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EDWARD C. NEWCOMB, OF JAMAICA PLAIN, MASSACHUSETTS,

ART OF GENERATING STEAM OR VAPOR.
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To all whom it may coweerrn: | in excess of the normal. Generators of the
Beitknown thatI, EDWARD C. NEWCOMB, a | first type are dangerous, especially in the
citizen of the United States, and a resident of | hands of careless or inexperienced operators,
Jamaica Plain, county of Siffolk, and State of { by reason of the explosive nature of the body 55
¢ Massachusetts,haveinvented certainnewand | of water therein, as when suddenly released
- usefulImprovementsin the Artof Generating from pressure. Generators of thesecond type
‘Steam or Vapor, of which the following is a | are unreliablein operation,and they are short-
- specification. - 777 ilived, and when used for motive power they
My invention relates to the art of generat- | require engines and other apparatus of spe- 6o
1o ing steam or vapor, and while it has charac-: ‘cial construction, which apparatus. is also -
teristics which render it particularly effective ! short-lived and unreliable in operation. en-
when applied for the generation of steam or | erators of both types, moreover, require ¢on-
vapor and delivering itina superheated con- | siderable experience and skill for their suC-
dition the invention as to some of its features, cessful manipulation. They are also moreor 65
s atleast, may be advantageously employed for | less inefficient as to the absorption and utili-
other purposes than generating steam, such zation of the heat, and they are more or less
as for heating air, water, or other finids for.| bulky and heavy and expensive to eonstruct
domestic or other purposes. =~ . [and maintain. Ithasbeenfoundimpractical,
In order to maintain a supply of steam at a | furthermore, to deliversteam from generators jyo
20 substantially uniform pressure and tempera- | of either class hitherto devised at a substan-
ture, it has been the universal practice here-. tially uniform degree of superheat, although
‘tofore to utilize potentially-active reserve en- | 16 18 well known that for power purposes
ergy in one form or another to compensate for- steam’ in a substantially uniform superheated
the variations in the demand upon the sup- conditionis moreefficient than whenin asatu- 75
2¢ ply. Intheordinarysteam-boiler the reserve | rated or a nearly-saturated condition, |
energy is mainly supplied by the body of wa- | My invention has for an object to provide a
ter in the boiler which is maintained at the method of generating steam by which the de-
temperature and the pressure of the steam | fects above referred to are practically over-
oenerated therefrom. When the demand for j come. A N - 8o
30 steam.is below normal, this body of water ab- |- Myinvention is more partic nlarly addressed
sorbs the heat supplied in excess of that nec- | to the provision of a method of generating
essary to generate the steam being nsed, and | steam or vapOr whereby superheated steam
when the demand for steam exceeds that gen- | or vapor may be supplied in a condition which
erated by the normal source of heat the heat | as to temperature or pressure, or both, 1s sub- 85
35 stored-in the water supplies the deficiency. | stantially unvarying or bears some other defl-
According to another type of steam-generator nite or predetermined quantitative relation to
a supply of heat is maintained which is in ex- | the demand for energy regardless of any vari-
cess of that necessary to generate sufficient | ations in the demand within the capacity of
steam to meet the maximum demand of the | the apparatus and regardless of the sudden- go
40 apparatus, and the water is supplied to the % ness of said variation; also, to provide for the
generator in limited quantities, the attempt generation of steam or vapor without the em-
being to generate only sufficient steam to meeb ployment of any considerable quantity of po-
the demand from time to time. In order to tentially-active reserve energy either in the |
meet variations in the demand for steam in | forin of a highly-heated liquid under great 95
45 generators of this latter type without main- | pressure or in the form of a highly-heated
taining the source of heat at its maximum, a | body ot metal or other substance.
supply of heat in reserveisalways maintained | - In accordance with my invention the gen-

i,

in practice by providing a body of a suitable | eration of thermal energy is varied in sub-
heat-absorbing material, which acts as a res- stantial unison with the variations of demand 100
g0 ervoir of heat to supplement the normal | for thermal energy and in substantially the

gource of heat when the demand for steam is | same degree with said variations. In carry-
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ingont my invention this resultis attainéd by | the effective stipply of the heating agent is so

varying the supplies of a fluid to be heated
and an agent for heating the same in substan-
tial unison with the variations in the demand

forthethermal energy contained in the heated

fiuid and each according to a definite quanti-
tative relation to said variations—that is to

~say, for every variation in the rate of delivery

of the thermal energy contained in the heated
finid discharged from a given apparatus there
are variations produced in the respective sup-

- plies of the fluid to be heated and the agent

20

for heating the same, and these variations are
produced in such time with relation to the
variations in the demand for the thermal en-
ergy contained in the heated fluid and in such
definite quantitative relations to said varia-
tions that the rate of generation of the ther-
mal energy equalstherate of delivery thereof.
For example, if an existing demand or rate of

~ delivery of the thermal energy of the heated
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fiuid is doubled the supplies of the fluid to
be heated and the heating agent are both so
increased that double the amount of thermal
energy is generated per unit of time. Should

1t be desired to have the condition of the heat-

ed fluid vary as to temperature or pressure, or
both, with different rates of delivery of ther-
mal energy, the quantitative relations of the

respective supplies of the fluid to be heated |

and the agent for heating the same to the de-
mand for thermal energy would be so deter-
mined as to bring about this result. Where
1t 18 desired to deliver the heated fluid in a
substantially unvarying condition as to both
temperature and pressure, the supplies of
both the fluid to be heated and the agent for
heating the same are varied in such manner
that the effective supplies of both vary in sub-
stantial unison with the variations of demand
for the thermal energy of the heated fluid de-
livered and in substantially the same degree
with said variations.

As applied for the generation of steam or
other vapor my invention would be carried
into effect as follows: A liquid to be heated
iIs supplied to a suitable generator, a suit-
able heating agent is supplied for heating the
generator, and the effective supplies of both
the liquid to be heated and the agent for
heating the same are varied in substantial
unison with the variations of demand for the
thermal energy of the steamn or vapor deliv-
ered and according to definite quantitative
relations to said variations. TFor the sake of
clearness and brevity I have herein referred
to the variations of the thermal energy of the
steam or vapor delivered per unit of time as
"“the variations of demand for steam or vapor
energy.” Preferably the regulation of the

- supplyof the liguid to be heated is effected by
variations in the condition of the fluid being
heated in such manner that the effective sup-
ply of the liquid varies in substantial unison
with the variations of demand for steam or
vapor energy and according to a definite
quantitative relation to said variations, and

regulated that it varies in substantial unison
with the variations of the flow of the liquid
being heated and according to a predeter-
mined quantifative relation to said variations.
Preferably, also, the temperature at which the
steam or vapor is delivered is regulated by
varying the relation between the supplies of
the liquid and the agent for heating the same,
and where a very accurate regulation of the
temperature of the steam or vapor is desired
this regulation is effected by variations of the
temperature of the steam or vapor. The condi-
tion selected for controlling the supply of lig-
uid to be heated should be such that under the
circumstances of its useit shall vary inversely
and simultaneously or in substantial unison
with the demand for the heated fluid and such
as thatitshall vary alsoin aregular way orac-
cording to a known law, so that the effective
supply of the liquid may be varied in the
manner described. 'Where a generator of the
type shown in the drawings and hereinafter
described is used, the condition of the fluid
therein as to pressure may be used for con-
trolling the supply of liquid, or under proper
circumstances the temperature may be used.

T'he supply of the heating agent may be regu-

lated in the manner described by variationsin
a condition of the fluid being heated resulting
from variations in the flow of said fluid or by
variations in any other condition of that fluid
which varies simultaneously with the flow and
according to a known law, as, under proper
circumstances, the temperature or pressure.
In practice a fluid-heating agent or a heating
agent which can be controlled as fluids are con-
trolled shonld be used in order that the quan-
tity of the heat developed may be accurately
regulated and quickly varied to correspond
with the variations of demand for the thermal
energy of the heated fluid. It is not to be
understood by the term ‘“substantial unison ”
that the relative variations in the supply, de-
mand, or condition of the various fluids are
strictly simultaneous. The essential in this
regard is that the variations are produced
promptly enough to maintain the apparatus
in a practically predetermined condition.
The expressions ‘‘definite quantitative rela-
tion” and ‘‘ predetermined quantitative rela-

-tion” as used herein are not to be under-

stood as necessarily referring to unchanging
relations between the supplies or flows of the
fluids and the demand for energy,for that re-
lation may be made a varying one. It is in-
tended that thisexpression shall inelude with-
in its scope such a relation between the sup-
plies of the fluids as will produce praectically
uniform results. Where, for example, the ef-
ficiency of the apparatus varies materially
with the demand, the predetermined relation
between the supply of the fluid to be heated
and the heating agent may be so established
as to compensate for the variations in the ef-
ficiency of the apparatus and deliver the

| heated finid at the desired temperature at all
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times notwithstanding the variations in the

. demand.

In order that my invention may be more
fully understood, I have shown in the accom-
panying drawings an apparatus adapted for
carrying my invention into effect and will
describe the invention in detall 1n eonnec-

tion with such apparatus. The apparatus _
tor is mounted in a suitable casing 2 and 1is

shown and herein described forms the sub-
ject-matter of another application, Serial No.
63,555, filed June 7, 1901, of which this ap-
plication is a division. -
Whilemyinvention insome of its features
is applieable to heating fiuids for various pur-
poses, it is especially adapted for generating
steam or other vapor and delivering the same
under high pressure and in a uniformly su-
perheated condition as is required for the
officient use of such fluid for motive power.
I have therefore illustrated an apparatus
adapted for the generalion of superheated
steam. | | | |
Of the drawings, Figure. 1 is a side eleva-
tion, partly in section, of the apparatus as a
whole.
3 is a vertical central section of the generator
and the burner, forming parts of the appara-
tus. FKigs. 4 and 5 are sectional views illus-
trating details. Fig. 6 is a sectional view of
the pump forming part of the apparatus.
Fig. 7 is a similar view of the devices for
automatically regulating the flow of the fuel.
Fig. 8is a diagrammatie view illustrating, on
a large scale, a form of valve-needle adapted
to be used with the regulator shown in Hig.

7. Fig. 9 is a sectional view illustrating an-

other form of regulator. Fig. 101sa diagram-
matic view illusfrating a form of valve-needle
adapted to be used with the regulator shown
in Fig. 9; and Figs. 11 and 12 are elevations,

partly in section, illustrating modifications |

of the apparatus.
Like reference-numerals refer to like parts

wherever they oceur throughout the several |

figures.

The apparatus illustrated comprises a gen-
erator arranged in codperative relation to a
combustion-chamber, means for supplying a
liquid to the generator, means for supplying

a fuel to the combustion-chamber, and means -

forautomatically varying the supplies of both
the liguid and the fael in substantial unison
with the variations of demand for steam or
vapor energy and according to definite laws
with relation to said variations. The means
for supplying liquid to the generator are con-
structed to supply the liquid at a substan-
tially predetermined pressure—to wit, the

pressure at which it is desired to operate the

apparatus—and to vary the effective supply

in sabstantial unison with the variations of

the demand for steam or vapor energy and

in a substantially definite quantitative rela-

tion to said variations, and the means for sup-

plying a fluid fuel to the burner are controlled |
by a device for maintaining a predetermined

Fig. 2isa plan viewof thesame. iIig.

heating portion.

t

| trance to the point of exit.

Lo

mined relation between the supplies of the

liguid and the fuel.

| the liquid and the supply of the fuel. Means
are also provided for varying the predefer-

- Referring now to the drawings and in gen-

eral at first to Figs. 1 and 2, 1 represents a-

suitable frame, upon which the various parts
of the apparabus are mounted. The genera-

connected by a pipe 3 to a suitable motor 4,
the exhaust-pipe 5 of which passes to a suit-
able mu
escape-pipe or chimney 7 of the generator-
casing 2. Suitable feed-water and fuel sup-
ply tanks are indicated at 8 and 9, respec-

tively.

While some of the advantages of my inven-
tion may be realized by the use of various

Aer 6 and from the muffler to the

75

30

types of generators in connection with appa-

ratus for carrying my invention into effect,
the best results can-only be attained, as will
hereinafter more fully appear, by the use of a
cenerator in which the liguid is gradually or
progressively heated from 1ifs point of en-
trance to the point where it is substantially
all transformed into vapor and in which only

‘a small quantity of liquid is maintained at

the temperature of vaporization correspond-
ing to the pressure at which the apparatus is
operated. Where the condifion of the fluid

in the generator is utilized to control the sup-

ply of the liquid or the fuel, or both, the gen-
erator should be so constructed that the rate

of variation of the controlling condition varies.

inversely with the quantity of waterinthe gen-
erator, as hereinafter more fully described.
In accordance with the bestembodimentof the
apparatus the generator has a liquid-heating
portion, a vaporizing portion,-and a super-
The liguid-heating portion
is preferably such that the liquid is gradually
heated up to the temperature of vaporization.
The vaporizing portion should be such that it

contains only a small quantity of the liquid,

to which the latent heat of vaporization 1s
added gradually or by degrees, and the su-
perheating portion is preferably directly con-

nected to and is adapted to form a part of the

vaporizing portion. These conditions are
best realized in a generafor consisting of a
continuous pipe or passage which forms the
liguid-heating as well as the vaporizing and
superheating portions.of the generator and
which receives the water or other liguid to be
vaporized at one end and delivers the super-

‘heated steam or vapor at the other end, said

pipe or passage being so arranged with rela-
tion to thesource of heatthat the fiuid therein
is gradually heated from the point of en-

drawings, (see Fig. 5,) the generator is formed
of a plurality of pipe-coils 11, 12, 13, 14, 15,
and 16, which are preferably frusto-conical
in form and so arranged vertically, one within
the other, around a combustion-ehamber as to
present the greatest mass or depth of heat-

quantitative relation between the supply of | absorbing surface to the direet or natural

As shownin the
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path of the heated gases and products of | at the bottom and the exhaust-pipe 5 of the

combustion as they flow from the combus-
tion-chamber. The coils are connected. to-

- gether in series, preferably by separable con-

1o

20

25

30

nections 18, 19, 20, 21, and 22, all of which, as

shown, are arranged at the outer part of the

mass of heat-absorbingsurfaces in such a po-
sition as not to be subjected to the hottest
portions of the products of combustion. The

outermost coil 11 is connected at the top to

the feed-water-supply pipe 17, and the inner-
most coil is connected to the steam-pipe 3.
The outer coils thus constitute the liquid-
heating portion and the inner coils the vapo-
rizing and superheating portions of the gen-
erator. By reason of this construction the
water is caused to flow gradually and uni-

formly from the outer coil toward the inner
coll 1n a direction opposite to that of the flow

of the products of combustion, and is thus
gradually and uniformly heated, and the

stream is prevented from breaking up, so that

bodies of water as such are not driven to the

‘Inner coil or coils, as might happen if thecoils

were less unifor mly heated and water 18 pre-
vented from flowing by gramby to the inner
coll or coils, as it would if the colls were ar-

ranged one above another and direetly con- -

nected., With this construction also the
products of combustion are uniformly sub-
jected to the action of successively cooler

‘heat-absorbing surfaces, the heat being thus

very perfectly absorbed. As shown, all the

- ¢olls are substantially the same in diameter

35

.40

50

55

60

05

at their lower ends and are successively
shorter from the inner one toward the outer
one, S0 that when assembled they substan-

tially conform to the shape of the cylindrical
casing. DBy thisarrangement, moreover, the
greatest mass of the heating-surfaces is lo-
cated 1inthe upper partof the casing directly
in the path of the largest volume of the prod-
ucts of combustion, and all the produects of
combustion must pass between the turns of all

the coilsinsuccession from the innermost coil
to the outermost c¢oil, shields 23 and 24 being
provided at the top and sides of the coils, as

shown, to insure this action. While six coils

‘are shown, it is obvious that a greater or less

number may be used, if desired. Thereshould

be a sufficient number of. coils, however, to |
form an efficient mass of heat-absorbing sur-
faces and to insure a suitable temperature-

cradient between the successive coils, and it
may beobserved generally, moreover, thatthe

colls should be so connected that the water

cannot flow directly from a colder portion to
a much hotter portion of the heating-surfaces

and that the water should be bmun‘ht to the

boiling-point at some part of the generator

~where its flow at that point isnotappreciably

affected by gravitation.
The casing 2 is provided near the top with

a suitable outlet for the waste gases, which

outlet, as shown in ¥igs. 1 and 4, communi-
cates Wlth the vertlcally-a,rranfred escape- |
pipe or chimney 7.

engine is terminated in the chimney with a
series of downwardly-projecting nozzles 52,
through which the exhaust-steam is ejected

‘when the engine is running, a draft being
thus created to carry away the waste gases.
‘A tube 5° is preferably arranged below each

of the nozzles 5* in such a manner as to in-
crease theaspirating effect of the steam-jets,
and thus improve the draft. The top of the
chimney is provided with a pivoted cover 7%,
whereby the chimney may be opened to pro-
vide a free outlet for the waste gases when
the apparatus is being started.

The burner for heating the generator is
located below the lower turn of the inner coil
16 within and concentrically with said lower
turn, so that the space inclosed by all the
turns of said inner coil forms a fapering com-
bustion-chamber of ample dimensions to per-
mit complete combustion and insure uniform
heating of the tubes. Any suitable form of
burner may be used. That shown consists
of two plates 25 and 26, separated to form a

chamber for the fuel IIIIKEHI‘G, sald plates

being connected by a multiplicity of tubes 27,

which form passages for the air necessary

to support combustion. As shown, each of

| the tubes 27 is corrugated atits upperend, so
as to form between it and the edge of the

opening in the plate 25 an annular series of
passages to admit the fuel mixture to the
combustion-chamber. The fuel mixture is

supplied to the burnerby acombining-tube 28,

which, as shown, passes down through the
combustion-chamber and enters the burner
at a central point and at right angles to the

general planethereof. Thetube 28 is shielded
from

the direct heat of the combustion-
chamber by a tube 29, which is somewhat
larger than the tube 28 ‘and is arranged con-
centrlcally therewith, so as to form an air-
chamber around the inner tube. In order
that the air supplied to the combining-tube
23 may be suitably heated, the top of said
tube is 1nclosed, as by a casing 282, and the
alr-chamber formed between the tubes 28 and
29 1s placed in communication with the top

of the tube 28, the lower end of said air-

chamber being conneeted o a central series
of air-tubes 27*, as shown. .The fuel is dis-
charged into the mixing-tube by a nozzle 30,
the ﬂow through whlch is regulated, as hele-
inafter desembed by a su1table valve mem-
ber, as the needle 31. The nozzle 30 is formed
on a suitable casing 32, which is secured in a
recess centrally formed in the top of the cas-
ing 2. The fuel is supplied to the nozzle
throurrh a plpe 39, and where a liquid fuel is

used the pipe 35 is passed into the combus-

tion-chamber, and, as shown, is coiled around
the tube 29, so as to form a vaporizer for the
fuel. A supply tube 36 for a pilot-burner

is connected with one branch of the casing
32 and extends down through the combusmon-
chamberto a suitable point above the burner.
The chimney 7 is open | The supply of fuel to the pllot burner may
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a pilot-light for the main burner and to sup-
ply the heat lost by radiation.
pose of vaporizing the fuel in the pipe 35, as
required in starting the apparatus, a suitabie
receptacle 38 is formad in the casting 292,

around the lower end of the tube 28, and 13‘

adapted to hold a small quantityof a suitable
inflammmable ligquid, which may be supplied
through a pipe 39. A substantially uniform
pressure is maintained on the sapply of fuel
in the tank by any suitable means, as by an
air-pump. (Not shown.)

For the parpose of preventing dr afts of air

from extinguishing the flame or otherwise in- |
terfering with the operation of the burner:
i the casing, which, as shown, is attached to

the bottom thereof is inclosed in a shield,
which, asshown, consistsof a plate 40,secured !

" at a central pmnt to the center of the burner

20

and tapering downwardly and outwardly, so
as to form ap annular chamber, which tapers
from the outer edge of the bur_ner to the cen-
fer thereof.
chamber is covered by a suitable screen 41,
which acts to break up any blast of air and

“destroy its force before it reaches the air-pas-

sages of the burner. This shield, moreover,
absorbs heat radiated from the burner and

- serves to heat the air and evenly distribute

30

35

40

“lene or alcohol.

55

6o

it to the air-passages of the burner.

~ With a buorner connected as described the
vaporized fuel is at all times, before and
after it is mixed with the air, maintained at
a temperature above that at which it con-
denses, and by reason of the fact that the air
isheated hefore it is brought into contact with
the fuel the latter does not have to be super-
heated to such a high degree as would other-
wise be necessary to prevent condensation.
Ob,]ectmna.ble coking, either in the fuel-vap-
orizer or in the combining-tube, is thus ob-
viated. By reason of this fact a compara-
tively heavy oil, as kerosene, may be success-

fully used. When a heavier oil than 2a50- |

lene is used, however, it is desirable to start
the burner wush a more volatile fluid, as gaso-
To this end, the tank 9 1is
divided into two compartments, as indicated
by dotted lines in Fig. 2, a smaller compart-

ment for the more volatile fiuid and a larger

compartment for the less volatile fluid, the
two compartments being connected to the
supply-pipe by suitable branch pipes and a
three-way valve 42. DBy reason of the fact,
moreover, that the fuel is admitted to the
combining-tube at.a uniform pressure a uni-
form mixture of air and gas for all loads is
secured, and by reason of the fact that the
combining-tube enters the burner at a cen-

tral point a,ﬂd at right angles to the general .

plane thereof a very even dlStPlbL‘ithﬂ of the
fnel mixture is obtained, thus enabling the
burner to be operated with a very low flame
without liability of objectionable smell due
to imperfect combustion or of being extin-

- guished by gusts of wind and without danger

of ““back-firing.”

For the pur- |

| 47 1s fitted.

The periphery of this tapering

The means herein shown for supplying the
water to the generator consists of a device
which is constructed to supply the water at
a predetermined pressure and to be rendered

W hile oneof the forms of the
device illustrated is preferred, my invention
is not limited to the use of such a device, as
the essential features of the invention may
be carried into-effect by the use of any means
for supplying water to the generator which

' is adapted to automatically vary the etiect-

ive supply of waterin a definite quantwatwe

t relation andin substantial unison with varia-
tions of demand for steam or vapor energy.

Referring to Figs. 1, 2, and 6, 45 indlcates

one end of the motor-casing. This casing 45

is provided withabore 46, in which a plunger
The plung oor 47 is connected by
' a link 48 to a crank 49, carried by one end of
The bore 46 of the pumpis
| provided with inlet and outlet passages in
| which are arranged suitable check-valves 50

the motor-shaft.

l'r'rl'll-:

/0

‘operative by variations in the pressure of the
| steam or vapor.
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and 51, respectively, the inlet-passage being |

con nected with the feed-water tank by & pipe
52 and the outlet-passage being connected
with the feed-pipe 53. A piston 34, which is
preferably somewhat larger in diameter than
the plunger 47, is fitted in a suitable bore 55,
which has free (,ommumca,twn with the bore
46, The piston 54 is held at the inner limit
of its stroke by means of a compression-
spring 56, which 1s confined between a bear-
ing member 57, suitably seated on the ]_Z)IS-
tor.t 54, and an extension- casing 58, which 1s
threaded on the casing 45 and held in its ad-
justed position by means of a lock-nut 59.
The spring 56 is so adjusted that it will re-
quire a pressure equal to the pressure which
it is desired to maintain in the generator to
move the piston 54. 1t iollows from this con-

struction that when the appamtus has been .

started and the pressure in the generatorrises
to a predetermined point the pIStGH 54 will be
moved on each stroke of the pump and more
or less of the water displaced by the plunger
47 will be forced into the bore 55 instead of

through the check-valve 51 into the feed-

pipe 93 and the amount of water forced into

the bore 55 will increase as the pressure rises

above the predetermined point in the gener-
ator.
rises to a sufficiently high degree, the dis-

placement of the piston 54 will equal-the dis-

placement of the plunger 46 and no water will
be forced into the generator. It will thus be

“seen that the Wa,ter_ is sapplied by this de-

vice to the generator at a pressure which

varies between certain predetermined limits

only and that the device is rendered opera-

| tive by variations in the pressure of the steam

or vapor to vary the effective displacement
of the pump inversely and in the same de-
gree as the pressure varies between such pre-
determmed limits. With a generator 1in

which during changes of demand the pres-

When the pressure in the gener&tor!
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fitted a piston G3.

sure tends to vary promptly to the extent, at,
least, of the limits fixed by the device de-
seribed and. inversely with relation to the
rate of delivery of steam drawn therefrom
the device will act to vary the supply of wa-
ter directly and in a substantially definite

qguantitative relation to the variations of de--

mand for steam energy.

In accordance with my invention, broadly
considered, any suitable means may be used
for maintaining a predetermined relation be-
tween the supply of the fuel and the supply
of the liquid to the generator. With a de-
vice similar to the one above described for
supplying the water to the generator the sup-
ply of the fuel may be regulated, directly or
indirectly, by the variations in the pressure
of the steam or vapor, or where the water 1s

supplied at a substantially unvarying pres-

sure the supply of the fuel may be regulated
by variations of pressure alone or by varia-
tions in some other condition of the steam
which varies directly with the pressure. In
the embodiment illustrated of this feature of

theapparatus the flow of the fuel isregulated

by the flow of the feed-water to the genera-
tor. A suitable form of the flow-regulating
device is illustrated in detail in Fig. 7. As
shown, this device consists of a casing 60,
which 1s attached by a lug 61 to any suitable
part of the apparatus, as tothe casing 2 of the
generator. (See Figs.land2.) Thecasingis
provided with a suitable bore 6‘2, in which is
The bore 62 isclosed by a
head 64, through which is passed a piston-rod
65, by means of which the motion of the piston
is enmmumcated to the mechanically-coact-
ing parts of the device. A tension-spring 66
18 arranged in a casing extension 67 on the

opposite side of the piston from the piston-

rod 65 and is adjustably secured by means of
the threaded bolt 68, which passes through
the lower end of the extension 67 and is en-
saged by nut 69. A restricted passage 70 is
formed in the casing 60 at one side of the
bore 62, and in order that the area of the
passage 70 may be regulated a valve member

71 is threaded in the casing, as shown, and

18 provided with a suitable hand-wheel 72.
T'he bore 62 at opposite sides of the piston 63

1s connected with the opposite sides of the pas- |

sage 70 by suitable ports 73 and 74. The
feed-water pipe 53 communicates with one
side ot the passage 70, the opposite side of

which. 18 connected to the inlet end of the

generator by pipe 75, in which a suitable air-
chamber 76 is preferably interposed. The
feed-pipe 93 is preferably connected to the

casing extension 67, and the piston 63 is pro-
-V1ded with a seat 77, which is adapted to con-
- tact with the end of the casing 60 and cut off

the communication between the extension 67
and the passage 70.

It will be seen that the entire upper area

~of the piston 63, less the area of the piston-

rod 65, is at all times subjected to the pres-

-sure in the generator and that the entire

704,908

lower area of the piston 63 when it is out of

contact with the casing 60 is subjected fo a
pressure equal to that of the generator plus
an amount sufficient to overcome the resist-
ance offered by the passage 70. The tension
of the spring 66 is so adjusted that when the

‘piston 63 is at the lower limit or zero-point of

its stroke the force of the spring will equal
the force exerted by the pressure in the gen-
erator upon an area equal to that of the pis-
ton-rod 65. It follows from this construction
and arrangement that when the pump 1s
started the piston 63 will be lifted from its
seat and a flow of water from the pump to
the generator will take place. The restricted
passage 70 will then give rise to a difference
1n pressure on opposite sides of the piston 63,
which will cause it to move, and with the
spring 66 connected and adjusted as de-
scribed the distance of the piston 63 from the
zero-point will be directly proportional to this
difference in pressure. As the velocity of a
fluid through a passage varies as the square

root of the difference in pressure on opposite

sides of the passage, it will be seen that the
distance of the piston 63 from the zero-point
will vary directly as thesquare of the velocity
of the fluid flowing through the passage 70
and for any adjustment of the ares of the pas-
sage directly as the square of the volume of
the flow through said passage. Themovement
of the piston 63 1s communicated to the mem-
ber 31 of thefuel-regulating valve bylever 78,
which, as shown, is fulcmmed at one end on
a suitable support 79 on the casing 2 and 1s
pivoted at the opposite end to the piston-rod
65,the member 31 being connected tothelever
at an intermediate point. ‘The pressure on
the fuel-supply being uniform the fuel-valve
should be so constructed that the effective
opening therethrough will vary with the
square root of the distance moved thereby as
measured from the closed position, in order
that the volume of the flow of the fuel may
vary directly with the volume of the flow of the
feed-water to the generator and in the same
degree. In Fig. S is diagrammatically illus-
trated a valve member shaped to produce this
result. Assuming that the orifice of the noz-
zle 30 presents a thin circular edge, as indi-
cated 1n this figure, the valve member should
have a circular cross-section which decreases
in diameter from the base of the valve toward
the apex, the law of the decrease in diameter
being expressed by the formula d=a/1 — —m, in

which d is the diameter of the valve at any
pointandmisthecorrespondingdistance from
the base or zero-point o of the opening of the
valve. As, however, the controlling forces
actuating this form of regulator are slight
for small loads, the error of friction of the
moving parts for such loads is great. 1o ob-

viate this difficiulty, I prefer in practice to use
a regulator in which the proportional move-
ment of the piston for small loads is greater
thanitisin theregulator just described. For
instance, the regulator may be so constructed
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that the movement of the piston will be di-
rectly proportional to the flow of water to the
cenerator. Such aregulator is shown 1n de-
tail in Fig. 9. In accordance with this con-
struction the piston 63 is provided with an
extension 80, which passes down into the cas-
ing extension G7. In this form of regulator
the side passage 70 and valve member 71 are
dispensed with, and in place thereof the pis-
ton extension 80is provided with a restricted
passage 81, which communieates at its upper
end with the upper side of the piston 63 and
is terminated atits lower end in a valve-seat
82. A valve member $3 for varying the area
of the passage 81 is threaded into the head
84 of the extension 67 and is provided with &
hand-wheel 85, whereby it ‘may be adjusted.
A tension-spring 86 is secured at its upper

end to the upper end of the piston exten-

sion 80 and at its lower end to the head 84,
which head is threaded into the lower end
of the casing 67 and nmeay be adjusted therein
for the parpose of adjusting the tension of
the spring 86. The upper and lower sides of
the piston 63 are placed in communication

-with the generator and the feed-puamp, re-
spectively, and the tension of thespring 36is

- so adjusted as to equal the pressure acting on

3C

the piston-rod 65, as before. If nowthe valve
member 83 is so formed and adjusted that the
effective opening between it and the seat 82
is proportional to the square root of the ex-

tent of the movement of the piston, the vol-

ume of the flow through the passage 81 will

15 be directly proportional to the extent of the

40

- zero-point, that the veloeity of the fluid flow- .
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movement of the piston. This will be appar-
ent when it is observed that with a spring
connected and adjusted as described the dif-
ference in pressure at opposite sides of the
restricted passage will be directly propor-
tional to the distance of the piston from the

ing through the restricted passage will be pro-
portional to the square rootof the difierence
in pressure at opposite sides thereof, and con-
saquently to the square root of the extent of

‘the movement of the piston also, and that the

volume of the flow through the restricted pas-

sage will equal the velocity of the fluid mul--

tiplied by the area of the opening. Thus it
will be seen that the volume of the flow will
vary as the square of the square root of the
movement of the piston or directly as that
movementitself. 'Tosecurethisresult, there-
fore, the proper form for the valve member
83 is the same as that of the valve member
31 used in connection with the regulator pre-
viously described. The supply of fuel being
under uniform pressure, a proper form of the

member 31’ of the fuel-valve to be used in |
connection with this form of regulator to |

cause the flow of fuel to vary in the same de-
gree as the flow of water varies is that of a
paraboloid or such as that produced by the
revolution arounditsaxisof a paraboliccurve,
the general formula of which is y°=2 p .

Such a form of valve member is diagram-

t

|

l

]
1

H

I_
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matically illustrated in Fig. 10. It will be
noted that while the area of the opening of
the restricted passage S1 varies greatly in
proportion to the movement of the regulator
the flow through the said passage is directly
proportional to the movement of the piston
and the area of the opening in the fuel-valve
is directly proportional to the movement
thereof. With this form of regulator, there-
fore, the control of the fluids for small flows,
as well as for large ones, ean easily be made
very accurate. | | |

It will be seen from the above that the form |

of regulatorand theform of the valve members
used for controlling the flow of water through
theregulatorand for controlling the flow of the

' fuel may be greatly varied without departing
It may

from the principles of my invention.
be further observed, however, in connection
with the form of regulator last described,

70

75

30

that for every form of valve for controlling

the flow of one flnid a corresponding valve
should be provided for controlling the flow

of the other fluid, having regard to the move--
‘ment of the valve members and to the pres-

sure or the variationsin pressure of the fluid
flowing through them.
also that the piston in either regulator con-
stitutes a motor for operating the fuel-valve
and that the motor is operated by variations

| in a condition of the fluid flowing through

the generator resulting from or coincident

with the variations of the flow of said
Where the water is sapplied to the
generator under a substantially uniform

flaid.

pressure, it is to be noted, moreover, that
the motor is in effect operated directly with
the variations of the pressure in the genera-
tor. While ineachinstance theneedle mem-
ber is moved with relation to its seat,1t1s ob-

‘vious that this relation may be reversed, it

o

It is to be observed

95

1CO

105"

desired. The regulation of the fuel by a -

valve member cobperating with the nozzle of
the burner is regarded as an important fea-
ture of the apparatus, as by this arrange-
ment not only is a more perfect regulation
of the fuel secured,due to thefactthat a uni-
form difference of pressure is maintained on
opposite sides of the valve, but the supply
of air to the burner is aceurately maintained
in the proper proportion to the supply of fuel

II0O

115

irrespective of the variations in the flow of -

the fuel within the working capacity of the
apparatus, as the velocity of the fuel being
constant the quantity of the air entrained
thereby tends to vary directly with the vol-
ume or mass of the fuel. q,

-~ Where the efficiency of the apparatus va-
ries with the variations in the demand for
steam energy, the shape of the fuel-valve In
either form of regulator or of the valve mem-
ber 83 in the second form may be suitably
varied to compensate for the variations in
the efficiency of the apparatus or to main-
tain the effective supplies of the liquid and
fuel in the desired quantitative relation to
the demand for steam or vapor energy.
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In order that the steam generated by the
apparatus may be delivered at various pre-
determined degrees of superheat, it is neces-
sary that the ratio between the flow of the
fuel and the flow of the water to the genor-
ator may be varied and accurately adjusted.
The reason for this is that the quantity of
heat necessary tosuperheat the steam is very
small as compared with the quantity of heat
necessary to transform the water into steam.
It therefore the exact proportions between
the fuel and the water are not obtained and
maintained irrespective of variations in the
demand, the steam will either have little or
no superheat or will be so highly superheated
as to injure the apparatus. The regulation
of the ratio may be accomplished in any suit-
In the regulator shown in Fig. 7
the ratio between the flow of the fuel and the
flow of the water may be perfectly regulated
by varying the opening of the restricted pas-
sage 70, as by means of the valve 71.
form of the regulator shown in Fig. 9 the re-
lation between the flows of the fluids may be
changed by means of the valve member 83;

but the ratio will be approximately correct

for small adjustments only. In either form

- of regulator the ratio may be perfectly reg-
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ulated by changing the leverage between the
piston and the fuel valve, as by shifting the
fulerum 79 toward or away from the valve
31. 'The fulerum 79 is to thisend adjustably
mounted on the top of the casing 2, as indi-
cated. |

With the apparatus constructed as thus
far described slight variations in the tem-
perature of the steam delivered by the appa-
ratus are apt to occur due to inaccuracies in
the construction or .to variations in the effi-
ciency of the apparatus at various loads.
Where it is desired, therefore, to deliver the
steam at a very uniform temperature, means
should be provided for automatically vary-
ing the ratio between the flow of the water
and the flow of the fuel in accordance with
the wvariations in the temperature of the
steam as it issues from the generator. This
may be accomplished in various ways. A
suitable way of accomplishing this result is
illastrated in Fig. 11. As here shown, the

- needle-valve 90, which regulates the by-pass

55
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of a regulator of the form shown in Fig. 7, is
automatically controlled by a thermostat,
which is rendered operative by variations in
the temperature of the steam. In accord-
ance with the construction shown a suitable
receptacle 91, capable of withstanding great
internal pressure and having walls which are
adapted to rapidly transmit heat to the in-
terior of the receptacle, is so located in the
steam-pipe as to be impinged upon by the
steam flowing therethrough. Thisreceptacle

1s partially filled with a fluid which vaporizes
at a temperature considerably below that at
which it isdesired to deliver the steam, so that
when the liquid is heated to the temperatme

of the steam a portion of 1t will be vaporized

In the

F

| are illustrated.

704,908

and create a high pressure in the receptacle.
The receptacle is provided with an opening
through which the liquid may be admitted,
said opening being hermetically closed by a
screw-plug 92. IFor the purpose of prevent-
Ing the receptacle 91 from being completely
filled the mouth of the opening is extended
for a suitable distance into the receptacle, as
indicated at 93. The interior of the recepta-

cle i1s connected by a suitable pipe 94 with

any desired form of motor device adapted to
operate the valve member 90, which regulates
the area of the restricted passage of the regu-
lator. An-ordinary Bourdon tube 95 is p1ef—
erably employed for this purpose on account
of its accuracy and reliability in operation.
As shown, the Bourdon tube 95 is constructed
in the form of a half-circle, one end of which
i1s fixed to the top of casing 63 in line with
the axis of valve 90, the 0the1 end being free
and connected to the valve below the casing
by means of a stem 96 and a p1vot 07. 1t
will be seen that as the pressure variesin the
receptacle 91 the valve 90 will be so operated
as to vary the opening therethrough directly
as sald pressure varies. It follows from this
construction that when the temperature of

thesteam flowing from the generator rises be-

yond a pledetermmed temper&ture the pas-
sage through the valve 90 will be enlarged,

'thereby reduemn' the difference in pressure

on the opposite sides of the piston 63 and per-
mitting the same to move under the influence

of the spring in such a direction as to de-

crease the flow through the fuel-valve carried
by the lever 78. Theratio between the flows
of the water and the fuel will thus be in-
creased and will continue fo increase until
the relative flow of water 1s increased to the
point required to deliver {he steam at the de-
sired lower temperature. On theother hand,
it will be seen that if for any reason the tem-
perature of the steam should drop below the
predetermined degree the ratio between the

creased until the flow of wateris cut down to
the point required to deliver the steam at the
desired higher temperature. The predeter-
mined degree of superheat may be adjusted
by varying the position of the valve with re-
lation to the Bourdon tube, as by screwing
the stem 96 into or out of the pivot-block ‘3)7
It is to be noted that this auxiliary thermo-
static regulation would not be practiced when
the apparatus’ is subjected to sudden varia-
tions, for the reason that the temperature of
the, superheated steam varies directly with
the rapidity of its flow pastthe superheating-
surfaces and 1ndependently of the heat sup-
plied by the burner during the variations in
the flow of the steam. This thermostatic reg-

lows of the Water and the fuel will be de-

75

3o

ga

95

10D

10§

ITO

115

120

125

ulation therefore will not operate in substan-

tial unison with the variations of demand
when these variations are sudden.

In Fig. 12 a different form of regulator and
a dlfferent method of applyving the thermostat
In accordance with the con-
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stétetion here shown the water is supplied to
the generator through a casing 100, having &

restricted passage, the opening through which
- The
movement of the member 101 is controlled by .

may be varied by a needle member 101.

means of a piston 102, which is fitted in a cas-
ing 103 and exposed on its upper side to the
full pressure in the generator, as through a
pipe 104. The movement of the piston’in the
opposite direction is controlled by a tension-

spring 105, which is connected at one end to

the piston ‘and at the opposite end to an ad-

~justing-plug 106, threaded into the upper end

of thecasing 103. Thepiston102isconnected
to the member 101 and to the stem 107 of a
suitable valve for controlling the flow of the

fnel by a lever 108, which is pivoted at one
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" respond to the new ﬂaw or demand

end to the member 101 and fulerumed at the

opposite end and connected at intermediate
points to the stem of a suitable valve for con-

trolling the flow of the fuel and to a stem 109,

cmued by the plston 102. The needles 101
and 107 being given asuitablerelative form, it

will beseenthat as the pressurein thegenera-

tor varies the said needles will be so moved as

to vary the flows of the water and the fuel and.

to maintain a predetermined relation between

the flows of said fluids.
erum of the lever 108 on a thermostatic de-

vice 110, such that variations in the tempera-

ture of the steam will change the relation be-

tween the needles 101 and 107 in such away

as to decrease the flow of fuel relavively to
that of the water when the temperature in-
creases and viee versa when the temperature

decreases, it will be seen that any desired re-

lation between the effective supplies of the
two fluids and between those supplies and the
variations of demand for steam energy will be
automatically maintained.

The operation of the various me(,ha,medl

features of the apparatusshown having been

described in connection with the construc-

tion thereof, it only remains to point out how

the different parts of the apparatus eooperate
to produce the desired result.
- In the generator shown and described the

inflowing llqmd is ﬁ'radually heated, and only :

a small portwn of it 18 maintained at the tem-
perature of vaporization.
that when a flow of steam or vapor is c¢reated
or when an existing flow is increased the pres-

sure 1mmed1ately beﬂ*ins to fall and the lig-
quid which is at the tem perature of vaporiza-
tion corresponding to the higher pressure im-
mediately begins to vaporize and also to fall

1in temperature corresponding to the temnem—_ a
- ture of vaporization of the vapor at the re-
duced pressure.

This process continues until
the supplies of liquid and heat are increased

by the action of the regulating devices to cor-
When

the flow of steam or vapor is thus created or
increased, the sudden development of vapor |
within this small portion of liquid due to the
drop in pressure projects a portion of itin the

form of a spray tOWﬂld the delivery-orifice

Itresultsfrom this

1

and to such a distance along the tube as 1o
render effective a sufficient area of heating-
surface to supply the demand for steam, and
if the generator is sufficiently heated the va-

-

70

por wﬂl pass the saturated point and become
| superheated. If lesssteam isdrawn from the

oenerator,the rate of vaporization and the rate
of flow of the fluid will not be so great'and the
spray will not be projected so far along the

- tube and more superheating-surface will be

By mounting the ful- |

available, but this is asit should be, as the ca-

pacityof vaportoabsorbheatfromagivensur-

face varies directly with the rate of ﬁow of the
vapor past the surface.” As the quoantity of
theliquidin thevaporizer whichis maintained
al the temperature of vaporization is small,

the point in the vaporizer where the liquid is
changed into spray is sharply defined, and as
the mmed spray and steam cannot absorb
heat from a surface as readily as the unmixed

liquid a cousiderably greater difference in.
temperature must exist between the spray

and the metal than between the water and the
metal, and as the spray and water have the
sqame tempemtu re ab this point there must be

a marked increase in the temperature poten-

tial of the metal. A similar but less sharply-
defined condition mustexistat the tra,nsumn
point of steam to superheated steam. - When
the liquid in the form of spray is projected

farther along the vaporizing portion of the

generator, due to an increase in the demand
apon the vapor, the hotter portions of the

mand and to prevent such a sudden drop in

porarily destroy the properrelation between

' the supply and demand. On theotherhand,

| the vaporizing portion of the generator should

15

80
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“metal are bmuﬂ'hb promptly into action to
momentarily bupply the increase in the de-

the temperature and pressure as would tem-

105

be madu‘ﬂly heated in queh manner that

when the water is projected along the tube
by an increase of demand it willnot enter the
SPhelmdal state, for if this happeus too great

110

a quantity of water will be projected into the
vaporizing portion of the generator before the

rate of generation of steam isincreased to the
proper degree to supply the demand. Then
when the metal becomes sufficiently cooled
the water will come in contact therewith and
be so suddenly vaporized as to abnormally

1 increase the pressure and prevent the proper

coaction of the parts. When a decrease in

¢ the demand ocenrs, the spray which has been

projected along the vaporizing portion of the
generator and is suspended in the vapor con-

-tfuued therein will be more rapidly precipi-

tated upon the hotter metal and cause a
prompt rise in temperature and pressure, and
this process will continue until the supplies
of liquid and heat are decreased by the action
of the regulating devices to correspond to the
newdem and Thus promptand active forces
are developed that ean be made and are made
by the apparatus described to accurately con-
trol the flows of the fluids. In order that
these fomes may be umformiy and reliably
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developed as reqmred to secure an even and |

efficient performance of the apparatus, the
Iincoming liquid should be keptin a substan-
tially unbroken column until the temperature
of vaporization is reached. 7To insure this,
the generator should be so proportioned that
the point of vaporization will always occur at
a part of the vaporizer where the flow of the

- liquid at that point is not appreciably affect-

10

20

‘shown.,

ed by gravity—as, for instance, at some point
in the coll numbered

With agenerator constructed and heated as
herein described the quantity of liquid there-
in will for a given ratio between the supplies
of liquid and fuel remain practically fixed ir-

respective of any variations in the demand |

for steam or vapor within the capacity of the
apparatus. This will be obvious when it is
noted that should the gquantity of liquid in
the generator for any reason be greater than

the quantity normal to a given ratio the vap- |

- orizing portion of the generator will be im-

. 39

35
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mersed in an abnormally hot region and the
temperature potential of the metal will be ab-
normally high. This will result in the main-

‘tenance of a higher average of pressure than

normal, as will elearly appear by a considera-
tion of the effect of changes in demand. For

example, the drop in pressure, due to an in-

crease of demand, will be less in degree than

normal and less prompt than normal, and the
increase 1u pressure, due to a decrease of de-
mand,
prompt. Itfollows that by reason of their co-
operation with the generator the regulating

~devices will canse less fluid to be supplied to

the generator than 1s taken therefrom while
there is toomuch liquid in the generator. On
the other hand, should the quantity of liquid
in the generator be less than the quantity

- normal to a given ratio the vaporizing portion
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of the generator will be immersed in a cooler
region ‘and the temperature potential of the

metal will be below normal. On an increase
of demand, therefore, the drop in pressure

will be n‘reatex 1n degree and more prompt

than normal and the increasein pressure, due
to the increase of demand, will be léss in de-
gree and less prompt.
average pressure will be less than normal.
Consequently the supply of liquid to the gen-

erator will be greater than normal and will

so continue until a condition of equilibrium
is attained. It will thus be seen that the rate
of variationin the controlling condition of the
fluid in the generator varies mversely as the
quantity of 11q111d in the generator varies, the
tendency being to normally maintain such a
quantityofliquidinthe generatoraswill cause

the regulating devices to vary the supply of

liquid to the same extent, weight for weight,
thatthe demand forsteam or vaporvaries. It

i8 clear, therefore, that solong asa proper pre-
determined relation is maintained between
the effective supplies of liquid and fuel and so
longas thesuppliesof both fluidsare varied in |

14 of the generator |

will be greater in degree and more

In other words, the
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unison with the variatiois of demand the in-
ternal condition of the generatorremains sub-

stantially fixed and the steam or vaporisdeliv-

ered ata practically uniform temperature and
pressure, and this irrespective of any varia-
tions of demand within the capacity of the
apparatus and also that the capacity of the

apparatus is only limited by the capacity of

the liquid and fuel supplying devices and the
degree of heat that may be developed in the
combustion-chamberand still maintain a sub-
stantially uniform distribution of the heat
throughout the generator.

It w111 be obwous that the qlmnblty of lig-
uid in the generator will vary with variations
in the ratio which is maintained between the
supplies of liquid and fuel, the point of vapo-
rization always being located in a region of
the generator the temperature of whichclosely
approximates the temperature of vaporiza-
tion corresponding to the pressure at which
the apparatus 18 operated.

As before indicated, the point where super-
heating begins ::‘Lutoma,tlcally adjusts itselt

for varying loads to maintain the proper pro-

portion between the vaporizing and super-
heating surfaces, the reason being that the el-
ficiency of the vaporizing-surfaces varies in-
versely as the flow of fluid past it, whereas
the efficiency of the superheatmmsm face va-

ries’ in the same direction as the flow of fluid

pastit varies. W herethe correlation between
the vaporizing and superheating portions of
the generator is not such as to produce the

desired unifermity in the temperature of the

superheated steam at various loads and where
the variations in the load are not too sudden,
the thermostatic regulator may be used.
Where, howsever, the load varies suddenly
through a wide range, the thermostatic regu-
lator w111 SO mtelfere with the action of the
pressure-regulator as to make the use of the
former impracticable.

It is to be observed that the difference in
temperature between the metal and the fluid

in the vaporizing portion of the generator

must not be excessive, as it usually is, for in-
stance, in the flasher or the so-called ‘‘semi-
flasher” type of generator, for in this case
the water which is projected into the vaporiz-
ing portion of the generator upon an increase
in the load would eventually be so rapidly
evaporated that the temperature and the pres-
sure would increase rather than decrease, or
at least it would not decrease in such relation
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to.the load as to cause substantial unison be-

tween the operation of the regulating mech-
anisin and the variationsof demand and bring
about the remedial effect in-time to keep the
apparatus in a plaetleally operative condi-

“tion.

I eclaim—

1. The method of generating superheated

steam or vapor, which method consists in sup-
plving a liquid to a suitable generator, sup-
plying a fuel for heating the generator, and
varying the supplies of both the liquid and
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the fuel in substantial unison with the ‘mria}-' |

tions of demand for steam or vapor energy

‘and in definite quantitative relations to said

variations. . _ -
2. The method of generating superheated

steam or'vapor, which method consistsin sup- |

plying a liquid to a suitable generator, sup-
plying a fuel for heating the generator, and
by variations in the condition of the fluid be-
ing heated varying the supplies of both the

‘liquid and the fuel in substantial unison with

the variations of demand for steam or vapor

energy and in definite quantitative relations

to said variations of demand. -
3. The method of generating superheated

steam or vapor, which method consistsin sup-

plying a liquid to a suitable generator at &
substantially predetermined pressure, sup-
plying a fuel for heating the generator, and
by variations in the condition as to pressure
of the fluid being heated varying the supplies

of both the liquid and the fuel in substantial

unison with the variations of demand for
steam ot vapor energy and in definite quan-
titative relations to said variations of de-

4. The method of geﬁemt)ing.suparheated

“steam or vapor, which method consistsin sup-
plying a liquid to a suitable generator, sup- |

plying a fuel for heating the generator, and
varying said supplies in such manner that
the effective supplies of both the liquid and
the fuel vary in substantial unison with the
variations of demand for steam or vapor en-
ergy and in substantially definite quantita-
tive relations to said variations.

5. The method of generating superheated

" steam or vapor, which method consists in sup-
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plying a liquid to a suitable generator, sup-
plying a fuel for heating the generator, and
varying said supplies by variationsin the con-

‘dition of the fluid being heated in such man- |
ner that the effective supplies of both the
liquid and the fuel vary in substantial uni- .

son with the variations of demand for steam
or vapor energy and in substantially definite
quantitative relations to said variations of
demand. ' o

6. The method of generating superheated
steam or vapor, which method consistsin sup-
plying a liquid to a suitable generator at a
sunbstantially predetermined pressure, sup-
plying a fuel for heating the generator, and
varying said supplies by variationsin the con-
dition as to pressure of the fluid being heated
in sueh manner that the effective supplies of

‘both the liquid and the fuel vary in substan-
tial unison with the variations of demand for
 steam or vapor energy and in substantially

definite quantitative relations to said varia-
tions of demand. |

7. The method of generating superheated
steam or vapor, which method consists in sup-

plying a liguid to a suitable generator, sup-
plying a fuel for heating the generator, and |

varying the supplies of both the liquid and
the fuelin substantial unison with the varia-

b e

tions ofdemand for steam or vapor energy
and in the same degree with said variations.
3. The method of generating superheated

- steam or vapor, which method consists in sup-

Finkeyieru iy

kel i
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|

" plying a liquid to a suitable generator, sup-

plying a fuel for heating the generator, and
by variations in the condition of the fluld be-
ing heated varying the supplies of both the

liquid and the fuel in substantial unison with
‘the variations of demand for steam or vapor
‘energy and in the same degree with said va-
riations. . .

9. The method of genemting superheated
steam or vapor, which method consists in sup-
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plying a liguid to a suitable generator ata

substantially predetermined pressure,supply-
ing a fuel for heating the- generator, and by

variations in the econdition as to pressure of
‘the fuel being heated varying the supplies of

both the liquid and the fuel in substantial
anison with the variations of demand for

‘steam or vapor energy and in the same de-

aree with said variations of demand.

-

10. The method of generating superheated
steam or vapor and delivering the same in a

substantially unvarying condition as to the

energy thereof, which method consistsin sup-
plying a liquid to a suitable generator, sup-
plying a fuel for heating the generator, and

varying said supplies in such manner that the
effective supplies of both the liquid and the
fuel vary in substantial unison with the va-

‘riations of demand for steam or vaporenergy
' and in substantially the same degree with

said variations.
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11. The method of generating superheated

plying a liquid to a suitable generator, sup-

‘plying a fuel for heating the generator, and
varyingsaid supplies by variationsin the con-

dition of the fluid being heated in such a man-

ner that the effective supplies of both the lig-
uid and the fuel vary in substantial unison.

with the variations of demand for steam or
vapor energy and in substantially the same

| degree with said variations of demand.

12. The method of generating superheated
steam or vapor and delivering same in a sub-
stantially anvarying condition as to tempera-
ture and pressure, which method consists in

supplying a liguid to a suitable generator at
a substantially predetermined pressure, Sup-
plying a fael for heating the generator, and
varying said supplies by variations in the con-
' dition as to pressure of the fluid being heated

in such manner that the effective supplies of

both the liguid and the fuel vary in substan-

steam or vapor and delivering the same in a
substantially unvarying condition as to the
energy thereof, which method consists in sup-.
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tial unison with the variations of demandfor

steam or vapor energy and in substantially
the same degree with said variations of de-

‘mand. |

13. The method of generating superheated
steam or vapor, which method consists in sup-
plying a liguid to a suitable generator, sup-

plying a fuel for heating the generator, vary-

130
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ing the supply of the liquid in stibstantial
unison with the variations of demand for
steam or vapor energy and in a substantially
definite quantitative relation to said varia-

-tions, and maintaining a predetermined quan-

titative relation between the supplies of the
liquid and the fuel.

14. The method of generating supelheeted
steam orvapor, which me,thod consists In sup-

plying a liquid to a suitable generator, sup-

- plying a fuel for heating the generator, vary-
ing the supply of the liquid by variations in

thecondition of the fluid being heated in such
manner that the effective supply of the lig-
uid varies in substantial unison with the va-

and in a substantially definite quantitative
relation to said variations of demand, and
maintaininga predetermined quantitative re-
lation between the supphes of the liquid and
the fuel. -

15. The method of generating superheated

- steam or vapor, which method consists in sup-

plying a liquid to a suitable generator at a
substantially predetermined pressure, sup-
plying a fuel for heating the generator, vary-
ing the supply of the liquid by variations in

- the condition as to pressure of the fluid being

30
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~ degree with said variations, and maintaining
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 the condition of the fluid being heated in such

55

heated in such manner that the etfective sup-

ply of the liquid variesin substantial unison

with the variations of demand for steam or

vapor energy, and in a substantially definite

quantitative relation to said variations of de- |

mand,and maintaining a predetermined quan-
titative relation between the supplies of the
liquid and the fuel.

16. The method of generating Superheated
steam or vapor, which method consists in sup-
plying a ligquid to a suitable generator, sup-
plying a fuel for heating the generator, vary-
ing the supplyof the liquid in substantial uni-

- son withthe variations of demand for steam or

vapor energy and in substantially the same

& predetermmed quantitative relation be-
tween the supplies of the liquid and the fuel.
17. The method of generating superheated

steam or vapor, which method eonsiete In sup-

plying a liquid to a suitable generator, sup-
plying a fuel for heating the generator, vary-
ing the supplv of the liquid by variations in

manner that the effective supply of the liquid
varies in substantial unison with the varia-
tions of demand forsteam or vapor energy and

. insubstantially the same degree with said va-

6o

riations of demand, and maintaining a prede-
termined quantitative relation between the
supplies of the liquid and the fuel.

-18. The method of generating superheated

- steam or vapor, which method consists in sup-
plying a liquid to a suitable generator at a

substantially predetermined pressure, sup-
plying a fuel for heating the generator, vary-
ing the supply of the liquid by variations in ¢
the condition as to pressure of the fluid being
heated in such manner that the eifective sup-

1
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' ply of the liquid varies in substantial unison

' the fuel.

with the variations of demand for steam or
vapor energy and in substantially the same
degree with said variations of demand, and
maintaining a predetermined qua,nmtatwe re-
lation between the supplies of the liquid and

19. The method of ﬂeneratmw su perheated
steam or vapor, which. methed consists in sup-
plying a liquid to a suitable generator, sup-

‘plying afuel for heating the n'enelator, vary-

ing the supply of the 11q111d in substantial uni-
son with the variations of demand for steam
orvapor energyand in a substantially definite

‘quantitative rela,tlon to said variations, and
riations of demand for steam or vapor energy |
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regulating the supply of fuel by verlatlone in

the condition of the fluid flowing through the
geperator in such manner thet the eﬂfeetw
cmpply of the fuel varies in substantial unison

with the variations of the flow of fluid through

the generator and according to a predeter-
-mmed quantitative relation tosaid Varlatlons
of flow.

20. The method of gener etmﬂ' euperheated
steam or vapor, which method consists in sup-
plying a liquid to a suitable generator, sup-

plying a fuel for heating the ﬁeneretor vary-

ing the supply of the hqmd in substantial
unison with the variations of demand for

steam or vapor energy and in a substantially

definite quantitative relation to said varia-
tions, and regulating the supply of fuel by
variations in a eondlmen of the fluid flowing

90.
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bhrouﬂ'h the generator resulting from varia-

tions in the flow of said fluid in such manner
that the effective supply of the fuel varies in
substantial unison with the variations of the

flow of fluid through the generator and ac-
cording to a predetermined quantitative rela-

tion to said variations of flow.

21. The method of generat_ingsuperheeted |

steam or vapor, which method consistsin sup-
plying a liquid to a suitable generator at a

105

I1O

substantially predetermined pressure, sup-

-plylnﬂ* a fuel for heating the generator, vary-

ing the supply of the liquid by verla.tlone in
the condition as to pressure of the fluid being
heated in such manner that the effective sup-
ply of the liquid varies in substantial unison
with the variations of demand for steam or
vapor energy and in a substantially definite
quantitative relation to said variations of de-
mand, and regulating the supply of fuel by va-
riations in the condition as to pressure of the
fluid flowing through the generator in such
manner that the effective supply of the fuel
varies in substantial unison with the varia-

| tions of the flow of fluid through the gener-

ator and according to a predetermlned quan-

titative relation to said variations of flow.
22. The method of generating superheated

steam or vapor and delivering the same in a

| substantially unvarying condltwn as to the

energy thereof, which method consists in sup-
plying a hqmd to a suitable generator, sup-

plying a fuel for heating the generator, vary-

ing the supply of the l1qu1d in substantial
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132
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anison with the variations of demand for ] for heating the generator, varying the supply

steam or vapor energy and in substantially
the same degree with said variations, and

regulating the supply of fuel by variationsin

the condition of the fluid flowing through the
generator in such manner that the effective

supply of the fuel varies in substantial uni-
son with the variations in the fiow of fluid.
through the generator and in substantially

the same degree with said variationsof flow.
23. The method of generating superheated

steam or vapor and delivering the same in a
substantially unvarying condition as to vhe |-

energy thereof, which method eonsists in sap-
plying a liquid to a suitable generator, sup-
plying a fuel for heating the generator, vary-
ing the supply of the liquid in substantial
unison with the variations of demand for
steam or vapor energy and in substantially

the same degree with said variations, and

“regulating the supply of fuel by variations in
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a condition of the finid flowing through the

oenerator resulting from variations in the

flow of said fluid in such manner that the
effective supply of fuel varies in substantial

unison with the variations in the flow of fluid

through the generator and in substantially

the same degree with said variations of flow. |
24, The method of generating superheated
steam or vapor and delivering the same in

a substantially unvarying condition as to
temperature and pressure, said method con-

sisting in supplying a liquid to a suitable

generator at a substantially predetermined
pressure, supplying a fuel for heating the
generator, and varying the supply of the lig-

uid by variations in the condition as to
pressure of the fluid being heated in such

manner that the effective supply of liquid

varies in substantial unison with the varia-
tions of demand for steam or vapor energy.|

and in substantially the same degree with

said variations of demand, and regulating

the supply of fuel by variations in the con-
dition as to pressure of the fluid flowing
through the generator in such manner that

‘the effective supply of the fuel variesin sub-

stantial unison with the variations of the flow
of fluid through the generator and in sub-

stantially the same degree with sald varia-

fions of flow. |

- 25. The method of generating steam or va-
por, which method consists in supplying a lig-
uid to a suitable generator, supplying a fuel
for heating the generator, varying the supply

of the liguid in substantial unison with the.

variations of demand for steam or vapor en-

ergy and in a substantially definite quantita-

tive relation to said variations, establishing
a predetermined quantitative relation be-

tween the supplies of the liquid and the fuel,

and regulating the temperature of the steam
or vapor by varying the relation between
sald supplies. o -

26. The method of generating steaimn or va-
por, which method consists in supplying a liq-

uid to a suitable generator, supplying a fuel

[

of the liguid in substantial unison with the
variations of demand for steam or vapor en-
ergy and in a substantially definite quanftita-
tive relation to said variations, regulating the

supply of fuel by variations in the condition

of the fluid being heated in a manner tending
to maintain a predetermined quantitative

relation between the supplies of the liquid
and the fuel, and regulating the temperature

of the steam or vapor by varying the relation
between said supplies. _ | N

27. "The method of generating steam or va-
por, which method consists in supplying a lig-
uid to a suitable generator, supplying a fuel
for heating the generator, varying the supply
of the liguid in substantial unison with the
variations of demand for steam or vapor en-
ergy and in substantially the same degree
with said variations, establishing a predeter-
mined relation between the suppliesof the lig-
uid and the fuel, and regulating the temper-
ature of the steam or vapor by varying-the re-

| lation between said supplies. |

28. The method of generating steam or va-
por, which method consists in supplying a lig-
uid to a suitable generator, supplying a fuel
for heating the generator, varying the supply

of the liguid in substantial unison with the

variations of demand for steam or vapor en-
ergy and in substantially thesamedegree with
said variations, regulating the supply of fuel

by variations in a condition of the flnid flow-

ing through the generator resulting from
variationsin the flow of said fluaid in amanner
tending to maintain a predetermined quanti-
{ative relation between thesupplies of the lig-
uid and the fuel, and regulating the temper-

ature of the steam or vapor by varying the re--

lation between said supplies.

29.- The method of generafing steam or va-
por, and delivering the same at a substan-
tially uniform temperature, said method con-
sisting in supplyingaliquid to a suitable gen-
erator, supplying a fuel for heating the gen-
erator, varying the supply of the liquid in
sabstantial unison with the variations of de-
mand for steamn or vapor energy and in a sub-
stantially definite quantitative relation fo

said variations, establishing a predetermined

guantitative relation between the supplies of
the liquid and the fuel, and varying the re-

' lation Detween said supplies by variationsin
the temperatare of the steam or vapor.
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30. The method of generating steam or va-

por and delivering the same at a substan-

tially unvarying temperature, said method

consisting in supplying a liguid to a suitable

generator, supplying a fuel for heating the
generator, varying the supply of the ligquid

in sabstantial unison with the variations of

demand for steam or vapor energy in a sub-
stantially definite quantitative relation to
said variations, regulating the supply of fuel

by vdriations in a condition of the fluid flow-
ing through the generator resulting from va-

riations in the flow of said fiuid 1in a manner
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tending to maintain a predetermined quan-

titative relation between the supplies of the

liquid and the fuel, and varying the relation

between said supplies by variations in the:

temperature of the steam or vapor.
31. The method of generating steam or va-
por and delivering the 3ame m a substan-

“tially unvarying temperature, said method

10

TS

consisting in supplying a liquid to a suitable
generator, supplying a fuel for heating the
generator, varving the supply of the liquid
in substantial unison with the variations of
demand forsteam or vaporenergy and in sub-

stantially the same degree with said varia-
tions, establishing a predetermined quanti-.

tative relation between the supplies of the

~liquid and the fuel, and varying the relation
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between said supplies by variations in the .

temperature of the steam or vapor.

32. The method of generating steam or va-
por and delivering the same at a substan-
tially unvarying temperature and pressure,
sald method consisting in supplying a liquid
to a suitable generator at a substantially pre-
determined pressure, supplying a fuel for
heating the generator, varying the supply of
the liguid by variations in the pressure of the
fluid being heated in such manner that the
effective supply of the liquid varies in sub-
stantial unison with the variations of de-
mand for steam or vapor energy and in sub-

stantially the same degree with said varia-

tions of demand, regulating the supply of
the fuel by variations in a condition of the
fluid flowing through the generator resulting
from variations in the flow of said fluid in a
manner tending tomaintain a predetermined
quantitative relation between the supplies of
the liguid and the fuel, and varying the re-
lation between said supphes by variations in
the temperature of the steam or vapor.

33. The method of generating steam or va-

por, which method consistsin supplying a liq-

uid toa suitable generator, heating the gener-
ator in such manner that only a small quan-
tity of the liquid is maintained at the tem-

perature of vaporization,varying the supplies

of both theliquid and the heat in substantial

unison with the variations of demand for

55
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steam or vapor energy and in definite quan-
titative relations to said variations.

3%. The method of generating steam or va-
por, which method consistsin supplying a lig-
uid to a suitable generator, heating the gener-
ator in such manner that only a small quan-
tity of the liquid is maintained at the tem-
perature of vaporization by variations in the
condition of the fluid being heated, varying
the supplies of both the liquid and the heat
in substantial unison with the variations of
demand forsteam or vaporenergy and in defi-
nite quantitative relations to said variations.

35. The method of generating steam or va-
por, which method consistsinsupplying a liq-
uid to a suitable generator, heating the gener-
ator in such manner that only a small quan-
tity of the liquid is maintained at the tem-

704,908

perature of vaporization by variations of the

“condition as to pressure of the fluid being
heated, varying the supplies of both the liq-

uid and the heat in substantial anison with
the variations of demand for steam or vapor
energy and in definite quantitative relations
to sald variations.

36. The method of generatingsteam or va-
por, which method consists in supplying a lig-
uid toa suitable generator, heating the gener-
ator in such manner that only a %mall quan-
tity of the liguid is maintained at the tem-
perature of vaporization, varying thesupplies

of both the liquid and the heat in such man-

ner thatthe effective supplies of both varyin

substantial nunison with the variations in de-
mand for steam or vapor energy and in sub-

stantially definite quantitative relations to
said variations.
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37. The method of oenerating stpmn or va-

por, which method eonsmts in SUpplymp' a lig-
uid to a suitable generator, heating the gener-
ator in such manner that only a small quan-
tity of the liquid is maintained at the tem-
perature of vaporization,varying the supplies
of both the liquid and the heat by variations
in the condition of the fluid being heated in

such manner that the effective supphes of

both vary in substantial unison with the va-

| riations in demand for stéam or vapor energy

and in substantially definite qnanmta,twe ra-
lations to said variations.

38. The method of generating steam or va-
por, which method consists insupplying a liq-
uid toa suitable generator, heating the gener-

ator in such manner that only a small quan-

tity of the liquid is maintained at the tem-
perature of vaporization,varying the supplies
of both the liquid and the heat by variations
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in the condition as to pressure of the fiuid be-

ing heated in such manner that the effective
supplies of both vary in substantial unison
with the variations of demand for steam or
vapor energy and in substantially definite
quantitative relations to said variations.

39. The method of generating steam or va-
por, which method consists in supplying a liq-
uid to a suitable generator, heating the gen-
erator in'such manner that only a small quan-
tity of the liquid is maintained at the temper-
ature of vaporization, varying the supplies of
both the liquid and the heat in substantial
unison with the variations in demand for
steam or vapor energy and in substantially
the same degree with said variations.

40. The method of generating steam or va-
por, which method consists in supplying a liq-
uid to a suitable generator, heating the gen-
erator in such manner that only a small quan-
tity of the liguid is maintained at the temper-
ature of vaporization by variationsin the con-
dition of the fluid being heated, varying the
supplies of both the liquid and the heat 1n
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substantial unison with the variations of de-

mand for steam or vapor energy and in sub-

stantially the same degree wmh sald varia-
tions. |
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41. The method of generating steam or va-
por, which method consists in supplying a lig-
uid to a suitable generator at a substantially
predetermined pressure, heating the genera-
tor in such manner that only a small portion
of theliquid is maintained at the temperature
of vaporization, and by variations in the con-
dition asto pressure of the fluid being heated

‘varying the supplies of both the liquid and

the heat in substantial unison with the varia-
tions of demand for steam or vapor energy
and in substantially the same degree with
said variations of demand. N |
42. The method of generating steam or va-
por and delivering the same in a substantially
unvarying condition as to the energy thereof,
which method consists in supplying a liquid

to a suitable generator, heating the generator

in such manner that only a small quantity of
the liquid is maintained at the temperatuare

of vaporization, and varying the supplies of |
hoth the liquid and the heat in such manner |
that the effective supplies of both vary insub-

stantial unison with the variations of demand
forsteam or vapor energy and in substantially
the same degree with said variations. !

43. The method of generating steam or va- | .
| variations of demand for steam or vapor ei-

ergy and in substantially the same degree

por and delivering thesame in a substantially

unvarying condition as to the energy thereof, -

which method consists in supplying a liguid
to a suitable generator, heating the generator
in such manner that only a small quantity of

the liquid is maintained at the temperature

of vaporization, and varying the supplies of
both the liguid and the heat by variations in
the condition of the fluid being heated in such
manner that the effective supplies of both
varyin substantial unison with the variations

of demand for steam or vapor energy and in

substantially the same degree with said varia-

tions.
44. The

an unvarying coundition as to temperature
and pressure, said method consisting in sup-

plyving a liquid to a suitable generator at a

substantially predetermined pressure, heat-
ing the generator in such manner that only
a small quantity of the liquid is maintained

at the temperature or vaporization, and va-

rying the supplies of both the liquid and the
heat by variations in the condition as to pres-

sure of the fluid being heated in such-man-

ner that the effective supplies of both vary

in substantial unison with the variations of

demand for steam or vapor energy and in

substantially the same degree with said vari-

-~ ations of demand. |

60

45. The method of generating steam or va-
por, which method consists in supplying the
liquid to a suitable generator, heating the
cenerator in such manner that only a smali
quantity of the liquid is maintained at the
temperature of vaporization, varying the sup-

ply of the liguid in substantial unison with

the variations of demand for steam or vapor

g

titative relation to said variations, and main-

taining a predetermined quantitative relation
‘between the supplies of the liquid and the

heat. |

46, The method of generating steam_of va-

15

7C

por, which method consists in supplying a liq-

nid to a.snitable generator, heating the gen-
arator in such manner that only a small quan-

tity of the liquid is maintained at the tem-

perature of vaporization, varying the supply

of the liquid by variations in the condition of

the fluid being heated in such manner that

the effective supply of the liquid varies in ¢
substantial unison with the variations of de-.

mand for steam or vapor energy and-in a sub-
stantially predetermined quantitative rela-

tion to said variations of demand, and main-

taininga predetermined quantitative relation
between the supplies of the ligquid and the
fuel. _ o - | o

~ 47. The method of generating steam or va-

por, which method consists in supplying a lig-.

nid to a suitable generator, heating the gen-

eratorin such manner that only a small quan-

tity of the liquid is maintained at the tem-
perature of vaporization, varying the supply
of the liquid in substantial unison with the

with said variations, and maintaining a pre-
determined quantitative relation between the
supplies of the liquid and the heat. |

48. The method of generating steam or va
por, which method consists in supplying a lig-

75

30

go

95

I1CO

uid to a suitable generator, heating the gen-
erator in such mannerthat only a small quan-

tity of the liquid is maintained at the temper-
ature of vaporization, varying the supply of

the liquid in substantial unison with the varl-

ations of demand for steam or vapor energy

105

| and in a substantially definite quantitative

50, The method of generating steam or

method of generating steam or va- | relation to satd variations, and regulating the

- pm' and delivering the same in substantially

supply of heat by variations in the condition

ITO

of the fluid being heated in such manner as -

to maintain a substantially predetermined

quantitative relation between the supplies of
the liquid and the heat.

49. The method of generating steam or va-
por, which method consists in supplying a lig-

115

nid to a suitable generator, heating the gen-

eratorin such manner thatonly a smallquan-

' tity of the liguid is maintained at the tem-

perature -of vaporization, varying the supply

of the liquid in substantial unison with the
variations of demand for steam or vapor en-

ergy and in a substantially definite quantita-

tive relation to said variations, and regulat-

ing the supply of heat by the condition of the
filnid flowing through the generator resulting
from the flow of said fiuid in such manner as

120

125

to maintain a substantially predetermined -

guantitative relation between the flow of the
fluid and the supply of heat.

por and delivering the same in a substantially

Va-

130

unvarying condition as to the energy thereof,

energy and in a substantially definite quan- i said method consisting in supplying a liquid
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to a suitable generator, healing the generator |

1n such manner that only a small quantity of
the liquid is maintained at the temperature
of vaporization, varying the supply of liquid
in substantial unison with the variations of
demand for steam or vapor energy and in sub-
stantially the same degree with said varia-

tions, and regulating the supply of heat in |

such manner that the effective supplyof heat
varies in substantial unison with the varia-
tions of the flow of fluid through the gener-
ator and in substantially thesame degree with
sald variations of flow.

51. The method of generating steam or va-
por and delivering the samein asubstantially
unvarying condition as to the energy thereof,
sald method consisting in supplying a liquid
to asuitable generator, heating the generator
in such manner that only a small quantity of
the liquid is maintained at the temperature
of vaporization, varying the supply of the

liquid by variations in the condition of the

fluid being heated in such manner that the
effective supply of the liquid varies in sub-
stantial unison with the variations of demand
forsteam or vapor energy and in substantially

the same degree Wlth sald variations of de-

mand, and rebulatmﬂ' the supply of heat by

the condition of the fluid flowing through the |
generator resulting from the ﬁew of Sdld fluid |

in such manner that the effective supply of
the heat varies in substantial unison with the
variations of the flow of fluid through the
generator and in substantially the same de-
gree with said variations of flow.

52. The method of generating steam or va-
por and delivering the samein a substantially
unvarying condition as to temperature and
pressure, sald method consisting in supplying
a liquid to a suitable crenerator at a substan-
tially predetermined pressure, heating the
generator in such manner that only a small
quantity of the lignid is maintained at the
temperature of vaporization, varying the sup-
ply of the liquid by variations in the condi-
tion as to pressure of the fluid being heated
in such manner that the effective supply of
the liquid varies in substantial unison with

‘the variations of demand for steam or vapor |
energy and in substantially the same degree
-with said variations of demand, and regulat-

ing the supply of heat by a condition of the
fluid flowing through the generator resulting
from the flow of said fluid in such manner
that the effective supply of the heat varies
In substantial unison with the variations of
the flow of fluid through the generator and
in substantially the same degree with said va-
riations of flow.

53. T'he method of generating steam or va-
por and delivering the same in a substan-
tially unvarying condition, said method con-
sisting insupplying a liquid to a suitable gen-
erator, heating the generator in such man-
ner that only a small quantity of the liguid is
maintained at the temperature of vaporiza-

tion, varyving the supply of the liquid in sub- |

704,908

stantial unison with the variations of de-
mand forsteam or vapor energyand in asub-
stantially definite quantitative relation to

sald variations, establishing a predetermined

quantitative relation between the supplies of
the liquid and the heat, and regulating the

temperature of the steam or vapor by vary-

ing the relation between said supplies.
54. The method of generating steam or va-
por and delivering the same at a substan-

tially unvarying temperature, which method

consists in supplying a liquid to a suitable
generator, heating the generatorinsuch man-
ner that only a small quantity of the liquid
is maintained at thetemperature of vaporiza-
tion, varying the effective supply of the liq-
uid in substantial unison with the variations
of demand for steam or vapor energy and In
substantially the same degree with said vari-
ations, establishing a predetermined quan-
titative relation between the supplies of the

liguid and the heat, and regulating the tem-

perature of the steam or vapor by varying
the relation between the said supplies.

70

75

8o

go

55. The method of generating steam or va-

por and delivering the same at a substan-
tially unvarying temperature said method
consisting in supplying a liquid to a suitable
ﬂ'enerator heating the generator in such

manner that only a small qllantlty of the lig-

nid is maintained atthe temperature of vapo-
rization, varying the supply of the liquid by
variations in the condition of the fluid be-
ing heated in such manner that the effect-
ive supply of the liguid varies in substan-
tial unison with the variations of demand for

95

100

steam or vaporenergy and in a substantially

definite quantitative relation to said varia-
tions, regulating the supply of heat by varia-
tions in the condition of the fluid being
heated in such manner as to maintain a sub-
stantially predetermined quantitative rela-
tion between the supplies of the liquid and

| the heat, and varying the relation between
said supphes by Va,na,twns in the tempera

ture of the steam or vapor. |

56. The method of generating steain or va-
por and delivering the same at a substan-
tially nnvarying temperature and pressure,
said method consisting in supplying a liguid
to a sunitable generator at a substantially

predetermined pressure, heating the genera-

tor in such manner that only a small quan-
tity of the ligquid is maintained at the tem-
perature of vaporization, varying the supply
of the liquid by variations in the condition
as to pressure of the fluid being heated in
such manner that the effective supply of the

10§

IIO

115

120

125

liguid varies in subsfantial unison with the

variations of demand for steam or vapor en-
ergy and in substantially the same degree
with said variations of demand, regulating
the supply of heat by variations in the con-
dition of the fluid flowing through the gen-
erator resulting from variations in the fiow
of said fluid in such manner that the effect-
ive supply of the heat varies in substantial

130
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water to a suitable generator, gradually heat-
ingthe waterin suech manner thatonly a small

~quantity of the water is maintained at the

‘temperature of vaporization, and varying the

~supplies of both the water and the heatin sub-
stantial unison with the variations of de-
mand for steam energy and in substantially

| the same degree with said variations. 75
63. The method of generating superheated

~ unison with the variations in the flow of the
~ fluid through the generator and in substan-
- tially the same degree with said variations of
flow. = o _
57. The method of generating steam or va-
por, which method consists in supplying a lig-
~ uid to a suitable generator, supplying a fuel
 for heating the generator, varying the sup-
plies of both the liquid and the fuel in sub- |

70

ye stantial unison with the variations of demand | steam and delivering the same in a substan-

 for steam or vapor energy and substantially | tially unvarying condition as to the energy
aceording to predetermined quantitative re- | thereof, said method consisting in supplying
lations to said variations, and maintaining an | water to a suitable generator, gradually heat- .So

- auxiliary supply of fuel to replace the heat | ingthe waterin such mannerthat only asmail

1§ lost by radiation. . - - | | quantity of the water is maintained at the
~~ 58, The method of generating steam or va- | temperature of vaporization, and varying the
- por and delivering the same at a substantially | supplies of both the water and the heat in-
unvarying temperature, which method con- i.suc]_:l manner that the effective supplies of 85
~ gists in supplying a liguid to a suitable gen- | both vary insubstantial unison with the varia-

50 erator, supplying a fuel for heating the gen- | tions of demand for steam or vapor energy
erator, varving said supplies in such manner | and in substantially the same degree with
that the effective supplies of both the liguid | said variations. | | R
and the fuel vary in substantial unison with | 64. The method of generating superheated go

- . the variations of demand for steam or vapor | steam and delivering the same in a substan-
3% energy and in substantially the same degree | tially unvarying condition as to the energy
| ‘thereof, said method consisting in supplying

with said variations, and maintaining an aux- |
‘water to a suitable generator, gradually heat-
ing the waterinsuch manner that only a small

iliary supply of fuel to replace the heat los !
gene”mﬁng supefheated ’ quantity of the water is maintained at the

by radiation.
. 59. The method. of

5 steam, which method consists in supplying
water to a suitable generator and gradually
heating the waterin such manner that only a _
 small guantity of the water is maintained at { heated in such manner that the effective sup-

 thetemperature of vaporization, and varying ! plies of both vary in substantial unison with

‘3% the supplies of both the water and the heatin’'| the variations of demand for steam or vapor
~ substantial unison with the variations of de-

‘temperature of vaporization, and varying the
supplies of both the water aund the heat by
variations in the condition of the fluid being

ICO

. ‘energy and in substantially the same degree
mand for steam energy and substantially ac-

with the said variations of demand.
. cording to predetermined guantitative rela-| - 65. The method of generating superheated
tions to said variations.

| .| steam, which method consists in supplying
60. The method of generating superheated | water to a suitable generator, gradually heat-
steam, which method consists in supplying

105

| ing the water in such manner that only asmall
water to a suitable generator, gradually heat- | quantity of the water Is maintained at the
ing the water in such manner thatonly a small- | temperature of vaporization, varying the sup-
quantity of the water is maintained at the | ply of water in substantial unison with the
temperature of vaporization, and varying the | variations of demand for steam energy and
supplies of both the water and the heat in substantially according to a predetermined
~ such manner that the effective supplies of | quantitative relation to said variations, and
.. both vary in substantial unison with the va- | maintaining a substantially predetermined
riations of demand for steam energy and sub- | quantitative relation between the supplies of
the water and the heat. R

110
45

115

stantially according to predetermined quan-
titative relations to said variations. B

- 61. The method of generating superheated

~ steam, which method consists in supplying

53

water to a suitable generator, gradually heat-
ingthewater in such manner thatonly a small
quantity of the water is maintained at the
temperature of vaporization, and varying the

. supply of both the water and the heat by va-

~ riations in the condition of the fluid being
6o
~ plies of both vary in substantial unison with

heated in such manner that the effective sup-

the variations of demand for steam energy

.- and substantially according to predetermined

b5

quantitative relations to said.variations of

demand. - .y . o |
- 62. The method of generating superheated
steam, which method consists in supplying

66, The method of generating superbeated
steam and delivering the same in a substan-
tially unvarying condition as to the energy
thereof, said method consisting in supplying

water to a suitable generator, gradually heat-

ing the water in such manner that only asmall
gquantity of the water is maintained at the
‘temperature of vaporization, varyingthe sup-
ply of the water by variations in the condi-
tion of the fluid being heated in such manner
that the effective supply of the water varies

in substantial unison with the variations ot

demand forsteam energy and in substantially
the same degree with said variations of de-

| mand, and maintaining a substantially pre-

determined quantitative relation between the
supplies of the water and the heat.

120

125

130
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67. The method of generating superheated
steam and delivering the same at a substan-
tially unvarying temperature, said method
consisting in supplying water to a suitable
generator, gradually heating the waterin such
manner that only a small quantity of the
water 1s maintained at the temperature of
vaporization, varying the supply of water by
variations in the condition of the fluid being
heated in such manner that the effective sup-
ply of water varies in substantial unison with
the variations of demand for steam energy

and substantially according to a predeter-

- mined quantitative relation to said variations

IS

of demand, establishing a predetermined
quantitative relation between the supplies of

~ the water and the heat, and regulating the

20

25

temperature of the steam by varying the re-
lation between said supplies. |

63. The method of generating superheated
steam, which method consists in supplying
water to a suitable generator, gradually heat-
ing the water in such manner that only a
small quantity of the water is maintained at
the temperature of vaporization, varying the
supply of water by variations in the condi-

~ tion of the flnid being heated in such manner

30

that the effective supply of water varies in
substantial unison with the variations of de-
mand for steam energy and substantially ac-
cording to a predetermined quantitative rela-
tion to said variations of demand, regulating

~ the supply of heat by variations in the condi-

35

45

50

.

6o

ator resulting from variations in the flow of
sald fluid in such manner that the effective
supply of heat varies in substantial unison
with the variations in the flow of fluid through
the generator and substantially according to
a predetermined quantitative relation to said
variations of flow. o _'

69. The method of generating superheated
steam, which method consists in supplying
water to a suitable generator, supplying a
fluid fuel for heating the generator, and vary-
ing the supplies of both the water and the
fuel in substantial unison with the variations
of demand for steam energy and substan-
tially according to predetermined quantita-
tive relations to said variations. |

70. The method of generating superheated
steam, which method consists in supplying

water to a suitable generator, supplying a

fluid fuel for heating the generator, and vary-
ing said supplies in such manner that the ef-
fectivesupplies of both the water and the fuel

varyinsubstantial unison with the variations

of demand for steam energy and substan-

tially according to predetermined quantita- |

tive relation to said variations.

- 71, The method of generating superheated
steam, which method consists in supplying
water to a suitable generator, supplying a
fluid fuel for heating the generator, and vary-

‘ing said supplies by variations in the condi-

tion of the fluid being heated in such manner

tion of the fluid flowing through the gener- |

704,908

and the fuel vary in substantial unison with
the variations of demand for steam energy
and substantially aceording to definite quan-
titativerelations to said variations of demand.

72. 'T'he method of generating superheated
steam, which method econsists in supplying
water to a suitable generator, supplying &

‘fluid fuel for heating the generator, varying

the supplyof the waterin substantial unison
with the variations of demand for steam en-
ergy and substantially according to a prede-
termined quantitative relation to said varia-
tions, and maintaining a substantially prede-
termined quantitative relation between the
supplies of the water and the fuel.

73. T'he method of generating superheated
steam, which method consists in supplving
waler to a suitable generator, supplying a
fluid ruel for heating the generator, varying
the supply of the water by variations in the
condition of the fluid being heated in such

70

75

30

manner thaf the effective supply of the water

varies in substantial unison with the varia-
tions of demand for steam energy and sub-
stantially according toa predetermined quan-
titative relation to said variations of demand,
and maintaining a substantially predeter-

mined quantitative relation between the sup-

plies of the water and the fuel.

74. The method of generating superheated
steam, which method consists in supplying
water to a suitable generator, supplying a
fluid fuel for heating the generator, varying
the supply of the water by variations in the
condition of the fluid being heated in such
manner that the effective supply of the wa-
ter varies in substantial unison with the va-
riations of demand for steam energy and sub-
stantially according to a predetermined quan-
titative relation to said variations and regu-
lating the flow of the fuel by variations in
the condition of the fluid flowing through
the generator resulting from wvariations in
the flow of said fluid in such manner as to
maintain asubstantially predetermined quan-
titative relation between the flow of the fluid
through the generator and the flow of the
foel.

vapor, which method consists in supplying
steam or vapor to a suitable superheater, sup-
plying a heating agentfor heating said super-
heater, and varying the supplies of both the
steam or vapor and the heating agent in sub-
stantial unison with the variations of de-
mand for steam energy and substantially ac-
cording to predetermined quantitative rela-
tions to said variations. . )
76. The method  of superheating steam or
vapor, which method consists in supplying
steam or vapor to asuitable superheater, sup-
plying the heating agent for heating said su-
perheater, and varying said supplies in such
manner that the effective supplies of both
the steam or vapor and the heating agent
vary in substantial unison with the wvaria-

that the effective supplies of both the water | tions of demand for steam energy and in sub-

75. The method of superheating sfeam or

95

100

105

Iid0

115

120

125

130




- 10

704,908

stantialiy.deﬁnite q:mntiijat_ive relations to |

said variations. | _
77. The method of superheating steam or

vapor and delivering the same at a substan-

tially unvarying temperature, said method
consisting in supplying steam or vapor to a
suitable superheater, supplying a heating
agent for heating said superheater,and vary-
ing said supplies in such manner that the
effective supplies of both the sfeam or vapor

‘and the heating agent vary in sabstantial

unison with the variations of demand for
steam energy and in substantially the same
degree with said variations.
78. The method of superheating steam ov
vapor, which method consists in supplying

steam or vapor to a snitable superheater, sup- |

19

plying the heating agent for heating said su-
perheater, varying the supplies of both the
steam or vapor and the heating agent in sub-
stantial unison with the variations of demand

20

for steam energyand in substantially definite

varying the effeclive heating-surface of said
superheater inversely and in substantial uni-

son with the variations of demand for steam

In testimeny whereof I have -signed my

name to this specification in the presence of

C. NEWCOMB.

two subsceribing witnesses.
o EDWARD
Witnesses: R
EDWARD H. NEWCOMB,
WILLIAM S. COOPER.

quantitative relations to said variations,and -

25
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