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2 
vapor produced, by a minimum of tube Surface 
without overheating the tubes, such being ac 
complished by removal of unvaporized liquid be 
fore the fluid enters the superheater, and by ar 
rangement of the superheater tubes with refer 
ence to other tubes to insure that radiant heat 
of the furnace shall be screened therefrom while 
gases approaching the Superheater are hot 
enough, but not too hot, and are no more than 
sufficient to serve to provide the maximum vapor 
temperature desired when most efficiently Swept 
by the hot gases. 

Still another feature is the superheater ar 
rangement which prevents damage by overheat 
ing while starting the vapor generator, during 
the period after combustion begins but before 
vapor flow through the generator is established, 
while maintaining at a minimum the time lag in 
the delivery of superheated vapor, in combination 
with the features of the control system. 
The invention embodying all of these features, 

and others, has for its general object, the Suc 
cessful fulfillment of all the conditions that must 
be met as to high efficiency, high flexibility, low 
weight, and small space Occupied for motive 
power units capable of competing with internal 
combustion engines in sizes larger than those for 
Small automobiles. No vapor generator known 
thus far has been able to fulfill these conditions, 
whereas the vapor generator of the present inven 
tion does fulfill them, there already being in op 
eration one generator built according to the pres 
ent invention and which has been and is now 
being subjected to long and severe tests, and which 
has a capacity of 22,000 pounds of steam per 
hour, weighs 22,000 pounds, and occupies a space 
8'9' high x 4'8' wide x 20'0' long. 

In the accompanying drawings illustrative of 
the invention: 

Fig. 1 is a diagrammatic view of the arrange 
ment of the heat absorbing surface of a vapor 
generator according to the present invention and 
indicative of the path of gas flow and flow of 
Working fluid. 

Fig. 2 is a diagrammatic representation of the 
horizontal flat Superheater coils between vertical 
inlet and vertical outlet headers, with saturated 
vapor connection from the separator-collector, 
and Superheated vapor delivery connections to 
the throttle valve that controls the flow of vapor 
to use and to a bleedier valve placed in advance 
and used in starting prior to opening the throttle. 

Fig. 3 diagrammatically illustrates the drum 
less forced flow vapor generator of the present 
invention adapted to and combined with the 
requisite auxiliary and control apparatus for the 
functioning thereof, as the generator of steam for 
a steam prime mover of a transportation motive 
power plant. 

Fig. 4 diagrammatically illustrates the drum 
less forced flow vapor generator of the present 
invention, with a somewhat different and alter 
nate arrangement of control apparatus than that 
of Fig. 3. VA 

Fig. 5 is a sectional elevation of a pilot valve. 
Figs. 6, 7 and 8 are valve elements of pilot 

valves to an enlarged scale. 
Figs. 9, 10 and 11 are graphs explanatory of 

the operation of the control apparatus in relation 
to the functioning of the generator. 

Fig. 12 is a detail of a part of the control ap 
paratus of FigS. 3 and 4, in modified form. 

Fig. 13 illustrates the same diagrammatic ar 
rangement as Fig. 3 except insofar as the level 
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responsive device for the separator, and the con 
trol therefrom, is concerned. 

Fig. 14 is similar to Fig. 4 as a somewhat dia 
grammatic showing of the control arrangement 
but with level responsive apparatus similar to 
that of Fig. 13. 

Fig. 15 is a partially sectioned elevation, to 
enlarged Scale, of the level responsive apparatus 
of FigS. 13 and 14. 

In detail 
The forced flow vapor generator constituting 

this invention is diagrammatically illustrated in 
Fig. 1 to indicate gas flow, working fluid flow and 
Sequence of contact with sections of the heat ab 
Sorbling Surface as contained within the enclo 
sure represented by the dot and dash line indica 
tive of the casing walls. 
The flow path for the liquid and its vapor is 

comprised of Several long small bore tubes con 
nected in parallel, five being here shown, inter 
rupted by an enlargement at the end of the vapor 
generating section which acts as a separator or 
collector 232 to divide vapor and liquid, the satu 
rated vapor passing therefrom without liquid to 
a superheater 242, a portion of the entering 
liquid being carried through the tubes to the 
Separator 232 for the purpose of tube metal wet 
ness and preventing solid deposits. This unva 
porized liquid is finally diverted out of the flow 
path at the separator 232 and withdrawn under 
regulated conditions as will be hereinafter set 
forth. 
The generator includes an economizer 202 at 

the COoler end of the gas passage receiving liquid 
from a pump 289, the speed of which determines 
the quantity fed, as shown, connected to the hot 
Well or other liquid source with a suitable feed 
liquid heating device. o 

Liquid from the economizer is divided into equal 
parts to the Several long tubes of the generating 
Section. In this instance, there are five long 
Small bore tubes in the generating section, and 
five fluid flow resistors, each of which resistors 
has a greater flow resistance, or pressure drop, 
than the particular long generating tube which 
it serves, to insure equal division of the liquid 
delivered to each of the long tubes constituting 
the generating section of the assembly and which 
comprises flat floor, two side walls, and roof por 
tions of the furnace, and a tube bank at the end 
of the furnace. 
The separator 232 is a cylindrical chamber or 

O 

20 

25 

30 

35 

40 

45 

50 

bulge in the flow path of the working fluid at 
the end of each of the multiple parallel flow gen 
erating tubes. The generator tube portions enter 
the separating chamber at a location midway 
of its height, and with their entrances directed 
tangentially So that, as the fluid is discharged 
through these generator tube portions into the 
separator, a Swirling effect is produced and by 
centrifugal force concentrates the liquid next to 
the wall and separates the vapor from the liquid. 
Inasmuch as liquid level in the separator is an 
important factor of control and regulation as ex 
plained later, it becomes essential that, once the 
separation has taken place, the swirling motion 
of the liquid should immediately cease so that 
a free gravity formed liquid level may be attained. 
To that end there has been included in the sepa 
rator chamber, below the level of delivery open 
ings of the generator tube portions, an upright 
structure including a conical cap, and between 
it and the bottom of the separating chamber sev 
eral vanes which eliminate the swirl of the liquid 
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2,223,658 
mit the liquid to come to rest with a free gravity 
level in the separator, and the lower part of the 
separator thus becomes a liquid collecting cham 
ber in which a pool of liquid may be retained, 
the level of which depends on the relation of 
rate of liquid inflow to outflow. 
By means of the arrangement of the Super 

heater tubes horizontally at different levels be 
tween vertical inlet and outlet headers, any 
liquid in the superheater, when the generator 
is started for example, will gravitate to the bot 
tom of the headers and fill the lower level tubes, 
leaving the upper tubes entirely free of liquid 
pockets and free for the flow of steam, and thus 
prevent the overheating of a superheater tube 
which would happen if a water pocket prevented 
vapor flow through it while flowing through other 
tubes free of steam pockets. In this superheater 
hot gases cannot damage any tube because each 
one is either full of liquid or is internally cooled 
by steam flow, and as the liquid in a lower level 
tube evaporates, the superheater acts tempo 
rarily as a water tube boiler, in part, until the 
liquid has been wholly and safely evaporated, 
while the rest of it functions as a superheater, 
and ultimately all of it. This feature of my su 
perheater is shown diagrammatically in Fig. 2, 
where 232 is the separator delivering Saturated 
vapor to the vertical inlet header 24 through 
connection 240. The horizontal bent Super 
heater tubes are indicated at 242 delivering to the 
vertical outlet header 243 from which Super 
heated vapor leaves by pipe 244 at a rate con 
trolled by the throttle valve 244'. A secorid 
valve at 244' is a drain opened for starting and 
before the throttle 244 is opened, and kept Open 
until all liquid in the superheater has disap 
peared. 

Equalization of heat absorbed by the vapor 
generator tubes is also assured by their position, 
and by providing for equalization or proportion 
ing of liquid feed quantity and temperature to 
each of the five long Small bore tubes in paral 
lel, equalization of quality of vapor or ratio of 
liquid unvaporized to vapor produced is assured, 
and each generating tube is kept wet internally 
by control of ratio of heat made available to quan 
tity of feed, thereby overheating is prevented 
and, as will be described later, this is accom 
plished with a minimum of excess liquid. 
To assure equalization of heat absorbed by 

each of the several parallel connected generator 
tubes, each one is so bent and so located as to be 
equally exposed to radiant heat of the furnace 
and equally swept by hot gases. Each tube OC 
cupies a portion of the height of each furnace side 
wall from end to end at a given level and a por 
tion of the end wall at the same level, and each 
one makes one or more transverse passes acroSS 
the gas stream in the furnace within the Sane 
level limit. Each tube also occupies a portion 
of the width of the furnace bottom and of the 
furnace roof from end to end of each. At the 
same time the burner is in one end of the fur 
nace, the flame and the gases flowing longitudi 
nally straight through it, so there is thermal 
symmetry all around the cross Section of the 
furnace, and any change in gas temperature or 
intensity of radiation longitudinally affects each 
of the several generating tubes to the same ex 
tent no matter how the load changes. 
To insure that the full capabilities of my va 

por generator are realized in operation, auxiliary 
apparatus of proper cooperative kind, and with 

3 
appropriate controls, are provided, so that the 
combination has all of the use characteristics 
required for motive power service of the type 
previously described involving flexibility over the 
whole range from zero to maximum capacity per 
unit, high eficiency, light weight and Small space 
requirements for any size above that used in small 
automobiles. 
These cooperative auxiliaries and Controls 

which insure that the vapor generator will Oper 
ate to the best advantage, producing superheater 
vapor at any rate required by the prime mover, 
without overheating or damage to any of the 
parts, and with SO little heat storage as to be 
immediately responsive to changes of vapor quan 
tities required for the operation of the vehicle 
to be driven, and the corresponding change in 
feed, are of a certain kind of arrangement, and 
they are provided with automatic controls rea 
sponsive to the rate of delivery or withdrawal 
of Vapor. 

Prior to starting, the vapor generator is filled 
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with water up to the stop or throttle valve 244, 
Fig. 2, which is closed and the vent valve 244.' 
which is also closed after filling or open only 
slightly. This prevents overheating of any part 
after the burner begins to operate and before flow 
of liquid and vapor inside of the tubes is estab 
lished, as it is necessary to avoid the heating of 
a tube that is dry inside and through which there 
is no flow, or an adequate flow of fluid to absorb 
enough heat from it to keep its temperature low 
enough to be. Safe, 
To start the operation of the vapor generator 

after it has been filled with Water, the gas is 
turned on at the Starting gas burner and ignited. 
At the same time an auxiliary starting motor Sup 
plies air, and fuel is also Supplied to the burner, 
which then ignites from the gas flame, and when 
ignited the gas is turned off. Burning of the oil 
causes the liquid in the generator to heat and 
some of this hot liquid, followed by vapor, es 
capes from the valve 244' which has been opened 
enough to serve as a vent but not enough to pre 
vent loss of pressure developed. As soon as pres 
Sure Wapor is discharged from the went the vent 
valve is closed, and a valve 244' is opened to de 
liver the vapor to an auxiliary turbine driving all 
the normally operating auxiliaries which include 
a blower 288 for combustion air, a liquid feed 
pump 289 and a liquid fuel pump 290. From 
this time On the entire Operation is automatic, 
the delivery from these auxiliaries being con 
trolled in proportion to vapor output on the 
one hand, and on the other hand so as to insure 
an excess of liquid in the vapor generator tubes 
from end to end, the level of liquid thus secured 
in the separator acts as a cooperative control to 
maintain the proper rates of fuel to water or 
other liquid feed, 
As illustrated in Figs. 13, 14 and 15 control 

means are provided operable upon the presence 
of Vapor in the separator to function in the con 
trol of the unit as a whole. 
In front of the firing end of the vapor gen 

erator, is a platform which carries an auxiliary 
turbine 287 driving, through Suitable gearing, the 
blower 288 furnishing air to the windbOX, and at 
the same time also driving the feed pump 289 
delivering Working liquid to the generator, as Well 
as the oil pump 290 for fuel oil. 
An auxiliary fan, driven by a motor inde 

pendent of the turbine 287, on starting, supplies 
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2,223,658 
in one leg and to thus cause a positioning of a 
pointer 24 relative to an index 25 showing the 
instantaneous liquid level within the separator. 
The flow meters, 4 for fuel oil, and 6 for com 

bustion air, cooperate to position the stem of a 
pilot valve 26 from predetermined position, 
should the ratio between air flow and fuel flow 
depart from that desired. The pilot 26 is adapted 
to control the positioning of a fuel supply valve f3. 
The Bourdon tubes 7 and 20 each position the 

stem of a pilot valve for establishing an air load 
ing pressure within the relay mechanism 27 from 
which a resultant air loading pressure is applied 
upon the diaphragm loading means 28 control 
ling the auxiliary turbine. 

I preferably primarily control the supply of liq 
luid to the fluid flow path and elements of com 
bustion to the furnace, through variation in speed 
of the auxiliary turbine, utilizing the vapor out 
flow pressure and the turbine shell pressure as 
a basis for such control. Realizing, however, the 
possible difference in speed-capacity character 
istics of the pumps and blower, as well as vari 
ations in conditions of Operation, I provide read 
justing means to supplement the primary con 
trol of the elements of combustion. For the air, 
such readjusting means comprises the damper 5 
positioned at the outlet of the blower 288 by a 
pneumatic actuator 29. For the fuel, the read 
justing means comprises the regulating valve 3 
positioned in the pipe 5 responsive to departure 
from desired relation of the measure of fuel flow 
and the measure of air flow. 

It is primarily desirable to vary the speed of 
the auxiliary turbine in step with the rate of 
vapor used by the main turbine so as to roughly 
proportion liquid and the elements of combus 
tion to the vapor generator according to the main 
turbine load; then to individually readjust the 
Supply of fuel and air according to other vari 
ables in the operation of the system. 
To adjustably determine the Speed of the aux 

iliary turbine I preferably provide a pump, com 
pressor or similar device 30 driven by and with 
the auxiliary turbine to establish a fluid pressure 
(such as an oil pressure) bearing a known rela 
tion to speed. I then utilize this oil pressure in 
a governing mechanism normally tending to hold 
the Speed of the auxiliary turbine constant re 
gardless of pressure of vapor supplied it. I then 
load up the oil pressure responsive device accord 
ing to variations in vapor generator and main 
turbine operation, thus furnishing the speed re 
quirements that the variable speed governor of 
the auxiliary turbine must work to. 

Oil from the pump 30 passes through a pipe 
3 (having a return connection 32) to an ex 

60 

pansible metallic bellows 33, adapted to position 
... one end of a floating link 34. The other end of 
the link 34 is moved by and with a power piston 
traveling in a cylinder 35 and adapted to move 
the vapor admission valves of the auxiliary tur 
bine. A pilot stem 36 is suspended from the link 
34 intermediate the ends thereof and controls 
the flow of oil under pressure through a pilot cas 
ing 37 to the opposite sides of the piston 35. A 
normally open regulable valve 38 is positioned 
between the pressure pipe 3 and the return pipe 
32 to provide a by-pass around the pump 30. A 
fixed resistance 38' is in line 32. 
The pilot valves indicated as at 26 and 37 are 

shown in detail in Fig. 37 and form the subject 
matter of the patent to Clarence Johnson, No. 

75 
2,054,464, dated September 15, 1936. 

Fluid under pressure is supplied to the interior 

5 
of the casing 37 intermediate the pilot lands 39, 
which lands are so spaced along the stem 36 as 
to coincide with narrow annular ports 40. When 
the pilot stem is axially moved in the casing so 
that the lands 39 are moved relative to the ports 
40, then a definite loading pressure is available 
in the annular ports bearing a known relation to 
the amount of such movement. For example, if 
the stem 36 is moved upwardly there is available 
at the upper right-hand exit of the casing (Fig. 
5) a loading pressure increasing in definite rela 
tion to said movement, while if the stem 36 is 
moved downwardly there is available at the lower 

0. 

right-hand exit a pressure increasing definitely 
With Such movement. 

Certain features relating to the turbine gover 
nor Control herein disclosed but not claimed form 
the Subject matter of the copending application 
of Paul S. Dickey, Serial No. 55,022, now Patent 
No. 2,170,344. The level responsive device 23 (Fig. 3) is adapt 
ed to position a pilot stem 4 for emergency and 
Sequential control of variables in the operation 
of the System. It will be observed that both the 
upper and lower right-hand exits of the pilot 
casing are in use; the upper exit being connected 
to an emergency fuel shutoff valve 42 in the pipe 
5, and the lower exit being connected to the reg 
ulated spillover valve 3, the air actuator 29, and 
the by-pass valve 38. 

Referring now to Fig. 10 I illustrate therein, 
by means of a graph, the operation under the 
control of the device 23 responsive to level within 
the separator drum 232. The spillover connec 
tion may coincide on level with the bottom of 
the separator or may be slightly above it. It is 
not desirable to have the water level unseal the 
spillover connection, and therefore I indicate as a 
lower Safety limit a level slightly above the spill 
Over connection. From this zone upwardly to an 
upper safety limit is the Zone of control and this 
is divided roughly into a zone of air throttling 
and a zone of increased spillover. 
The design of the pilot 4 as well as the various 

air actuators 3, 29, 38, 42 is such that the air 
pressure established at the two exits of the pilot 
valve cause the actuation or positioning of the 
various actuators in desired manner and se 
quence. If level within the separator drum is at 
approximately mid-point, then conditions are as 
desired. The damper 5 will be at its wide open 
position and very little if any excess diversion or 
spillover is passing through the valve 3. If, how 
ever, due to operating conditions the level within 
the separator begins to rise, then throughout the 
indicated range on Fig. 10 there is an additional 
spillover or diversion through the valve 3 as such 
valve is opened progressively with rise in level. 
That is, as the level in the separator rises, the 
pilot 4 is lowered and the air pressure effective 
upon the valve 3 is increased proportional to the 
axial movement of the pilot 4. Should the level 
continue to rise despite the increase in the 
amount of Spillover and eventually reach the up 
per safety limit, then when this point is reached 
the increased air pressure effective upon the by 
pass valve 38 will begin to overcome the loading 
Spring and close the by-pass valve, building up 
the pressure within 33, to the end that the speed 
of the auxiliary turbine will be reduced and if the 
level continues to rise it may in fact stop the 
auxiliary turbine. 
Throughout the zone of increased spillover the 

damper S is left at its widest open position. 
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proximately the mid-position or an otherwise 
predetermined position, then through the Zone 
marked "zone of air throttling” the damper 5 
will be throttled toward a minimum opening po 
sition and inasmuch as the amount of air flow 
acts through the fuel flow-air flow ratio meters. 
to control the fuel flow valve 3, this at the same 
time will control the fuel supply. Thus if for 
some operating reason the level within the sep 
arator decreases below the normal desired value, 
the supply of fuel and air to the furnace is pro 
gressively decreased until a balance is reached 
and the liquid level returns or tends to return 
to the desired level. 
Should the level continue to drop to the lower 

Safety limit, this action brings into play the up 
permost land of the pilot 4 to vary the air load 
ing pressure upon the valve 42 and if the lower 
Safety limit is reached the valve 42 shuts off 
the fuel Supply means and burner. Whenever 
the level is above this safety limit, however, the 
burner and fuel Supply are normally available 
unless shut off from Some other safety arrange 
ment. 

In Fig. 4 I illustrate the same general arrange 
ment as that of Fig. 3 but with a modification 
insofar as the control from level within the sep 
arator 232 is concerned. A graph of operation 
is shown in Fig. 10 and differs mainly in that 
the upper portion of level is used as a zone of 
Water pump by-pass rather than as a zone of 
increased spillover. The upper and lower safety 
limits may be provided and utilized in manner 
similar to that of Fig. 3. 
The level device 23 is adapted to position the 

pilot stem 4 for establishing an air loading 
pressure from the upper right-hand exit of the 
pilot casing, varying substantially proportional 
to axial positioning of the pilot stem and there 
fore according to level within the separator. 
Such air loading pressure is effective upon the air 
actuator 29 for positioning the damper 5 and 
upon the air actuated valve 43 in a by-pass 
around the water pump 289, Fig. 4. When the 
level is at the desired elevation in the separator, 
the damper S is at its widest open position and 
the by-pass valve 43 is closed. Should the sep 
arator level increase above this point then the 
by-pass valve 43 begins to open and a portion 
of the water pumped will recirculate through the 
pump, thus decreasing the flow through conduit 

but without varying the speed of the auxiliary 
turbine, and thus the rate of supply of fuel and 
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air. 

Should the level decrease below the desired 
value, then with the by-pass valve 43 closed the 
damper 5 would begin to be throttled and slight 
ly reduce the firing without change in rate of 
Supply of liquid to the system until the liquid 
level returns to the desired value. 
Referring again to Fig. 3 wherein both exits 

from the pilot casing are used, it is possible to 
SO vary the loading of the different air actuated 
devices controlled from said pilot that they will 
pick up in sequence or overlap. Graphs 9 and 
0 indicate a substantially straight line control 

in direct sequence between the different zones 
of control. Reference to Fig. 11 will illustrate 
that the Zone of air throttling for example may 
be with a control other than a straight line and 
that the zone of excess spillover or by-pass of 
the pump may be in curved relation of the same 
curvature or difference and that the two curves 
may overlap. 

2.223,658 
To illustrate such operation, attention is called 

to Figs. 6 and 7, which indicate different shapes 
of pilot lands wherein for example, the long grad 
ual taper of Fig. 7 is of an entirely different sen 
sitivity than the substantially spherical lands of 
Fig. 6. A different amount. of axial movement 
of the pilot stem in one case is required for the 
same change in air loading pressure, and corre 
spondingly the same axial movement results in 
a different change in air loading pressure, and 
thus the sensitivity is different the one from the 
Other. 

I may readily construct a pilot stem as in Fig. 
7 having pilot lands of different sensitivity rela 
tive to the two exits, and furthermore these may 
be spaced along the pilot stem so that they will 
pick up and begin to change the air loading pres 
Sure at the different exits either to provide a 
straight sequential pick-up of the two curves end 
to end, as in Figs. 9 and 10, or a gap between 
the two wherein po variation is made in either 
the amount of spillover or the control of the air, 
or the curves may overlap and for a central por 

20 

tion of the level variation both spillover and air 
control be varied. Furthermore, the shape of 2: 
the pilot lands, as well as the loading and shape 
of the Springs at the valves and at the air ac 
tulator 29, may be such as to counteract damper 
characteristics or functional relation between 
level within the separator and air flow or damper position. 
I indicate in Fig. 12 an arrangement of the 

level responsive device 23 wherein two pilot valves 
may be utilized and picked up over different 
ranges of travel of the arm 24. For example, if 
the level rises above a mid-point the arm 24 will 
engage the pilot stem of the uppermost pilot and 
begins to raise the same. If the level falls be 

30 

35 

low the mid-point then the arm will begin to 
depress the pilot stem of the lowermost pilot. At 
a central level no movement of either of the pilot 
valves will occur. 
In Figs. 13 and 14 I illustrate the device which 

is responsive to level within the separator 232 as 
of the trapped vapor generating type shown in 
detail in Fig. 15. I thus provide means sensitive 
to the presence of vapor in the separator. 
Across the vertical elevation of the separator 

232 is connected an inclined tubular member 296 
joined to the uppermost point of the separator 
by a pipe connection 299 and to the lowermost 
point by a pipe connection 298. Thus the level 
of liquid within the separator 232 is shown by 
the level of liquid within the passage 297 of the 
tube 296. Surrounding the tube 296 is an annu 
lar space 295 formed by the finned tube 294 and 
containing a liquid such as water. The annular 
chamber 295 is closed at the upper end, and at 
the lower end is connected by a passage 300 to 
the diaphragm or other expansible type cham 
ber 292 provided with a spring loading means 
29 and adapted to position the pilot stem 4 p 
the latter carrying a pointer 24 relative to an 
index 25. The annular chamber 295, pipe 300, 
and expansible chamber 292 form a trapped gen 
erating system containing liquid, in this case wa 
ter, adapted to be vaporized through heat trans 
fer from the liquid and/or vapor within the 
passage 297 and forming a level continuously 
Substantially approximating the level within the 
chamber 29, and thereby within the separator 
232. Vaporization of the liquid in the annular 
chamber 295 results in a pressure change effec 
tive upon the expansible chamber 292 for posi 
tioning the pilot stem 4. 
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2,223,658 
generating System as that indicated generally at 
293 is well known in the art, but so far as I am 
aware I am the first to utilize it as a means sensi 
tive to the presence of vapor within the sepa 
rator 232 or as means operable upon the pres 
ence of vapor within the separator to actuate 
Control instrumentalities. 
The arrangement illustrated in Figs, 13, 14 

and 15 is particularly advantageous in the start 
ing up of the present vapor generator, as it is im 
mediately responsive to the presence of vapor 
Within the separator 232 forpositioning the vari 
ous control instrumentalities under the control 
of the pilot 4f of either Figs. 3 or 4. As previous 
ly pointed out, the vapor generator is initially 
flooded with water and as soon as vapor begins 
to form in the superheater the superheater acts 
as a Vapor generator and evaporates itself free of 
liquid. At the same time as soon as vapor begins. 
to collect in the separator 232 then the appa 
ratus 293, sensitive to the presence of such vapor, 
is effective in positioning the pilot 4f for the 
control of the Speed of the auxiliary turbine, the 
positioning of the damper S, and/or the posi 
tioning of the valve 42, as previously pointed out 
in connection with Fig. 3; or in connection with 
the positioning of the damper 5 and/or the valve 
43, as pointed out previously in connection with 
Fig. 4. It is not necessarily true that any or all 
of Said control instrumentalities are immediately 
moved as SOOn aS vapor begins to accumulate in 
the separator 232, but, as previously described in 
connection with Figs. 3 and 4, they will be moved 
individually or collectively when the level of 
liquid within the separator 232 reaches or passes 
certain predetermined locations in the separator. 

In the initial arrangement of the apparatus 
293, 29, 292 the amount of liquid trapped within 
the annular chamber 295, the pipe 300, and the 
expansible chamber 292, is such that the desired 
initial position of the pilot stem 4 is attained 
when there is no vapor present within the sepa 
rator 232. Thus immediately upon the presence 
of vapor within the separator 232, and corre 
spondingly within the passage 297, the heat 
transfer effect thereof upon the liquid within the 
annular chamber 295 will cause some vaporization 
thereof and resulting increase in pressure effec 
tive upon the expansible chamber 292. 
As an example of how this system may oper 

ate during the starting up period of the vapor 
generating unit the design and arrangement of 
the pilot 4, relative to its effect upon the spill 
Over valve 3, may be such that as soon as vapor 
begins to collect within the separator 232 the 
means which is operable upon the presence of 
vapor within the separator becomes effective in 
the regulation of either the spillover valve 3 or 
the pump by-pass 43 to then confine subsequently 
introduced liquid into that length of the flow pas 
sage in advance of the separator. 
* This application is a division of my application 
Serial No. 55,020 filed December 18, 1935, now 
Patent No. 2,170,342. 
While I have chosen to illustrate and describe 

certain preferred embodiments of the invention, 
it is to be understood that this is by way of illus 
tration only and that I am not to be limited 
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thereby except as to the claims in view of prior 
art. 
What I claim as new, and desire to secure by 

Letters Patent of the United States, is: 
1. The method of operating a vapor generator 

of the drumless forced flow type which includes, 
normally Supplying liquid under pressure at one 
end continuously in predetermined excess over 
measured vapor Outflow from the other, continu 
ously diverting liquid from the fluid flow path at 
a location in the path, and additionally diverting 
liquid from the path under regulated conditions 
Sensitive to the presence of separated vapor at 
Such location. 

2. The method of operating a vapor generator 
of the drumless forced flow type which includes, 
supplying liquid under pressure at One end of the 
flow path continuously in excess over vapor out 
flow from the other, diverting the excess of liquid 
inflow Over vapor outflow at a point intermediate 
the ends of the flow path, heating the path, and 
regulating the supply of liquid and the elements 
of combustion to the vapor generator responsive 
to the presence of separated vapor at a predeter 
mined location in the path. 

3. The method of Operating a vapor generator 
of the drumless forced flow type which includes, 
supplying liquid under pressure at one end of the 
flow path continuously in excess over vapor out 
flow from the other, diverting the excess of liquid 
inflow Over vapor Outflow at a point intermediate 
the ends of the flow path, heating the path, and 
regulating the Supply of liquid to the vapor 
generator responsive to the presence of separated 
vapor at a predetermined location in the path. 

4. The method of Operating a Vapor generator 
of the drumless forced flow type which includes, 
supplying liquid under preSSure at One end of the 
flow path Continuously in excess Over vapor Out 
flow from the other, diverting the excess of liquid 
inflow Over vapor outflow at a point intermediate 
the ends of the flow path, heating the path, and 
regulating the Supply of the elements of combus 
tion to the vapor generator responsive to the 
presence of Separated vapor at a predetermined 
location in the path. 

5. The method of operating a vapor generator 
of the drumless forced flow type which includes, 
supplying liquid under pressure at One end of the 
flow path continuously in excess over vapor out 
flow from the other, diverting the excess of liquid 
inflow over vapor outflow at a point intermediate 
the ends of the flow path, heating the path, and 
regulating the supply of an element of combustion 
to the vapor generator responsive to the presence 
of separated vapor at a predetermined location in 
the path. 

6. The method of operating a forced flow vapor 
generator having a liquid-vapor separator in the 
path between the normal generating and Super 
heating portions of the flow path, which includes, 
heating the path, supplying liquid to the generat 
ing portion of the path in excess of the vapor 
Outflow from the superheating section of the 
path, and diverting liquid from the path under 
regulated conditions sensitive to the presence of 
vapor in the liquid-vapor separator. 

ERVIN. G. BALLEY. 
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