 162, a wire 139, the relay contacts 99 and 101,
and the wire 128 back to the source of power.

The circuit for energizing the main fuel valve can be
traced from the wire 138, a wire 141, the valve 59, a
wire 142, relay contacts 97 and 168, a wire 143, the
switch contacts ¥FR-1 and the wire 139, back to the
source of power. The main fuel valve 59 is therecby
opened to permit flow of fuel to the main burner nozzles
38 for ignition of this fuel by the previously established
piiot flame.

After the movable switch 181 of the control relay closes
the stationary contacts 99, the stationary contacts 98 are
opened to break the circuit to the timer motor winding
84 and to break the circuit through the ignition trans-
former 77. The timer motor and the transformer are
thereby deenergized. The ignition transformer remains
de-energized during continued operation of the burner
apparatus for economy of operation.

After the movable switch contact 166 of the control
relay closes the stationary contacts 97, the stationary con-
tacts $6 are opened, breaking the circuit therethrough to
the piiot fuel valve 57. Thereafter, the pilot fuel valve
is maintained energized by a circuit through the wire 133,
a wire 145, the wire 143, and the flame relay contacts
FR-~1. In the event that a pilot flame has not bezn estab-
lished, the pilot fuel valve will be deenergized on energiza-
tion of the control relay 93, because contacis FR—1 will
not have been closed.

After a flame is established at the main burner nozzles
38, as described above, the nozzles, together with the pilot
nozzle 39 continue in operation until such time as the
demand for heat has been satisfied, and either the thermo-
static switch 87 or the manually control'ed burner switch
81 is opened, whereupon burner operation is terminated.

In the event that no flame is established at the pilot
burner nozzle upon completion of the pre-determined
time delay provided by the timer 82, the photocell wiil
not have sensed a pilot flame, the flame relay FR will
not have been energized, the switch contacts FR~1 will
not have been closed, and no circuit can be completed to
the main fuel valve 59 oa energization of the control relay
83 at the end of the predeiermined time delay. Thus, the
fnel supply to the combustion chamber through the main
‘burner nozzles will not be initiated, and as described
above, the pilot fuel valve 57 will be deenergized to stop
the flow of fuel through the pilot nozzle.

In addition to the flame detection upon which main
burner cperation is contingsnt, the control unit 80 may
include a safety switch (not illustrated) substantially as
described in the Marshall et al. Patent 2,748,845, opera-
tive on failure of energization of the flame relay FR to
also cause deenergization of the load relay LR, thereby
permitting the contacts LR—1 to open and deenergize the
entire electric circuit and terminate the burner operation.

We claim:

1. An oil burner apparatus, comprising, a burner tube
for conducting air to a combustion chamber, an air dif-
fuser plate across the burner tube at the forward end por-
tion thereof having a central opening therethrough and
additional openings disposed radially outward from the
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posed openings for directing air forwardly therethrough
in a swirling pattern, a main oil nozzle located in the
burner tube adjacent the diffuser plate and centrally of
said central opening to direct atomized oil forwardly
therethrough, a pilot oil nozzle located in the burner tube
slightly to the rear of said diffuser plate and adjacent
the edge of said central opening to direct atomized oil
therethrough, and a cylindrical pilot nozzle shield sur-
rounding the pilot nozzle, having a rear end on the nozzle
body, having an open forward end around the nozzle tip,
and having an upper portion of its forward edge adjacent
the rear face of said diffuser plate, thereby to shield the
pilot nozzle for pilot firing in the main air siream during
full air flow sufficient to support main burner firing before
firing of the main burner.

2. An oil burner apparatus, comprising, a burner tube
for conducting air to a combustion chamber, an air dif-
fuser plate across the burner tube at the forwrad end por-
tion thereof having a central opening therethrough and a
series of cpenings disposed radially outward from the cen-
tral opsning and baffles adjacent the outwardly disposed
openings for directing air forwardly therethrough in a
swirling pattern, a main oil nozzle located in the burner
tube slightly to the rear of the diffuser plate and centrally
of said central opening to direct atomized oil forwardly
therethrough, a pilot nozzle located in the burner tube
slightly to the rear of said diffuser plate and adjacent the
edge of said central opening to direct atomized oil there-
through, and a cylindrical pilot nozzle shield surrounding
the pilot nozzle, closed at the rear end, having an open
forward end encircling the nozzle tip, and having a por-
tion of its forward edge abuiting said diffuser plate so that
a portion of the open forward end thereof is closed by
the diffuser plate, the construction and arrangement of
the shield serving to shield the pilot nozzile for stable
pilct firing during full air flow sufficient to support com-
bustion at both burners, said shield having a plurality of
openings adjaceni the nozzle tip to permit a uniform flow
of air through tie shield over the pilot nozzle tip to pre-
vent deposit of cil and soot on the rozzle tip during oper-
ation of the main burner.

3. An oil burner apparatus, comprising a burner tube
for conducting air to a combustion chamber, an air dif-
fuser plate extending across the burner tube at the forward
end portion thereof having a central opening therethrough
and a series of radially extending openings therein and baf-
fles adjacent the radial cpenings for directing air for-
wardly therethrough in a swirling pattern, a main oil noz-
zle located in ths burner tube slightly to the rear of the
diffuser plate and centrally of said center opening to di-
rect atomized oil forwardly therethrough, a pilot oil noz-
zie located in the burner tube slightly to the rear of said
diffuser plate and above the main oil nozzle to direct
atomized oil through said central opening, said pilot nozzle
comprising a cylindrical nozzle body adapted to be con-
nected at the rear end to an cil supply pipe and an oil
atomizing nozzle tip affixed to the forward end of the noz-
zle bedy, and a cylindrical pilot nozzle shield surrounding
the pilot nozzle, having a rear end fitied on the nozzle
body, having an open forward end encircling the pilot
nozzie tip in slightly spaced relation thereto, and having
an upper portion of its forward edge abutting the rear
face of the diffuser plate to shield the pilot nozzle for
pitot firing during full air flow sufficient to support com-
bustion at both burners, said shield having a series of
radial openings adjacent the nozzle tip to permit air to
fiow over the nozzle tip in quantites sufficient to prevent
deposit of oil on the nozzle tip during operation of both
burners.

4. An oil burner, comprising, a cylindrical housing
forming a combustion chamber, a cylindrical burner tube
having an open rear end and a forward end positioned
adjacent the combustion chamber to provide an air duct
for conducting air to flow in a stream from the rear end
to the combustion chamber for mixture with atomized oil
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to stipport combustion of the oil, an air diffuser plate across
the burner tube -at the forward end portion thereof in the
air stream having a central opening therethrough and
series of radially extending openings therein and bafiles
adjacent the radial openings for directing air forwardly
therethrough in a swirling patiern, a pair of main oil atom-
izing nozzles located side by side in the burner tube slight-
1y to the rear of the diffuser plate and substantially cen-
trally ‘of said central opening to direct atomized oil there-
through, a pilot oil atomizing nozzle located above and
intermediate said ‘main nozzles slightly to the rear of
the diffuser plate and positioned to direct atomized oil
through said central opening adjacent the upper edge
thereof, and a cylindrical pilot nozzle shield suriounding
the pilot nozzle, closed at the rear end, having an open
forward end encircling the pilot nozzle tip, and having an
upper portion of its forward edge abutting the rear face
of the diffuser plate to shield the pilot nozzle for pilot
firing in the main ‘air stream during full air flow sufficient
to support combustion at the pilot and main burners.

5. .An oil burner, comprising, a cylindrical housing
forming a combustion chamber, a coaxial cylindrical
burner tube having an open rear end and a forward end
positioned adjacent one end ‘of the combustion chamber
to provide an air duct for conducting air to flow in a
stream -from the rear end to the combustion chamber for
mixture with atomized oil to support combustion of the
oil, an air diffuser plate across the forward end of the
burner tube in the air stream baving a central opening
therethrough and an annular series of radially extending
openings therein and bafflles adjacent the radial openings
for directing air forwardly therethrough in a swirling
pattern, a pair of main oil atomizing nozzles located side
by side in the burner tube slightly to the rear of the
diffuser plate and substantially centrally of said central
opening to direct atomized oil therethrough, a pilot oil
atomizing nozzle located above -and intermediate said
main nozzles slightly to the rear of the diffuser plate and
positioned fo direct atomized oil through said central
opening adjacent the upper edge thereof, said pilot nozzle
comprising a cylindrical nozzle body adapted to be con-
nected at the rear end to an ‘0il supply pipe and an -oil
atomizing nozzle tip affixed to the forward end of the
nozzle body, a pair of ignition electrodes positioned
slightly forwardly of slightly below the pilot nozzle tip,
one slightly to each side of the nozzle tip, and a cylin-
drical pilot nozzle shield surrounding the pilot nozzle
and extending the length of the nozzle, having a rear end

10

15

20

25

30

35

40

45

12

fitted on the nozzle body and an open forward end en-
circling the nozzle tip in slightly spaced relation thereto,
said shield having approximately the upper half of its
forward end abutting the rear face of the diffuser plate,
the construction and arrangement of the shield serving
to shield the pilot nozzle for stable pilot firing in the main
air stream during full air flow sufficient to support main
burner operation before and during firing of the main
burners, said shield having an annular series of radial
opéenings adjacent the nozzle tip to permit an -even fiow
of air through thie shield over the pilot nozzle tip in quan-
tities sufficient to prevent deposit of oil and soot on the
nozzle tip during operation of the main burners.

6. ‘A shielded oil atomizing pilot nozzle structure for
use with a main burner nozzle in the main stream of

air flowing to-a combustion chamber to permit stable pilot -

firing during full air flow sufficient to support firing at
both nozzles, comiprising: a pilot nozzle for discharging
atomized o©il into ‘a combustion chamber including a
cylindrical nozzle body having a rear end adapted for
connection with an oil supply conduit, and a nozzle tip
affixed to the forward end of the nozzle body for dis-
charging atomized oil in a cone shaped spray; and a cylin-
drical pilot nozzle shield surrounding the pilot nozzle and
extending the length of the nozzle, having a rear end
fitted on the nozzle body and an open forward end en-
circling the nozzle tip in slightly spaced relation thereto,
to shield at least at portion of the cone shaped nozzle
discharge from the main air stream, said shield having a
series of radial openings therethrough adjacent the nozzle
tip rearwardly of the discharge orifice therein and for-
wardly of the rear end fitted on the nozzle body to permit
an even flow of air forwardly through the shield over
the pilot nozzle tip in quantities sufficient to prevent de-
posit of 0il and soot on the nozzle tip.

References Cited in the file of this patent
UNITED STATES PATENTS

1,695,152 Martindale ceweem Dec. 11, 1928
1,843,821 Joslyn e Feb. 2, 1932
2,003,624 Bower : June 4, 1935
2,315,412 Galumbeck oo Mar. 30, 1943
2,655,207 Qutterson . _____ Oct. 13, 1953
2,655,208 OWterson o me e, - Oct. 13, 1953
2,765,842 Lake - QOct. 9, 1956
2,806,518 Pooleetal, o Sept. 17, 1957
2,865,441 CoUPe e Dec. 23, 1958
2,876,763 Hunter et al. o= ‘Mar. 10, 1959

tmsant N



