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8 Claims,

This invention relates to an improvement in oil
burning equipment and combustion controlling
mechanism therefor, and has for one of its objects
the provision of such equipment wherein combus-
tion control is entirely automatic, and the prac-
tical maximum fuel range is very materially in-
creased as compared with existing systems.

Although my invention is useful in many flelds,
it is particularly useful in marine service where
- the fuel range requirements for ships at sea ap-
proximate 8 to 1. Up to now the practical maxi-
mum fuel range of oil burning systems for marine
service at sea is about 2% to 1 where oil pressure
and flow are varied under automatic combustion
confrol. In the same type of service employing
constant oil pressure, variable capacity oil burn-
ers, having oil recirculation systems with auto-
matic combustion control, the practical maximum
fuel range approximates 5 to 1.

The present invention provides oil burning
equipment in which combustion control is en-
tirely automatic and covers a fuel demand of any
practical wide range, as 8 to 1, for example, or
a wider range, for ships at sea, with fire in all
furnaces, my equipment operating without the
necessity of changing nozzle sizes without the
necessity of manually relighting nozzles pre-
viously turned off, and without the necessity of
removing nozzles when they are turned off.

Commercially my equipment may embody a
plurality or nest of atomizing nozzles at each
furnace firing opening. One of the nozzles of
each nest will continuously deliver oil and remain
lighted so long as the furnace is in operation,
this nozzle functioning as a torch for lighting
each of the other atomizing nozzles when turned
on oil.

Several embodiments of my ‘invention have
been illustrated in the accompanying drawings.

Fig. 1 is a diagrammatic showing of one em-
bodiment of my invention wherein the automatic
combustion control system embodies a constant
speed blower for supplying combustion air and

an automatically regulated or controlled damper; -

Fig. 2 is a detail of the master control;

Fig. 3 is a fragmentary view of part of a system
similar to the showing in Fig. 1, but wherein the
blower speed is variable and the damper is fixed
in position until all nozzles are placed in service;
and

Fig. 4 is a view similar to Fig. 1 wherein the
blower is steam turbine driven.

Referring to the drawings in detail and first of
all to the embodiment of my invention illustrated
in Figs. 1 and 2: It will be seen from these views
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that I have provided a nest of four pressure atom-
izing ofl nozzles I, I, IIT and IV at the firing
opening 8 of a furnace.

The number of nozzles composing a nest as well
as the number of furnace firing openings may be
varied as will be understood, only four nozzles and
one firing opening having been illustrated, how-
ever, for the sake of slmpllcity and clarity of de-
scription.

Nozzle I of the burner nest is always lighted
so long as the furnace is in operation, and the
relative disposition of the several nozzles com-
posing the nest is such that this nozzle func-

‘tions as a torch to light the nozzles II, III and

IV when steam demands require that they be
placed in service.

8 designates a steam main from the steam gen-
erating system, and {0 a master control compris-
ing pressure coil 12 closed at its free outer end. .

“The inner end of this pressure coil is connected to

the steam main 8 by pipe 4. This master control
in its low capacity position supplies sufficient oil
feed and combustion air for the minimum re-
quirements of nozzle I, and in its maximum
capacity position supplies sufficlent oil feed and
combustion air for maximum requirements of all
four nozzles. The line for supplying oil to the
four nozzles I, II, III and IV is designated 16.
This line is equipped with an oil regulating valve
18 which is controlled by the master control 10,
as will be explained later. The oil return line is
designated 20 and is equipped with oil relief valve
22.

Each of the nozzles II, IIT and IV is equipped
with an oll valve 24 which is solencid operated.
Nozzle I is equipped with manually operated oil
valve 26. Nozzle I is the first nozzle to be oper-
ated and remains on fire so long as the furnace is
in operation. )

28 designates a switch comparable in construc-
tion to the master control 0 in that it comprises
& pressure tube 30, the inner end of which is con- '
nected to oil return line 20 by pipe 32.

Blower 34, shown in Fig. 1, supplies combus-
tion air for the four nozzles, and is driven at
constant speed by an electric motor and when in
operation delivers air to the nozzles through a
windbox 36.

38 designates an air damper the setting of
which varies as will be brought out presently to
vary the quantity of air flowing to the nozzles in
accordance with the number of nozzles in opera-
tion at any instant to mainta.in & constant oil-
air ratio.

Reverting to the master control 18: This con-
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trol comprises a reversible electric motor 40.
The contacts 42 and 44 for the two circuits of
this motor are adapted to be closed by plungers
46 and 48, respectively, actuated by striker 48
which is attached to the free end of the pres-
sure coil 2. R

Mounted above the motor 48 is jack shaft 80
geared to the motor by reduction gear t{rain $2.
Mounted on the jack shaft 8§80 is cam 34 which
cooperates with a follower bar or rod 56 pivoted
intermediate its ends as shown at 58. To the
free end of the follower bar or rod 56 I connect
two springs §0 and 62, the lower end of the spring
60 being anchored, while the upper end of the
spring 62 is connected by cable €4, which moves
over idler roller 68, to the free end of the pres-
sure tube {2. The function of this master con-
trol is to start the motor in one direction or the
other, depending upon & few ounces rise or fall
of steam pressure in the pressure tube 12, upon
increase or decrease in steam demand, thereby,
through various instrumentalities which will be
later referred to, automatically increasing or de-
-creasing the number of nozzles in operation, and
to open the motor circuit when the steam being
generated meets the steam demand. It will be
apparent from an inspection of the drawings
that upon an increase or decrease of steam pres-
sure in the system the position of the end of
the pressure tube 12 is altered to close contacts
42 or 44, as the case may be. As the jack shaft
50 is rotated due to this operation of the motor
to create a new positioning of the various con-
trols of the system, there is a change in the rel-
ative tension of the springs 60 and €2 through
pivoting of the follower rod 5§, and when the
forces of steam pressure and spring tension have
become balanced the motor circuit automatically
opens and jack shaft movement stops. Thus it
will be seen the master control operates in a
series of steps for a glven pressure increment
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stancy of steam pressure. For this reason I have
defilned constant steam pressure as meaning,
for example, five pounds variation.

Coming now to the operation of my equipment:
As above pointed out, nozzle I is always on when
the equipment is in operation, and in the draw-
ings I have shown the parts in such position.
Under these conditions the master control is in
its minimum or lowest capacity position, so that
sufficient oil feed and combustion air are sup-
plied for the minimum requirements of nozzle 1.

Assuming now that there is an increased de-
mand for steam. This means that there will be
& drop in pressure of a few ounces in the pressure
tube 12 of the master control, so that the same
will actuate the plunger 48 to cause a bridging
of the contacts 44 thereby to close the circuit of
the motor 40. The starting up of the motor 40
will, through reduction gearing 52 and jack shaft
80, actuate the linkage 67 to increase the opening
of the oil valve 18, so that the oil pressure in
the oil feed line to the burners and in the oil
return line 20 will increase, which increase will
actuate the switch 28 to close the circuit to the
solenoid for the oil valve 24 of nozzle II to open
this valve to oll and close the purge line 5% to
this nozzle. At the same time, through the
linkage 88 which is also connected to jack shaft
50 the damper 38 will be shifted to permit the
passage of an increased amount of combustion
air passing through the windbox. Nozzle II will
now be lighted by nozzle I and both nozzles will
then be in operation. Similar operations occur
for placing nozzles IIT and IV in operation. Al
four nozzles are now on and burning oil at or
near their minimum oil pressure. On continuing
demand for steam the master control {8 in-
creases the oil feed through wider opening of
valve 18 and increases the volume of combus-

40 tion air correspondingly through further open-

above or below the normal steam pressure and

each step produces progressively a substantially
uniform increase or decrease of oil and air flow
to the burner nozzles until steam pressure
reaches normalcy. Tne advantage of readjust-
ing oil and air conditions in small increments
rather than in larger ones tending to “balance
out” the steam pressure resides in the fact that
steam pressure will not increase or decrease too
rapidly so that “hunting” will not occur, and
danger of overrunning of the motor 48 with wide
pressure variations is avoided.

The oil regulating valve 8 is actuated by link-
age system 61 actuated by jack shaft 50, while
the damper 38 is actuated from the same shaft
through linkage system §8.

As above pointed out, my equipment is sc
constructed and arranged as to control the oper-
ation of the nozzles II, III and IV in accordance
with the steam demand on the system, and in this
connection the setting of the oil regulating valve
I8 is varied automatically dependent upon the
number of nozzles in operation, while the damper
38 is automatically varied in its setting depend-
ent upon the number of nozzles in operation. '

The steam pressure in the header 8 is nain-
tained constant throughout the range of the
equipment. Constant pressure within my mean-
ing is within five pounds either way from a given
pressure. The controlling apparatus Is moti-
vated by as little as a four ounce change in steam
pressure, but it is understood, of course, that it
is the ability of the boiler to respond to load
demands which determines the degree of con-
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ing of the damper 38 until the nozzles are op-
erating at full capacity.

On 8 decrease in steam demand the cycle of
operation is reversed. 'The pressure tube i2 op-
erates to close contacts 42, to close the reverse
circuit of the motor 40 so0 as to move the oil
valve I8 and damper 38 and switch 28 toward
initial position, so that the nozzles will go off in
IV, IOT, II order. As each oil valve 24 is closed
the purge line §8 to that particular nozzle is
opened so as to purge oil from the nozzle.

It will be understood, of course, as above ex-
plained, that the operation of the motor 48 is in
step with the steam demand, the motor rotating
in one direction on increase in steam demand,
and in the opposite direction on decrease in steam
demand, and that when the proper amount of
steam is being generated to meet the steam de-
mand the motor circuit is automatically opened
and the motor comes to rest, the parts actuated
thereby remaining as they were when the motor
circuit was opened. It will be understood, too,
that at all times the number of nozzles in opera-
tion depends on the oil pressure in the line to
the nozzles, which pressure will be the same as
that in the return line 20, and that the quantity
of oil and air supplied at a fixed oil-air ratio
is dependent upon the demand for steam.

In the embodiment of my invention as illus-
trated in Fig. 3 I provide equipment similar to
that above described, but in this instance the
speed of the blower 34 is varied, while the air
damper 38 remains in initial position until all
four nozzles are on at minimum oil pressure,
whereupon if the demand for increased steam
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continues the damper 38 will be moved gradually
to full open position as the oll pressure on all
nozzles is gradually increased, thereby maintain-
ing the oil-air ratio substantially constant. The
master control {0 in this embodiment of my in-
vention includes resistance units 78 and mov-
able contact 12 in the circuit of the motor for
the blower 34, the movable contact being driven
by .the motor 40 as will be understood. As the
master control {0 functions as described in con-
nection with Fig. 1 successively to start up and
stop the motor 40 to actuate the various con-
trols, contact 12 will be actuated to cut the re-
sistance units 10 in or out to vary the speed of
the motor for the blower 34.

The jack shaft of the master control, which is
linked to the oil feed valve {8 by linkage 67 as
above described, is also connected to the damper
38 by linkage 74. The link 15 from 14 to the jack

shaft is loose on the latter so that the damper -

38 remains in the dotted line position of Fig. 3
until all four burners are on, the link 15 there~
after being actuated by a dog 11 which rotates
with jack shaft 50 to actuate the link 18 and
move the damper to full open position.

In the embodiment of my invention as illus-
trated in Fig. 4 the blower 34 i{s driven by a steam
turbine receiving its steam by way of line 78 con-
nected to header 8, the steam lines to the turbine
with one exception, namely the line correspond-
ing to nozzle I, being provided with electric
operated valves 78 which are opened and closed

as each nozzle is turned on or off. It will be seen-

from the drawings that the circuits for the tur-
bine valves are connected in parallel to the cir-
cuits for the electrically operated valves 24 of
the nozzles. As a consequence of this construc-
tion the steam admitted to the blower turbine
depends upon the nozzles in operation, with a
variation in the blower speed dependent upon
the number of nozzles in operation. Nozzles II,
TIT and IV are steam purged as they are shut
off, by steam from line 80 connected to the low
pressure side of the turbine for the blower 34,
It will be seen from all of the foregoing that I
have provided an ofl burning system wherein I
provide a plurality or nest of oil atomizing nozzles
at each firing opening of a furnace, one of these
nozzles functioning as a torch to light the others.
It will be seen also that the nozzles are fully au-
tomatically controlled, the controliing mecha-
nism being responsive to but a few ounces vari-
ation in steam pressure, so that the steam pres-
sure on the line is maintained substantially con-
stant within the steaming capacity of the instal-
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valve for each nozzle, & master control governed
by the pressure of the steam bcing generated for
controlling said valves to vary the number of
nozzles in operation, a steam-turbine-driven vari-
able speed blower for supplying combustion air
to said nozzles, a plurality of electrically oper-
ated valves for controlling the admission of steam
to the turbine thereby to vary its speed, said
master control also governing sald turbine valves,
whereby the number of nozzles in operation and
the speed of said turbine. are varied in accord-
ance with the steam demand on the system.

2. An oil flred system for generating steam,
sald system comprising in combination a plurality
of pressure atomizing nozzles at the firing open-
ing of a furnace, an oil valve for each of said
nozzles, all but one of said valves being elec-
trically operated, a steam turbine driven blower
for supplying combustion air to sald nozzles, a
plurality of electrically operated valves for con-
trolling the admission of steam fo the turbine
thereby to vary the speed thereof, switch mech-
anism for the simultaneous control of the nogzle
valves and turbine valves, whereby as each nozzle
valve is operated a corresponding turbine valve
will be operated, and a master control governed
by the pressure of the steam being generated for
controlling said switch mechanism, whereby the

" nozzles and turbine driven air blower will be
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lation regardless of the steam demand on the .

system. '

It will be seen, furthermore, that in Fig. 11
employ a constant speed blower and variable
damper for supplying and controlling the com-
bustion air; in Fig. 3 the blower is of the variable
speed type, the damper remaining in fixed posi-
tion until all nozzles are in operation; while in
Fig. 4 T employ a steam turbine for driving the
blower and vary the setting of the damper.

It is to be understood that changes may be
made in the detalls of construction and arrange-
ment of parts herein illustrated and described
within'the purview of my invention.

What I claim is: )

1. An oil fired system for generating steam,
said system comprising in combination a plu-
rality of pressure atomizing nozzles at the firing
. opening of a furnace, an electrically operated
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driven in accordance with the demand for steam
on the system asnd the steam pressure will be
maintained substantially constant.

3. An oil fired system for generating steam,
comprising in combination a plurality of pressure
atomizing nozzles at the firing opening of a fur-
nace, & manually operable oll valve for one of
sald nozzles, an electrically operated oil valve
for each of the remaining nozzles, an air blow-
er and a damper common to all of said nozzles,
an oil supply line for supplying oil to the nozzles,
an oil flow regulating valve in said oil supply
line, an electrically operating master control
linked to said oil flow regulating valve and to -
said damper, electrical contact mechanism for the
master control operated by the pressure of the
steam being generated to vary the setting of said
ol flow regulating valve and said damper, switch
mechanism for said electrically operated nozzle
valves for varying the number of nozzles in opera-
tion, an oil return line connected to the said ofl

_supply line at the discharge side of said ofl flow

regulating valve, sald switch mechanism being
connected to said oil return line so as to operate
in accordance with the setting of said oil flow
regulating valve, whereby variations in the de-
mand for steam will effect variations in the set-
ting of said ol flow regulating valve and damper,
thereby to vary the number of nozzles in opera-
tion.

4. An oil fired system for generating steam,
comprising in combination a plurality of pres-
sure atomizing nozzles at the firlng opening of
a furnace, an oil valve for each of said nozzles,
switch mechanism for some of said valves, an ofl
supply lne for supplying oil to the nozzles, an
ofl flow regulating valve in said oil supply line,
a master control comprising an electric motor
connected to sald oil flow regulating valve, con-
tact mechanism for said motor actuated by the
pressure of the steam being generated, thereby
to vary the setting of the said oil flow regulating
valve in accordance with steam demand on the
system, an ofl return line connected to the oil
supply line at the discharge side of the sald oil
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flow regulating valve, the sald switch mechanism
for the nozzles being connected to said oil return
line to be varied in its setting by variations in the
setting of the oll flow regulating valve, thereby
to vary the number of nozzles in operation with
variations in the steam demand on the system
to maintain substantially constant steam pres-
sure.

5. An oil fired system for generating steam,
comprising in combination a plurality of pres-
sure atomizing nozzles at the firing opening of
a furnace, an electrically operated oil valve for
each of said nozzles, an oil supply line for said
nozzles, an oil flow regulating valve in said line,
a reversible electric motor connected to said oil
flow regulating valve, switch mechanism for said
motor under the direct control of the pressure of
the steam generated to vary the setting of the
oil flow regulating valve, an oil return line con-
nected to the oil supply line at the discharge side
of the said oil flow regulating valve, and switch
mechanism for said electrically operated nozzle
valves connected to sald oil return line, whereby
variations in the setting of said oil flow regulat-
ing valve due to operation of said electric motor
‘will vary the number of nozzles in operation.
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6. An oil fired system for generating steam
comprising in combination a plurality of pressure
atomizing nozzles at the firing opening of a fur-
hace, & hlower for supplying air to support com-
bustion at sald nozzles, a variable setting damper
for varying the quantity of air flowing to the
nozzles, an ofl supply line for supplying oil to
sald nozzles, an ofl regulating valve controlling
the pressure of the oil flowing to sald nozzles
through said line, an electrically operated oil
valve for each nozzle, an oil return iine connected
to said oil supply line, oil pressure operated switch
mechanism for said oil valves connected to said
oil return line and under control of the oil pres-
sure in the return line, as determined by the
setting of the oil regulating valve for opening
the ofl valve of one or more nozzles, and a master
control including an electric motor connected
to said oll regulating valve and to said air damper
and under the direct control of the pressure of
the steam being generated, whereby under vary-
ing steam demands on the system said nozzles
will be regulated and said air damper will be
shifted to maintain the steam pressure substan-
tially constant.

HAROLD D. BLISS.



