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UNITED STATES 

2,658,462 

PATENT OFFICE 
2,658,462 

COMEBUSTION APPARATUS 

Barry C. May, East Iliciseesport, and Ellis E. 
Hewitt, Pittsburgh, Pa., assignors to Westing 
house Air Brake Company, a corporation of 
Pensylvania, 

Original application April 20, 1948, Seria No. 
22,208. Divided and this application Septem 
ber 24, 1949, Serial No. 11,700 

(C. 110-22) 2 Clairas. 

This invention relates to combustion apparatus, 
and more particularly to apparatus for control 
ling Supply of pulverizes fuel and/or oil to a, 
Combustion chamber, the present invention baing 
a division of our Copending application, Seiriai No. 
22,208, fied April 20, 348 and 3, Fateht, No. 
2,568,127. 
The principal object of the invention is the 

provision of inproved apparats for controlling 
Supply of pulverized coal and/or oii to a conius 
tion chainber. 
Other objects and advantages will become ap 

parent from the following ore detailed des3rip 
tion of the invention. 

In the ag.companying drawing; Fig. 1 is a sche 
natic view, partly in outline and partly in Sec. 
tion, of control apparatus encodying the inven 
tion associated With coinoustion apparats to be 
controlled; Fig. 2 is a vertical-sectional view of 
a relay Valve device cornprised in the control ap 
paratus ShoWn in Fig. 1: Fig. 3 is a vertical-Sep 
tional view of a self-apping valve device coin 
prised in the control apparatus shown in Fig. 1; 
and Fig. 4 is a similar View of a magnet valve 
device COinprised in the COinio apparatus shown 
in Fig. 1. 

Description 

Crushed Coal particles for the equipment are 
Stored as a Source of Supply of fuel Such as a first 
Storage tank 8 which is repenished by Supply 
through a conduit 9 and a centrifugal type sepa 
rator device is by means of a Sction air strealin. 
The separator device is provided for separat 
ing the crushed coal from the conveying air, and 
a centrifugal type Suction fan (not shown) may 
be provided to create suction for moving said con 
veying air. 
From the first storage tank 3, which may be at 

slightly less than atmospheric pressure, the 
crushed coal stored therein is fed into a pressur 
ized coal storage tank 2 which nay be at a pres 
Sure of Ole hundred fifty pounds, for example. 
Coal punpS 2A are arranged to be driven by elec 
tric notorS 22 for feeding the Crushed coal from 
the storage tank 3 at OW pressure into the Stor 
age tank 2 at higher pressure. Detail of the 
coal pumps is not, ShoWin, but Said pumps may be 
in the form of a rotatable element, having a cav 
ity formed therein a ranged to fill with coal. When 
exposed to the tank 8 and to drop said coal upon 
Subsequent exposure to tank 2. 
Crushed coal in the pressurized coal storage 

tank 2 is fed by a WOrin feed 23 into a line 24 
adapted to receive compressed air at say one 
hundred fifty pounds from a Source (not shown). 
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An electric notor 25 is provided for driving the 
Wolfeed 23. 

PUVerized coal thus fed into the line 24 is con 
Weyed by the Compressed air flowing therein into 
a Coal feed regulator device 25 which is adapted 
to regulate the Supply of air-conveyed coal froin. 
the line 24 to a feed line 27, by-passing any ex 
CeSS back into the storage tank 2. 
The regulator device 2 may comprise a feed 

Waive 29 and a by-pass valve 3, both substan 
tially in the shape of a frustrated cone or modi 
fied form of needle valve, connected one with 
the other by a rigid element, 3. A stem 32 may be 
Secured at one end to valve 3 and reciprocably 
ciSposed Within a Suitable bore in a Sleeve men 
be 33 for guiding movement of the valves. An 
Oilerating Stein 34 may be provided for actuat 
ing the valves 29, 39. The opposite end of stem 34 
Yinay be disposed outside the casing of device 26 
fol' pivotal connection to an operating lever of an 
actuating device, as Will be described in detail 
hereinafter. Movement of Stein 3é noves Valves 
23 and 3 to Ward Or a Way fron respective Valve 
Seats 3 and 38, according to direction of Such 
movement. As valve 29 is innoved toward seat 3 
by upward movement of stem 34, valve 3C is si 
multaneously noved away fron Seat 33. Line 24 
opens into a Supply chamber intermediate the 
two valve seats, while feed line 2 is open to a de 
livery chamber A. On the outlet Side of Seat 3, 
With a return chamber 32 on the Outlet Side of 
Seat 38 opening into the top of tank. 28. The air 
conveyed coal Supplied to chamber 4 is distrib 
uted to changers A and 32 in accordance With 
proximity of the Walves 29 and 35 to the respective 
Seats 3 and 38, as Will be appreciated. 
The air-conveyed coal flowing in feed line 2 

is expanded through a adjustable ho2Zle device 
43, where the pressure drops from one hundred 
fifty pounds to about seventy pounds, into a con 
ical attrition chaliber Ai. The Cornpressed air 
Which has perimeated into the pores of each coal 
particle while passing through line 2 cannot es 
Cape rapidly enough to instantaneously attain 
the pressure in the attrition chamber, after pass 
ing through the CZZe device 5S, and so it shatters 
the CO3, into tiny fragilents. The use of a coni 
cal attrition chamber after the nozzle device 43 
further reduces the size of the particles. The 
fineneSS of the product depends upon the pres 
Sure drop in the nozzie device, upon the inlet air 
tenperature, and upon the ainouilt of conveying 
air used per pound of COa. Coal of low grind 
ability requires a higher air-to-coal ratio than 
coal of high grindability, so the nozzle device is 
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Inade adjustable to allow the air-to-coal ratio 
to be maintained at a suitable value as the coal 
foW varies. The conveying air to line 24 is Sup 
plied by Such as a booster compressor (not shown) 
Which may be driven by Such as a variable speed 
turbine (not shown), whereby the pressure at 
the inlet to nozzle device 43 will tend to vary With 
Speed of the booster compressor which is Sub 
Stantially dependent upon the annount of fuel 
Supplied, but by adjustment of the flow area of 
Said nozzle device the proper pressure drop there 
through may be maintained for any given amount, 
of fuel and supply of conveying air to line 27, as 
will be more fully described hereinafter. 
The adjustable nozzle device $3 may comprise 

a casing having an inlet chamber 8 to which 
the feed line 2 is connected, and an outlet 
chamber 49 connected to the attrition chamber 
44. A variable area throat may he formed in 
termediate the chambers 48 and 49 by an ele 
ment 5 fixed to the interior of the casing in the 
path of flow of coal and conveying air admitted 
to chamber 48, and by an adjustable element 
5 projecting into said path of flow opposite to 
element 50. Adjustable element 5 may com 
prise a cylindrical portion slidably mounted in 
a Suitable bore in the casing and attached to 
an operating rod 53 extending outwardly 
through the casing; the outer projecting end 
of rod 53 being adapted for pivotal connection 
to an actuator, as will be described in detail 
hereinafter, to position the adjustable element 
5. 
The atomized coal and conveying air leaves 

the top of the attrition chamber 44 and, via a 
pipe 54, enters a by-pass control valve device 
55, which, during normal running operation of 
the plant, connects said pipe 54 via another pipe 
56 to a nozzle device 5 for introducing the fine 
particles of the coal from tank 8 to a combustion 
chamber device 58. The by-pass control valve 
device 55 is operative, during starting of the 
combustion chamber with fuel oil, as will be 
later described, to disconnect the pipe 56 from 
the pipe 5 and to connect the latter pipe to a 
return pipe 59 connected to the top of the first 
storage tank 8. Thus, during starting, any coal 
and/or conveying air Supplied to the feed line 
2 by-passes the combustion charnber device 3 
and is returned to the storage tank 8 while said 
combustion chamber is warned Up on an oil 
flame, as will be pointed out. 
The by-paSS contro Valve device 55 may corn 

prise a casing 60 in which is disposed a piston 
slide Valve S, or the like, having an inlet port 
62, which is constantly open to the pipe 54 from 
the attrition chamber 4, and two Separate out 
let ports 63, 64 connected to port 62, may be 
provided for registry with pipes 5 and 59, re 
spectively. In a first position of the valve 6, 
port 63 registers with pipe 56 while port 64 is 
blanked off, and in a Second position, the port 
63 is blanked off and port 64 registers With the 
return pipe 59. A compression spring SS may 
be arranged to urge Walve 6 in the direction of 
its first position, and by supply of fluid under 
pressure to a chamber 66, action of said Spring 
may be overcome to move said valve to its second 
position. Upon wenting of fluid under pressure 
from chamber 66, the spring 65 returns valve 
6 to its first position, in which it is shown in 
the drawing. 
A Second nozze device 6 is provided for in 

troducing fuel oil to the combustion chamber 
device 58 for warm-up of the turbine (not 
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ShoWn) during starting and for supporting a 
pilot flame to assure combustion of coal during 
running Operation of said turbine. Associated 
With nozzle device 67 is a fuel oil flow control 
element, such as a needle valve 6a, adjustable 
to different positions to regulate flow of fuel 
from a Source independent of tank 8, such as a 
fuel oil supply tank 6b, through said nozzle 
device to the combustion chamber device 58. 
By advancing the needle valve 6a toward a seat 
6c, the amount of fuel oil to the combustion 
chamber device 58 is reduced. By moving valve 
6d away from seat Slc, the amount of fuel oil 
to chamber device 58 is increased. A stem. 6d. 
is provided to allow for adjustment of the needle 
Valve 6 a. One end of stem 67 d is attached to 
the needle Valve, while the opposite end is 
adapted to be connected to an actuator device 
for effecting the adjustment of Said valve, as 
Will be described hereinafter. 
A fluid pressure actuator device 376 is provided 

for positioning the coal feed regulator device 28, 
and a similar fluid pressure actuator device 3 
is provided for positioning the adjustable nozzle 
device 3. Both actuator devices 36, 377 are 
adjustable in accordance with variations in pres 
Sure Of fluid in a control line 38 coinnon to 
both devices for simultaneous positioning of 
devices 26 and 3. 

For adjusting position of the needle valve 67a, 
of nozzle device 67 to control supply of fuel oil 
to the combustion chamber device 58, a fluid 
preSSure fuel Oil nozzle Control actuator de 
Vice 4.5 is provided. An operator's control valve 
device 406 is provided for controlling supply of 
fluid under pressure to the actuator device 405. 
A relay valve device 40, responsive to pressure 
Of fluid from the Operator's control waive device 
46, is operable to effect supply of fluid under 
preSSure to the by-pass valve device 55 and to 
a normally closed fuid pressure switch device 
408 for stopping motor 25 to prevent coal from 
being fed into the feed pipe 27 during warm 
up With fuel oil, as will be described hereinafter. 
A magnet valve device 49 is provided for con 
trolling supply of fluid under pressure to the 
Operator's control valve device 406. 
A Starting Switch 4 is provided for control 

ling Supply of electric current from a source of 
electrical energy such as the battery 30 to the 
magnet Valve device 409, and the various electric 
motors in the plant, as will be described here 
in after in detail. 
The fluid pressure actuator device 376, 377, 405 

may comprise a hollow cylindrical casing 4 2 
Containing a piston 4 i3 slidably mounted there 
in Which is subject to pressure of fluid in a 
chamber 45 at its one side and to pressure of 
fluid in a chamber 46 at its opposite side. 
Chamber 45 is open to a port 4 in the casing, 
Which, in the present instance, is open to the 
atmosphere. A compression control spring 49 
is disposed in chamber 4 f5 and arranged to urge 
the piston 43 in the direction of chamber 46 
toward a rest position seated against a project 
ing portion of an end wall 52 secured to the 
Casing. A piston rod 420 is attached at its one 
end to the piston 413 for movement therewith, 
and at itS Opposite projecting end outside the 
Casing is pivotally connected to an operating 
lever 42 for positioning same. An opening in 
the casing accommodates the rod 420 which is 
Slidable therein. 
The operating lever 42 is pivotally connected 

at its one end by a pin 424 to a projecting arm 
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425 attached to casing 42. The opposite end 
of lever 42 is provided with a slot to accommo 
date a pin or the like for operative connection 
to a device or element to be positioned. 
The operating lever 42 of actuator device 36 

is operatively connected to stem 34 of the coal 
feed regulator device 26, while lever 42 of the 
actuator 3, which is similar to device 3: 6, is 
Operatively connected to the rod 53 of the ad 
justable nozzle device 43. The respective cham 
ber 43 of both actuator devices 36, 37 is con 
nected to the control line 38 Which is common 
to both of Said devices. 

In both the actuator devices 36, 37, upon 
Supply of fluid under pressure to the chamber 
46 therein, the piston 43 will move in the di 
rection of chamber 45 against action of Spring 
is 9, and through rod 420 attached to said pis 
ton, Will adjust position of lever 42 according 
to degree of novelinent of the piston. Piston 4 3 
will move in the direction of chamber 45 until 
the fluid pressure force on its one side balances 
the force of spring 49 on its opposite side, and 
this in turn will depend on the degree of pres 
Sure of the fluid Supplied to the chamber 46. 
Upon Subsequent reduction in pressure of fluid 
in the chamber 46, the piston will move in the 
direction of Said chainber by action of Spring 
(3 9 a distance dependent upon the degree of said 
reduction, with a resultant repositioning of the 
lever 2. It will this be seen that ever 42 Will 
be caused to assume an angular position closer 
to or further away from the casing of the actu 
ator device in accord with the degree of pressure 
of the fluid in the chamber 46. 
Wariations in pressure of fuid effected via the 

control pipe 38 simultaneously in the respective 
chambers : 3 in both devices 376, 3' effects si 
Inuitaineous adjustment of the position of the re 
spective levers 42. As fluid under pressure in 
chamber A6 in actuator device 36 is increased 
through consequent positioning of the operating 
Ster: 3 is attached to lever 42, the valves 29 and 
3 in the coal feed regulator device 26 are po 
sitioned to increase the amount of coal supplied 
to the feed line 2, and reduce the araount of coal 
returned to the tank 2. As the pressure of fluid 
in the chamber 46 of the actuator device 36 is 
decreased, through the lever 42 and stem 34 the 
valves 29 and 30 are positioned correspondingly 
to decrease the amount of coal to the feed line 
27, and hence the combustion chamber 53 and re 
turn the balance to the tank 2). The amount 
of coal supplied to the feed line 27, is thus varied 
in accordance with pressure of fluid in the con 
trol line 3: 8, increasing as pressure of fluid in 
said line is increased and decreasing as pressure 
of filuid in Said line is decreased. 

In similar manner, increase in preSSure of fluid 
in the chamber 48 of device 37, through ever 
£2, positions rod 53 and adjustable element 5 
in nozzle device 43 to increase the flow area at 
the thcoat. Decrease in pressure of fluid in 
chamber 66 in actuator device 3 causes ad 
justment of rod 53 and adjustable element 5 in 
nozzle device 43 to decrease the throat area of 
said nozzle device. An increase in coal and air 
supply to the fuel line 27 calls for an increased 
throat area, in the adjustable nozzle device 43, 
while a decrease in coal and air in fuel lines 27 
calls for a decrease in said throat area, in Order 
to maintain the proper pressure drop through 
said nozzle device. For this reason, the coal feed 
regulator device 26 and the adjustable nozzle 
device 43 are positioned simultaneously in ac 
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COrdance With variations in pressure of fluid in 
the controlline 38. 

In the starting portion of the control appara 
tus for the plant, the fluid pressure actuator de 
Vice 465 for adjusting position of the needle valve 
device 67 is similar to the actuator device 376. 
Device & 5 is responsive to variations in pres 
sure of fluid in a control pipe 53 connected to 
chamber 446 therein to adjust position of needle 
valve 6a in device 6. As pressure of fluid in 
chamber is increased from a minimum value 
of ten pounds to a maximum value of sixty 
pounds, for example, the actuator device 405 will 
respond to vary position, through lever 42 and 
stem 6 Ed of the needle valve a from a substan 
tially closed position to a fully open position for 
accordingly varying the amount of fuel oil Sup 
plied froy pipe b through nozzle device 6 to 
the combustion chamber device 58 from a mini 
nunn amount to a maximum amount. When 
pressure of fluid in control pipe 53 is at its 
inini nunn Valle, ten pounds for example, the 
neede valve 3 a. will be disposed a slight dis 
tance away from its seat 6c to allow a certain 
du antity of fuel oil to flow to the combustion 
chamber to support a pilot flame for assuring 
combustion of coal supplied to said chamber dur 
ing running of the plant after warm-up with the 
Oil, Graduated increase in pressure of fluid in 
control pipe 5 3 will cause graduated increase in 
amount of fuel Oil Supplied to the combustion 
chamber device 58 for warm-up of the plant dur 
ing starting thereof. During starting, the tur 
bine Shaft is rotated by a starting motor (not 
shown) while the fuel oil is burned in the com 
ustion chamber for warm-up until such as a 

turbine (not shown) develops sufficient power to 
be Self-operating aind is taken of the starting 
Zotor and operated on the fuel oil. 
The control pipe 5 i3 is connected to the de 

livery chamber 264 of a self-lapping valve por 
tion 54 of the operator's control valve device 406. 

Referring to Fig. 3, the self-lapping valve por 
tion 5 4 of the operator's control valve device 
496 may comprise a casing 202 having a supply 
chamber 23, a delivery chamber 204, and an ex 
haust chamber 205 therein. A supply valve seat 
element 203, attached to operating stem 200 for 
movement therewith, is adapted for reciprocable 
movement within the casing 22. Element 206 
is open at One side to the supply chamber 203 by 
Way of ports 2 and a cavity 208, and at its op 
posite side to the delivery chamber 204 by way of 
a Supply valve seat 299. A supply valve 20 in 
the form of a ball may be disposed within cavity 
208 for controlling communication between the 
Supply chamber 23 and the delivery chamber 
204. A bias spring 2 is disposed in the cavity 
208 for urging the valve 20 toward a normally 
closed position on seat 209. An exhaust valve 
Seat element 2:2, secured for reciprocable move 
ment With a diaphragm 2 i3, is open at one end 
to the delivery chamber 204 by Way of an exhaust 
valve seat 2 formed therein. Valve seat ele 
ment 22 extends through the diaphragm and 
opens into the exhaust chamber 205 by Way of a 
central opening 25 extending from end to end. 
An exhaust valve 25' connected to the supply 
Valve 20 by a pin 29' and in the form of a ball 
is disposed in delivery chamber 204 to cooperate 
with the seat 24 in element 2 2 for controlling 
communication via opening 25 between said de 
livery chamber and the exhaust chamber 205. 
A bias Spring 26, disposed in the delivery cham 
ber 204, may be interposed between seat elements 
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206, 22 for biasing the seat element 206 in the 
direction of chamber 203. The diaphragm 23 
is subject on one side to pressure of fluid in a 
diaphragm chamber 21, which pressure of fluid 
is that of the delivery chamber 204, the two 
chambers being connected one to the other by 
way of a choke 2 f3. The opposite side of the 
diaphragm 23 is exposed to atmosphere in the 
exhaust chamber 25, said exhaust chamber be 
ing open to the atmosphere by way of a port 2 9 
in the casing. A compression control Spring 220 
is disposed in the exhaust chamber 25, inter 
posed between the diaphragm and an adjustable 
spring seat element 22, for determining the de 
gree of deflection of said diaphragm for any 
given pressure condition in the delivery cham 
ber 204. The adjustable spring seat 22 is pro 
vided to allow for changing the precompression 
of the control spring 220. 
In operation of the self-lapping valve portion : 

54 of operator's control valve device 406, when 
operating stem 288 is moved inwardly of the cas 
ing 202 a certain distance and held there, the 
attached seat element 236 is noved down Wardly, 
as viewed in the drawing, While the Supply Valve 
seat 209 formed in the end of element 26 is 
moved away from the supply valve 28. At this 
time supply valve 20 will remain stationary due 
to seating engagement of the attached exhaust 
valve 25' on seat 24 of element 22. 
supply valve seat 209 moves away from the Sup 
ply valve 2, supply chamber 233 is opened to 
delivery chamber 204 by way of the ports 23, 
cavity 28 and seat 209. Fluid under pressure 
supplied to the supply chainber 23 from any 
suitable source will then flow into the delivery 
chamber 204 where the pressure of fluid Will this 
be caused to increase. Pressure of fluid in dia 
phragm chamber 2 will increase with that in 
the delivery chamber 234, the former chamber 
being open to the latter by way of choke 2 S. 
Pressure of fluid in diaphragm chamber 2, be 
ing greater than the atmospheric pressure in 
chamber 205 will deflect diaphragm 23 against 
action of spring 220 in the direction of the last 
named chamber. Deflection of diaphragm 23 
will carry the exhaust valve seat element 22 
with it. Bias spring 2 will cause the supply 
valve 20 and exhaust valve 25' to follow move 
ment of element 22, while Said exhaust Valve 
remains seated on seat 24 in the end of said ele 
ment, until said supply valve seats on seat 209 in 
element 206. Upon seating of the supply valve 
2 0, the supply chamber 233 is closed to the de 
livery chamber 24 and further increase in pres 
Sure in the last named chamber thereby will be 
prevented in absence of further increase in de 
livery pressure in the diaphragn chamber 2, 
the pressure force on its one side will balance 
with Spring force on its opposite side and fur 
ther deflection of said diaphragm will cease. 
The supply valve 2 ( and the exhaust valve 25' 
remain seated. If, at this time, stem 20 were 
moved inwardly a greater amount, element 236 
Would again be moved downwardly to unseat 
from the supply valve 2 0, the above described 
action Would repeat, and an increase in pressure 
of fluid Would be secred in the delivery cham 
ber 24. The pressure of fluid thus obtained in 
the delivery chamber 204 will vary in substantial 
proportion to the degree of inward novenent of 
the operating stem 220. The minimum pressure 
which will be held in the delivery chamber 224 
will depend on the degree of precompression of 
the control Spring 220 which may be changed by 
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adjusting position of the spring seat element 22. 

If, subsequently, the operating stem 200 is 
allowed to be moved outwardly of the casing by 
action of spring 2 6 to a more extended posi 
tion, the supply valve 20 and attached exhaust 
valve 25' will be carried with it. The exhaust 
valve 25 is thus unseated from Seat 24 in ele 
ment 22 and the delivery chamber 204 thereby 
opened by Way of opening 2 f5 in said element to 
exhaust chamber 205. Delivery pressure in 
chamber 204 is thus caused to reduce, and such 
reduction, reflected in the diaphragm chamber 
27, allows the control spring 220 to deflect the 
diaphragm 23 upwardly. Upward deflection of 
the diaphragm 213 carries the element 2 f2 into 
engagement with the exhaust valve 25. The 
delivery chamber 264 is thus closed off from the 
exhaust chamber 205 and further reduction in 
delivery pressure prevented. The diaphragm 
23, therefore, ceases further deflection, and 
both the supply valve 20 and exhaust valve 25' 
remain Seated. A reduced delivery pressure, de 
termined by position of the operating stem 200, 
is thus secured. 
Summarizing action of the self-lapping valve 

portion 54 of the operator's control valve device 
A36, it will be seen that with the proper adjust 
ment of Spring 220 and with fluid at adequate 
preSSure in chamber 203, the pressure of fluid 
in the delivery chamber 204 will vary in accord 
ance With position of element 206 as determined 
by position of the attached stem 200. For ex 
ample, aSSune that the chamber 203 is connected 
to a Source of fluid at a pressure of sixty pounds, 
and it is desired to vary the delivery pressure in 
Chamber 294 in a range between ten pounds and 
sixty pounds. The spring 220 may be adjusted 
So that With element 26 in a rest position, ten 
pounds Will be established in delivery chamber 
264, and as said element is positioned equal in 
Crements in the direction of said chamber by 
depression of stem 200, the pressure of fluid in 
Said chamber is graduated in correspondingly 
equal increments until sixty pounds is reached. 
In the present example, that is, as long as the 
preSSure of fluid in Supply chamber 203 is as 
great as the maximum pressure desired in the 
delivery chamber 204, the pressure of fluid in 
said delivery chamber is determined by position 
of stem 200. 
The supply chamber 203 in portion 54 of de 

vice 603 is connected to a supply pipe 515 which 
is adapted to be Supplied with fluid under pres 
Sure via a delivery chamber in the magnet valve 
device 49 when energized. 
Magnet valve device 409 may be of a well 

known type comprising a magnet portion 332 
ShoWn in outline, and a valve portion shown sub 
stantially in Cross-section. The valve portion 
may be provided in the usual manner with a 
Supply chamber 333, delivery chamber 334, and 
an exhaust chamber 335. 
A normally closed Supply valve 33 disposed in 

chamber 333 is provided for controlling com 
munication between the supply chamber 333 and 
the delivery chamber 334. A normally open re 
lease valve 338 in chamber 335 controls com 
munication between the delivery chamber 334 and 
the exhaust chamber 335. A bias spring disposed 
in the Supply chamber 333 is arranged to urge 
the Supply valve 337 toward its closed position 
and at the same time urge the release valve 338 
toward an open position, in which position the 
two valves are shown in the drawing. 
In magnet valve device 409, its supply chamber 
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333 is connected to a source of fluid under pres 
Sure Such as a reservoir 516 adapted to be charged 
by a compressor (not shown) to furnish fluid 
under pressure before the plant is started. When 
magnet valve device 499 is deemergized, supply 
pipe 55 is connected to the atmosphere via pipe 
336, and when device 409 is energized, said pipe 
55 is connected to reservoir 56. 
The operator's control valve device 406 also 

comprises an operating portion for adjusting posi 
tion of the stem 200 in the self-lapping valve 
portion 54 for effecting the variations in pres 
Sure of fluid in control pipe 53. The operating 
portion may be provided with a cam 57 adapted 
to be rotated about a fixed point 58 by an oper 
ator's handle 59. A casing may be provided 
Secured to the self-lapping valve portion 5 is to 
carry the calm 57 and handle 59. Handle 59 
may project outwardly through a suitable slot 
formed in the casing. Opposite ends of the slot 
may define the opposite extreme limits of travel 
for movement of the handle 5 9, and these limits 
may represent "Minimum Fuel,' in which posi 
tion it is shown in the drawing, and “Maximum 
Fuel,' respectively. The cam 5 T is so shaped 
that by moving the handle from “Minimum 
Fuel' position towards “Maximum Fuel’ position 
the Self-lapping valve portion 54 is rendered 
responsive to effect an increase in pressure of 
fluid in control pipe 53 to call for more fuel oil 
to be supplied from nozzle device 67 to the corn 
bustion chamber device 58. Conversely, by sub 
Sequent novement of handle 59 back toward 
“Minimum Fuel' position, calls for a reduction 
in amount of fuel oil to the combustion cham 
ber, accordingly. 

Referring to Fig. 2, the relay valve device & 
may comprise a casing 243 having a diaphragm 
244 disposed therein subject to pressure of fluid 
in a diaphragm chamber 245 on one side and to 
pressure of fluid in a chamber 246 on its opposite 
side, which latter chamber is open to the atmos 
phere Wia, a port 24 in the casing. Also formed 
in the casing are chambers 248, 249 and 250, 
chamber 248 being separated from chamber 246 
by a partition 25 and from chamber 249 by a 
partition 252. A partition 253 separates cham 
bers 249 and 250. A valve 254 is disposed in cham 
ber 25 for controlling communication between 
Said chamber 25 and the chamber 249. Valve 
254 may be secured to a fluted stem 2.55 slidably 

OUInted in a Suitable bore extending through the 
partition 253, a seat 257 being formed in one 
end of Said bore to accommodate said valve. A 
bias spring 253 is disposed in chamber 253, ar 
ranged to urge the Valve 254 in the direction of 
seat 257. A valve 259, similar to valve 254, may 
be disposed in chamber 248 for controlling corn 
munication between said chamber 248 and the 
chamber 249, which latter chamber may be con 
sidered to be a delivery chamber. For slidably 
guiding valve 259, a fluted stem 25 is provided 
which is slidably disposed in a suitable bore open 
ing through partition 252. A valve seat 262 is 
provided, formed in partition 252 for accom 
modating the valve 259. Stems 255, 263 pro 
ject into and meet in the chamber 249 in such 
a manner that action of bias spring 233 on valve 
254, in urging same in the direction of its seat 
25, at the same time, through said stems, urges 
valve 259 in a direction away from seat 22. If 
valve 259 is seated, valve 254 is consequently un 
seated, Walve 259 is operatively connected to the 
diaphragm 244 by means of a rod or stem 263 
extending therebetween through a bore in par 
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10 
tition 25 in which said rod is slidably disposed. 
A Sealing ring may be provided in partition 25 
for Slidable Sealing engagement With rod or stem 
263 to prevent leakage of fluid under pressure 
past the Stern from chamber 248 and to cham 
ber 246. A control Spring 266 in chamber 246, 
arranged to oppose deflection of diaphragm 244 
in the direction of chamber 248 as caused by pres 
Sure of fluid in chamber 245, is provided for de 
termining the degree of Said pressure necessary 
for effecting operation of valves 254, 259. 

In relay valve device 407, diaphragm chamber 
245 is connected to the control pipe 53, chamber 
288 is connected to atmosphere via, a pipe 330, 
delivery chamber 249 is connected to a control 
pipe 529 which is in turn connected to the pres 
sure switch device & 8, and to chamber 66 in 
by-pass valve device 55, while chamber 250 is 
connected to supply pipe 55. 
When the control ripe 53, and hence the 

diaphragm chamber 245 in relay valve device 4, 
are pressurized, the diaphragm 244 is defected 
in the direction of the chamber 246 so that valve 
259 is seated and valve 25A unseated. With 
valve 259 seated, and valve 254 unseated, delivery 
chamber 249 is closed to chamber 248 to at 
mosphere and open to chamber 250. 
When the control pipe 53 and the diaphragm 

chamber 245 of relay valve device 40 are not 
pressurized, the diaphragm 244 will be disposed in 
a rest position in which it is shown in the draw 
ing, with valve 259 open and valve 254 closed. 
The delivery chamber 249 therefore is then closed 
to chamber 25 and open to atmosphere via cham 
be 328. 
When pressure of fluid in control pipe A3 is in 

creased above its minimum value a certain 
amount by movement of handle 59 in the control 
valve device 6 out of “Minimum Fuel' position, 
during starting of the plant, the relay valve device 
487 will respond to pressure of fluid in said pipe 
EA 3 to connect the control pipe 529 to supply 
pipe 5 5 to open the switch device 408 and to 
imove the piston slide valve 6 in by-pass valve 
device 35 to its Second position, as previously de 
fined for by-passing any coal and/or air Sup 
plied to the pipe 54 back into the tank 8 via pipe 
59. 
When handle 59 is in “Minimum Fuel' posi 

tion, that is, when pressure of fluid in pipe 53 
is consequently at a minimum, the relay valve de 
vice 4 will respond to Such pressure to connect 
control pipe 52 to atmosphere via pipe 330. 
The normally closed pressure switch device 98 

is interposed in a wire 52 connected between 
one pole of battery 33 and one pole of the motor 
25, the opposite pole of said motor being connected 
to the opposite pole of Said battery by Way of the 
Wire 3 and starting Switch 40. 
When the switch is is closed, which will be the 

first thing to be done upon starting the plant, 
the terminals of battery 330 are connected to the 
Wires 36 and 52 . With the pressure SWitch de 
vice 538 normally closed in response to depres 
surization of the control pipe 520, the circuit 
including the closed switch 4 and wires 30, 52 
is established between battery 3 () and the motor 
25 to operate same for feeding coal from tank 
2 into the pipe 23. Upon movement of handle 
39 in the control valve device its out of “Mini 
mun Fuel' position, for Supplying fuel oil to the 
combustion chamber device for warm-up, it will 
be seen that thirough consequent operation of the 
relay valve device 4 the control pipe 520 will 
become connected via device 437 to the charged 
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Supply pipe 55 and hence become pressurized. 
The pressure Switch device A8 will respond to 
Such pressurization of control pipe 520 to dis 
establish the above defined electrical circuit to 
telminate operation of notor 25, thus preventing 
any supply of coal to the feed line 27, while the 
by-pass valve device 55 connects pipe 54 to pipe 
59, so that while the combustion chamber device 
is being Warned-up on fuel oil, any coal and/or 
combustion air flowing in pipe 54 will be returned 
to tank 8. 
When it is desired to operate the combustion 

chamber device 53 on coal, the handle 59 may be 
backed off toward “Minimum Fuel' position for 
reducing pressure of fluid in pipe control 53. 
When pressure of fuel in control pipe 53 reaches 
a certain value, the relay valve device 407 will 
respond to cut-off control pipe 520 from supply 
pipe 55 and to connect said control pipe 520 to 
atmosphere. The SWitch device 488 then returns 
to its normally closed position to start up the 
motor 25 for supplying coal to the pipe 24 in 
which conveying air will now be flowing, and the 
by-pass valve device 55 is then allowed to return 
to its first position to connect coal and convey 
ing air flowing in pipe 54 to pipe 56 for Supply to 
the combustion chamber device 58. Coal thus 
supplied at this time to the combustion chamber 
may be burned along With a relatively great 
amount of fuel oil from nozzle 5 to aSSure proper 
combustion of said coal. The handle 59 in con 
trol valve device is may then be returned to 
“Minimum Fuel' position for cutting supply of 
fuel oil down to a quantity Sufficient to Support 
a pilot flame in the combustion chamber 58. 3 
Subsequent control of Supply of coal to the con 
bustion chamber device is then effected through 
variation in pressure of fluid in the pipe 38 as 
previously described. 
A normally closed switch 525 may be opened 

or closed to disestablish and establish the electri 
cal circuit, including in series the battery 300, 
magnet valve device 99 and switch 40, to con 
trol supply of energizing current to the magnet 
valve device is 89 accordingly. Opening Switch 
525 enables magnet valve device 499 to be de 
energized to vent supply pipe 55 to atmosphere 
and thereby render the operator's control valve 
device 386 ineffective to operate actuator device 
405, thus preventing an unintentional increase in 
supply of fuel oil, other than the pilot supply, to 
the combustion chamber device 53 by accidental 
movement of handle 59 in control valve device 
406 during operation of the combustion chamber 
on coal. 

Sunnary 

From the foregoing description, it will be ap 
parent that, according to one interpretation of 
the invention, the reservoir 56 may be considered 
to be a source of fluid under preSSure, the battery 
39() may be considered to be a source of electrical 
energy. The fuel oil tank 67b may be considered 
to be a source of fuel oil, and the tanks 8 and/or 
29 may be considered to be the source of pull 
werized coal. Since the source of fuel oil 67b 
and the source of pulverized coal are inde 
pendent and there is one of each Source, and 
since both are sources of fuel, Same may be con 
sidered to be two independent sources of fuel. 
Since the pipe 24, regulator device 26, feed line 
27, device A3, chamber 44, pipe 54, valve device 
55 and pipe 56 act to convey coal to the nozzle 
device 57, same may be considered to be fuel 
conveying means to convey fuel to One of Said 
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2 
nozzle devices. The Worm feed 23 driven by 
motor 25 may be considered to be motor operated 
feeder means for feeding fuel from one of said 
Sources of fuel to the conveying means 24, 26, 27, 
etc. The control pipe 513 might be considered 
to be a first control pipe to distinguish over the 
control pipe 520, which latter might be referred 
to as a Second control pipe. The actuator device 
405 including valve 6a associated with nozzle 
device 67 might be referred to as fuel flow regu 
lating means for regulating flow of fuel from the 
other of Said sources of fuel 67b through the other 
noZZle device 67, between a maximum and a 
minimum amount in response to variation in 
pressure of fluid in said first control pipe 53 
between a maximum and a minimum pressure, re 
Spectively. The operator's control valve device 
406 might be referred to as an operator's control 
Valve device employing fluid under pressure from 
the Supply pipe 5f 5 to effect the variation in 
preSSure of fluid in the first control pipe 53. The 
pressure switch device 4 C8 might be referred to 
as a pressure Switch device responsive to estab 
lishment and disestablishment of pressure in the 
Second control pipe 520 to disestablish and estab 
lish, respectively, an electrical circuit 52, 30, 
A between the source of electrical energy 300 
and the motor operated feeder means 23, 25. The 
Irelay valve device 407 may be referred to as 
relay valve means responsive to pressure 
of fluid in the first control pipe 513 at or 
above the minimum pressure to connect the sec 
ond control pipe 520 either to atmosphere or to 
the supply pipe 55, respectively. The magnet 
Valve device 409 might be referred to as magnet 
Valve means energizable and de-energizable to 
establish connection between the supply pipe 55 
and either the Source of fluid under pressure 5f 6 
or atmosphere via 336, respectively, and the 
Switch 525 may be referred to as switch means 
operable to establish and disestablish electrical 
circuit between the source of electrical energy 
338 and the magnet valve means 409. 
Having now described the invention, what we 

claim as new and desire to secure by Letters Pat 
ent is: 

1. In combination with a source of fluid under 
preSSUre, a Source of electrical energy, a combus 
tion chamber device, two independent sources of 
fuel, and two nozzle devices for introducing fuel 
into Said combustion chamber device from said 
two Sources of fuel, respectively, fuel conveying 
means for conveying fuel to one of said nozzle 
devices, motor operated feeder means for feeding 
fuel from one of Said sources of fuel to said con 
Veying means, a first control pipe, fuel flow regu 
lating means for regulating flow of fuel from 
the other of Said sources of fuel through the other 
nozzle device, between a maximum amount and 
a minimum amount in response to variation in 
pressure of fluid in said first control pipe be 
tween a maximum pressure and a minimum 
pressure, respectively, a fluid pressure supply pipe, 
an operator's control valve device employing fluid 
under pressure from said supply pipe to effect said 
Variation in pressure of fluid in said first control 
pipe, a Second control pipe, a pressure switch 
device responsive to pressurization and depres 
Surization of Said second control pipe to disestab 
lish and establish, respectively, an electrical cir 
cuit between said source of electrical energy and 
Said motor operated feeder means, relay valve 
means responsive to pressure of fluid in said first 
control pipe at Or above said minimum pressure 
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to connect said second control pipe either to at 
mosphere or to said supply pipe, respectively, 
magnet valve means energizable and de-ener 
gizable to establish connection between Said Sup 
ply pipe and either said source of fluid under 
pressure or atmosphere, respectively, and SWitch 
means operable to establish and disestablish elec 
trical circuit between said Source of electrical 
energy and said magnet valve means to control 
energization thereof. 

2. In combination with a fluid pressure Supply 
pipe, a source of electrical energy, a combustion 
chamber device, two independent sources of fuel, 
and two nozzle devices for introducing fuel into 
said combustion chamber device from Said tWO 
fuel sources, respectively, by-pass valve means 
having a chamber and being responsive to release 
or supply of fluid under pressure to and from Said 
chamber to establish a fuel Supply communication 
between one of said sources of fuel and the re 
spective one of said nozzles or to by-pass Said 
supply communication, respectively, a control 
pipe, fuel flow regulating means for regulating 
flow of fuel from the other of Said fuel Sources 
to the respective other of said nozzle devices be 
tween a maximum amount and a minimum 
amount in response to Variation in pressure of 
fluid in said control pipe between a maximum. 
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pressure and a minimum pressure respectively, a 
fluid pressure supply pipe, an operator's control 
valve device employing fluid under pressure from 
said Supply pipe to effect Said Wariation in pres 
sure of fluid in Said control pipe, relay valve 
means responsive to pressure of fluid in Said COn 
trol pipe at or above said minimum pressure to 
connect said chamber either to atmosphere or to 
said Supply pipe, respectively, magnet Valve 
means energizable and de-energizable to estab 
lish connection between Said Supply pipe and 
either said Source of fluid under pressure or at 
mosphere, respectively, and Switch means Oper 
able to establish and disestablish electrical circuit 
between said source of electrical energy and said 
magnet valve means. 

HARRY C. MAY. 
ELIS E. HEWITT. 
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