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This invention relates to steam generating 
systems, and has for its principal object to pro 
wide a compact unit of light, Weight and high 
generating capacity. 
Other objects - of the invention are to provide 

a, generating System that is Safe and dependable 
in operation; and to prowide a generating SyS 
tem equipped with full automatic controls. 

Further objects of the invention are to pro 
wide an intermittently fired generator utilizing 
a, low grade inexpensive fuel; to proWide for 
ignition or kindling of Such fuel with a wolatile, 
readily combustible pilot fuel; to prowide the 
system With controls adapted for hydratalic oper 
ation responsive to pressure of the wolatile fuel; 
to prowide for Shutting off fuel Supplies and/or 
Water When the generator has reached maximum 
temperature or preSSure conditionS; and to pro 
wide for Shutting off the fuel Supplied to the 
generator in case of failure or depletion of the 
water Supply, or either of the fuel supplies. 
A further object of the invention is to provide 

forced mowement of the feed water in contrafiow 
relatively to the hot gases of combustion, thereby 
promoting 1rapidity of heat transfer Which re 
Sults in quicker steam generation. 
In accomplishing these and other objects of 

the imwention, as hereinafter described, I have 
· prowided improwed details of structure, the pre 
.ferred form of which is illustrated in the '' ac- { 
companying ' draWingS, Wherein: 

Fig. 1 is a, side eleWational wiew of a, steam 
generating unit constructed in accordance with 
the present inWention. 

Fig. 2 is a, Wertical Section through the gen• 
erator, particularly illustrating the coil arrange 
ment; therein. 

Fig. 3 is an enlarged Section through the tur 
bine and motor drive aSSembly for the fuel pumps 
and the blower for Supplying combustion Sup 
porting air to the burner, the Section being taken 
on the line 3-3 of Fig. 4. 
. Rig. 4 is an enlarged Section through the gen 
erator, particularly illustrating the construction 
and mounting of the fuel burner. 

Fig. 5 is an enlarged detail Section through 
the control walWes on the line 5-5 of Frig. 1. 

Fig. 6 is a Section through the fuel shut-off 
walwe actuated responsive to a, maximum steam 
pressure in the generator, the section being taken 
on the line 6-6 of big. 5. 

Fig. '' is an enlarged section through the 
thermostatically operated walwe for shutting off 
the fuel Supply when the generator has reached 
a, predetermined maximum temperature, the Sec 
tion being taken on the line - of Effig. 1.. 
Fig.8 is a schematic diagram of the steam generating System. 
Referring more in detail to the drawings: 

| designates a, steam generating System em 
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bodying the features of the present invention, 
and Which includes a steam. generator 2 adapted 
for furnishing steam to a steam actuated mecha 
niSm, Such as a steam engine 3. The generator 
2 includes a cylindrical casing 4 hawing an upper 
Section 5 of larger diameter than a lower section 
6. Extending through the side wall of the lower 
Section 6, about midway of the height; thereof, 
iS a feed Water Supply line 8 terminating in a, 
Series of upwardly extending, closely wound 
tubular coils 9 that are Spaced inwardly 'from 
the Wall of the casing 4 to cooperate with an inner 
CaSing 10 in retaining an insulation material lf. 

'The terminal of the upper coil 9 connects with 
a header' l2, Which in turn is conraected by a 
pipe , 13 with a header l4. . The header 4 is 
connected to the outer terminal of a spirally 
Wound coil [5, the · conwolutions of "which * are 
closely Wound, and Substantially cower the upper 
portion of the combustion chamber. The ter 
minal of the inner conWolutiora connects with a 
|header block l6 connected with the inner con 
Wolution of a Superimposed, Spirally. Wound coil 
ll, the conwolutions of which are spaced apart, 
and the outer terminal connects with a pipe 18 
|leading doWnWardly to connect by a header 
block l9 with a pipe 20. Spaced inwardly from 
the outer Wall of the upper section is an inner 
Wall 2 ha.wing an inset lower portion 22 sub 
Stantially aligning With the inner casing [0, 
the offset portion forming an annular shoulder 
for Seating refractories 23 encircling the com 
bustion Space 24 betWeen the helical wound coils 
9 and the upper Spirally wound coils 5 and f. 
'The Space between the outer wall of the upper 
Section and the inner Wall 2 is also filled with 
inSulating material to retard heat losses through 
the generator casing. The pipe 20 extends to 
the bottom of the lower Section and connects.with. 
the outer conWolution of the lowermost of a 
Superimposed Series of spirally wound Coils 25. 
The coils 25 are arranged in pairs with their 
inner convolutions connected by header · blocks 
26 and the upper set of coils of each pair is con 
nected with the lower Set of the nexÉ upper pair 
to proWide a "COntinuous paSSageway for the flow 
of Water and Steam, as later described. The 
coilS in one Series are preferably staggered with 
relation to the coils .. of the adjacent; Series so 
as to form a tortuous outlet for 'the products of 
combustion traWeling from the combustion cham 
ber to a bottom flue outlet, 2. The upper series 
of coils is preferably of greater capacity to pro 
wide a larger reSerwe steam space having outlet 
through the Side of the generator through a 
Steam line 28 leading to the steam engine 3. 
Feed Water is supplied to the pipe 8 under 

PreSSure of a pump 29 hawing its irallet connected 
by a pipe 30 With a feed water supply tank 31.. 
The Steam diScharge pipe 32 for the steam en 

  



2 
gine 3 is connected with a condenser: 33 whereby 
the steam is condenSed and returned to the feed 
water tank through a pipe 34. It is thus obvious 

' that the feed water is withdraWn from the tank 
by the pump 29 and diScharged into the gen 
erator through the pipe 8 to circulate upwardly 
through the coils ' 9, header block f2, pipe 13, 
|header block l4, and then Spirally toward the 
center of the generator through the coil 15, 
thence through the header block 6 and through 
the upper Spirals ll. Upon fiowing from the 
upper coils, the feed Water mowes downwardly 
through the pipes l8 and 20 to the lower Series 
of colls, and thence upwardly and outwardly 
through one set, and inWardly through the next; 
set, and SO · on to the steam storage coils for 
discharge through the outlet pipe 28 to the in 
take connections of the steam engine. 

Fuel is admitted to the upper section of the 
generator, and at the upper end of the combus-- 
tion chamber, through a burner 35, hawing a 
noZZle extending tangentially through an open 
ing 36 formed in the refractories 23, as best 
shoWn in Fig. 4. The hot products of combuS 
ítion from the burner are thuS caused to swir1 
circumferentially about the inner Wall of the 
combustion chamber and to mowe downwardly in 
Sweeping contact with the coils 9 for paSSage 
between the cornvolutions of the lower Sets of 
coils for discharge through the flue 27. The hot 
products of combustion therefore rnOwe in coun 
terflow with respect to the Water. So as to pro 
mote rapidity of heat transfer and thereby in 
crease the rate at Which the Steam is generated. 
The Water is also caused to pulsate and mowe 
through the c0ils at high Welocity. With this 
arrangement every atom of Water contained with 
in the generator is forced to move, and is kept 
in maximum contact with the heated Surfaces 
of the coils which also promotes rapid steam 
generation. The Water contained in the Set of 
coils nearest the fire source, hawing absorbed 
a greater annount of heat, explodes into steam, 
and the steam paSSes through the Subsequent; 
coils to the point of exit, picking up additional 
|heat So that it is kept in Superheated State. The 
water level or point Of wapOrization within the 
coils waries with the load, that is, -the greater 
the load, the higher the water level or point 
of waporization will become, and the higher the 
water level or point of waporization, the greater 
is the ewaporative capacity of the generator due 
to the water being forced into closer proximity 
to the fire. The continuous or forced flow also 
preWentS accumulation of Scale, mud, and other 
foreign SubstanceS. Under certain conditions of 
extreme demands, the Water and steam may 
mowe at the rate of 6,000 feet per minute or 
more. This welocity and turbuience of flow car 

• ries the Solids and foreign matter in suspension 
and they do not have time to settle out and 
become attached to .any portion of the coils. 
The Small armount of lubricating oil which is 
uSually present in the fast mowing stream nulli 
fies corrosion and further prevents line forma 
tions. . ? 

'The burner 35 is designed to operate on the less 
expenSiwe hydrocarbons which have high B. t. u. 
content but are usually of wiscous character and 
difficult to ignite and maintain in combustion, 
particularly in intermittently operated systems 
Wherein the Steam is generated in accordance 

* With the demand. T therefore design the burner 
to also use a, Substantially non-wiscous, readily 
combustible pilot fuel to ignite and maintain 

5 

2,251,383 
combustion of the primary fuel, thereby aSSur 
ing positive operation of the burner and promot 
ing efficiency of the main fuel. The burner, 
therefore, includes an outer caSing 3 haWing an 
air inlet, chamber 38 Separated from the noZZle 
portion of the burmer by ', a Spider 39 carrying 
an inner air directing noZZe 40. · Rotatably 
mounted in a bearing 4l carried by the rear Wall 
?.42 of the burner housing is a tubular Shaft 43 
carrying a substantially truncated conical cup 

.. 544, hawing the inner Surface thereof fiaring out-- 
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Wardly in the direction of the combustion cham 
ber' and terminating in a circumferential dis 
charge lip '45. Connected With the outer end of 
the tubular Shaft; 43 is an inlet fitting 46, having 
connection. With a, Supply pipe 4 through which 
the primary fuel is admitted to the bore of the 
tubular Shaft 43 for discharge into the cup. In 
the illustrated instance, the shaft is rotated by 
a pulley 48 that is driven by a, belt, 49 from a 
pulley 50 on a counter-Shaft 5 , iater "described. 
The heaWy primary fuel is, therefore, discharged 
circumferentially of the lip 45 in a cone-like 
Spray So that it is thoroughly atomized and 
conditioned for ready combustion by the more 
readily combustible fuel. This fuel is similarly 
diScharged from the annular lip 52 of an outer, 
concentrically positioned cup 53, substantially 
conforming to the inner cup, and which is fixed 
thereon. So that it is also rotated by the Shaft; 
43. The rear end of the outer cup is open cir 
cumferentially and concentrically of the shaft, 
a.S at 54, to accommodate the terminal end 55 
of a Supply pipe 56 through which the readily 
combustible fuel is delivered to the burner. The 
lip 52 of the Outer cup terminates slightly short 
of the lip 45 of the inner cup so that the lighter' 
fuel iS diScharged in a cone-like spray spaced 
Slightly from the Spray discharged from the inner 
Cup, to prevent intermingling thereof prior to 
ignition of the outer Spray issuing from the cup 
lip 52.. ~ ~ 

Ignition of the outer spray is maintained by 
meanS of an ignition dewice 5T including spaced 
electrOdes 58 and 59 terminating in close rela 
tioh With the outer Spray. One of the terminals 
iS grounded and the other is connected through 
a Suitable inSulated connector 60 with an elec 
trica1 conductor 6. ~ 
Air is deliWered tangentially of the chamber 38 

and is discharged circumferentially of the air 
directing noZZle 40 and about the periphery of 
the outer cup to Support combustion of the fuels. 
A portion of this air is discharged through the 
Operating 5é to Supply primary air to the readily 
combustible fuel So that it is in condition to be ignited immediately upon discharge from the 
lip 52 by means of a Spark passed across the ter 
minalS of the electrodes. Discharge of the light 
er fuel Slightly to the rear of the discharge of 
the heaVy fuel allows for combustion thereof, so 
that it is in thoroughly burning condition prior 
to contact of the flame with the less readily com 
bustible primary fuel discharged from the lip 
45. The proportion of light fuel is relatively 
Small to the conSumption of the · heavy fuel, in 
that it is fed at a rate only sufficient to effect; 
and maintain combustion thereof so that, when 
the control mechanisms function to start; the 
burner the fuel is quickly ignited and burned 
efficiently, thereby facilitating the rapidity with 
Which Steam is generated in the coils. 
InOrder to Supply combustion supporting air, 

a Suitable Spark for effecting ignition of the fuel, 
and the reSpective fuels under presSure, the shaff; 



2,251,388 
5f actuates a blower $2, an electrical sparking 
device 63, and fuel pumps 64 and 65. Ithe shaft 
5f is rotatably mounted in antifriction bearings 
66 and 6, carried within a tubular housing 68, 
to " the respective ends of Which are connected 
a, housing ?? 69 of the blower 62 and a h0using 

. 0 of a steana turbine ll. Ifixed in the hOusing 
69, on the end of the shaft; which carries the 
pulley 50, is an air propeller 12 for drawing air 
through an opening 'l3 in the side of the hous|- 
ing 69 and discharging it under preSSure through 
a conduit; l4 leading to the air imlet, chamber of 
the burner. Fixed to the opposite end of the 
shaft, within the housing it, is the rotor 5 
of the turbine which functions to actuate the 
shaft. Steam is supplied to the turbine through 
a pipe l6 hawing connection with the mainsteam 
line ? 28, flow through the pipe being controlled 
by a maraually operated Walwe . . In order to 
maintain a constantly uniforn Supply of steam 
to the turbine, regardless of the degree of Walwe 
opening, the pipe 6 includes a flow control orifice 

* So that the counter-shaft is driven at a con 
| stant predetermined speed. The spent steam, 
after passing through the turbine, is discharged 
through an outlet i8 hawing connection by a pipe 
9 with ? the line 32 leading to the condenser: 33. 
Fixed on the shaft 5 is a worma 80 which meshes 
With the Worm gear 8 on a transwerse shaft 82 
'The Shaft; 82 is rotatably nounted in suitable 
bearings 83 and 84 carried by lateral 'extensions 
of the housing 68 through which the Sparking 
dewice 63 and fuel punps 64 and 65 are respec 
tiWely Supported, as best; shown in Rig., 4. AlS0 
fixed to the shaft; 82 is a cam 8B arranged to 
operate a spring pressed plunger 86 of an in 
jector pump 8l, hawing its discharge port;" 88 
connected with a pipe 56, previously referred to. 
The inlet; 89 of the injector pump is con 

nected by a pape 90 .with a fuel line 9f hawing 
.. connection through coratrol walweS 92, 93 and 94, 
later described, with a pipe 95 connected with 
the outlet 96 of the fuel pump 65. The inlet 
9] of the fuel pump is coranected by a pipe 98 
With the fuel Supply tank 99. Connecting , the 
outlet 96 of the pump with the imlet, 9 is a by 
pass f00 having a regulating walve f0l therein 
So that when the pressure in the pipe 95 reaches 
a predetermined amount, for example 16 pounds, 
the regulator l0I is opened to allow by-paSS of 
excess fuel, as later described. 
The pipe 4 is connected with the outlet [[02 

of the pump 64, and the inlet f03 of the pump 
is connected by a pipe ) {0 leading to a Supply 
tank f0B containing the primary fuel. The pump 
64 is also provided with a by-pass 106 hawing a 
regulating walve it] Set to by-pass the heavy fuel 
under conditions later described. The pipes 4 

, and 56 leading to the burner are provided with 
check walwes f08 and 409. 

. When the system is to be initially started. Or 
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is out of operation, with insufficient steam stored . 
in the coils to actuate the turbine, the shaft; 5[ 
is operated by an electrical motor fl10 built into 
the tubular housing 68, and which has its arma 
ture [[l mounted directly on the Shaft. The 
motor is energized through a conductor fl2 hav 
ing connection with a battery l3 through a 
manually operated switch fl4, the other terminal 
of the battery being grounded, as at ll5, to coop 
erate with a ground connection ||ll16 of the motor 

' to complete the circuit when the Switch lf4 
is closed. The battery ll3 also provides a source 
of current Supply to the Sparking' dewice 63 
through.a. branch conductor flT. 
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The system described is adapted for automatic 

control so as to build up and maintain the net2 
essary amount of stean whera called upora by the ' 
stean actuated mechanism Supplied by the gen 
erator. It is also essential to prowide controls 
adapted to Operate automatically . in " cases of 
emergency, as in failure of either one of the 
fuel Supplies, failure of the water supply, or in 
the instance of excessiWe termperature arrad pres 
sure coraditions arising in the generator. In the 
present; invention these controls are all effected 
through the hydraulic actiogra of the plot fuel 
oil through · the walwes 92, 93 and 9, previously 
mentioned. These control walwes are arguated 
responsive to temperature and pressure cUndi 
tions within the generator, as no? to be de 
Scribed. 
Connected with the water line 8, on the pres-- 

sure side of the feed water pump, is a pressure 
chamber fl8 to which water under hydrostabic 
preSSure of the boiler is Supplified for acting toma 
a, body . of oil f9: which is forced to and , from 
a pistorn , chamber l20 having connectora with a 
chamber 2 through a port 22, thae' oid acting 
against the pistora l23 to effect maowement, ithereDºf 
ira one direction when a predetermairaed maximunra 
pressure rises in the · boiler, as when the boiler 
generates" steama to its full capacity. : 'fhe pisí0th 
l23 has a head l24 adapted to actuate rocker 
arms 25 and l26 · respectively operating the 
walves 92 and 9é to effect opening of the wawe 9 
and closure of the walve 92 when the predeter 
miraed maximum presSure is attained" in the 
boiler, and to close the valve 94 and open the . 
walwe 92 when the pressure drops below said max 
imum presSure, which action of the WalweS c0n 
trols flow of pilot fuel to the burner, which in 
turn also controls · the delivery of the primary 
fuel to the burner. : 'The walve 92 is also actuated, 
together with the walwe 93 to control the fuel de 
livery to the burner responsiwe · 0 temperature 
conditions in the boiler .. under actuation of a 
thermostat; [12]. ~ 

'The thermostat is enclosed i?a jih?e stream Orile: 
pipe of the generator and is Swept by the out 
going steam being delivered to the engine 3. The 
thermostat is designed Sto that it is responsive to 
temperature within the generator, as well as tha3e 
temperature of the tube 28 CFigS. 2 and D, so 
that it is not affected through accumulation of 
Sediment, Scale or carbonized íubeS. The terrim? 
nal · of the steam coil therefore slidably exterads 
through a collar. l28 fixed in the wall of the gera 
erator So that it is free to float therein-responsive 
to expansion and contraction. Carried ora the; 
terminal end thereof is a housing l29, carrying 
a compound lewer system for actuating the con 
trol.walwe aSSembly. which is also maounted ora the 
housing 129. The housing 429 also carries the 
pressure chamber' lf8 

Fixed to the end of the stear?a jube is a flang; 
f30 and closely slidable therein is a dbe 13d hay 
ing a fdange l32 on its outer end. - Slidable within 
the tube l31 is a tube l33, the tubes i3 and l33 
being welded together at their inner ends, as 
indicated at l34. The opposite enad of the tube 
l33 projects through an opening l35 ira he hous|- 
ing , f29 and carries an L--fitting l36, havirag a 
neck l3 extending through a sloited operating i38 
in the housing, and which is connected witha the 
steam line by a union 139.. 'The fianges [30] and 
l32 are clarmped together, and to the housing, by 
fastening devices Such as stud bolts l49, having 
their shankS extending through registering open 
ings in the reSpective fianges and into itareatlet 
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openingS in , the Wall of the housing aS clearly 
shown in Fig. 't, a suitable gasket material being 
inserted between the flanges to prevent; leakage 
of pressure therethrough. The tubes i3 and [33 
are made of material hawing different coefficientS 
of expansion. For example, the inner tube [33 
may be formed of material, hawing a low coeffi 
cient of expansion, Such as inWar, and the tube 
13l is formed of material having * a greater de 
gree of expansion. Therefore, when the tube 3 
expands responsiWe to heat conditions within the 
generator, it elongates in the direction of the 
generator. · · Since the outer end thereof is con 
nected with the tube 28 through the fianges 130 
and l32, and Since the inner tube l33 has littl3 
or no expansion, it is carried therewith so that 
the L l36 is shifted within the housing 29. 

0 
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The mowement of the t- 136 is directly propor- . 
tional to wariations in temperature occurring in 
the generator, and consequently this mowement 
may be utilized in effecting Operation of the 
controls. The L l36 is, therefore, prowided with 
Spaced lugs l4f and l42 which mount a, Sliding 
block 43 therebetween. The block I 43 is con 
nected by a pin 444.” With the arm l45 of a rock 
lever f46, the rock lewer l46 being pivotally 
mounted on a rod l4 extending through the 
housing. The other arm f48 of the rock lewer l46 
is of greater length than the arm l45, and termi 
nates in a head l49 which engages against a 
bearing face l50 of a lewer l5 I'. 
The lever f5f is pivoted on a rod l52 also car 

ried by the housing in close relation to the bear 
ing Surface · l50 So that the effective leverage 
therebetween is short. The free end of the lewer 
l5f terminates in a head l53, which bears against 
the inner · end of a plunger {54 Slidable in a 
bearing f55 carried by the cover plate l56 of the 
housing f29. F'ixed to the cower plate are spaced 
bearings [5] and l58 mounating a, Shaft l59. Piw 
oted on the Shaft l59 is a rocker {60 hawing .ara 
arm l6f provided with a head l62 engaging the 
outer end of the plunger {54. The rocker also 
has a longer arm l63 carrying an adjusting screw 
{64 which engages the stem {65 of the waive 92.. 
The rocker f60 has an extended hub [66 car 
rying an arm f6'l, hawing an adjusting screw l68 
in the terminal end thereof for engaging the stem 
l69 of the walwe 93. The rocker arm 25, pre 
wiously mentioned, is fixed, to the Shaft; l59 and ! 
rocks the Shaft to Operate a lever arn [[T0 which 
engages the stem of the Walwe 92 alongside the 
rocker l60. The rocker arm #26 is fixed to a 
hub that is pivotally mounted on the Shaft, and 
has an arm I'll carrying an adjusting screw dT2 
engageable . With the stem of the walwe 94. It is 
thus obvious that, when the thermostat expands 
the lewer l46 is shifted on itS pivot to rock the 
lewer l5l, which in turn mowes the plunger to 
effect rocking of the rocker f60 to close the walves 
92" and 93. ILikewise when the piston l23 is re 
Sponsive to pressure in the generator, the rocker 
arms f26 and l25 are operated to close the walwe 
92 and open the walwe 94, in both instances to 
cut off the fuel Supply to the burner. 
The walveS 92, 93 and 94 are built; within a 

single walve casing l3, hawing bores [T4, T5 
and IT6 containing packing rings ||TT in which 
the respective walwe stems are slidably Sealed. 
In each instance the packing is compressed about 
the respective stem by a bushing 18, and which 
is retained in place by a compression spring IIT9 
having one end bearing against the bushing and 
the other end against a, Shoe i80. The shoes 
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within tubular bores [18] of the respective walwe 
sterns, and are retained therein by pins l82 ex 
tending through the steams and through register 
ing slots I83 in the shoes. The Shoes are 
normally retained in projected position against 
the adjusting screws of the rocker arms by coil 
Springs f83’ bearing against the .. shoes and 
against the bottoms of the boreS, as shoWn in 
Fig. 5. Prowided in the outer ends of the respec 
tive valwe bores are outlet, ports |84, 185 and 
l86, the portS l84 and f85 being provided with 
walwe Seats f8'll adapted to be engaged by the 
walved ends l88 of the respective walves. The 
bore for the Walwe 94 has a seat 189 ahead of 
the Seat of the outlet, port f86 which is engaged 
by a muShroom type walving head l90 that is 
nOrmally retained in Seated position by a coil 
Spring l9. When the generator is cold, or is 
uxhder normal operations, the walwes 92 and 93 
are normally opened and . the walwe 94 closed 
So that liquid is free to flow by way of the pipe 
95, and inlet l92, into the vaive housing where 
it floWS through a port !93, through the port 
l85, a connecting duct f94, to a pipe [95 that, 
iS cOnnected with the pipe 98, previously de 
SCribed. The liquid is also free to flow through 
a port l96 connecting the valves 92 and 93, 
through the port, l84, and into the pipe 9f where 
it is discharged through the pipe 90 into the 
injector pump, to be injected through the pipe 
56 into the outer cup of the burner. Pressure 
of this fuel is also utilized for controlling a 
Valve l9T connected in the fuel supply line '4', 
and Which is actuated by a piston {98 recipro 
Cable in a preSSure cylinder f99 in opposition 
tO a Spring 200. The pressure cylinder [99 is 
connected with the pipe 9t by a branch pipe 
2ðl SO that the preSSure acts against the piston" 
inOppOSitiCn to the Spring for holding the walve 
[5] in Open position So that the pump 64 is effec 
tive in Supplying primary fuel to the burner. 
The imlet Side of the walve 92 is connected by 

a pipe 202 With a presSure actuated walve 203 
located in the steam line 204 which supplies 
Strealm to the feed Water pump 29, the exhaust; 
Steam being discharged from the pump through a 
pipe 205 that is connected with the line 32, pre 
ViOuSly mentioned. Connected in the line", g5 
iS a preSSure regulating walve 266, similar to the 
by-paSS regulators [0, and f07. Water is Sup 
plied under generator pressure to the preSSure 
Chamber fl8 for actuating the piston 23 by 
Way of a branch pipe 20i, connecting the line 
8 With the preSSure chamber as shown in Fig. 8, 

Ith Operating a Steam generating System con 
Structed and aSSembled as described, and assum 
Sing that the generator and feed water Supply 
trank 3 are filled to the desired levels, and that 
the reSpective fuels have been placed in the 
reSpective tankS 99 and f05, the operator will 
Open the WalWe li and close the switch 4 to 
energiZe_ the motor ff0 to start, rotation of the 
Shaftf 5d. The pump 65 then becomes effective 
in draWing pilot fuel from the tank 99 and build 
ing up preSSure in the hydraulic control SyStem, 
aS set by the preSSure regulator 0 in the by 
paSS l00. Should this pressure tend to rise 
aboWe the Set presSure, for example 16 pounds, 
then the walwe l0I will open to by-pass the 
exceSS fuel. Since the System is cold, no steam 
PreSSure exists in the generator, and the therno 
Stat is in contracted position. The WalWeS 92 
and $3 are therefore open and the walve g4 is 
closed. In open position of the walwe 92, pilot 

l80 for the valves 92 and 93 are loosely mounted 75 fuel is delivered under pressure through the 
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9 and pipe 90 to the injector 8, which injector ? 
is operating incidental to actuation of the shaft 
6. The pilot fuel is, therefore, injected under 
pressure through the ' check walve 09, and pipe 
56, into the outer cup 59 of the burner. The 
cup 53, being driven from the Shaft 5f, is ro 
tated to effect; centrifugal discharge of the pilot 
fuel frorn the lip 52, with sufficient , force and 
spread to produce thorough atomization thereof. 
Actuation of the shaft; 5I also operates the Spark 
ing device 63 so that a current is caused to pass 
across the terminals of the electrodeS 58 ' and 59 
to effect, ignition of the pilot fuel. The shaft 
5f also operates the propeller l2 So that com 
bustion supporting air is being supplied to the 
burner for effecting combustion of the fuel. 
Pressure in the pipe 9l is caused to act upon 
the plston f9; through the pipe 20 to effect 
opening of the walve I9] in the primary fuel 
supply line 4. Prior to opening of , the valve\ 
[9], the primary fuel was by-paSSed through the 
regulator walwe [0, but after the walwe 49] is 
opened, the heavy fuel is delivered to the inner 
cup of the burner, where the fuel is centrifugally 
discharged concentrically within the pilot fuel 
Spray and … is readily ignited thereby and kept, 
in a burrning state. Thus the pilot fuel is de 
lfwered to the burner and is ira a burning state 
prior to delivery to the burner of the primary 
fuel. ^ 

The burner now being in operation, the flame 
issuing therefrom is caused to Swirl about the 
interior of the combustion chamber in Swegping 
contact; with the coils 5 and to be forced down 
wardly in circling spirals ower the coils 9, and 
around the coils 25, before being discharged 
through the flue 2. The intense flame, acting 
upon the coils, readily heats the Water to the 
steaming point, with the steam collecting in the 
upper coils 25. · Since the walwe 203 is set to 
open at a higher pressure , than the by-pass 
walwes 206 and l0I, the feed Water pump has 
not yet been placed in operation, because the 
temperature conditions in the boiler · ha.We not 
raised sufficiently to require additional Water. 
1Bowever, as the Water then in , the boiler w83 
porizes the temperature rises to the point, where 
additional water is required. The thermostat 
then functions to close the walWeS 92 and " 93, 
shutting off the by-pass through the walwe 206 
So that, the pressure increases in the line 202 
an amount , sufficient to open the walwe · 203. 
Steam is then Supplied to the feed Water pump 
to begin, operation thereof. With the Water 
pump in operation, additional water is delivered 
to the generator. · Upon this operation the fuel 
Supplies to the burner have been Suspended but 
with the admission of additional Water the boiler 
temperature will · have dropped Sufficiently to 
contract the thermostat, thereby permitting the 
walwes 92 and ? 93 to reopen. The primary fuel 
is then effective to reestablish the fuel Supplies 
as heretofore described, and upon opening of the 
walve 83, the by-paSS fl94 is opened so that the 
excess pilot fuel is discharged through the regula 
tor' walve 206. This produces a drop of pressure 
within the line 202 || So that the walwe 208 closer. 
shuttlng doWn the feed water pump. 
When the initial stean preSSure has been built; 

up in , the generator, the · shaft; · Gl is 'operated 
by the turbine . The switch . [14 is therefore 
opened to suspend the current;" | supply to the 
motor [ [10. When a desired maximum pressure is 
reached ira 'the generator, the pressure, acting 
through the pipe 20T on , the body of oil #f9', 
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causes mowement of the piston l23 to effect, actu 
ation of the rock levers 29 and 26, thereby 
closing the walwe 92 to shut of flow of pilot fuel 
to the indector pump and to the actuating mech 
anism operating the primary fuel control walve 
l9l so that the spring 200 is effective in closing 
the fuel control walve f9", to shut off the primary 
fuel. The pilot fuel displaced by the piston 198, 
Ora the return stroke, is delivered to the injector 
So that the primary fuel remaining in the burner 
is therefore burned so as to prevent smoking and 
fuming thereof when the burner is again oper 
ated. The shaft Bl, however, will continue to 
Operate under the power of the turbine to actuate 
the fuel punps 64 and 65. The pilot fuel · dis 
charged from the pump 65 then fiows through 
the opened walve 94, outlet, f86 and pipe 95, to the 
regulating walwe 206, back to the pilot fuel sup 
ply tank, the wélve" 206 being set at a lower 
pressure thara the regulating walve 01. Upon 
Opening of the walve 94 pressure drops in the 
line 202 so that the control walve 203 closes to shut 
of steam supply to the feed water pump. As the 
Steam is conSumed and the pressure begins to 
drop in . the boiler, the walve 94 is closed under 
Spring preSSure and the walve 92 opened so that 
the plot fuel pump is again effective in supplying 
pilot oil to the line 9f for feed to the burner, 
and in opening of the primary' fuel control valve 
l9l to reestablish flow of primary fuel to the 
burner, the pilot fuel being ignited as previously 
described. It is thus obvious that the system will 
Operate intermittently in accordance with the 
generator pressures which, of course, wary with 
demands of the Steam consuming device, such as the engine {}, 
The System .ds provided with safety features 

besides the customary safety’ valve which auto 
matically operate in emergency, situations and 
conditions. For example, should the pilot fuel 
oil Supply becOne exhausted, the system is im 
mediately shut down for the reason that the 
pilot fuel is itself the control medium regulating 
the Water and primary fuel supplies. When this 
occurs, presSure in the line 95 drops' to zero, all 
lowing the feed water pump control walve to close, 
Shutting of stean to the feed water pump, there 
by stopping further delivery of water to the 
generator. The pressure drop also allows the 
Spring 200 to become effective in closing the pri 
mary fuel control walve l91, thereby shutting off 
the prinary fuel . supply which is then by 
paSSed back to the supply tank f05. This con 
trol is an important feature since the heavy fuel 

| is not readily combustible without the aid of the 
pilot fuel, and the system would not operate efii 
ciently. The steam pressure then falls due to 
absence of fire and water until the generator be 
COnes COld, the turbine stopping at the prede 
ermined steam pressure setting therefor so as to 
stOp further actuation of the shaft; 5 and the 
elements driven thereby. ^ ? 

In the event that the water supply becomes ex 
hausted, the generator will operate at predeter 
nined preSSure and temperature until the water 
contained in the generator tubes is about evap-- 
orated. AS this condition occurs and is grad ually approached, the pressure will' fall until 
the turbine.stops at the predetermined setting 
thereby cutting the entire burning systen as well 
as the controls out of operation. The generator 
pressure and temperature will, in this case, con 
tinue to recede until it, becomes cold through ra 
dation losses. 
In the event, the primary fuel oil becomes 

  



exhausted, the pilot fuel cannot maintain the 
required reat and the steam temperature will 
gradually drop in the generator to the point 
where the turbline will fail to operate, stopping ? 
operation of the respective pumpS. 
`' It is, therefore, ewident; that running out of 
primary fuel, pilot fuel, or water, with the SyS 

" tem in operation, creates no emergency condition 
or danger arising from too high preSSure or term 
perature in the generator. ~ 
From the foregoing it is obvious that I have 

provided a stearn generating' system which is 
completely automatic and capable of maintaining 

- an adequate steam Supply in accordance With 
variable denands of the steam conSuming appa 
ratus. ?) ~ 

* What, 1I claim and desire to secure by Letters 
Paten is: ^ ^ ^ 

1. In an apparatus of the character described, 
a generator, a fuel burner for the generator, a 
pilot fuel supply, means connecting the pilot 
fuel Supply with the burmer, a primary fuel Sup 
ply separate from the pilot fuel Supply, meanS 
connecting the primary fuel supply with the 
burner, means responsive to pressure of the pilot 
fuel independently of the primary" fuel preSSure 
for controlling delivery of the primary fuel to 
the burner, and means responsive to tempera 
ture in the generator for suspending delivery 
of pilot fuel to the burner. ~ 

? 2. In an apparatus of the character described, 
a generator', ' a fuel burner for the generator, a, 
pilot fuel Supply, means connecting the pilot fuel 
Supply with the burner, a primary fuel Supply 
Separate from the pilot fuel Supply, means con 
necting the primary fuel Supply with the burn 
er, means responsive to pressure of the pilot fuel 
independently of the primary fuel for control 
ling delivery of the primary fuel to the burner, 
and means responsive to pressure in the gen 
erator' for Suspending deliWery of" pilot fuel to 
the burner. ~ 

8. In an apparatus of the character described, 
a steam generator, a fuel burner for the gener 
ator, means Supplying a pilot fuel to the burner, 
means supplying a primary fuel to the burner, 
means supplying water to the generator, means 
responsive to pressure of the pilot fuel for con 
trolling delivery of the primary fuel to the burn 
er, and means responsiWe to said pilot fuel for 
controlling delivery of water to the generator. 

4. In an apparatus of the character described, 
a, 'generator, a fuel burner for the generator, 
means supplying a pilot fuel to the burner, means 
Supplying a primary fuel to the burner, means 
responsive to pressure of the pilot fuel for con 
trolling delivery of the primary fuel1-to the burn 
er, means responsive to preSSure in the gener 

, ator for Suspending delivery of pilot fuel to the 
generator, and Separate means responsive to tem 
perature in the generator for Suspending delivery 
of the pilot fuel. ~ * 

5. In an apparatus of the character described, 
a 'steam generator, a fuel burner for the gen 
erator, means supplying a pilot fuel to the burn 
er, neans Supplying a primary fuel to the burn 
er, means responsive to pressure of the pilot fuel 
for controlling delivery of the primary fuel to 
the burner, means for deliwering water to the 
generator, and means responsiWe to pressure of 
the pilot fuel for controlling Said water delivery 

" means. ^ 
6. An apparatus of the character described in 

cluding a steam generator, a burner for the gen 
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Supply, a Separate source of less readily com 
bustible primary fuel Supply, Separate pumps for 
mowing said fuels t0 the burner, common means 
for "actuating Said pumps, means responsive to 
pressure of the pilot fuel for controlling flow of 
the primary fuel, and means responsiwe to ten 
perature and .pressure conditions in the stean 
generator for suspending the pilot fuel supply. 

't. An apparatus of the character described in 
cluding a generator, a burner for the generator, 
a source of readily combustible pilot fuel Supply, 
a Separate Source of less readily combustible pri 
mary fuel Supply, separate pumps for ' mowing 
Said fuels to the burner, a motor for initially'op 
erating Said pumps, a turbine hawing connec 
tion with Said generator for operating the pumps 
when a sufficient steam supply: is created in said 
generator, a pressure actuated walve in the pri 
mary fuel Supply, and means connecting the . . 
pilot fuel Supply with the pressure actuated Walwe 
to maintain said primary fuel supply responsive 
to the pilot fuel Supply, said walve being ar 
ranged to close upon failure in Said pilot fuel 
Supply to Suspend flow of the primary fuel t0 
the burner of the generator', ' 

8. An apparatus of the character described in 
cluding a steam generator, a burner for the gen 
erator, a Source of readily combustible pilot fuel 
Supply, " a Separate source of . less readily com 
bustible primary fuel Supply, separate pumps for 
nowing - Said fuels to the burner, common means 
for actuating said pumps, means responsive to 
pressure of the pilot fuel for controlling filow of 
the primary fuel, , a turbine hawing driving con 
nection with said pumps, a steam Supply line 
connecting said generator with the turbine, and 

.. means responsive to temperature and pressure 
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conditions in the steam generator for Suspending 
the pilot fuel supply. 

9. An apparatus of the character described in 
cluding a, steam generator, a burner for the gen 
erator, a Source of pilot fuel Supply, a Separate 
SOurce .. of primary fuel Supply, separate pumps 
for mowing Said fuels to the burner, means re 
Sponsive to preSSure of the pilot fuel for control 
|ling filoW of the primary fuel, a turbine hawing 
driving connection with said pumps, a steam Sup 
ply line connecting the generator' with said tur 
bine whereby the turbine actuates said pumps to 
maintain preSSure on Said pilot fuel, and driving 
means connected with the pumps for initially 
building up said preSSure. 

10. An apparatus of the character described 
including a generator, a burner for the gener 
ator, a Source of pilot fuel Supply, a source of 
primary fuel Supply, Separate pumps for mowing 
Said fuels to the burner, a drive Shaft,^ a, driving 
connection between the drive Shaft; and the 
pumps, a motor connected with the drive shaft; 
for initially Operating Said pumps, a turbine hav 
ing cognection with said generator for operating 
the pumps when a Sufficient steam Supply is 
created in Said generator, and spark producing 
means operatively connected with said shaft for 
igniting said fuels. ~ 

11. An apparatus of the character described 
including a steam generator, a, burner for the 
generator, a pilot fuel supply Hine connected with 
the burner for delivering a readily combustible 
fuel of low wiScoSity, a primary fuel line connect 
ed with the burner. for delivering a less readily 
combustible fuel of higher wiscosity, a valve in 
the primary fuel line, pressure actuated means 
connected with the walve, a duct connecting the 

erator, a Source of readily combustible pilot fuel 'f5 pilot fuel line with said walve actuating means 
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whereby pressure of said pilot fuel is effective in 
opening Said walve to fiow of the primary fuel, 
Separate pumps in said lines for separately mow 
ing Said fuels to the burner, a motor for initially 
Operating Said pumps, and a turbine hawing con 
nection with said generator for operating the 
pumps when a sufficient steam Supply is created 
in Said generator. 

12. In an apparatus of the character described, 
a Steam generator, a fuel burner for heating the 
generator, means for supplying a pilot fuel to 
the burner under preSSure, means for supplying 
water to the generator, pilot fuel actuated means 
controlling the Water Supply to the generator, 
walve mechanism controlling the pilot fuel supply 
to the control means, and temperature responsive 
meanas in the generator for actuating said walwe 
mechaniSm whereby water · is admitted to the 
generator responsive to temperature conditions 
in the generator' and when pressure is being 
maintained on the pilot fuel. ? 

18. In an apparatus of the character described, 
a steam generator, a fuel burner for heating the 
generator, means for supplying a pilot fuel to the 
burner under preSSure, means for Supplying water 
to the generator, pilot fuel actuated means con 
trolling the water supply to the generator, walve 
mechaniSma controlling the pilot fuel Supply to 
the control means, temperature responsive means 
in the generator for actuating said walve mech 
anism whereby water is admitted to the gena 
erator responsive to temperature conditions in the 
generator and when preSSure is being maintained 
On the pilot fuel, and means hawing connection 
with the water Supply and responsive to hydro 
Static head in the generator for controlling the 
pilot fuel Supply. ~ ? 

14. In an apparatus of the character described, 
a steam generator, a fuel burner for heating the 
generator, means for Supplying a pilot fuel to the 
burner under preSSure, means for.Supplying wa 
ter to the generator, pilot fuel actuated means 
controlling the water supply to the generator, 
Walwe mechanism controlling the pilot fuel sup 
ply to the control means, temperature responsive 
means in the generator" for actuating said walve 
mechanism whereby Water is admitted to the 
generator , responsive .. to , temperature conditions 
in the generator' and when pressure is being 
maintained on the pilot fuel, means hawing con 
nection with the water Supply and responsive to 
hydrostatic head in the generator for controlling 
the pilot fuel Supply, a primary fuel supply for 
the burner, a control walwe for regulating the pri 
mary fuel and hawing · connection with the pilot; 
fuel Supply through said walve mechanism, and 
a connection between Said last named means and 
the Walwe mechanism for controlling supply of 
primary fuel to the burner responsive to said 
hydrostatic head, 

15. Tn an apparatus of the character described, 
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16. In an apparatus of the character described, 

a generator, a fuel burner for the generator, 
meanS Supplying a main fuel to the burner for 
heating the generator, hydraulic means for con 
trolling delivery of said main fuel to the burner, 
meanS for deliWering feed Water to the generator, 
hydraulic means controlling. said water supply 
means, meanS conducting a pilot fuel for said 
burner to Said hydraulic meanS for actuating the 
hydraulic means to render Said main fuel supply 
to the burner effective, and means in said con 
ducting means responsiWe to temperature in the 
generator for controlling said ; pilot fuel Supply 
to the hydraulic means, 

17. An apparatus of the character described 
including, a steam generator, a burner for the 
generator, a Source of pilot fuel Supply, a Sep 
arate source of primary fuel Supply, means re 
Sponsive to preSSure of the pilot fuel · for con 
throlling flow of the primary fuel to the burner, 
a walwe in the pilot fuel Supply, means responsive 
to temperature and preSSure in the steam gen 
erator for actuating said walwe, and a by-paSS 
connected with said walwe for returning pilot 
fuel · to , the Source of Supply when Said walve is 
closed. ~ 

18. An apparatus of the character described 
.. including, a steam generator, a burner for the 
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a generator, a fuel burner for the generator, a, . 
readily cOmbustible pilot fuel Supply, means con 
necting the readily combustible pilot fuel Supply 
with the burner, a less readily combustible main 
fuel Supply separate from the pilot fuel supply, 
meanS · connecting the main fuel supply with the 
burner, and means responsive to pressure of the 
readily combustible pilot fuel independently of 
preSSure of the less readily combustible main fuel 
for controlling delivery of the less readily. com 
bustilble main fuel Supply to the burner, 
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generator, a Source of pilot fuel Supply, a sepa 
rate SOurce of primary fuel Supply, means re 
Sponsiwe to preSSure of the pilot fuel for control 
|ling flow of the primary fuel to the burner, a 
Walwe in the pilot fuel Supply, means re 
SponsiWe to temperature and preSSure in the 
Steam generator for actuating said walve, a by 
paSS connected with said walve for returning pilot 
fuel to the Source of supply when said walve is 
cloSed, a walWe in Said by-paSS, and means re 
SponsiWe to pressure in the steam generator for 
controlling the by-pass walve. 

19. 'An apparatus of the character described 
including, a steam generator, a burner for the 
generator, a Source of pilot fuel supply, a sepa 
rate Source of primary fuel · Supply, means re 
SponsiWe to presSure of the pilot fuel for control 
ling flow of the primary fuel to the burner, ', a, 
walwe in the pilot fuel supply, means responsive 
to temperature and preSSure in the steam gen 
erator for actuating said walwe, a by-paSS con 
nected with Said walwe for returning pilot fuel to 
the Source of Supply When said walve is closed, a 
walwe in said by-pass, means responsiWe .to pres 
Sure in the steam generator for controlling the 
by-paSS walWe, a Second Walwe connected with Sadd 
by-paSS, and means responsive to temperature in 
the steam generator for controlling Sald Second 
by-paSS W8lWe. 

20. An apparatus of the character described 
including, a steam generator, a burner for the 
8enerator, a Source of pilot fuel Supply, a sepa 
rate Source of primary fuel Supply, means re 
Sponsive to pressure of the pilot fuel for control 
ling flow of the primary fuel to the burner, a 
walwe in the pilot fuel Supply, means responsive . 
to temperature and presSure in the stearn gen 
erator for actuating Sald walve, a by-pass con 
nected with said walve for returning pilot fuel to 
the source of Supply when said walwe 1s closed, a 
walve in Sadd by-paSS, and means. responsive to 
temperature in the steam generator': for coratroll 
ling the by-pass Walve. 
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