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UNITED STATES PATENT OFFICE 
2,432,942 

SUBMERGED COMBUST ON SYSTEM 

Theodore S. See, Hammond, Ind., John Edward 
Tegarden, Chicago, Ill., and Arthur Williams, 
Munster, and Walter G. See, Hammond, End, 
assignors to Submerged Combustion Company 
of Americane, ammond, Ind., a corporation 
of Indiana 

Application April 5, 1943, Serial No. 481,792 
(CI. 158-28) 8 Claims. 

This invention relates to a submerged combus 
tion system and more particularly to a system 
for the control of submerged combustion burners. 
The expression "submerged combustion' is used 

herein to describe combustion beneath the sur 
face of the liquid in direct contact with the 
liquid and is to be distinguished from the older 
methods of heating liquids which involve the 
transfer of the heat from the products of com 
bustion through a metal wall, as, for example, 
in a steam boiler. 
One of the objects of the invention is to provide 

a submerged combustion system, including a sub 
merged combustion burner, means for supplying 
fuel thereto, ignition means for the fuel and 
motor actuated tinner means controlled by the 
temperature of the liquid to be heated for auto 
matically regulating the fuel Supply means and 
the ignition means. 
Another object of the invention is to provide a 

Submerged combustion system including a sub 
merged combustion burner, means for supplying 
pilot fuel thereto, means for supplying main fuel 
thereto and motor actuated timer means con 
trolled by the temperature of the liquid which is 
being heated by the burner for automatically 
regulating the pilot fuel supply means, the main 
fuel supply means and the ignition means. 
Another object of the invention is to provide 

a submerged combustion system of the type de 
Scribed including means to prevent the Operation 
of the pilot fuel Supply means upon failure of 
operation of the ignition means. 

Still another object of the invention is to pro 
vide a new and improved submerged combustion 
system of the type described, including means to 
maintain the operation of the pilot fuel Supply 
means for a period after ignition independently 
of the timer Operation. 

Still a further object of the invention is to 
provide a submerged combustion system of the 
type described including means independent of 
the timer means to prevent the operation of the 
main fuel supply means, or both the main fuel 
supply means and the pilot fuel Supply means 
when the gas pressure is below a predetermined 
minimum. 
An additional object of the invention is to pro 

vide a new and improved submerged combustion 
system of the type described including means 
to prevent the operation of the main fuel Supply 
means upon failure of operation of the pilot fuel 
Supply means. 
Other objects and advantages of the invention 

will be apparent by reference to the following 
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description in conjunction with the accompany 
ing drawings in which: 

Figure 1 represents a general layout of one type 
of Submerged combustion burner system which 
may be employed in the practice of the inven 
tion; 

Figure 2 represents a simplified wiring diagram 
Comprising various circuits utilized in the opera 
tion of the submerged burner System shown in 
Figure 1; 

Figures 3 to 8, inclusive, represent diagram 
matically the operation of the motor actuated 
timer means employed to control the submerged 
combustion burner System in accordance with 
the preferred embodiment of the invention. 

Referring to Figure 1, the submerged con 
bustion system shown therein comprises a sub 
merged combustion burner, generally shown at 
2, which is disposed in a suitable tank 4 contain 
ing a liquid 6. As shown, the Outer casing 8 of the 
burner 2 preferably extends downwardly along 
the inside wall of the tank 4 and branches out at 
the bottom as an L-shaped member in which the 
base of the L is formed by the conduit O. The 
combustion gases are discharged directly into the 
liquid 6 through the holes 2, and the discharge 
of these gases serves to agitate the liquid. Other 
modifications of the L shape may be used, the 
principal ones, however, all involving some form 
of an L shape, such as for example, a U-shape, 
which is the equivalent of two L's, with the base 
of one opposite to the base of the other, Or a 
T-shape which is equivalent to two L's with the 
sides coinciding and the bases of the L's extend 
ing in opposite directions. The present inven 
tion is not concerned specifically with the form 
of the submerged burner itself. Warious types 
of burners may be used, such as described, for 
example, in See et al., U. S. Patent 2,118,479. 
The principal elements of the burner illustrated 

in Figure 1, in addition to those previously de 
scribed, comprise an outer passageway 4 through 
which the main supply of fuel is introduced, an 
intermediate passageway 6 through which the 
main supply of air is introduced, and an inner 
passageway 8 where the pilot fuel and air are 
supplied and ignited by means of an igniter indi 
cated at 20. The main fuel and air supplies pass 
through a burner plate 22 provided with Suitable 
holes and are ignited by the pilot fame passing 
downwardly through the inner passageway 8, 
thereby causing the main combustion to take 
place at or beyond the burner plate 22 in direct 
contact with the liquid 6. 
As will be understood, the air and fuel must be 
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supplied atpressures great enough to overcome the 
head of the liquid. The air is supplied in the Sys 
tem shown in Figurel by means of a blower gener 
ally illustrated at 24. The air is taken into the 
blower through an air cleaner 28, from which it 
passes through conduit 28 into the blower and is 
then forced through conduit 30 and a conduit 
36. From conduit 36 a minor proportion of the 
air is forced through conduit 38 and is referred 
to herein as the pilot air supply. Most of the air, 
however, continues through conduit 40 and is 
introduced into the passageway. 6 of the burner 2. 
The pilot air flows through pilot air Control 

valve 42, a measuring orifice 46, and through 
the pilot air line into the burner head wherein 
it passes around the pilot tube 44 and thence 
into the pilot manifold 8. Shut of cocks 48 are 
provided on each side of measuring orifice 46 so 
that a manometer can be easily connected when 
desired in order to determine the pilot air flow. 
A bypass governor 50 controls the gas supply 

so that its pressure is the same as that of the 
air supply and also permits the compressed gas 
to flow from the high pressure or exhaust side 
of the gas compressor 52 through the governor 
back to the low pressure or intake side via con 
duit 54 when the solution or liquid 6 is at the 
proper temperature and the gas control valves, 
hereinafter described, are in closed position so 
as to stop any gas flow to the burner. The 
equalization of pressure between the gas and air 
supply is maintained by pressure equalizing lines 
56 and 58. In case the gas pressure is sufficiently 
high so that a gas compressor is not required, it 
will be understood that a different type of gov 
ernor may be used and that the bypass arrange 
ment 54 will not be necessary. A gas strainer 
60 is provided and should be periodically washed 
and cleaned. If gas is available at a pressure 
sufficiently high to overcome the resistance due 
to the head of Solution in the tank 4, the gas 
main is connected directly to the governor 50. 
From the governor 50 the gas is passed through 

a gas supply pipe 62 and One part, the pilot gas, 
passes through a conduit 64 controlled by a sole 
noid actuated valve 66, the other part, which 
forms the main gas supply, passing through con 
duit 68 controlled by a solenoid actuated valve 
70. Conduit 68 is provided with a measuring 
orifice 72 to control the flow of gas and may be 
provided on either side of said orifice with suit 
able cocks, not shown, similar to cocks 48 to 
which a manometer may be attached to deter 
mine the gas pressure. A manually controlled 
valve 74 is also provided to control the main gas 
flow. The main gas supply flows through con 
duit 68 and enters the passageway 4, from which 
it passes through the burner plate 22 for com 
bustion with the man air supply flowing through 
the annular passageway f6. 
The pilot fuel supply flows through conduit 64, 

manually controlled pilot gas control valve 76, 
measuring orifice 78, and is conducted to the 
igniter 20 through pilot gas tube 44. It will be 
understood that the igniter may be above the 
liquid level, as shown, at the liquid level, or below 
it. A sight port is provided at 80 to view the 
flames if desired. A pair of cocks 82 are pro 
vided for a manometer which can be used if 
necessary to determine the gas flow through the 
conduit. 64. 
The igniter 20 consists of a wire which be 

comes red hot when heated by a source of elec 
trical energy supplied through a conductor 84. 
The conductor 84 is preferably run through the 
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inside of the pilot air supply conduit 86 which 
it enters at point 88, through a suitable packing 
box or connection chamber 90, the latter being 
Connected to a cable 92 carrying the conductor 
84. The cable 92 in turn is connected to a suit 
able step-down transformer generally indicated 
at 94. The step-down transformer 94 receives its 
Current from a high voltage line, as described in 
Figure 2. Also shown in Figure 1 is a constant 
Current transformer 96, which preferably consists 
of a 3-pillar laminated iron core with a station 
ary low voltage secondary coll below, and a float 
ing 110 volt primary coil above, both of which 
are mounted around the central pillar. Any 
variations in line voltage within 25% above or 
below normal change the position of the primary 
coil but will not change the secondary ignition 
current. An additional step-down transformer 
32 is supplied for the timer control circuit. A 
control box 98 houses transformer 32 and most 
of the control elements which will be described 
more fully hereinafter with reference to Figure 2. 

. The operation of the system is also controlled 
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in response to the temperature of the liquid 6 by 
means of a thermostatic element OO connected 
through a line O2 and capable of actuating a 
Switch 04, which in turn closes a circuit to ini 
tiate a cycle of operations in the manner herein 
after described. The controlling push buttons 
are generally indicated at 06, 06’ the adjust 
ment for the thermostatic control at 08, the high 
voltage line carrying the source of electrical 
energy at 0, and the line carrying the source of 
eliteal energy to the compressors 24 and 52 
at 2. 
The burner System previously described is con 

trolled electrically in a manner which may be 
best understood by reference to Figure 2. As 
shown in Figure 2, a source of electrical energy 
(of any type which is required to drive the motor 
4) is passed through the lines or conductors 

L,L, and L to a motor 4 which serves to drive 
the blower 24, or both the blower 24 and the gas 
compressor 52 if a compressor is necessary. The 
notor is started by pressing the start button in 
dicated at 06 which serves to energize a solenoid 
M, of a relay switch t , thus closing and hold 
ing closed the contacts M, M, M3, and M4 of said 
relay Switch. An overload relay OL, is provided to 
protect the motor from overloading and to break 
the circuit through the solenoid M by breaking 
the contacts OL1 when an overload occurs, oth 
erwise the contacts OL1 are normally closed as ill 
lustrated. The motor control circuit thus ex 
tends from one side of the secondary winding of 
the transformer 32 through a fuse F5, the nor 
mally closed stop switch 06, the start switch 
06, the solenoid M of relay switch fff, the over 

load SWitch OL1, and thence back to the other 
side of the secondary winding of the transformer 
32, through a return conductor C2 which is pref 
erably grounded. Thus, it will be seen that when 
the starter button at 06 is pressed the motor. 4 
runs continuously, thereby driving the air com 
pressor and the gas compressor and causing a 
constant volume of air to pass through the 
burner thereby continuously agitating the liquid 
6 regardless of whether the fuel has been ignited 
Or the liquid is being heated. 
As shown in Figure 2, the lines L and L have 

takeoffs to the transformer 32 which transforms 
the current from a voltage of 500 volts to 110 
volts. The 110 volt circuits are grounded at G' 
and One side of the line passes through the 
starter button at 06, and the holding switch s 
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contacts M, which remains closed to maintain 
the circuit through Col M even after the start 
button opens when released after being pressed 
down to start the system in operation. The timer 
circuit also passes through the manually oper 
able off and on switch f3, which is normally 
closed, and the thermostat switch O4, which is 
closed if the temperature of the liquid 6 is below 
the thermostatic setting. From the thermostat 
04 the current passes through a conductor c1 to 

a motor actuated timer generally indicated at 20 
in Figure 2. The invention is not limited to the 
use of any particular motor actuated timer but 
may be illustrated by reference to a timer of the 
type described in U. S. Patent 2,175,864. The 
principal elements of this type of timer are shown 
diagrammatically in Figures 3 to 8. These Fig 
ures 3 to 8 also show the various positions of the 
various elements of the timer at different stages 
of the submerged combustion control operation, 
and these various positions of said elements, to 
gether with the operation thereof, will be de 
scribed hereinafter. 
The current flowing through conductor c1 en 

ergizes the timer motor 22 in a manner which 
will be hereinafter described and the other side 
of the line returns to the transformer 32 through 
the grounded conductor C2. As will be observed, a 
portion of the current from the conductor c1 is 
connected through a coil G which operates a 
clutch associated with the timer 20, as herein 
after described. 
Another circuit may be traced from the ther 

mostat switch 04 through conductor ca, con 
tacts T of timer 20, contacts SR1 of relay 
Switch SR, conductor ca, the coil of a control re 
lay 2CR, and thence through the grounded con 
ductor C2 to complete the circuits. 

Also, as shown in Figure 2 a return circuit may 
be traced from thermostat switch fo4 through 
conductor C3, contacts 2CR1 of control relay 2CR, 
conductor cs and thence either through conduc 
tor C6 and the coil of control relay 20R directly 
to the return side of the circuit, or through con 
ductor cit and the coil of solenoid actuated pilot 
gas valve 66 to the return side of the circuit con 
prising the conductor c2. 
Another circuit may be traced from thermo 

stat switch 04 through conductor ca, timer con 
tacts T2, contacts 2CR2 of control relay 20R, 
contacts Pi and P of gas pressure safety switches, 
which would be normally placed ahead of drain 
age trap 60, of Figure 1, in the gas supply line 34, 
conductor ca, and the coil of solenoid actuated 
main gas valve 70 to the conductor c2 comprising 
the return side of the circuit. 
Another circuit may be traced from the ther 

mostat switch 04 through conductor C3, timer 
contacts T3, conductor co, and the coil of a con 
trol relay CR to the return conductor ca. 

Fuses are provided at various places in the 
various circuits at F, F2, F, F, and F for safety 
purposes, as will be readily understood. Certain 
other devices and safety precautions may be pro 
vided without departing from the invention. For 
example, pressure switches like the switches P. 
and P2 may also be placed in the conductor C7 
ahead of the pilot gas valve 66 thereby to break 
the flow of gas to the pilot valve in the event 
that the gas pressure is too low. 
As will be observed from Figure 2, the gas pres 

sure safety switches P1 and P are normally 
closed and the same is true with respect to the 
contact OL1 of the overload relay OL. If the 
gas pressure is too low, contacts P and P will 
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open, breaking the circuit through the main gas 
valve 70 and causing the latter to close. If the 
motor f4 burns out, the overload will cause con 
tacts OL1 to open, breaking the circuit through 
the coil M and shutting down the entire ap 
paratus. All of the other contacts are shown in 
a normally open position, which is the position 
they occupy when the apparatus is entirely out 
of operation. However, it will be understood 
that after the push button O6 has been pressed 
to start the system in operation the contacts 
M, M, M, and M4 will be closed by the coil. M 
and will remain closed until the "stop' button 
at 06' is pressed or until the circuit is broken 
through the coil M in some other manner, as by 
Operation of the Overload relay OL, as previously 
explained. - 

The thermostat switch 04 is shown with the 
contacts normally closed which assumes that the 
liquid to be heated is below the temperature de 
sired at the time the start button OS is pressed. 
The timer contacts T and T are shown as nor 
mally open, but it should be understood, as will 
be hereinafter explained, that just as soon as 
coil G is energized, as shown in Fig. 4, the timer 
mechanism is released and contacts T and T as 
sume a closed position, thereby causing the timer 
motor 22 to be energized and at the same time 
energizing the coil of the control relay CR. The 
coil G is energized from the secondary winding 
of the transformer 32, upon closure of the start 
switch 06, provided that the thermal switch 04 
and the main switch 8 are in closed position. 
After being thus initially energized by the closure 
of the start switch 06, the coil G will be main 
tained in energized condition through the closure 
of switch contacts M, until said contacts open 
as a result of the operation of the stop switch 

6'. 
When the coil of the control relay CR is ener 

gized it closes the contacts CR1 and CR2, there 
by causing the transformers 94 and 96 to be 
energized, which in turn causes a flow of electrical 
energy to the hot wire igniter 20. Thus, the ig 
nition transformer circuit can not be energized 
prior to the energization of the timer motor 22, 
and hence the opening of the gas valves 66 and To 
will be prevented until the igniter is operating. 
As will be observed, the energization of the 

ignition transformer circuit also causes the Coil 
of series relay SR to be energized, thereby clos 
ing contacts SR1. At such time the timer motor 
f 22 is in operation, and after a predetermined 
interval will close contacts T, as shown in Fig. 5. 
If the ignition transformer circuit, for any real 
son, has not previously been energized, relay Con 
tacts SR1 will be open and nothing can happen 
in the circuit controlled by the contacts T. Thus, 
the series relay SR provides means to prevent 
the operation of the pilot fuel Supply means and 
subsequent operation of the main fuel supply 
means if there has been a failure in the electrical 
system of the igniter. If the igniter is operating 
satisfactorily, however, the contacts SR1 will 
be closed and the circuit through the Coil of Con 
trol relay 2CR will be energized upon the closing 
of the timer contacts T by the timer motor. At 
the same time the circuit through the conductors 
c6, C7, and the solenoid of pilot gas valve 66 will 
be energized, opening the pilot gas valve and per 
mitting a flow of pilot gas past the igniter 20, . " 
which will thereupon ignite the gas. It will be 
understood that the timer motor is set to allow 
a predetermined time interval between the ener 
gization of the igniter circuit and the closing of 
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the timer contacts Ti to energize the pilot gas 
valve circuit. 
As soon as control relay 2CR is energized it 

will close the contacts 2CR1 in the pilot gas valve 
circuit and thereby provide means to maintain 
the operation of the pilot fuel supply for a period 
after ignition independently of the timer. Closure 
of the contacts 2CR1 also serves to energize the 
relay 2CR through the conductor Cs. Thus, the 
subsequent opening or closing of the timer con 
tacts T1 no longer affects the operation of the 
pilot gas valve 66. 
The control relay 2CR, when energized also 

closes relay contacts 2CR2 in the main gaS valve 
circuit and after a predetermined interval, when 
timer contacts T are closed by further operation 
of the timer motor 22, as shown in Fig. 6, the 
solenoid of the main gas valve 70 will be energized, 
thereby permitting free flow of the main gas 
supply to the burner, as previously described. 
The pilot gas valve also continues to remain Open 
and both gas valves will remain Open until the 
circuit is broken through their respective sole 
noids, which may be accomplished either by Open 
ing the thermostat switch contacts 04, or the 
manual switch 8, or the stop switch at 06, or 
by opening the timer contacts T, or by opening 
the gas pressure safety switches P and P. Since 
it is essential that the system should remain in 
operation until the liquid reaches a desired tem 
perture and, to this end, that the main gas valve 
shall remain open, contacts T should remain 
closed even though the timer motor Contacts T 
be opened by the timer motor to disable the same. 
Before the timer motor is stopped, however, the 
timer contacts T3 are opened, as shown in Fig. 7, 
so that the coil of control relay CR is de-ener 
gized, and the ignition system is thereby de 
energized by the opening of relay contacts CR1 
and CR2. The relay SR also becomes de-ener 
gized, thus opening relay contacts SR1 and re 
storing a part of the circuit through the pilot 
gas valve to its initial position. The opening of 
the contacts T3 to de-energize the ignition circuit 
may be accomplished either prior to or simul 
taneously with the opening of the motor Con 
tacts T. However, after the timer motor 22 is 
stopped, with the timer contacts T closed, the 
apparatus will continue to supply gas to the 
burner for combustion beneath the surface of the 
liquid so long as the thermostat calls for heat. 
When the thermostat switch 04 opens, the fuel 
supply system will automatically shut down be 
cause the Solenoid valves 66 and 70, respectively, 
of the pilot fuel Supply means and the main fuel 
supply means, will both be de-energized. The 
clutch coil. G of the timer motor is also de 
energized and the timer mechanism is reset to 
its initial position by a suitable spring in which 
energy has been Stored by the operation of the 
timer motor, as hereinafter explained. As a re 
sult, all of the timer contacts T, T1, T and T will 
be restored to their Original Open positions 
when the switch O4 opens. When the thermo 
stat switch is again closed, due to a falling tem 
perature in the liquid, the operation will be re 
peated. If it is desired merely to run the blower 
motor 4 and to disconnect the burner, this may 
be accomplished by opening switch 8. Nor 
mally, however, the entire system will remain 
energized and the burner operation will be sub 
ject to the opening and closing of the thermostat 
Switch 04. - 
The timer mechanism employed in combina 

tion with the other elements, as previously de 
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scribed, does not per se form a part of this in 
vention and it will be understood that various 
types of timer mechanisms may be employed in 
the practice of the invention. As an example of 
a timer mechanism which may be used, reference 
is made to U. S. Patent 2,175,864 which discloses 
such a mechanism although not in a combination 
of this type. For the sake of clarity, the details 
of said mechanism will not be given here except 
So far as is necessary to understand the applica 
tion of this mechanism to the present invention. 
The operation of the timer mechanism is illus 
trated herein in Figures 3 to 8, inclusive, and may 
be described as follows. 

Preferably the elements of the timer mecha 
nism include a timer motor f22, a latching de 
vice LA, a spring S connected to the latching de 
vice, a clutch CL, a clutch spring S, the clutch 
coil G previously referred to, a third spring S, 
four sets of contacts T, T1, T, and T, also pre 
viously referred to, and means to open and close 
said contacts represented by the cam elements 
C, C1, C2 C3, C, C, C, and C7 against which the 
contacts are biased by means of a suitable spring, 
not shown. A stop ST is also provided to limit the 
movement of the latch mechanism IA. The can 
members C to C have been represented as being 
carried by a shaft SH, which is driven by the 
timer motor 22 through the clutch CL. 
In Figure 3 the timer mechanism is shown with 

the timer motor de-energized. In this position 
the spring S holds the latch bar IIA against the 
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Ti, T2, and T away from each other irrespective 
of the positions of the cams C to C". In this posi 
tion, as previously explained, the clutch coil G 
is also de-energized, and as shown the clutch is 
held open by spring S. The spring S is in its 
normal uncoiled position with respect to the drum 
or pulley D. When the clutch coll G is energized 
in the manner previously explained with respect 
to Figure 2 it moves the bar B against the pres 
sure of spring S to cause the clutch CL to engage 
and simultaneously unlatches the latch bar LA, 
moving it against the pressure of the spring S 
and causing the stops 7 to disengage and per 
mit the contacts T, T1, T, and T to assume 
their normally biased positions against the cams 
C to C, as illustrated in Figure 4. Since the 
cams C to C are so positioned that the contacts 
T and T are then closed, the timer motor will 
start immediately upon the closing of contacts T 
and will begin to drive the shaft SH through 
the clutch CL and store energy in the spring S 
by winding it around the drum D, as shown, or 
in any other suitable manner. The driving of 
the shaft SH will cause a rotation or other move 
ment of the cam surfaces C to C, and as these 
cams move to various positions the contacts will 
be opened or closed in the manner previously ex 
plained with reference to Figure 2. 
As shown in Figure 5, the next operation of the 

timer is the closing of contacts T which causes 
the opening of the pilot gas solenoid valve 66 in 
the manner previously explained. At this point. 
contacts T, T, and T are all closed but contacts 
T which control the main gas supply are still 
open, thus giving an opportunity for the pilot gas 
to ignite ahead of the main gas. 
The next step is the closing of contacts T, 

which is illustrated in Figure 6 wherein all of 
the contacts are closed. The closing of contacts 
T opens the main gas valve 70 and places the 
burner in full Operation until the thermostat   
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switch 04 opens (Figure 2) and breaks the motor 
circuit through conductors C1 and C2. 
While the burner is in full operation the igni 

tion system is no longer necessary, so that the 
contacts T3 controlling the ignition System may 
be opened as shown in Figure 7. Finally, after 
the burner has been placed in full operation, it 
is also necessary to stop the operation of the timer 
motor in order to keep the contacts T and T 
closed, and this is accomplished by opening the 
motor contacts T, so that when the burner is in 
full operation the various elements of the timer 
will assume the positions shown in Figure 8. In 
the positions shown in Figure 8 the clutch coil G 
is still energized but the timer motor 22 is no 
longer running. The clutch is strong enough to 
hold the shaft SH against the tendency of the 
spring S2 to restore to its initial position. The 
latch bar LA is still held in unlatched position due 
to the fact that the coil G is still energized. As 
soon as the coil G is de-energized by the opening 
of the thermostat switch 04 (Figure 2) the clutch 
CL will disengage due to the spring S and the 
latch bar LA will simultaneously move to the 
left, locking the contacts T, T, I, and T3 away 
from the cams C to C and thereby permitting the 
spring S to restore to its initial position and at 
the same time move the shaft SH to cause the 
cams C to C to restore to their initial positions, 
all as shown in Figure 1. As soon as the ther 
mostat calls for heat, the cycle is repeated in the 
manner alreally described. 

It will be understood that the description of 
the timer mechanism is merely for the purpose 
of illustration and that the elements thereof do 
not necessarily have the appearance of the illus 
trative elements used in Figures 3 to 8. Thus, the 
cans C to C are not in fact cam wheels in the 
Specific apparatus described in U. S. Patent No. 
2,175,864, but instead perform the function of 
the plate (82). Nevertheless, the cams could re 
place the plate and have been used in order to 
clarify the description. 

It will be understood that the positions of the 
cams C to C shown in Figures 3 to 8 are ap 
proximate for the purpose of illustration only and 
may be varied to suit the particular desired tim 
ing relationship. Thus, the cams may be varied 
not only as to the cam surface but as to the 
size of the cams. 
The invention is of importance because it pro 

vides a new and improved submerged combus 
tion System in which the operating parts are rel 
atively simple and in which the operation is safe 
and satisfactory. Systems of this type may be 
used for many purposes, for example, in heating 
pickling baths for steel pickling operations, for 
evaporation, Water Softening, and for other pur 
poses to which submerged combustion is appli 
cable. 

Having thus described the invention, what we 
claim as new and desire to secure by Letters Pat 
ent of the United States is: 

1. A submerged combustion System comprising 
a liquid submerged combustion burner; fuel Sup 
ply means for delivering fuel to the burner, in 
cluding fuel supply conduit means and electrically 
Operated fuel flow control means; ignition means 
for igniting the fuel; electrical control means 
adapted for connection with a suitable source of 
energizing power, for operating said flow control 
means and said ignition means in a predetermined 
time delayed sequence; said electrical control 
means comprising an operating circuit for said 
flow control means including a control switch 
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for controlling the operation of said flow control 
means, a Control circuit including an igniter tim 
ing Switch for operating said ignition means, 
timer means operable initially to close said igniter 
timing switch, relay means operable by said timer 
means following closure of said igniter timing 
Switch to thereafter close said control switch, 
and thermally responsive switch means respon 
Sive to the temperature of the liquid to be heated 
for selectively rendering said electrical control 
means Operative or inoperative. 

2. A submerged combustion system as set forth 
in claim 1 wherein said electrical control means 
includes an additional timing switch operable by 
said timer means to energize said operating cir 
cuit after a predetermined time-delay interval 
following closure of said igniter timer switch. 

3. A submerged combustion system as set forth 
in claim 1 wherein said electrical control means 
includes an additional timing switch operable by 
Said timer means to energize said operating cir 
cuit after a predetermined time-delay interval 
following closure of said igniter timing SWitch, 
said timer means being operable thereafter to 
open Said igniter timing switch to disable said 
ignition means, and means to maintain said valve 
Operating circuit after the igniter switch has 
Opened. 

4. A submerged combustion system as set forth 
in claim 1 wherein said electrical control means 
includes an additional timing switch operable by 
Said timer means to energize said operating cir 
cuit after a predetermined time-delay interval 
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following closure of said igniter timing Switch, a 
driving motor selectively clutchable with said 
timing means to drive the same, said tinning 
means being operable to stop said motor, after 
Said operating circuit has been energized, with 
the timing means in cocked position maintain 
ing said operating circuit, and means Operable to 
release said timer means for return from cocked 
to standby position upon disconnection of the 
electrical control means from the energizing 
pOWe Source. 

5. A submerged combustion system as set forth 
in claim 1 wherein said electrical control means 
includes an additional timing switch Operable by 
Said timer means to energize said Operating Cir 
Cunt after a predetermined time-delay interval 
following closure of said igniter timing SWitch, 
a driving motor selectively clutchaple with said 
timing means to drive the same, said timing 
means being Operable to stop said motor after 
Sald Operating circuit has been energized, with 
the tiliulling means in cocked position maintaining 
Said Operating circult, and means operape to 
release Sald tiliner means for return from cocked 
to standby position upon failure of the ruel supply. 

6. A submerged combustion system as set forth 
in claim i wherein said electrical control means 
includes an additional timing switch operable by 
Said timer means to energize said operating cir 
cuit after a predetermined time-delay interval 
following closure of said igniter timing SWitch, 
a driving motor selectively clutchable with said 
timing means to drive the same, said timing 
means being Operable to stop said motor after 
Said Operating circuit has been energized, with 
the timing means in cocked position maintaining 
Said operating circuit, and means operable to 
release said timer means for return from cocked 
to Standby position upon failure of the fuel supply, 
said means comprising normally closed low pres 
Slure Switch means in said operating circuit and 
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adapted to open when pressure of the fuel supply 
falls below a predetermined value. M 

7. A submerged combustion system, as set fort 
in claim 1, including safety switch means in said 
operating circuit and actuated in response to the 
operation of said ignition means to prevent Oper 
ation of said relay means in the event of failure 
of the ignition means to function. 

8. A submerged combustion System compris 
ing a liquid submerged combustion burner, pilot 
fuel supply means and main fuel supply means 
for delivering pilot fuel and main fuel to the 
burner, including pilot fuel and main fuel supply 
conduit means, and electrically operated pilot and 
main fuel flow control means operatively asso 
ciated, respectively, with said pilot and main fuel 
supply conduit means; ignition means for ignit 
ing the fuel supplied at said burner; electrical 
control means for Operating said pilot and main 
fuel flow control means and Said ignition means 
in a predetermined time delayed sequence, said 
electrical control means comprising an Operating 
circuit for said pilot fuel flow control means, said 
operating circuit including a control Switch for 
controlling the operation of Said pilot fuel flow 
control means, an operating circuit for said main 
fuel flow control means, said last named operat 
ing circuit including a control switch for con 
trolling the operation of said main fuel flow con 
trol means, timer means operable to close a plu 
rality of timing Switches, respectively, in a pre 
determined sequential order, control circuit 
means including a first of Said timing Switches 
for Operating said ignition means, circuit control 
means for controlling the pilot flow control means 

0 

2 
and including a second of said timing switches, 
circuit control means for controlling the main 
fuel control means and including a third of said. 
tning switches, and means responsive to ener 
gization of said ignition means for preparing 
the pilot circuit control means, said first, second, 
and third switches being actuated in sequence, 
whereby upon operation of the timer means the 
ignition means, pilot fuel supply means and main 
fuel supply means are sequentially operated. 
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