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To all whom it may emwern-

Be it known that I, EDWARD C. NEW’COMB .

a clbizen of the Umted States, and a re.eident‘
of Jamaica Plain, county of Suﬁolk and State

s of Massach useLts haveinvented a certain new.

and useful Apparatus for Gener atmg Steam

or Vapor, of which the following is a. sgaeeiﬁ-

cation.

My invention has special reference to ap-w
I0 pamtﬂs for generating steam or vapor, and

while it has ‘characteristics which render it
particularly effective when embodied in ap-
paratus for generating steam or other vapor
and delwermﬂ‘ it in a superheated condition

15 the mventmn as to some of its features at

least, may be advantaﬂeousl y embodied in ap-

paratue designed for other purposesthan gen-

erating steam such as apparatus for heasmﬁ*

air, eppamtus for heating water; or. eppaia-i
20 tue for heating other ﬂmde for demeetm or

other purposes.
In order to maintain a supply of steam at a

substantially uniform pressure-and tempera- |

ture, it has been the universal practice here-

25 tofore to utilize potentially active reserve en-
ergy in one form or another to compensate

for the variations between the demand and
the supply.

generated therefrom. When the demand for

steam is below normal, this body of water ab-

sorbs the heat eupphed in excess of that nec-

35 essary to generate the steam being used, and
when the demand for steam exceeds that gen-
erated by the source of heat the heat stored |

in the water sapplies the deficiency. Accord-
ing to another type of steam-generatora sup-
40 ply of heat is maintained which 1s 1n excess

- of that necessary to generate sufficient steam

to meet the maximum demand of the appara-

tus, and the water is supplied to the genera-
torin limited quantities, the attempt being to

45 generate only sufficient steam to meet the de-
mand from time to time. In order to meet
variations in the demand for steam in genera-
tors of this type without maintaining the
source of heat at its maximum, a supply of

50 heat in reserveis always memtemed in prac-
tice by providing a bodyof smtable heat-eb-

In the ordinary steam-boilerthe
reserve energy 1s mainly suppiied by the body
30 of water in the boiler, which is'maintained at }-
the temperature and Lhe pressure of thesteam

(Ne mndei )

01bm<‘r materlal whleh aeta as a reservoir of
heat to supplement the normal source of heat
when the demand for steam is in excess of the
.normal.
-gerous, especially in the hands of careless or
inexperienced operators, by reason of the ex-

Generators of the first type are dan-

plosive nature of the body of water therein,

.as when suddenly released from pressure.
‘Generators of the second type are unreliable

in operation, and they are short-lived, and

;when used for motive power theyrequire en-
‘gines and other apparatus of special construc-
.tlen which apparatus is also short-lived and
 Generators of both 65

unrelmble in operation.
types, moreover, require considerable expe-

rience and skill for their successful manipu-
lation.

They are also more or less inefficient
as to the absorption and utilization of the
heat, and they are more or less bulky and

heavy and expensive to construct and main-

tain.
‘more, to deliver steam from the generators of

It has been found impractieal, further-

35

60

eitherclass hithertodevised at a eubstantlallv .

uniform degree of supelheeb although in

theory it is well established that for power

purposes steamm in a substentmlly uniform

superheated condition is much more efficient

than when in a- eatumted or a nea,r]y sata-

rated. condition.

My invention h.«,a,qs fer an obgjeeb e premde
an apparatus for generating steam by which

the defects ebove referred to are practically
overcome., -

Myinvention is more permeelerly addressed |
to the provision of an apparatus whereby su-
‘perheated steam or‘vapor may be delivered
in a condition- which as to temperature or
-pressure or both,.is substantially unvarying
or which bears some other definite or prede-

termined relation to the demand for energy,

regardless of any variations of that demand

within the capacity of the:-apparatus, and

also to the provision of an apparatus where-
95

by a supply of such steam.or vapor may be

| maintained withoutinvolving theuseofa con-
siderable quantity of pebenmelly active re-
serve energy. |
Other ebJeete of my invention are to pro-
vide an apparatus of the character referred
to which is auntomatic in its operation and
easily controlled, also one which at the same

75
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time is safe and reliable and efficient even in | contained in the heated fluid discharged from

the hands of careless or inexperienced oper-
ators, also to provide an apparatus which

may be put into active condition without de-
lay and which when in action will almost in-
stantly and with great precision adjust itself
to meet the ﬂ'reatly-va,rymfr loads or demands
upon 1t, and also to simplify and improve in

~ other respects apparatus whereby the use of
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~ an enlarged secale, a form of valve adapted to.
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‘apparatus.

superheated steam is rendered practical and
efficient even where only small powers are
required and in situations where the demand
for power varies greatly and the variations
are sudden and irregular—as, for example, in
the propulsion of automobiles. These and
other objects will more fully appear from the
following deseription.

My invention consists in the novel parts,
elements, and features of construction, the
novel combinations of parts, elements, and
features of construction, and the novel im-
provements herein shown and described.

The accompanying drawings, which are re-
ferred to herein and form a part hereof, illus-
trate one embodiment of my 1nvent10n to-
goether with modifications of certain elements
and features thereof, the form of apparatus

shown being partwu]ally designed for the

generation of superheated steam or vapor for
power purposes.

Of the drawings, Figure 1 is a side eleva-
tion, partly in sectlon of the apparatus as a
whole Fig. 2 is a plan view of the same.
Fig. 3 is a vertical central section of the gen-
erator and the burner forming parts of the
IFFigs. 4 and 5 are %ectmnal views
1llustrating details. Fig. 6is a sectional view
of the pump forming a part of the apparatus.
Kig. 7 1s a similar view of the device for au-
tomatlcally regulating the flow of the fuel.
Fig. 8 is a diagrammatic view illustrating, on

be used with the regulator shown in Fig. 7.
Fig. 9 is a sectional view illustrating another
form of regulator. Fig.10isa dlaﬂ'rammauc
view illustrating a form of the Valve member
adapted to be used with the regulator shown
in Fig. 95 and Figs. 11 and 12 are elevations,
pa,rtly In sectlon 1llustrat1n0* modifications of
the apparatus.

Likereference-numerals refer to like parts
wherever they oceur throughout the several
Views.

In accordance with my invention the gen-
eration of thermal energy is varied in sub-

stantial unison with the wvariations of de- |

mand for thermal energy and in substan-
tially the same degree with said variations.
In carrying out my invention this resunlt is

be heated and an agent for heating the same
1n substantial unison with the Varla,tlons in
the demand for the thermal energy contained
in the heated fluid and each according to a
definite quantitative relation to said varia-
tions—that is to say, for every variation in
the rate of delivery of the thermal energy |

attained by varying the supplies of a fluid to

the generator there are variations produced

1n the respective supplies of the fluid fo be

heated and of the agent for heating the same,
and these variations are produced in such
time with relation to the wvariations in the
demand for the thermal energy contained in
the heated fluid and in such definite quanti-
tative relationstosaid variations that the rate
of generation of /the thermal energy equals
the rate of delivery thereof. For example,
if an existing demand or rate of delivery of
the thermal energy of the heated fluid is
doubled, the supplies of the fluid to be heat-
ed and the heating agent are both so in-
creased that double the amount of thermal
energy 18 generated per unit of time.
Should it be desired to have the condition
of the heated fluid vary as to temperature or
pressure, or both, with different rates of de-
livery of thermal energy, the quantitative re-

i lations of the respective supplies of the fluid

to be heated and the agent for heating the
same to thedemand forthermalenergy would

70
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beso determined asto bring about thisresult.

Where it is desired to deliver the heated

fluid in a substantially unvarying condition
as to both temperature and pressure, the sup-
plies of both the fluid to be heated an/d' the
agent for heating thesame are varied in such
manner that the effective supplies of both
vary 1n substantial unison with the varia-

tions of demand for the thermal energy of

the heated fluid delivered and in substan-
tially the same degree with said variations.

As applied to an apparatus for generating
steam or other vapor my invention would be
embodied in an apparatus comprising a com-
bustion - chamber, a suitable generator ar-
ranged in codperative relation with the com-

| bustion-chamber, means for supplying a lig-
uid to said generator means for supplying a

fuel to said combustion-chamber, and means
for varying the supplies of both the liguid
and the fuel in substantial unison with the
variations of the demand for the thermal en-
ergy of the steam or vapor delivered by the

| apparatus and aceording to definite quantita-

five relations to said Variations. For the

| sake of clearness and brevity I have herein

referred to the variations of the thermal en-
ergy of the steam or vapor delivered by the
apparatus per unit of time as the variations
of demand for steam or vapor energy.

Preferably the means for supplying the

liquid to be heated are rendered operative by
variations in the condition of the finid being
heated to automatically vary the supply of
the liquid in substantial unison with the va-
riations of demand for the energy of the fluid
and according to a definite quantitative rela-

tion to said Varla,tlons, and the effective sup-

ply of the heating agent is so regulated that
it varies in substa,ntml unison with the varia-
tions of the flowof the fluid being heated and
according to a predetermined quantitative re-
lation to said variations. Preferably, also,
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~ to pressure may be used for controlling the |
supply of liguid, or under proper circum- |

stances the temperature may be used. The | titative relation” and ‘“predetermined quan-

30

35

704,907

nmeans are provided whereby the relation be-
tween the effective supply of the fuel and the ;

offective supply of the fluid to be heated may
be varied so as to control the temperature of
the heated fluid, and where a very accurate
or a predetermined regulation of the temper-

ature of the heated fluid is desired means are

provided for automatically controlling such
relation. | | |

The condition selected for controlling the
supply of liquid to be heated should be such
as that under the circumstances of its use if
shall vary inversely and simultaneously or in
substantial nnison with the demand for the
heated fluid and such as that it shall vary
also in a regular way or according to a known

law, so that the effective supply of the liquid

may be variedin the manner described. With
the type of generator herein shown and de-
scribed the condition of the fluid therein as

flow of the heating agent may be regulated
in the manner described by variations-in &

condition of the fluid being heated resulting |

from variations in the flow of said fluid or by | _ d
| mal energy, for that relation may be made a

variations in any other condition of that fluid
which varies simultaneously with the. fiow
andaccording toaknown law,as, under proper
circumstances, the temperature or pressure.
- In practice a fluid-heating agent or a heat-
ing agent which can be controlled as fluids
are controlled should be used, in order that
the quantity of the heat developed may be

" accurately regulated and quickly varied to

40

45

correspond with the variations of demand Tor
the thermal energy of the heated fiuid.

. The embodiment of my invention 1llus-
trated consists of an apparatus for generating
superheated steam or vapor and delivering

the same at a substantially predetermined
| suitable frame, upon which the various parts

of the apparatus are mounted. The gener-

pressure and at a temperature  which -for
practical purposes is unvarying. 'l'his appa-
ratus comprises in general a combustion-
chamber, a generatorarranged in coéperative
relation to the combustion-chamber, means
for supplying liquid to the generator, said

“means being constructed to automatically

50

55

vary the supply of the liguid in substantial
unison with the variations of ‘demand for
steam energy and in a substantially definite
quantitative relation tosaid variations,means
for supplying a fluid fuel to the combustion-
chamber, and means for maintaining such a
relation between the supply of the fuel and

 the supply of the liquid to the generator that

6o

one varies in substantial unison with the va-
riations of the other and according to a pre-

determined quantitative relation to said va-

riations. The generatoris so constructed and
arranged with relation to the combustion-
chamber that a condition of the fluid therein
varies inversely as the demand for steam or
vapor varies, and.that the rate of variation
of that condition varies inversely with the

| vided for varying the

means for .supplying 'liquid to the genera-

tor is constructed to supply the liquid at a
predetermined pressure—to wit, the pressure

70

at which it is desired to operate the appa-

ratus. The means for supplying the fuel to

the burner are controlled by variations in a -

condition of the fluid flowing to and through
the generator resulting from variations In
the flow of said fluid. Means are also pro-
predetermined rela-
tion between the supply of the liguid fo be
heated and the supply of the fuel, and in one

| form of the device means are provided for

automatically varying this relation. .

It is not to be understood by the term *‘sub-
stantial unison” that the relative variations
in the supply, demand, or condition of the
various fluids are strietly simultaneous. The

“essential in this regard isthat the variations

are produced promptly enough to maintain
the apparatus in a practically predetermined

75

0

condition. The expressions ‘‘definite quan- -

titative relation,” as used herein, are not to

be understood as necessarilyreferring to un-

changing relations between the supplies or
flows of the fluids and the demand for ther-

varying one. Itisintended that this expres-
sion shall include within its scope such a re-
lation between the supplies of the fluids as
will produce practically uniform results.
Where, for example, the efficiency of the ap-

03

100

paratus varies materially with the demand,

the predetermined relation between the sup-
ply of the fluid to be heated and the healing
agent may be so established as to compen-
sate for the variations in the efficiency of the

apparatus and deliver the heated fluid at the
desired temperature at all times. | |

Referring now to the drawings and in gen-

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

ator is mounted in a suitable casing 2 and is
connected by a pipe 3 to a suitable motor 4,
the exhaust-pipe 5, which passes to a suit-
able muffler 6, and from the muffler to the

165

110

115

escape-pipe or chimney 7 of the generating-

‘casing 2. Suitable feed-water and fuel-sup-

ply tanks are indicated at 8 and 9, respec-
tively. - ST

. While some of the advantages of my in-
vention may be realized by the use of various
types of generators in connection with appa-

ratus construocted in accordance with my in-
vention, the best results can only be attained,

as will hereinafter more fully appear, by the
use of a generator in which the liguid is grad-

ually heated from its point of entrance to the

120

I2 5

point where it is substantially all transformed .

into vapor and in which only a small quan-

tity of liquid is maintained at the tempera-
ture of vaporization corresponding to the
pressure at which the apparatus is operated.
In accordance with the best embodiment of

quantity of liguid in the generator. The i theapparatus the generator has aliquid-heat-

130
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-ing portion, a vaporizing portion, and a su-

perheating portion. Theliquid-heating por-
tion 1s preferably such that the liquid is grad-
ually heated up to the temperature of vapori-
zation, the vaporizing portion should be such
that it contains only a small quantity of the |
liquid to which the latent heat of vaporiza-
tion i1s added gradually, and the superheating
portlon 18 preferably directly connected to
and is adapted to form a part of the vaporiz-
ing portion. These conditions are best real-
1zed in a generator consisting of a continuous
pipe or passage which forms the liquid-heat-
ing as well as the vaporizing and superheat-
ing portions of the generator and which re-
celves the water or other liquid to be vapor-
ized at one end and delivers the superheated
steam or vapor at the other end, said pipe or
passage being so arranged with relation to
the source of heat that the fluid therein is
gradually heated from the point of entrance
to the point of exit.

As shown in thedrawings, (see Fig. 3,) the
generator is formed of a plurality of pipe-
coils 11,12, 13, 14, 15, and 16, which are pref-
erably frusto-conical in form and are so ar-

ranged vertically one within the other around
‘acombustion-chamberas to present the great-

est mass or depth of heat-absorbing surface
to the direct or natural path of the heated
gases and products of combustion as they
flow from the combustion-chamber. The coils
are connected together in series, preferably
by separable connections 18, 19, 20, 21, and
22, all of which, as shown, are arranged at
the outer part of the mass of heat-absorbing

-surfaces in such a position as not to be sub-
jected to the hottest portions of the products
" of combustion.

The outermost coil 11 is con-
nected at the top to thefeed-water-supply pipe
17, and the innermost coil is connected to the
steam-pipe 3. The outer coils thus consti-
tute the ligquid-heating portion and the inner

-eolls the vaporizing and superheating por-

tions of . the generator. By reason of this
construction the water is caused to flow grad-
ually and uniformly from the outer coil to-

- ward the inner coil in a direction opposite to

50

535

6o

that of the flow of the products of combustion
and 18 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 hap-
pen 1f the colls were less uniformly heated,
and wateris prevented from flowing by grav-
ity to the inner coil or coils, as it would if the
colls were arranged one above another and
directly connected. With this construction
alsothe products of combustion are uniformly
subjected to the action of successively cooler
heat-absorbing surfaces, the heat being thus
very perfectly absorbed. As shown, all the
coils are substantially the same in diameter
at their lower ends and are successively

shorter from the inner one toward the outer

one, S0 that when assembled they substan-
tially eonform to the shape of the cylindrical

704,907

casing. DBy this arrangement, moreover, the
greatest mass of the heating-surfaces is lo-
cated in the upper part of the casing, directly
in the path of the largest volume of the prod-

ucts of -combustion, and all the products of -

combustion must pass between the turns of
all the coilsin succession, from: the innermost
(3011 to the outermost 0011 shields 23 and 24
being provided at the tOp and sides of the
(30118 as shown, to insure this action.
While six coils are shown, 1t is obvions that

-a greater or less number may be used, if de-

sired. There should be a sufficient number
of coils, however, to form an efficient mass
of heat-absorbing surfaces, and to insure a
sultable temperature gradient between the
successive coils. It may be observed gen-

erally, moreover, that the coils 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 brecught tothe boiling-pointat some
part of the generator where its flow at that
point is not appremably affected by gravita-
tion.

The casing 2 is provided near the top with

75

30

90 -

a suitable outlet for the waste gases, which

outlet, as shown in Figs. 1 and 4, communi-

cates with the vertically-arranged escape-pipe
or chimney 7.
bottom, and the exhaust-pipe 5 of the engine

is terminated in the chimuney with a series of

downwardly-projecting nozzles 5%, through
which the exhaust-steam is ejected when the
engine isrunning, 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 increase the aspirat-
ing effect of the steam-jets, and thus improve
the draft. - The top of the chimney is pro-
vided with a pivoted cover 7%, whereby the
chimney may be opened to provide a free out-
let for the waste gases when the apparatus 18
being started.

The burner for heating the generator is lo-
cated 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 sald inner coil forms a tapering com-
bustion-chamber of ample dimensions to per-
mit complete combustion of the fuel and in-
sure uniform heating of the tubes. Any suit-
ableformof burnermaybeused. Thatshown
consists of two plates 25 and 26, separated to
form a chamber for the fuel mixture, said
plates being connected by a multiplicity of
tubes 27, which form passages for the air nec-
essary tosupportcombustion. Asshown,each
of the tubes 27 is corrugated at its upper end,
S0 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 burner
by a combining-tube 28, which, as shown,
passes down through the combustion-chamber
and enters a burner at a central point and at

=i

The chimney 7 is open at the

100

105

11O

115

120

I25

I3O




10

¥S

704,907

rightanglestothe general plane thereof. The

tube 28 is shielded from the direct heat of the

combustion-chamber by a tuabe 2%, which is

somewhat larger than the tube 28 and 1s ar-

ranged concentrically therewith, soas to form
an air-chamber around the inner tube.
order that the air supplied to the combining-
tube 28 may be suitably heated, the top of

said tube is inclosed as by a casing 28%, and

the air-chamber formed between the tubes 28

and 29 is placed in communication with the-

top of the tube 28, the lower end of sald alr-
chamber being connected to a central series
of air-tubes 272, as shown. .

- The fuel is discharged into the mixing-tube
by a nozzie 30, the flow through which is regu-
lated, as hereinafter deseribed, by a suitable

- valve member, as the needle 31. The nozzle

20

30

30 is formed on a suitable casing 32, which 18
secured in a recess centrally formed in the
top of the casing 2. The fuel is supplied to
the nozzle through a pipe 35, and where a
liguid fuel is used the pipe 35 is passed into
the combustion-chamber and, as shown, 1Is

coiled around the tube 29, so as to form a vapo-

rizer for the fuel. A supply-tube 36 for a pi-

lot-burner is connected with one branch of

the casing 32 and extends down through the
combustion-chamber fo a suitable pointabove
the burner. The supply of fuel to the pilot-

- burner may be regulated by a needle-valve
- 37 to maintain a pilot-light for the main

33
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45

‘burner.

For the purpose of vaporizing the
fuel iu the pipe 35, as required in starting the
apparatus, a suitable receptacle 38 is formed

in the casing 29* around the lower end of the

tube 28, and is adapted to hold a small quan-
tity of sunitableinflammableliquid,which may
be supplied through a pipe 39Y.
tially uniform pressure is maintained on the
supply of fuel in the tank by any suitable
means, as by an air-pump. (Not shown.)

For the purpose of preventing drafts of air

from extinguishing the flame or otherwise in-

terfering with the operation of the burner the

bottom thereof is inclosed in a shield which,
as shown, consists of a plate 40, secured at a
central point to the center of the burner and

tapering downwardly and outwardly, so as to

{50
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form an annular chamber which tapers from
the outer edge of the burner to tue center

thereof. The peripheryof thistapering ¢cham-
ber is covered by a suitable sereen 41, which

acts to break up any blast of air and destroy
its force before it reaches the air-passages of -

the burner. This shield, moreover, absorbs
heat radiated from the burner and serves to
heat the air and evenly distribate it to the air-
passages of the burner. -
With a burner constructed as described the
vaporized fuelis at all times, before and after
it is mixed with the alr, maintained at a tem-
peratureabove thatatwhichitcondenses, and
by reason of the fact that the air is heated be-

the latter does not have to be superheated to

such a high degree as would otherwise be nec-

In

A substan-

1

|.

fore it is brought into contact with the fuel |

=

essary to prevent condensation. Objection-
able coking, either in the fuel-vaporizer or

in the combining-tube, is thus obviated. By

reason of this fact a comparatively heavy oll,
as kerosene, may besuccessfully used. When

a heavier oil than gasolene is used, however,

it is desirable to start the burner with a more
volatile finid, as gasolene or alcohol. To this

end the tank 9 is divided into fwo compart-.

ments, as indicated by dotted lines in Fig. 2,
a smaller compartment for the more volatile
fluid 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. by
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reason of the faet, moreover, that the fuel is

admitted to the combining-tube at a uniform
pressure a uniform mixture of air and gas for
all loads is secured, and by reason of the fact

a central pointand at right angles to the gen-
eral plane thereof a very even distribution of
the fuel mixtureisobtained, thusenabling the
burner to be operated with a very low flame
without liability of objectionable smell due to

‘imperfect combustion or of being extinguish-
ed by gusts of wind, and without danger of

“back-firing.” | o -
"The means herein shown for supplying
the water to the generator eonsist of a device

which is constructed to supply the waterata

predetermined pressure and to be rendered
operative by variations in the pressure of the
steam or vapor. Whileoneoftheformsof the

device illustrated is preferred, my invention

that the combining-tube enters the burnerat .

9o

95
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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 effective
supply of water in a definite quantitative re-

| lation and in substantial anison with the vari-
ations of demand for steam or vapor energy.

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

105

11O

the casing,which, as shown, is attached to one

end of the motor-casing.
provided with a bore 46, in which a plunger
47 is fitted. The plunger 47 is connected by

This. casing 45 is

115

a link 48 to a crank 49, carried by one end of

the motor-shaft.. The bore 46 of the pump is

provided with inlet and outlet passages.in
which are arranged suitable check-valves 50
and 51, respectively, the inlet-passage being
connected with the feed-water tank by a pipe
52 and the outlet- passage being connected
with the feed-pipe 53. A piston 54, which 18
preferably somewhat larger in diameter than
the planger 47, is fitted in a suitable bore 59,
having free communication with the bore 46.
The piston 54 is held at the inner end of its
stroke by means of a compression-spring 56,
which is confined between a bearing member
57, suitably seated on the piston 54, ard an
extension-easing 58, which is threaded on the
casing 45 and held in its adjusted position by
means of a lock-nut 59. The spring 56 18.80

adjusted that it will require a pressure equal
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to the pressure which it is desired to main- | extension 67 on the opposite side of the pis-

tain in the generator to move the piston 54,
It follows from this construction that when
the apparatus has been started and the pres-
sure in the generator rises to predetermined
point the piston 54 wiil 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 thé
check-valve 51 into the feed-pipe 53, and the
amount of water forced into the bore 55 will
increass as the pressure rises above the pre-
determined point in the generator. When
the pressure in the generator rises to a suffi-
ciently high degree, the displacement of the

piston 54 will equal the displacement of the

plunger 46 and no water will be forced into
the generator. It will thus be seen that the
water is supplied by this device to the genera-
tor at a pressure which varies between cer-
tain predetermined limits only and that the
device 13 rendered operative by variations in
the pressure of the steam or vapor to vary
the effective displacement of ‘the pump in-
versely and in the same degree as the pres-
sure varies between such predetermined lim-
1ts. With a generator in which the pressure
during changes of demand tends to vary
promptly, to the extent, at least, of the limits
fixed by the device described and, inversely,
with relation to the rate of delivery of steam
drawn therefrom the device will act to vary
the supply of water directly and in a sub-
stantially definite quantitative relation to the
variations of demand 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 liquid to the generator. With a device
similar to the one above deseribed for sup-
plying the water to the generator the supply
of the fuel may be regulated directly or indi-
rectly by the variations in the pressure of the
steam or vapor, or where the water is sup-
plied at a substantially unvarying pressure
the supply of the fuel may be regulated by
variations of pressure alone or by variations
in some condition of the steam, which varies
directly with the pressure. In the embodi-
ment illustrated of this feature of myinven-
tion the flow of the fuel is regulated by vari-
ations in a differential pressure resulting
from variations in the flow of the feed-water
to the generator. A suitable form of the
flow-regulating device is illustrated in detail
in Fig. 7.
a casing 60, which is attached by a lug 61 to

any suitable part of the apparatus, as to the |

casing 2 of the generator. (See Figs.1and 2.)
The casing is provided with a suitable bore
62, in which is fitted a piston 63. The bore
62 18 closed by a head 64, through which is

passed a piston-rod 65, by means of which |

the motion of the piston is communicated to
the mechanically-coacting parts of the device.
A tension-spring 66 is arranged in a casing

As shown, this device consists of |

|

l
l

ton from the piston-rod 65 and is adjustably
secured by means of the threaded bolt 68,
which passes through the lower end of the
exftension 67 and is engaged 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 needle-valve member 71 is threaded in the
casing, as shown, and is provided with a suit-
able hand-wheel 72. The bore 62 at opposite
sides of the piston G3 is connected with the
opposite sides of the passage 70 by suitable
ports 73 and 74. The feed-water pipe 53 com-
municates with one side of the passage 70,
the opposite side of which is connected to the
inlet end of the generator by pipe 75, in which
a sultable air-chamber 76 is preferably inter-
posed. The feed-pipe 53 is preferably con-
nected to the casing extension 67, and the
piston 63 is provided with a seat 77, which is
adapted to contact with the end of the casing

00 and cut off 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 1 at all times subjected to the pres-
sure in the generator and that the entire
lower area of the piston 63 when it is out of
contact with the casing 60 is subjected to a
pressure equal to that of the generator plus
an amount sufficient to overcome the resist-
ance offered by the passage 70. The tension
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of the spring 66 is so adjusted that when the

piston 63 is at the lower limit or zero-point of
1t8 stroke the force of the spring will equal the
force exerted by the pressure in the generator
uponanareaequalto that of the piston-rod 65.
It follows from this construection and arrange-
ment that when the pump is started the pis-
ton 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 in pressure on
opposite sides of the piston 63, which will
cause it to move, and with the spring 66 con-
nected and adjusted as described the distance
of the piston 63 from the zero-point will be
directly proportional to this difference in pres-
sure. As the velocity of a fluid through a
passage varies as the square root of the dif-
ference 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 di-

rectly as the square of the velocity of the

fluid flowing through the passage 70 and for
any adjustment of the area of that passage

directly as the square of the volume of the

flow through said passage. The movement
of the piston 63 is communicated to the mem-
ber 31 of the fuel-regulating valve by lever
78, which, as shown, is fulerumed at one end
to a suitable support 79 on the casing 2 and
is pivoted at the opposite end to the piston-
rod 65, the needle 31 being connected to the
lever at an intermediate point. The pressure
on the fuel-supply being uniform, the fuel-
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‘valve should be so constructed that the ef- |

fective opening therethrough will vary with
the square root of the distance moved there-

by 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. 8 is diagram-
matically illustrated a valve member shaped
to produce this result. Assuming that the
orifice of the nozzle 30 presents a thin circu-

lar edge, as indieated in this figure, the valve |
should have a circular cross-section which |
decreases in diameter from the base of the

valve toward the apex, the law of the de-
crease in diameter being expressed by the

formula d=+/1—m, in which d is the diame-
~ter of the valve at any point and m is the cor-

20

25

30

responding distance from the base or zero-|

point ¢ of the opening of the valve. As, how-

“ever, the controlling forcesactuating thisform
of regulator are slight for small loads, the

error of friction of the moving parts for such
loads is great. To obviate this difficulty, 1
prefer in practice to use a regulator in which

the proportional movement of the piston for |

small loads is greater than it i1s in the regu-
lator just described. For instance, the regu-
lator may be so constructed that the move-

ment of the piston will be directly propor-

tional to the flow of water to the generator.
Such a regulator is shown in detail in Fig. 9.

' In aceordance with this eonstruction the pis-
- ton 63 is provided with an extension 80, which

35

40

passes down into the casing extension 67. In
this form of regulator the side passage 70 and

valve member 71 are dispensed with and in

place thereof the piston extension 30 is pro-
vided with a restricted passage 81, which com-

municatesatitsupper end with the upperside |
of the piston 63 and is terminated at its lower

endinavalve-seat32. Avalve member33for
varying the area of the passage 81 is threaded

“into the head 84 of the extension 67 and is

provided with a hand-wheel 385, whereby 1t
may be readjusted. A tension-spring 56 is
secured at its upper end to the upper end of
the piston extensions 80 and at its lower end

" to the head 34, which head is threaded into
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the lowerend of thecasing 67 and may be ad-
justed therein for the purpose of adjusting
the tension of the spring 86. The upperand
lowersides of the piston 63 are placed in com-
munication with the generator and the feed-
pump, respectively, and the tension of the

spring 86 is so adjusted as to equal the pres-

sure acting on the piston-rod 65, as before.
If now the valve member 83 is so formed and
adjusted that the effective opening between
itand theseat 82is proportional tothesquare
root of theextent of movement of the piston,
the volume of the flow through the passage

81 will be directly proportional to the extent

of the movement of the piston. This will be

apparent when it is observed that with a

spring connected and adjusted as described

J?

of thé- restricted passdage will be directly pro-

portional to the distance of the piston from
the zero-point; that the velocity of the fluid

flowing through the restricted passage will
be proportional to the square root of the dit-
ference in pressure at opposite sides thereof,

and consequently to the square root of the
extent of the movement of the piston also,
and that the volume of the flow through the

restricted passage will equal the velocity of

the fluid multiplied by the area of the open-
ing. Thus it will be seen that the volume of

the flow will varyas the square of the square

root of the movementof the piston or directly
as that movement itself. 'T'o secure this re-
sult, therefore, the proper form for the valve
member 83 is the same as that of the valve
member 31’ used in connection with the regu-
lator previously 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 regu-
lator to cause the flow of fuel to vary in the

same degree as the flow of water varies is

that of a paraboloid orsuch as that produced

by the reévolution around its axis of a para-

bolic curve, the general formula of which 1s
y=2p x. Such a form of valve member 1s
diagrammatically illustrated in Fig. 10. 1§
will be noted that while the area of the open-

ing of the restricted passage 81 varies greatly

in proportion to the movement of the regu-
lator the How through the said passage 1s di-
rectly 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 regu-

- lator, therefore, the control of the fluids for

small flows as well as for large ones can easily
be made very accurate. : o
It will be seen from the above that the form
of regulator and the form of the valves used
for controlling the flow of water through the
regulator and for controlling the flow of the
fuel may be greatly varied without depart-
ing from the principles of my invention. It

may be further observed, however, in connec-
tion with the form of regnlator last deseribed

that for every form of valve for controlling

the flow of one fluid a corresponding valve

should be provided for controlling the flow of
the other fluid, having regard to the move-
ment of the valves and to the pressures or
the variations in pressure of the fluids flow-
ing through them. _
that the piston in either regulator constitutes
a motor for operating the fuel-valve and that
the motor is operated by variations in a con-

It is to be observed also
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dition of the fluid flowing through the gen-
erator resulting from or coincident with the

variations in the flow of said fluid. Where

the water is supplied to the generator under
a substantially uniform pressure, it 18 to be
noted, moreover, that the motor is, in effect,
operated directly with the variations of-.the
pressure in the generator. While in eachin-

the difference in pressure at opposite sides ! stance the needle member is moved with re-

130




IO

704,907

lation to its seat, it is obvious that this rela- | is desired, therefore, to deliver the steam at

tion may be reversed, if desired. The regu-
lation of the fuel by a valve member codper-
ating with the nozzle of the burneris regard-

ed as an important feature of my invention,
as by this arrangement not only is a more

perfect regulation of the fuel secured, due to
the fact that a uniform difference of pressure
18 maintained on opposite sides of the valves,
but the supply of air to the burner is accu-
rately maintained in the proper proportion
to the supply of fuelirrespective of the varia-

~ tions of the flow of the fuel within the work-

20

30

35

40

~ a8 to injure the apparatus.

45

55

“for small adjustments only.

ing capacity of the apparatus, as the velocity
of the fuel being constant the uantity of the
airentrained thereby willtend tovarydirectly
with the volume or mass of the fuel.

W here the efficiency of the apparatus va-
ries with the variations in the demand for
steam energy, the shape of the fuel-valve nee-
dle in either form of regulator or of the valve
member 83 in the second form may be suit-
ably 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.

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 gener-
ator may be varied and accurately adjusted.
T'he reason for this is that the quantity of
heat necessary to superheat the steam is very
small as compared with the quantity of heat

‘necessary to transform the water into steam.

If, 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

of the ratio may be acecomplished in any suit-
able way. 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 adjusting the valve 71. In the
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
In either form
ot regulator the ratio may be perfectly regu-

lated 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 this end adjustably

60

cated. ~

mounted on the top of

'With the apparatus constructed as thus far
described slight variations in the tempera-

-ture of the steam delivered by the apparatus

aré apt to oceur, due to inaccuracies in the

- construction or to variations in the efficiency

The regulation

the casing 2, as indi-

a very uniform temperature, means should be
provided for automatically varying the ratio
between the flow of the water and the flow of
the fuel in accordance with the variations in
the temperature of the steam as it issues from
the generator. This may be accomplished in
various ways. ' A suitable way of accom-
plishing this result is illustrated in Fig. 11.
As here shown, the needle-valve 90, which

regulates the by-pass of a regulator of the

form shown in Fig. 7, is automatically con-
trolled by a thermostat, which is rendered
operative by variations in the temperature
of the steam. In accordance with the con-
struction shown a suitable receptacle 91, ca-
pable of withstanding great internal pressure
and having walls which are adapted to rap-
1dly transmit heat to the interior of the re-
ceptacle, is so located in the steam-pipe as to
be impinged upon by the steam flowing there-
through. 7This receptacle is partially filled
with a fluid which vaporizes at a tempera-

‘ture considerably below that at which it is

desired to deliver the steam, so that “vhen
the liquid is heated to the temperature of
the steam a portion of it will be vaporized
and create a very high pressure in the re-
ceptacle. The receptacle is provided with
an opening through which the liquid may
be admitted, said opening being hermetic-
ally closed by a serew-plug 92. For the pur-
pose of preventing the receptacle 91 from be-
ing completely filled the mouth of the open-
ing 18 extended for a suitable distance into
the receptacle, as indicated at 93. The in-
terior of the receptacle is connected by a
sultable pipe 94 with any desired form of mo-
tor device adapted to operate the valve mem-
ber 90, which regulates the area of the re-
stricted passage of the regulator. . An ordi-
nary Bouardon tube 95 is preferably 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 is fixed to the
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top of casing 63 in line with the axis of valve -

90, the other end being free and connected to
the valve below the casing by means of a
stem 96 and a pivot 97. It will be seen that
as the pressure varies in the receptacle 91
the valve 90 will be so operated as to vary the
opening therethrough directly as said pres-
sure varies. It follows from this construction

115

120

that when the temperature of the steam flow-

ing from the generator rises beyond a prede-
termined temperature the passage through
the valve 90 will be enlarged, thereby reduc-
ing the difference in pressure on the opposite
sides of the piston 63 and permitting the
same to move under the influence of the
spring in such a direction as to decreasé the

flow through the fuel-valve carried by the

lever 78. The ratio between the flows of the
water and the fuel will thus be increased and
wlll continue to increase until the relative

of the apparatus at various loads. Where it | flow of water is increased to the point re-
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- quiredtodeliver thesteam atthe desired lower

temperature. On the other hand, it will be

seen that if for any reason the temperature

of the steam should drop below the predeter-
mined degree the ratio between the flows of
the water zmd the fuel will be decreased until

the flow of water is eut down to the point-re-

10

20

20

35

“higher temperature.

quired to deliver the steam at the desired
. The predetermined de-
oree of superheat may be adjusted by vary-
ing the position of the valve member with re-

lation tothe Bourdon tube, as byscrewing the

stem 96 into or out of the pivot-block 97. 1t
is to be noted that this auxiliary thermostatic
regulator should not be used when the appa-

‘ratus is subjected to sudden variations, for

the reason that the temperature of the super-
heated steam varies directly with the rapidity
of its flow past the superheating-surfaces
and independently of the heat supplied by

the burner during the variations in the flow

of the steam. This thermosfatic regulator,
therefore, will not operate in substantial uni-
son with the variations of demand when the
variations are sudden.

In Fig. 12 a different form of rewtllator and |
a dlf[“erent method of applying the thermo- |
In accordance with the |

stat are ilinstrated.

S

construction here shown the waterissupplied |
to the generator through a casing 100, having |

which may be varied by a needle member
101. The movement of the member 101 is
controlled by mmeans of a piston 102, which 18
fitted in a casing 103 and exposed on its up-
per 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, whieh is connected

40

45

at one end to the p1ston and at the opposite
end to an adjusting-plug 106, threaded into
the upper end of the casing 103. The piston
102 is connected to the member 101 and to
the stem 107 of a suitable valve for control-
ling the flow of the fuel by a lever 108, which
is pwoted at one end to the member 101 and

- fulerumed at the opposite end and connected

5O
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.ab intermediate points to the stem of a suit-

able valve for controlling the flow of the fuel
and to a stem 109, carried by the piston 102,
The needles 101 and 107 being given a suit-
able relative form it will be seen that as the
pressure in the generator varies the said nee-
dles will be so moved as to vary the flows of

a restricted passage the opening through |

the water and the fuel and to maintain a pre- |

deterinined relation between the effective
flows of said fluids.
crum 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 needies 101 and 107 in suech a way as
to decrease the flow of fuel relatively to that
of the water when the temperature 1ncreases,
and vice versa when the temperature de-
creases, it will be seen that any desired re-
lation between the effective supplies of the
two fluids and between those supplies and

By mounting the ful-- |

o

the variations of demand for steam enelgy
will be automatically maintained. |

The operation of the various meehamcal
features of the apparatus shown having been

described in connection with the construc-
tion thereof, it only remains to point out how

the diffarent parts of the apparatus 000perate
to produce the desired results.

In the generator shown and described the
inflowing liquid is gradually heated and only
a small portlon of it is maintained at the tem-
perature of vaporization.
this that when a flow of steam or vapor 18
created or when an existing flow is increased
the pressure immediately begins to fall and
the liguid which is at the temperature of va-
porization corresponding to the higher pres-
sure immediately begins to vaporize and also
to fall in temperature corresponding to the
temperature of vaporization -of the vapor at
the reduced pressure. This process contin-
ues until the supplies of liquid and heat are
increased by the action of the regulating de-
vices to correspond to the new flow or de-
mand.. When the flow of steam or vapor is
thus created or increased, the sudden de-

It results from
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velopment of vapor erhm this small por-

tion of liquid due to the drop in pressure

projects a portion of it in the form of a spray -

toward the delivery-orifice and to such a
distance along the tube as to render effect-
ive a sufficient area of heating-surface to
supply the demand for steam, and if the gen-
erator is sufficiently heated the vapor will
pass the saturation-point and become super-
heated. If less steam is drawn from the gen-
erator, the rate of vaporization and the ﬂow
of the Auid will not be so great and the spray
will not be projected so0 far along the tube
and more fsuperheating -surface will be avail-
able; but this is as it should be, as the ca-

.pa,mw of vapor to absorb heat from a given

surface varies directly with the rate ot t]le
flow of the vapor past the surface.
As the quantity of the liquid which is main-

tained at the temperature of vaporization is

small, the point in the vaporizer where the
liquid is changed into spray is sharply de-

fined, and as the mixed spray and steam can-

nof; &bSOI‘b heat from a surface as readilv as
the unmixed ligquid a considerably-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 same temperature at this

point there must be a marked increase in the
temperature potential of the metal. A simi-

- lar but less sharply defined condition must

exist at the transition-point of steam to su-
perheated steam.
form of spray is projected farther along the
vaporizing portion of the generator, due to.an

| increase in the demand upon the vapor, the

hotter portions of the metal are brought
promptly into action to momentarily supply
the increase in the demand and to prevent

such a sudden drop in the temperature and -

When the liquid in the
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- pressure as would temporarily destroy the

“mand.

10

20

30

proper relation between the supply and de-
On the other hand, the vaporizing
portion of the generator should be gradually

heated in sueh manner that when the water

1s projected along the tube by an increase of
demand it will not enter the spheroidal state,
forif this happens too great a quantity of wa-
ter will be projected into the vaporizing por-
tion of the generator before the rate of gen-
eration of steam is increased to the proper
degree, then when the metal becomes suffi-
ciently cooled the water will come in contact
therewith and be so suddenly vaporized as to
abnormally increase the pressure and pre-
vent the proper coaction of the parts. When
a decrease In the demand occurs, the spray
which has been projected along the vaporiz-
ing portion of the generator and is suspended

in the vapor contained therein will be more

rapldly precipitated upon the hotter metal
and cause a prompt rise in temperature and
pressure, and this process will continue un-
til the supplies of liquid and heat are de-
creased by the action of theregulating devices
to correspond to the new demaud. Thus

prompt and active forces are developed that

can be made and are made by the apparatus
described to accurately control the flow of the
fluids. In order that these forces may be

uniformlyand reliably developed, asrequired

to secure an even and efficient performance

- of the apparatus, the incoming liquid should

35

be kept in a substantially unbroken column
until the temperature of vaporization is
reached. 'l'oinsurethis,the generator should
be so proportioned that the point of vaporiza-

~tion will always occeur at a part of the vapo-
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rizer where the flow of the liquid at that point
iIsnot appreciably affected by gravity—as, for
instance, at some point in the coil numbered
14 of the generator shown.

With a generator constructed and heated
as herein described the quantity of liguid
therein will for a given ratio between the sup-
plies of liquid and fuel remain practically
fixed irrespective of any variation in the de-
mand for steam or vapor within the capacity
of the apparatus. This will be obvious when
it is noted that should the quantity of liguid
in the generator for any reason be greater
than the quantity normal to a given ratio the
vaporizing portion of the frenela,tm will be
immersed in an abnorma]ly hot region and
the temperature potential of the metal will
be abnormally high. This will result in the
maintenance of a higher average of pressure
than normal, as will clearly appear by a con-
sideration of the effect of changes in demand.
For example, the drop in pressure due to an
increase of demand will be less in degree than
normal and less prompt than normal, and the
increase in pressure due to a decrease of de-
mand will be greater in degree and more
prompt. It follows that by reason of their
cooperation with the generatorthe regulating
devices will cause less fluid to be supplied to

| librium is attained.
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the generator than is taken therefroin while
there is too much liguid in the generator.
On the other hand, should the quantity of
liguid in the generator be less than the quan-
tity normal to a given ratio the vaporizing
portion of the generator will be immersed in

tial of the metal will be below normal. On
an increase of demand, therefore, the drop in
pressure will be greater in degree and more
prompt than normal and the inerease in pres-
sure due to the decrease of demand will be
less In degree and less prompt. In other
words, the average pressure will be less than
normal. Consequently the sapply of ligquid

70

‘a cooler region, and the temperature poten-

/5

80

to the generator will be greater than normal_ -

and will so continue untila condition of equi-
It will thus be seen that
the rate of variation in the controlling condi-

| tion of the fluid in the generator varies in-

versely as the quantity of liquid in the gener-
ator varies, the tendency being to normally
maintain such a quantity of liquid in the
generator as will cause the regulating de-
vices to vary the supply of hqmd ‘ro the
same extent weight for weight that the de-
mand for steam or vapor varies. It is elear,
therefore, that so long as a proper prede-
termined relation is maintained between the
effective supplies of liquid and fuel and so
long as the supplies of both Auids are va-
ried in unison with the variations of demand
the internal condition of the generator re-
mains substantially fixed, and the steam or
vapor 18 delivered at a practically unvarying
temperature and pressure, and this irrespec-
tive of any variations 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 quantity of heat that may be

rendered effectivein the combustion-chamber
and still maintain a substantially uniform
distribution of the heat throughout the gen-
erator.

It will be obwous that the quantity of lig-
uid in the generator will vary with variations
in the ratio which is maintained between the
supplies of liguid and fuel, the point of vap-
orization always being located 1n a region of
the generator the tempet ature of which closely
apprommdtes the temperatare of vaporiza-
tlon corresponding to the pressure af which
the apparatus is operated.

As before indicated, the pomt where super-
heating begins automameally adjusts itself
for varying loads to maintain the proper pro-
portion between the vaporizing and super-
heating surfaces, the reason being that the
efﬁclency of the vaporizing o-surface variesin-
versely as the flow of flunid past it, whereas
the efficiency of the superheated surface va-
ries in the same direction as the flow of fluid
pastitvaries. Where the correlation between

the vaporizing and superheated portions of
the generator is not such as to produce the
desired umfmmlty in the temperature of the
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superheated steam at various loads and where.
the variations in the load are not too sud-

den, the thermostatic regulator may be. used.

Where, however, the load varies suddenly
through a wide range, the thermostatic regu-

-lator will so interfere with the action of the

pressure-regulator as to make the use of the

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

I

necessarily associated with the use of such re-
serve energy are avoided. = =
Iregard the construction of generator shown
as a very important feature of my invention,
as, aside from the fact that the use of an ob-

| jectionableamount of reserve energyisavoid-

ed, it has numerous other advantages, among

{ which the following may be mentioned: I'he

in the vaporizing portion of the generator

must not be excessive, as it usually is, for
instance, 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
to the load as to cause substantial unison be-
tween the operation of the regulating mech-
anism and the variations of demand and bring
about the remedial effect in time to keep the
apparatus in a practically operative condi-
tion. | | o

While the generator has been referred to
herein as bhaving three portions—to wit, a

currents and absorb the greatest possible
e
8o

heating-surfaces are arranged at right angles
to the flow of the produets of combustion and

L

70

75_:

are so disposed as to thoroughly break up the

amount of the heat contained therein. A
large combustion-chamber is provided of a
form which allows of a large burner area and

permits the burner to operate at full load

without bringing the flame in contact with
the heating-surfaces, thus insuring complete
combustion at all times without producing

{ objectionable smell and without loss of en-

ergy. The combustion-chamber is entirely
inclosed within the cooled surfaces of the

{ generator, so that little jacketing is required

liquid-heating portion, a liquid-vaporizing

portion, and a superheating portion-—it is to
be understood that in the form of generator
herein shown the points of division between
these parts are conditional, the division be-
tween the liguid-heating portion and the vap-
orizing portion being located at the point
where the water has reached the temperature

of vaporization and the division between the -
vaporizing and superheating portions being

located at the point where all the latent heat

of vaporization has been absorbed and super-
While the point of di-:

heating commences.
vigion between the first two portions is sub-

stantially fixed for all loads at a given ratio

between the supplies of the two fluids, it va-
ries more or less, depending upon the pro-
portions and arrangement of the generator

 relative to the burner for every variation in

.50

55

the ratio, and the point of division between
the vaporizing and superheating portions va-
ries for every change in load, as well as for

changes in the ratio. The factthat the points |

of division between these portions of the gen-
erator vary in the manner deseribed 1s imma-
terial,however,solongas they are kept within
the proper limits and so long as the vaporiz-
ing portion containssueh a small quantity of
liguid as isadapted to bring about the prompt
changes in pressure requnired to operate the

regulating devices when changes in the load

60

occur, as before explained.

It will be observed that as a very small por-
tion of the generatorshown and described and
of the water in the generator are maintained
at a high temperature there is but little po-
tentially-active reserve energy in the appa-

!

ratus,and consequently the defects which are

i

justing.

and great efficiency is secured. The quan-

tity of liquid in the generator is self - ad-
The liguid is uniformlyand gradu-

ally heated, and the liquid column is kept

e

intaet by gravity, so that the liquid 1s pre-

vented from flowing onto the highly-heated
surfaces and entering the spheroidal state
when the apparatus is rendered inactive.
The generator, moreover, is compact and

95

eimple and cheap in construction and has.

oreat strength, it being practically impossible
to rupture it by internal pressure. 1tis{ree
to expand under the influence of the heat,

and none of the joints are exposed to the di-

rect action of the flame. |
One of the chief advantages of my inven-

tion resides in its ability to deliver the steam

in a uniformly-superheated condition and at
any desired degree of superheat notwith-
standing great and sudden variations in the
demand for steam, thus enabling great econ-
omy in steam consumption to be realized in
a simple single-expansion engine. Theappa-

ratus is, moreover, automatic in its operation

and reliably so. If is safeeven in the hands
of inexperienced or careless operators and 1s
not subject to injury, as by overheating, and
it is simple and cheap in construction and
occeupies a small space in proportion to its
power. | - |

My invention in its broader aspects is nob
limited to the particular construction shown
nor io the particular construction by which
it may be carried into effect, as many changes
other than those herein suggested may be
made in such construction without departing
from the main principles of my invention and
without sacrificing its chief advantages. .

The methods of generating steam or of
heating fluids herein described and ecarried
out by the apparatus herein shown and de-
scribed are not claimed herein, as the same
forms the subject-matier of another applica-
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tion pending simultaneously herewith. The ! same, of means for supplying a liquid to the

generator and the burner herein shown and
described, moreover, form the subject-matter

of separate -applications pending simulta-

neously herewith.

Having thus described my 1nvent10n what
I claim as new, and desire to secure by Letters
Patent, 18—

1. In an apparatus for generating super-
heated steam or vapor, the combination with

a combustion-chamber and a suitable gener-

ator arranged in cooperative relation with
the same, of means for supplying a liquid to
the generator, means for supplying a fuel to
the combustion -chamber, and means for
automatically varying the supplies of both
the liguid and the fuel in substantial unison
with the variations of demand for steam or
vapor energy and in definite quantifative re-
lations to said variations.

2. In an apparatus for generating super-
heated steam or vapor, the combination with
a combustion-chamber and a suitable genera-
tor arranged in cooOperative relation with the
same, of means for supplying a liquid to the
generator, means for supplying a fuel to the
combustion-chamber,and meansrendered op-
erative by variations in the condition of the
fluid being heated for antomatically 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 sald varia-

35

tions of demand.

3. In an apparatus for n'enera,tmfr super-
heated steam or vapor, the combmatwn with
a combustion-chamber and a suitable genera-

- tor arranged in codperative relation with the

40

45
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same, of means for supplying a liquid to the
generator at a substantially predetermined
pressure, means for supplying a fuel to the

~combustion-chamber, and means rendered op-

erative by variations in the condition as to
pressure of the fluid being heated for auto-
matically 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.

4. In an apparatus for generating super-

heated steam or vapor, the combination with |

a combustion-chamber and a suitable genera-
tor arranged in cooperative relation with the
same, of means for supplying a liquid to the
generator, means for supplying a fuel to the
combustlon chamber, and meansforautomat-
ieally varying said sunplies 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

- energy and in substantially definite quanti-
tative relations to said variations.

5. In an apparatus for generating super-
heated steam or vapor, the combination with
a combustion- chamber and a suitable genera-
tor arranged in cooperative relation W1th the |

i same, means for supplying a

generator, means for supplying a fuel to the

combustion-chamber, and meansrendered op-~

erative by variations in the condition of the
fluid being heated, for automatically varying
sald supplies in such manner that the effect-

| 1ve supplies of both the liquid and the fuel

varyin substantial unison with the variations

| of demand for steam or vapor energy and in
substantially definite quantitative Ielatmns-

to said variations.

6. In an apparatus for generating super-
heated steam or vapor, the combination with
a combustion-chamber and a suitable genera-
tor arranged in cooperative relation with the

same, of means for supplying a liquid to the

generator at a substantially predetermined

pressure, means for supplying a fuel to the

combustion-chamber, and means rendered op-
erative by variations in the condition as to
pressure of the fluid being heated for aufo-
matically varying said suppliesin 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
quan thatwe relations tosaid V&I‘lcttIOﬂ% of de-
mand.

7. In an apparatus for wenemtmﬂ' super-
heated steam or vapor, the combination with

| a combustion-chamber and a suitable gen-

erator arranged in codperative relation with
the same, means for supplying a liquid to the
generator, means for supplying a fuel to the
combustion-chamber, and means for auto-
matically varying the supplies of both the
liguid and the fuel in substantial unison with
the variations of demand for steam or vapor
energy and in substantlally the same dewree
with said variations.

8. In an apparatus for generating super-

' heated steam or vapor, the combination with

a combustion-chamber and a suitable genera-
tor arranged in codperative relation with the

a liquid to the
ﬂ‘eneratm means for supplying a fuel to the

70
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combustion - chamber, and means rendered

operative by variations in the condition of
the fluid being heated for automatically vary-
ing the supphes of both the liguid and the
fuel 1n substantial unison with the variations
of demand for steam or vapor energy and in
substantially the same den'ree wmh sald vari-
ations.

9. In an apparatus for generatlng super-

heated steam or vapor, the combination with

a combustion-chamber and a suitable genera-
tor arranged in cooperative relation with the
same, means for supplying a liquid to the gen-
erator at a substantially predetermined pres-

ris
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125

sure, means for supplying a fuel to the com-

bustion-chamber, and means rendered oper-
ative by variations in the condition as to pres-
sure of the fluid being heated for varying the
supplies of both the liquid and the fuel in

substantial unison with the variations of de-

130
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as t0 the energy thereof, the combination

with a combustion-chamber and a suitable

generator arranged in codperative relation

w1th the same, means for supplymw a liguid |

to the combuatiou chamber, and means for

automatically varying said supplies in such
ective supplies of both the

son with the variations of demand for steam

‘or vapor energy and in .substantially the
same degree with said variations.

11. In an apparatus for generating super-

heated steam or vapor and dehvermw the
same in a substantially unvarying condition

astothe energy thereof, the combination with

‘a combustion-chamber anda suitable genera-

‘tor arranged in codperative relation with the

same, means for supplying a liguid to the
ﬂ'eneratm means for supplying a fuel io the

combustion - chamber, and means rendered
operative by vanatlons in the condition of

thefluid being heated for automatically vary-

30
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ing said supphes in such manner that the ef-.

fectwe supphes of both the ligquid and. the
fuel vary in substantial unison with the va-

riations of demand for steam or vapor energy

and in substantially the samé deﬂ'ree wuh
said variations.

12. In an apparatus for venerating super-
‘heated steam or vaporand delwerm g t_ha Same
in a substantially unvarying condition as to.

temperature and pressure, the combination
with a combustion- chamber and a
generator arranged in cooperative relation
mth the same, means for supplying a liquid
to the generator at a substantially predeter-

‘mined pressure, means for supplying a fuel
to the combustion-chamber, and means ren-

dered operative Dy variations in the condition

as to pressure of the fluid being heated for

automatically varying said supphes in such
manner that the effective supplies of both the
liquid and the fael varyin substantial unison

‘with the variations of demand for steam or

vapor energy and in substantially the same

‘degree with said variations of demand.

13. In an apparatus for generating super-
heated steam or vapor, the ccmmbination with

a combustion-chamber and a suitable gener- |
“atorarranged in codperative relation with the
same, of means for supplying a fuel to the

combuastion-chamber, means for supplying a

liquid to the wenelamr sald means being con-

structed to automatmally vary the supply of
the liguid in substantial anison with the vari-
ations of demand for steam or vapor energy

~and in a substantially definite quantitative |

relation to said variations, and means for

mamtammﬂ* a substantmlly pmdetermmed

suitable

Jen e’ b W s -l S ™ Sl e, . Bl il bl J ekl e -

“mand for G;taam or vapor energy and in sub ! qua,nmmtwe relation between the supplies of
'_sta,nmally the same degree with. said varia- "
‘tions of demand. |

10. In an apparatus for gener ating super- .
heated steam or vapor and delwermﬂ* the
same in a substantially unvarying conchtmn

| the liquid and the fuel.

- 14. In an apparatus for generating super-
heated steam or vapor, the combination with
a combustion-echamber and a suitable gener-
atorarranged in codperative relation with the
same, of means for supplying a fuel to the
combustion- chambez means for supplying a

liquid to the "uwmtm said means being ren--
dered operative by variations in the condition |

to the generator, means for supplying a fuel | of the filuid beingheated to automatmally vary

is
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75

the effective su pply of the liguid in substan-

tial unison with the variations of demand for

steam or vapor energy and in a substantlally
definite gquantitative relation to said varia-
tions of demand, and means for maintaining
a substantially predetel mined quantltatw

relation between the supplies of the liquid

and the fuel. .
15. In an apparatus for generating super-

heated steam or vapor, the combination with
g, combustion-chamber and a suitable gener-

ator arranged in codperative relation with the
same, of means for supplying fuel to the com-
bubtmn chamber, means for-supplying a lig-

80

90

uid to the ﬂ'enemtor at a substantiaily prede- |

termined pressure, said means being rendered

operative by variations in the candmon as to
pressure of the fluid being heated to automat-
ically vary the effective b{lppl} of the liguid
in substantial unison with the variations of

demand for steam or vapor energy and in a
substantially definite quantitative relation
to said variations of demand, and means for

‘maintaining a predetermmed guantitative

relation bebween the %upphes of the hqmd

‘and the fael.

16. In an appm&tus for ﬂ'enemtmﬂ super-

heated steam or vapor, the combmatmn with

a combustion-chamber and a suitable gener-

' same, of means for supplying a fuel to the

e

| combustion- chamber, means for supplying a
liquid to the generator, said means being con-

structed to aummamcall} vary the supply of
theliquidin substantial unison with the varia-
tions of demand for steam or vapor energy

and in substantially the same degree with
said variations, and means for maintaining a
substantially predetermmed quantitative re-

lation between the %upphes of the llquld and

the fuel.
17. In an appmatu% for ﬂ*enela,tmu* super—

‘heated steam or vapor, the e(}mbma,bmn with

a combustion-chamber and a suitable gener-

ator arranged in codperative relation with the

same, of means for supplying a fuel to the
combustmn chamber, means for supplying a

liquid to the generator, said means being ren-

dered 0pemt1ve by variations in the wnd1-
tion of the fluid being heated to automatic-
ally vary the effective supply of the liquid in

substantial unison with the variations of de-
mand for steam or vapor energy and in sab-
stantially the same degree with sald varia-
tIOHS' of demand and means for maintaining
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relation between the supplies of theliquid and

. the fuel.
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18. In an appamtus for wenembm# super-
heated steam or vapor, the eombm&twn with

a combustion-ehamber and a suitable gener-

ator arranged in codperative relation with the
same, of means for supplying a fuel to the
combustion-chamber, means for supplying a
liquid to the generator at a substantially pre-

determined pressure, said means being ren-

dered operative by variations in the condi-
tion as to pressure of the fluid being heated
to automatically vary the effective supply of
theliguid in substantial unison with the varia-
tions of demand for steam or vapor energy
and In substantially the same degree with
sald variations of demand, and means for
maintaining a sanbstantially predetermined
quantltahve relation between the su Dphess of
the liquid and the fuel.

19. In an apparatus for generating super-
heated steam or vapor, the combination with

a combustion-chamber and a suitable gener--

ator arranged in codperative relation with the
same,; of means for supplying a fuel to the
combus‘mon chamber, means for Supplylﬂﬂ‘ a
liquid to the generator, said means being con-
structed to a,utomatlcally vary the su_pply of
liquid in substantial unison with the varia-

~ tions of demand for steam or vapor energy

35
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and in a substantially definite quantitative
relation to said variations, and means ren-
dered operative by Varmblons in the condi-
tiori ¢f the fluid being heated for maintain-
ing a substantially predetermined quantita-
tive relation between the supphes of the liqg-

uid and the fuel.
20. In an apparatus for generating super-

heated steam or vapor, the eombma,tlon with

A combustion-chamber and a suitable gener-

atorarranged in ecoOperative relation With the

same, of means for supplying a fuel to the

combustion-chamber, means for supplying a

liquid to the generator, said means being con-

structed to automatleally vary the supp]} of
liquid in substantial unison with the varia-
tions of demand for steam or vapor energy
and in a substantially definite quantitative
relation to said variations, and means ren-
dered operative by variations in a condition
of the fluid flowing through the generator re-
sulting from variations in the flow of said
fluid for maintaining a substantially prede-
termined quantitative relation between the
supplies of the ligquid and the fuel.

21. In an apparatus for generating super-

heated steam or vapor, the combmatlon with

a combustion-chamber and a suitable gener-
ator arranged in coOperative relation with the
same, of means for supplying a fuel to the
combustion-chamber, means for supplying a
liguid to the generator, said means being con-
structed to dutomatlcally vary the supply of
liquid in substantial unison with the varia-
tions of demand for steam or vapor energy

and in a substantially definite quantlbatlve i

degree with said variations,

704,907

relation to.said variations and means ren-
dered operative by variations in the condi-
tion as to pressure of the fluid being heated for

the l1qu1d and the fuel.

| In an apparatus for generating super-
heated steam or vapor and delivering the
same in a substantially unvarying condition
as to the energy thereof, the combination
with a eombuqtlon ehamber and a suitable
generator arranged in coodperative relation

_Wlth the same, of means for supplying a fuel

to the combusbmn chamber, means for sup-
plying a liquid to the generator, sald means
being constructed to auntomatically vary 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 means for
regulating the snpply of the fuel insuch man-
nerthatthe effective supply of the fuel varies
1n substantial unison with the variations of
supply of the liquid and in substantially the
same degree with said variations of supply.

23. In an apparatus for generating super-

heated steam or vapor and delivering the
same In a substantially unvarying condition
as to the energy thereof, the combination
with a combustion-chamber and a suitable

70

‘maintaining a substantially predetermined
quautltatwe relation between the supplies of -

75

3o

00
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generator arranged in coodperative relation

with the same, of means for supplying a fuel
to the combustion-chamber, means for sup-
plying a liquid to the generator, said means
being constructed to automatically vary the
supply of the liquid in substantial unison
with the variations of demand for steam or
vapor energy and in substantially the same
and means ren-
dered operative by variations in the condi-
tion of the fluid being heated for regulating
thesupply of the fuel in such manner that the
effective supply of the fuel varies in substan-
tial unison with the variationsof supply of the
liguid and in substantially the same degree
with sald variations of supply.

24. In an apparatus for generating supel-
heated steam or vaporand dehvermﬂ' the same
In a substantially unvarying condition as to
the energy thereof, the combination with a
combustion-chamber and a suitable generator
arranged in coodperative relation with the
same, of means forsupplying & fuel tothe com-
bustion-chamber, means for supplying a liq-
uid to the generator, said means being con-
structed to autmnatlcally vary the supply of

the liquid in substantial unison with the va-

riations of demand for steam or vapor energy
and 1n substantially the same degree with
sald variations, and means rendered opera-
tive by Varlatlons in the condition of the fluid
flowing through the generator resulting from
Varlatlons 1n t.he ﬂow of said fluid for regu-
lating the supply of the fuel in such manner

that the effective supply of the fuel variesin

substantial unison with the variations of the
flow of fluid through the generator and in
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substantially the same deﬂ*rea mth said vari-

heated steam or vaporand delivering the same

10
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ations of flow.
25. In an apparatus for ﬂ‘eneraf-mﬂ' super-

in a substantially unvarying conditmn as to
the energy thereof, the combination with a

combustion- chambel and a snitable genera-
tor arranged in codperative relation ’Wlth the

same, of means for suppl}mwafuel tothecom-
bustion-chamber, means for supplying a lig-
uid to the generator, sald means being con-

structed to &utomatwally vary the supplj, of

the liquid in substantial unison with the va- |
“chamber, means for supplying a liquid to the

rrenera.tor said means being constructed to

riations of demand for steam or vapor energy
and in substantially the same degree with
said variations, and means rendered opera-
tive by variations in the differential pressure

resulting from variations in the flow of the ;

faid throuﬂ'h the generator for regulating the
supply of the fuel in such manner that the
effective supply of the fuel variesin substan-
tial unison with the variations of the flow of
fluid through the generator and in substan-
tially the same den*ree with said variations of

flow.
26. In an apparatus for generating super-

heated steam or vaporand delivering the same
in a substantially unvarying condition as to

 temperature and pressure, the combination

30

with a combustion-chamber and a suitable
cenerator arranged in codperative relation

with the same, of means for supplying a fuel
-to the combustlon chamber,

means for sup-

- plying a liquid to the gener atm at a substan-
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tially predetermined pressure, said means be-
ing rendered operative by variations in the
condltmn as to pressure of the fluid being
heated to automatleally vary the supply of
the liquid in substantial nunison with the vari-
ations of demand for steam or vapor energy
and in substantially the same degree with

said variations of demand, and means ren-

dered operative by variations in the condition
as to pressure of the fluid being heated for

regulating the supply of the fuel in such man-
ner that Lhe effective supply ot fuel varies in |

substantial anison with the variations of sup-

plyof the liguid and in substantially the same

degree with said variations of supply. |

97. In an apparatus for generating super-
heated steam or vapor and delivering the
same in a substantially unvarying candltmn
as to temperature and pressure, the com bi-
nation with a combustion-chamber and a suit-
able generator arranged.in codperative rela-

fuel to the combustion-chamber, means for

supplying a liquid to the ﬂeneratm at a sab-

stantially predetermined pressure,said means
being rendered operative by variations in the
condition as to pressure of the fluid being
heated to automatically vary the supply of

the liquid in substantial unison with the va-

riations of demand for steam or vapor energy

and in substantially the same degree with

said variations of demand, and means ren-

. e

“tion with the same, Gt means for supplyinga |

1o

pressure resulting from variations in the flow

of the fluid through the generator for regu-

lating the supply of the fuel in such manner
that the effective supply of the fuel variesin
substantial unison with the variations of the

flow of finid through the generator and in
substantially the same degree with said va-
riations of flow.

98. In an appdmtns for generating steam

or vapor, the combination with a combustwn- |

chamber and a suitable generator arranged
in cedperative relation With the same, of
meansforsupplying a foel to the eombustl{m-

ant{)matieally vary the Supply of the liquid
in substantial nnison with the variations of
demand for steam or vapor energy and in a
subsmutiall}r definite guantitative relation

to said variations, means tending to maintain
a substantially predetel mined quautwatwe

relation between the supplies of the liquid
and the fuel, and means for varying the rela-

- tion between said supplies.

29, In an apparatus for cenerating steam

- orvapor, the combination Wlbh a,cambnsbmn-
chamber and a suitable generator ar mnﬂ'ed --

in cobperative relation with the same, of

means for supplying a fuel Lo the cambu%tmn- _'
chamber, means for supplying a liquid to the
| ﬂ*eneratm

said means being constr neted to
mltama,tw&lly vary the sa p;)!y of the liquid
in substantial npison with the variations of

demand for steam or vapor energy and in a

substantially definite quantitative relation to
said variations, and means rendered opera-
tive by variationsin the condition of the fluid
being heated for regulating the supply of the
fuel in a manner tendmw to vary the supply
of the fuel in substantml unison with the va-
riations ot supply of the liquid and accord-
ing to a substantially predetermined quanti-

tative relation to said variations of supply,

and means for var}?mg the relation between

said supplies.
30. In an a,ppa,mtus for generating ste-am

orvaporand delivering thesame at a substan-

tially unvarying temperature, the combina-
tion with a. combushon-chamber and a suit-
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able generator arranged in codperative rela-

tion with the same, of means for supplying a

fuel to the combustion- chamber, means for
‘supplyingaliquid tothe gen emtor said means
‘being constmeted to automatmally vary the
1 supply in substantial unison with the varia-
tions of demand for steam or vapor energy

and in a substantially definite quantitative
relation to said variations, means tending to
maintainasubstantially predetermined guan-

titative relation between the supplies of the

lignid and the fuel, and means rendered op-
erative by ?&I’I&tl{}ﬂs in the temperature of

| the steam or vapor for vm}/mg the relatlon
‘between said supplies.
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31. In an apparatus for ﬂ'eneramnﬂ‘ ste&m |

or vapor and delivering the sameat a substzm-

dered operative by variations in a differ entlal t.ml]v unva.rymﬂ* tempemtﬁre, the eombma-
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tion with a combustion-chamber and a suit-
able generator arranged in codperative rela-
tion with the same, of means for supplying a

~fuel to the combustion-chamber, means for
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supplyingaliquid tothe generator,said means

being constructed to automatically vary the
supply in substantial unison with the varia-
tions of demand for steam or vapor energy
and in a substantially definite quantitative
relation to said variations, and means ren-

dered operative by variations in a condition |

of the fluid flowing through the generator re-

sulting from variations in the flow of said.

fluid for maintaining a substantially prede-
termined quantitative relation between the
supplies of the liquid and the fuel, and means
rendered operative by variations in the tem-
perature of thesteam or vapor for varying the
relation between said sapplies.

52. In an apparatus for generating steam
orvaporanddelivering the same at a substan-
tially unvarying temperature, the combina-
tion with a combustion-chamber and a suit-
able generator arranged in codperative rela-
tion with the same, of means for supplying a
fuel to the combustion-chamber, means for
supplying a liquid tothegenerator,said means
being constructed to automatically vary the
supply in substantial unison with the varia-
tions of demand for steam or vapor energy
and in a substantially definite quantitative
relation to said variations, means tending to
maintaina substantially predetermined quan-
titative relation between the supplies of the
ligquid and the fuel, and means including a

saturated vapor-tension thermostat operated

by variations in the temperature of the steam
or vapor for varying the relation between said
supplies. |

33. In an apparatus for generating steam
orvaporanddelivering the same at a substan-
tially unvarying temperature, the combina-
tion with a combustion-chamber and a suit-

able generator arranged in codperative rela-

tion with the same, of means for supplying a
fuel to the combustion-chamber, means for
supplyingaliquid tothe generator,said means
being constructed to automatically vary the

- supply in substantial unison with the varia-

50
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tions of demand for steam or vapor energy
andin asubstantially definite quantitativere-

lation to said variations, and means rendered

operative by variations in a condition of the
fluid flowing through the generator resulting
from variations in the flow of said fluid for

maintaining a substantially predetermined

quantitative relation between the supplies of
the liquid and the fuel, and means including

a saturated vapor-tension thermostat oper-

ated by variations in the temperature of the
steam or vapor for varying the relation be-
tween salid supplies.

34. In an apparatus for generating steam
orvaporand delivering the samein a substan-
tially unvarying condition as to temperature

704,907

tion-chamber and a suitable generator ar-

ranged in cobperative relation with the same,

of means for supplying a fuel to the combus-

tion-chamber, meauns for supplying a liquid
to the geunerator at a substantially predeter-

mined pressure, said means being rendered
operative by variations in the condition as to
pressure of the fluid being heated to automat-
ically vary the effective supply of the 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 of demand, means tending to maintain
a substantially predetermined quantitative
relation between the supplies of the liquid
and the fuel, and means rendered operative
by variationsin the temperature of the steam
or vapor for varying the relation between said

supplies. |

35. In an apparatus for generating steam
or vaporand delivering the same in a substan-
tially nnvarying condition as to temperature

and pressure, the combination with a combus-

tion - chamber and a suitable generator ar-

ranged in cobperative relation with the same,

of means for supplying a fuel to the combus-
tion-chamber, means for supplying a liquid
to the generator at a substantially predeter-
mined pressure, said means being rendered
operative by variations in the condition as to
pressure of the fluid being heated to automat-
1cally vary the effective supply of the liquid
in substantial unison with the variations of
demand for steam or vapor energyand in sub-
stantially the same degree with said varia-
tious of demand, means tending to maintain
a substantially predetermined quantitative

relation between the supplies of the liquid

and the fuel, and meansincluding a saturated

vapor-tension thermostat operated by varia-

tions i1n the temperature of the steam or va-
por for varying the relation between said sup-
plies. | | | |

36. In an apparatus for generating steam
or vapor and delivering the same in a sub-
stantially unvarying condition as to tempera-
ture and pressure, the combination with a
combustion-chamberand a suitable generator
arranged 1n codperative relation with the
same, of means for supplying a fuel to the
combustion-chamber, means for supplying a
liquid to the generator at a substantially pre-
determined pressure, said means being ren-
dered operative by variations in the condition

-as to pressure of the finid being heated to au-

tomatically vary the effective supply of the
liquid in substantial unison with the wvaria-
tions of demand for steam or vapor energy
and in substantially the same degree with said

variations of demand, means rendered opera-

tive by variations in a condition of the fluid
flowing through the generator resulting from
variations in the flow of said fluid for main-
talning a substantially predetermined quan-
titative relation between the supplies of the

and pressure, the combination with a combus- | liquid and the fuel, and means rendered op-
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érative by variations in the temperature of

the steam or vapor for varying the relation

betweeon said supplies. | N
37. In an apparatus for generating steam

‘or vapor and delivering the same in a sub-

stantially unvarying condition as to tempera-
ture and pressure, the ecombination with a
combustion-chamberand a suitable generator
arranged in eooperative relation with the
same, of means for supplying a fuel to the
combustion-chamber, means for supplying a
liquid to the generator at a snbstantially pre-

‘determined pressure, said means being ren-

dered operative by variations in the condi-

‘tion as to pressure of the fluid being heated

to automatically vary the effective supply of
the ligquid in substantial unison with the va-
riations of demand for steam or vapor energy
and in substantially the same degree with
said variations of demand, means rendered

operative by variations in a condition of the

fluid flowing through the generator resulting
from variations in the flow of said fluid for
maintaining a substantially predetermined
guantitative relation between the supplies of
the liquid and the fuel, and means including
a saturated vapor-tension thermostat oper-
ated by variations in the temperature of the
steam or vapor for varying the relation be-
tween said supplies.

38. In an apparatus for generating steam

or vapor, the combination with a combustion-.

chamber and a generator arranged in codper-
ative relation with the same, of means for
supplying a liquid to the generator, means for

supplying a fuel to the combustion-chamber,
and means for automatically varying the sup-

plies of both the liguid and the fuel in sub-
stantial unison with the variations of demand

for steam or vapor energy and in substan-
tially definite quantitative relations to sald

variations, said generator being of a type in

which only a small quantity of the liguid is

maintained at the temperature of vaporiza-

tion..
39. In an apparatus for generating sleam

or vapor, the combination with acombustion-

chamber and a generator arranged in ¢oOp-
erative relation with the same, of means for
supplying a liquid to the generator, means
for supplying a fuel to the combustion-cham-
ber, and means rendered operative by varia-

tionsin the condition of the fluid being heated
for automatically varying the suppliesof both -

the liquid and the fuel in substantial unison

with the variations of demand for steam or |
vapor energy and in substantially definite
quantitative relations to said variations, said
generator being of a type in which only a
small quantity of the liquid is maintained at | | :
| | ' or vapor and delivering the same in a substan-

the temperature of vaporization. -
40. In an apparatus for generating steam

or vapor, the combination with a combustion- |

~ chamber and a generator arranged in ¢oOp-

65

erative relation with the.same, of means for
supplying a liguid to the generator, means

for supplying a fuel to the combustion-cham-

17

| ber, and means for automatically varyingthe

supplies of both the liquid and the fuel in
substantial nnison with the variations of de-
mand for steam or vapor energy and in sub-
stantially the same degree with said varia-

70

tions, said generator being of a type in which

only a small portion of the liguid is main-

tained at the temperature of vaporization.

41. In an apparatus for generating steam

57

or vapor, the combination with a combustion- -

chamber and a generator arranged in coOp-
erative relation with the same, of means for

supplying a liquid to the generator, means

for snpplying a fuel to the combustion-cham-
ber, and means rendered operative by varia-

80

tions in the condition of the fluid being heated -

for automatically varying thesupplies of bolh

the liquid and the fuel in substantial unison 83

with the variations of demand for steam or

vapor energy and in substantially the same

degree with said variations, said generator
being of a type in which only a small portion
of the liquid is maintained at the tempera-
ture of vaporization. | | |

42, In an apparatus for generating steam
or vapor, the combination with a combustion-
chamber and a generator arranged in ¢oo0p-
erative relation with the same, of means for
supplying a liquid to the generator, means

for supplying a fuel to the combustion-cham-

ber, and means for automatically varying
said supplies in such manner that the effect-
ive supplies of both the liquid and the foel

vary in substantial unison with the varia-
‘tions of demand for steam or vapor energ

and at substantially the same degree with

| said variations and in substantially prede-

termined quantitative relations tosaild varia-

tions, said generator being of a type in which

only a small portion of the liquid is main-

tained at the temperature of vaporization.
43. In an apparatus for generating steam

or vapor and delivering the same in asubstan-
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tially unvarying condition as to the energy .

thereof, the combination with a combustion-
chamber and a generafor arranged In coOp-

 erative relation with the same, means for

supplying a liquid to the generator, means
for supplying a fuel to the combustion-cham-
ber, and means for automatically varying
said supplies in such manner that the effect-

 ive supplies of both the liquid and the fuel

vary in substantial unison with the varia-
tions of demand for steam or vapor energy
and in substantially the same degree with
said variations, said generator being of a

type in which only a small portion of the
liguid is maintained at the temperature of
‘vaporization. -

44. In an apparatus for generating steam

tially unvarying condition as to the tempera-
ture and pressure thereof, the combination
with a combustion-chamber and a generator
arranged in codperative relation with the

' same, means for supplying a liguid to the
| cenerator, means for supplying a fuel to the

11§
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combustion - chamber, and means rendered | tions, said generator bemﬂ' 80 eonstruoted

operative by the Varlatlons in thé condition
of the fluid being heated for automatically

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

energy and in substantlally the same degree
with said variations of demand, said genera-
tor being of a type in which only a small por-
tion of the liguid is mmntamed at the tem-
perature of vaporization.

45, In an apparatus for generating steam

~or vapor, the combination w ith a combustlon-

chamber and a generator arranged in codp-
erative relation Wlth the same, of means for

~supplying a liquid to the ﬂ'enemtor, means
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for supplying a fuel to the combustion- cham-
ber, and means rendered operative by varia-

tlons in the condition of the fluid being heated
for antomatically varying the supphes of
both the liquid and the fuel in substantial
unison with the variations of demand for
steam or vapor energy and in substantially
definite quantitative relations to said varia-
tions of demand, said generator being so
construeted and arranged with relation to
the combustion-chamber that the rate of va-
riation of the controlling condition of the
fluid therein varies mverqely as r.he quantity
of liguid therein varies.

46. In an apparatus for generating steam
or vapor, the combination Wlth a combustmn-
chamber and a generator arranged in coop-
erative relation mth the same, ot means for
supplying a liguid to the ﬂ'enerator means
for supplying a fuel to the combustwn cham-

ber, and means rendered operative by varia-

tions in the condition of the fluid being heated
for automatically varying said supphes in
such manner that the effective supplies of
both the liguid and the fuel vary in substan-
tial unison with the variations of demand for
steam orx vapor energy and in substantially
definite quantitative relations with said va-
riations of demand, said generator being so

constructed .and arra.nﬂ'ed with relatlon to

the combustion- ehambel that the rate of va-
riation of the controlling condition of the

fluid therein varies 1nvelsely as the qua,ntlty
of liquid therein varies. |

47. In an apparatus for genemtmg steam
or vapor and delivering the same in a sub-
stantially unvarying condition as to the en-

ergy thereof, the combination with a com- |

bustion-chamber and a generator arranged
in codperative relation mt,h the same, means
forsupplying aliquid to the generator, means
for supplying a fuel to the combustion-cham-
ber, and means rendered operative by the
Val’latIOI]S in the condition of the fluid being
heated for automatically varying said sup-

plies in such manner that the effective sup-.
plies of both the liquid and the fuel vary in

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

stantially the same degree with said varia-

and art_anﬂ'ed with relatmn to the combus-
tion—cha.mber that the rate of variation of the
controlling condition of the fluid therein va-
ries 1nverbe1y asthe quant1t3 of 11qu1d therein
varies.

48. In an apparatus for generating steam
or vapor and delivering the same in a sub-
stantially unvarying condition as tothe tem-

perature and pressure thereof, the combina-

tion with a combustion-chamber and a gen-
erator arranged in colperative relation with
the same, means for supplying aliquid to the
generator at a substantially predetermined
pressure, means for supplying a fuel to the
combustion-chamber, and means rendered
operative by the variations in the condition
of the fluid being heated for automatically
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 vapor energy
and in substantially the same degree with

75
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said variations of demand, said generator

being so constructed and a,rra,nged- with re-
lation to the combustion-chamber that the
rate of variation of the controlling condition
of the fluid therein varies 1nvetsely as the
quantity of liquid therein varies. -
49. In an apparatus for generating steam
or vapor,the combination w11;h a combustwn-
chamber and a generator so constructed and
arranged with relation to the combustion-

chamber that different portions of the gen-
erator are heated by the products of com-‘

bustion to different temperatures, means for
supplying a liquid to a cooler portion of the
generator, means for supplying fuel to the

~combustion-chamber, and means for auto-

matically 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 substantially definite quanti-
tative relations to said variations.

50. In an apparatus for generating steam
or vapor, the combination wwh a combusbmw
chamber and a generator so constructed and

arranged with relation to the combustion-

chamber that different portions of the gen-
erator are heated by the products of combus-

“tion to different temperatures, means for sup-

plying a liquid to a cooler portion of the gen-
erator, means for supplying fuel to the com-
bustlon chamber, and means for auatomatic-

ally varying said suppliesin such mannerthat

the effective supplies of both the liquid and
the fuel vary in substantial unison with the
variations of demand for steamn or vapor
energy and in substantially definite quanti-
tative relations to said variations. |

ol. In an apparatus for generating steam
or vapor, the combination with acombustion-
chamber and a generator so construeted and
arranged with relation to the combustion-
chamber that different portions of the gen-
erator are heated by the products of combus-

| tion to different temperatures, means for sup-
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plying a liquid to a cooler 'porbioﬁ’of the gen-

erator, means for supplying fuel to the com-.
bustion-chamber, and means rendered op-
erative by variations in the condition of the
fluid being heated for automatiecally varying

the supplies of both the liquid and the fuel
in substantial unison with the variations ot
demand for steam or vapor energy and in sub-

stantially definite guantitative relations to |
i fuel to the combustion-chamber and means

said variations. a | |
* 52. In an apparatus for generating steam

or vapor, the combination with a combustion-

chamber and a generator consisting of a plu-

‘rality of pipe-coils connected together in
series and located one within another around |

the combustion-chamber, means. for supply-

ing a liquid to the outer coil, means for sup-
plying a fuel to the combustion-chamber, and

~ means for automatieally varying the supplies
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of both the liquid and the fuel in substantial
‘unison with the variations of demand for

steam or vapor energy and in substantially
definite quantitative relations to said varia-
tions. _ _ ' _ .

53. In an apparatus for generating steam
or vapor, the combination with a combustion-
chamber and a generator consisting of a plu-
rality of pipe-coils connected together in

series and located one within another around

the combustion-chamber, of means for sup-
plying a liguid to an outer coil, means for

~supplying a fuel to the combustion-chamber,
‘and means rendered operative by variations
in the condition of the fluid being heated for
automatically varying said supplies in such

mmanner that the effective supplies of both
the liquid and the fuel vary in substantial
unison with the variations of demand for
steam or vapor energy and in substantially
definite quantitative relations to said varia-
tions. o | |
54. In an apparatus for generating steam

or vapor and delivering the same in asubstan-

tially unvarving condition as to temperature

and pressure, the combination with a combus-

tion-chamber and a generator consisting of a

plurality of pipe-coils connected together in |

series and located one within another around
the combustion-chamber, means for supply-
ing a liquid to the outer coil; means for sup-

plying a fuel to the combustion-chamber, and

means rendered operative by variationsin the
condition of the fluid being heated for auto-
matically varying said supplies in such 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 orv
vapor [energy and in substantially the same
degree with said variations of demand. |
55. In an apparatus for generating steam

‘orvapor and delivering the same in asubstan-
tially unvarying condition as to temperature
and pressure, the combination with a combus-
tion-chamber and a generator consisting of a
plurality of pipe-coils connected together in
series and located one within another around
the combustion-chamber, means for supply-

it

rendered operative by variations in the con-
dition of the fluid being heated to automat-
ically vary the supply of the liguid in sub-

for steam or vapor energy and in a substan-
tially definite quantitative relation to sald
variations of demand, means for supplying a

' rendered operative by variations in the con-
dition of the fluid being heated for maintain-
ing a substantially predetermined quantita-
 tive relation between the supplies of the liq
nid and the fuel. | |
56. In an apparatus for generating steam
' or vapor, the combination with a combustion-
chamber and a generator consisting of a plu-
rality of pipe-coilslocated one within another
around the combustion-chamber, of meansfor
| supplying a liquid to an outer eoil, means for
supplying a fuel to the combustion-chamber,
and means for antomatically varying the ef-
fective supplies of both the liguid and the
fuel in substantial unison with the variations
of demand for steam or vapor energy and in
substantially definite quantitative relations
to said variations, said coils being so connect-
ed in series that the liquid is gradnally heat-

perature of vaporization at a point where its
| low is not appreciably affected by gravity.

57. In an apparatus for generating steam
| or vapor, the combination with a combustion-

chamber and a generatorarranged in codpera--

ing a liquid to the generator, means for sup-
plying a fuel to the combustion-chamber, and
means for automatically varying the supplies
of both the liguid and the fuel in substantial
unison with the variations of demand for
steam or vapor energy and in a substantially
definite quantitative relation to said varia-
tions, said generator having a vaporizing por-
tion adapted to receive a small quantity of the
liguid and vaporize it gradually.

i tive relation with the same, means for supply-
58. In an apparatus for generating sfteam

| or vapor, the combination with a combustion-

tive relation with the same, said generator

ling liquid to an outer coil at a substantially
{ predetermined pressure, said means being

70

stantial unison with the variations of demand
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having a liquid-heating portion adapted to -

oradually heat the liquid to the temperature

chamberand ageneratorarranged in codpera-
of vaporization, means for supplying the lig-

I2C

uid to said generator, means for supplying a

fuel to the combustion-chamber, and means
for automatically varying the effective sup-

stantial nnison with the variations of demand

said variations. B
| 59, In an apparatus for generating super-

| heated steam or vapor, the combination with
a combustion-chamber and a generator ar-

ranged in codperative relation with the same,

‘means for supplying a fuel to the combustion-

for steam or vapor energy and in a substan-
‘tially predetermined quantitative relation to

l means for supplying a ligunid to the generator,

plies of both the liquid and the fuel in sub-
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chamber, and means for antomatically vary-
ing the supplies of the liquid and the fuel in
substantial unison with the variations of de-
mand for steam or vapor energy and in a sub-
stantially definite quantitative relation to
said variations, said generator having a liq-

‘uid ~heating portion in which the liguid is

oradually heated to the temperature of vap-
orization, a vaporizing portion adapted to re-

10 celve a small quantity of the liquid and vap-
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orize it gradually and a superheating portion
dlrectly connected to and forming an exten-
sion of sald vaporizing portion.

60. In an apparatus for generating stea,m

or vapor, the combination with a combustion-
chamber and a generatorarranged in codpera-
tive relation with the same, of means for sup-
plyingaliquid tothe generator,means forsup-
plying a fluid fuel to the combustion-cham-
ber, means tending to maintain a substan-
tially predetermined quantitative relation be-
tween the flow of the fuel and the flow of the
fluid through the generator, and means for
automatically varying the relation between
the fiows of said fluids. |

61. In an apparatus for generating steam
or vapor, the combination with a combustion-
chamberand a generatorarranged in coopera-
tive relation with the same, of means for sup-
plyingaliquid tothe generator, meansforsup-
plying a fluid fuel to the combustion-cham-
ber, and means rendered. operative by varia-
tionsin the condition of the fluid being heated
for maintaining a substantially predeter-

mined quantitative relation between the flow
of the fuel and the flow of the fluid through

the generator, and means ifor automatically
varying the relation between the flows ot
sald fluids.

62. In an appmatus for generating steam
or vapor, the combination with a combustion-
chamber and a generator arranged in codpera-
tive relation with the same, of means for sup-
plying aliquid to the generator, meansforsup-
plying a fluid fuel to the combustion-cham-
ber, means rendered operative by variations
in a condition of the fluid flowing through the
ocenerator resulting from variations in said
flow for regulating the flow of the fuel in
such manner that the flow of the fuel varies
in sunsta,ntla,lly the same degree and in sub-
stantial unison with the Varlatlons of the
flow of fluid throughthe generator, and means
acting on the flow of one of said fluids for
‘'varying the ratio between the flows of said
fluids.

63. In an apparatus for freneratmw steam
or vapor, the combination with a combustion-
chamber and a generatorarrangedin coOpera-

6o tive relation with the same, of means for sup-

65

plyingaliquid to the generator,means for sup- |

plying a fluid fuel to the combustion-cham-
ber, means rendered operative by variations
in the pressure of the fluid fiowing through
the generator for regulating the flow of the

fuel in such manner that the flow of the fuel_

]

in substantial unison with the variations of

704,907

varies in substantially the same degree and

the flow of fluid through the generator, and
means acting on the flow of one of said fluids
for varying the ratio between the flows ot
sald fluids. |

64. In an apparatus for generating steam
or vapor and delivering the same in a sub-

| stantially unvarying condition as to the tem-

perature thereof, the combination with a com-
bustion-chamber and a generator arranged
in coOperative relation with the same, of
means for supplying a liquid to the genera-
tor, means for supplying a fluid fuel to the
combustion-chamber, means rendered opera-
tive by variations in a condition of the fluid
flowing through the generator resulting from
variations in said ﬂow for regulating the flow
of the fuel in such manner that the flow of
the fuel varies in substantially the same de-
oree and in substantial unison with the varia-
tions of the Aow of the fluid through the gen-
erator, and means acting on the ﬂow of one
of said fluids and rendered operative by varia-
tions in the temperature of the steam or va-
por for varying the ratio between the flows
of said fluids.

65. In an apparatus for Ueneratmﬂ* steam
or vaporanddeliveringthe same in a substan-
tially unvarying con dition' as to the tempera-
ture and pressure thereof, the combination
with a combustion-chamber and a generator

arranged in codperative relation with the

same, of means for supplying a liguid to the
generator at a substantially predetermined
pressure, means for supplying a fluid fuel to
the combustion-chamber, means rendered op-
erative by -variations in the pressure of the
steam or vapor forregulating the flow of the

fuel in such manner that the flow of the fuel

varies in substantially the same degree and
in substantial unison with the variations of
the flow of fluid through the generator, and
means acting on the flow of one of said fluids
and rendered operative by variations in the
temperature of the steam or vapor for vary-
ing the ratio between the flows of said fluids.

66. In an apparatus for generating steam
or vaporand delivering the same 1n a substan-
tially unvarying condition as to the tempera-
ture and pressure thereof, the combination
with a combaustion-chamber and a generator
arranged in cooOperative relation with the
same, of means for supplying a liquid to the
ogenerator at a substantially predetermined
pressure, means for supplying a fluid fuel to
the combustion-chamber, means rendered op-
erative by variations in & condition of the
fluid flowing through the generator resulting
from variationsin said flow for regulating the

flow of the fuel in such manner that the flow

of the fuel varies in substantially the same
degree and in substantial unison with the va-
rmtmns of the flow of the fluid through the
oenerator, and means acting on the flcnm:r of
the liquid to the generator and'rendered op-
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erative by variations in the temperatnre of | for supplying a fluid m be heated to said re-

the steam or vapor for varying the ratm be-

tween the flows of sald finids.

67. In an apparatus for beating ﬂllldﬂ the
combination with a fluid lecepmele, of means
for supplying a fluid to be heated to said re-
ceptacle,said meansbeing constructed to vary
the supply of the fluid in substantial unison
with the variations of demand for fluid energy

and in a definite quantitative relation to said
variations, means for supplying a fluid-heat- | -
ingagent to said receptacle, means for main-
‘taining a predetermined quantitative rela-

tion between the flow .of the heating agent

and the flow of fluid through the receptacle,

and means for automatically varying the ra-
tio between the fiows of said fluids.
- 68. In an apparatus for heating finids, the

ecombination with a fluid-receptacle, of means

for supplying a fluid to said receptacle, sald

‘means being rendered operative by variations

in a condition of the fluid being heated to
varyv the supply of the finid in substantial
unison with the variations of demand for fluid

energy and'in a substantially definite quan-

titative relation to said variations, means for
supplying a finid-heating agent to said recep-
tacle, means for regulating the flow of the

heating agent by variations in the condition

of the fluid being heated in such manner as

to maintain a predetermined quantitative re- .
lation between the flow of the heating agent

and the flow of the fluid through the reuepta-

cle, and means for autematleally varying the .
- { and meansrendered operative by variationsin

ratio between the flows of said finids.
69. In an apparatus for heating a fluid and

dehverm o the sameata substamlally unvary-

ing temperatule the combination with a fluid-
1eeepta.cle of means for supplying the fluid
to be heated to said receptacle, said means
being rendered operative by variationsin the
condition of the fluid being heated to vary
the supply.of the fluid in substantial unison
and in a substantially definite quantitative

relation to said variations, means for supply-

ing a fluid-heating agent to.said receptacle,
means for ren'nla,tmﬂ* the flow of the heating
agent by varlahons in the condition of the
ﬂmd flowing through the receptacle resulting
from varmtlons in smd flow for maintaining

a substantially predetermined quantitative
relation between the flows of said fluids and

means rendered operative by variations in

the temperature of the heated finid for vary-

ing the relation between the flows of Smd
ﬂmds

70. Inan appmatus for heatmﬂ* a ﬂmd the
eombmatwn with a fluid- meentacl& of means

for supplyving the fluid to be heated to said

receptacle, means for supplying a fluid-heat-
ing agent to said receptacle, means for main-
tmnmﬂ' a predetermined relation between the
flows Of said fluids, and means whereby the
relation between the flows of said fluids may

- be varied.

71. Inan apparatus for heatmﬂ a ﬂmd the
combmatwn with 3 fluid- eceptae]e of means

ceptacle, means for supplying a finid-heating
agent to said receptacle, means rendered op-
erative by variations in one condition of the
fluid being heated for maintaining a prede-
termined relation between the flows of said
fluids, and means rendered operative by va-
rmtlons in another condition of the fluid be-

ing heated for varying the relation between

the flows of said fuids.

72. In an apparatus for heating a fluid, the
combination with a fluid- leeeptacle, of means
for supplying a fluid to be heated to said re-

ceptacle, means for supplying a fluid-heating

agent to said receptaele means rendered op-

| erative by variations in the condition of the
fluid being heated for regulating the flow of

the heating agent in such manner as o main-

tain a predetermined quantitative relation
between the flow of the heating agent and
the flow of the flaid through the receptacle,

and means forantomatically varying theratio
between the flows of said flunids.

73. In an apparatus for heating a fluid, the
combination with a finid-receptacle,.of means

for supplying the fluid to be heated to said

receptacle, means forsupplying a fluid-heat-
ing agent to said receptacle, means rendered

21
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95

ﬂperatwe by variations in a condition of the -

fluid flowing through the receptacle resulting

from Varia,tmns in the flow of said fluid for _

maintaining a predetermined quantitative re-
lation between the flow of the heating agent
and the flow of fluid through the receptacle,

the condition of the fluid for varying the 1‘:31,1310
between the flows of said fluids.
74. In a deviee for maintaining a predeter-

mined quantitative relation between theflows.
of two fluids, the combination with a. motor

constructed toberendered operative by varia-
tionsina condition of one fluid resultingfrom

variations in the flow thereof, of means oper-
ated by said motor forcon trollmﬂ' the low of
the other fluid, and means dL’DlI]“‘OH theflowof

one of said fluids for SO eentmlhng the opera-

100

105

1IO

tion of said device that the relation between

the flows of said finids may be varied.

75. In a device for maintaining a predeter- |

mined quantitative relatmn_betw&en the flows
of two fluids, the combination with a conduit
for conveying one fluid, said conduit having
g resfricted pa-ssa;ge,- of a motor operated by

 the variationsin pressure resultingfrom vari-

ations in the flow of fluid thmugh said re-
stricted passage, means operated by said mo-
tor for controlling the flow of the other fluid,

and means whereby the relation between the

_ﬂov&q of the flunids may be varied.

76. In a device for. maintaining a predeter-
mined quantitative relation between the flows

115

120

Izs

of two fluids, the combination with a condunit

for conveying one fluid, said conduit having
a restricted passage, of a motor operated by
the variationsinpressureresultingfromvari-
ations in the flow of fluid thlough said re-
stricted passage, means operated by said mo-
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tor for controlling the flow of the other fluid, | demand, and means rendered operative by
- and means for regulating the size of said re-

stricted passage whereby the predetermined
relation between the flows of the fluids may
be varied.

77, In adevice for maintaining a predeter-
mined quantitative relation between the flows
of two fluids, the combination with a motor
constructed to berendered operative by varia-
tions in a condition of one fluid resulting from
variations in the flow of said fluid, of a valve

for controlling the flow of the other fluid, and

connections between the motor and one mem-
ber of said valve, the members of said valves
being so shaped with relation to theirrelative
movement that the flow of one fluid varies in
the same degree and in substantial unison
with the variations of the flow of the other
fluid.

78. In a device for maintaining a predeter-
mined quantitative relation between the flows
of two fluids, the combination with conduits
for conveying said fluids, one of said conduits
having a restricted passage, of a motor com-
municating with the conduit having the re-
stricted passage and at opposite sides of the re-
stricted passage, a spring for moving said mo-

tor in one direction, a valve rendered opera-

tive by said motor for varying the size of the
restricted passage and a valve rendered op-
erative by said motor for controlling the flow

of finid through the other conduit, said valves

being so shaped and proportioned as to main-
tain a predetermined quantitative relation be-
tween the flows of the fluids.

79. In a device for maintaining a predeter-

‘mined quantitativerelation between the flows

of two fluids, the combination with two con-
duits for conveying said fluids, one of said
conduits having a restricted passage, of a
motor communicating with the conduit hav-
ing the restricted passage and at opposite
sides of the restricted passage, a spring for
moving sald mator in one direction, a valve
rendered operative by said motor for varying
the size of the restricted passage, a valve
rendered operative by said motor for con-
trolling the flow of fluid through the other
conduit,said valves beingsorelatively shaped
and proportioned as to maintain a predeter-
mined quantitative relation between the flows
of the fluids, and means for varying the re-
lation between the flows of the fluids at will.

80. In an apparatus for generating super-
beated steam, the combination with a com-

- bustion-chamber and a suitable generator ar-

ranged in codperative relation with the same,
of means for supplying a fluid fuel to the

- combustion-chamber, means for supplying

60

water tothe generator, said means being ren-
dered operative by variations in the condi-
tion of the fluid being heated to automatically

vary the effective supply of the water in sub-

;

stantial unison with the variationsof demand |

forsteam energy and in a substantially defi-

variations in the condition of the fluid flow-
ing through the generator resulting from
variations in the flow of said fluid for regulat-
ing the flow of fuel in such manner as to
maintain asubstantially predetermined quan-
titative relation between the flow of the fuel
and the flow of the fluid through the gen-
erator. |

81. In an apparatus for generating super-
heated steam, the ecombination with a com-
bustion-chamber and a suitable generator ar-
ranged in codperative relation with the same,
of means for supplying a fluid fuel to the
combustion-chamber, means for supplying
water to the generator, said means being ren-

dered operative by variations in the condition

of the fluid being heated to automatically
vary the effective supply of the water in sub-
stantial unison with the variations of demand
for steam energy and in a substantially defi-
nite quantitative relation to said variations

of demand, and means rendered operative by

variations in the condition of the fluid flow-
ing through the generator resulting from
variations in the flow of said fluid for reg-
ulating the flow of fuel in such manner as to
maintain asubstantially predetermined quan-
titative relation between the flow of the fuel
and the flow of the fluid through the gener-
ator, and means for varying the relation be-
tween the flows of said fluids,

32. In an apparatus for generating super-
heated steam, the combination with a com-
bustion-chamber and a suitable generator ar-
ranged In cooperative relation with the same,
means for supplying a fluid fuel to the com-

| bustion-chamber, means for supplying water

to the generator, said means being construct-
ed to automatically vary the supply of water
in substantial unison with the variationsof de-
mand for steam energy and in a substantially
definite quantitative relation to said varia-
tions, means rendered operative by variations
in one condition of the fluid being heated for
maintaining a substantially predetermined
quantitative relation between the flow of the
fuel and the flow of the fluid through the
generator, and means rendered operative by
another condition of the fluid being heated

for varying the relation between the said

flows. |

83. In an apparatus for generating super-
heated steam and delivering the same at a
substantially uniform temperature, the com-
bination with a combustion-chamber and a
generator arranged in codperative relation
with the same, of means for supplying water
to the generator, means for supplying fluid
fuel to the combustion-chamber, means ren-
dered operative by variations in one condi-
tion of the fluid being heated for maintain-
ing a substantially predetermined quantita-
tive relation between the flowof the fuel and
the flow of the fluid through the generator,

nite quantitativerelation to said variations of | and means rendered operative by another
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condition of the fluid being heated for auto-
matieally varying the relation between the

flows of said fluids. |

~ 84. In an apparatus for generating super-
Theated steam and delivering the same at a |
substantially uniform temperature, the com-

bination with a eombustion-chamber and a

generator arranged in coodperative relation

“with the same, of means for supplying water

_,5

to the generator, means for supplying a fluid
fuel to the combustion-chamber, means ren-
dered operative by variations in one condi-
tion of the fluid being heated for maintain-

ing a substantially predetermined quantita-
tive relation between the flow of the fuel and |

" the flow of fiuid through the generator, and
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means rendered operative by variationsin an-
other condition of the fluid being heated and

acting upon the supply of the water to the
cenerator to vary the relation between the
flows of said fluids. |

85. In an apparatus for generating super-

heated steam, the combination with acombuas- |
tion-chamber and generator having a single

continuous passage so arranged with relation
to the combustion-chamberthat different por-

tions of it aresubjected to the action of prod-
‘uets of combustion-of different temperatures,

means for supplving water to a cooler por-

tion of the generator, means for supplying a

fluid fuel to the combustion-chamber, and
means for automatically varying the sup-
plies of both the waterand the fuel in substan-

tial unison with the variations of demand !
for steam energy and in substantially definite

quantitative relations to said variations.

- 86. In an apparatus for generating super- |
heated steam, the combination with a combus-

tion-chamber and a generator having a single
continnous passage so arranged with relation

to the combustion-chamber that different por-

tions of it are subjected to the action of prod-
uets of combustion of different temperatures,
means for supplying water to a cooler por-

tion of the generator, means for supplying a
“fluid fuel to the combustion-chamber, and
means rendered operative by variations in
the condition of the fluid being heated for

antomatically varying the supplies of both

ihe water and the fuel in substantial unison |

with the variations of demand for steam
energy and in substantially definite quanti-
tative relations to said variations. .

- 87. In an-apparatus for generating super-
heated steam, the combination with a combus-

tion-chamber and a generator having a single

continuous passage so arranged with relation

tothe combustion-chamber that different por-
tions of it are subjected to.the action of prod-

uncts of combustion of difierent temperatures,

of means for supplying water to a cooler por-

tion of the generator at a substantially pre-
determined pressure, means for supplying a
fluid fuel to the combustion-chamber, and
means rendered operative by variations In
the condition as to pressure of the flnid be-

ing heated for antomatically varying the sup-.1 tion-chamber and a generator

plies of both the water and the {uel in sub-

stantial unison with the variations of demand

| forsteam energy and in substantially definite

quantitative relations fo said variations.

o3

70

88. In an apparatus for generating super- )
heated steam, the combination with a combus-

tion-chamber and a generator having a single
| continuous passage 80 arranged with relation
tothe combustion-chamber thatdifferent por- .

tions of it are subjected to the action of prod-

75

nets of ecombustion of different temperatures,

to said. variations, means for supplying a

| finid fuel to the combustion-chamber and
means formaintaining a predetermined quan-
low of the fuel

titative relation between the
and the flow of fluid through the generator.
~ 89.- In an apparatus for generating super-
heated steam, the combination with a combus-

tion-chamber and a generator having a sin-

means for supplying water to the generator, .
| 'said means beingconstructed toautomatically
vary the supply of water in substantial uni-
son with the variations of demand forsteam
energy and in a definite quantitative relation

30

1o

ole continuous passage so arranged with re-

lation to the combustion-chamber that dif-
ferent portions of it are subjected to the a.C-

tion of products of combustion of different

temperatures, means for supplying water to

05

a cooler portion of the generator, said means -
being rendered operative by variations in the
condition of the fluid being heated for auto-

‘matically varying the supply of waterin sub-
stantially the same degree and in substantial
| unison with the variations of demand for

steam energy, weans for supplying a fluid
fuel to the combustion-chamber, and means
rendered operative by variations in the con-

dition of the fluid being heated for maintain-
ing a predetermined quantitative relation be-
| tween the flow of the fuel and the flow of

fluid through the generator. - |
~ 90. In an apparatus for generating super-
heated steam, the combination with acombus-

tion-chamber and.a generator having a sin-.

ole continuous passage so arranged with re-

Ioo'.

11O

lation to the combustion-chamber that dif- .

ferent portions of it are subjected to the ac-
tion of products of. combustion of different

1135

temperatures, means for supplying water to .

a4 cooler portion of the generator, said means

being rendered operative by variationsin the
120

condition of the fluid being heated for auto-
matically varying the supply of water in sub-

stantially the same degree and in substantial
i unison with the variations of demand for
steam energy, means for supplying a flnid
fuel to the combustion-chamber, means ren-

dered operative by variations in a condition
of the fluid flowing through the generator re-

sulting from variations in the flow of said .
fluid for maintaining a predetermined quan-
titative relation between the flow of the fuel
and the flow of finid through the generator. .

91. In an apparatus for generating super-

125
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heated steam, the combination with a combus- -

having a sin-
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gle continuous passage so arranged with re- |

lation to the combustion-chamber that dif-

ferent portions of it are subjected to the ac- )

tion of products of combustion of different

temperatures, means for supplying water to
a cooler portion of the generator at a substan-

ttally unvarying pressure, said means being
rendered operative by variations in the con-
dition as to pressure of the fluid being heated
to automatically vary the supply of the lig-
uid in substantially the same degree and in
substantial unison with the variations of de-
mand for steam energy, means for supply-
ing a fluid fuel to the combustion-chamber,
and means rendered operative by variations
in a differential pressure resulting from va-
riations in the flow of fluid through the gen-
erator for maintaining a substantially prede-
termined quantitative relation between the
flow of the fuel and the flow of fluid through
the generator. |

92. In an apparatus-for generating super-
heated steam, the combination with a combus-
tion-chamber and a generator arranged in co-
operative relation with the same, of means
for supplying water to the generator at a sub-

stantially predetermined pressure, means for

supplying a fluid fuel to the combustion-
chamber, and means rendered operative by
variations in the pressure of the fluid being
heated for automatically varying the supplies
of both the water and the fuel in substantial
unison with the variations of demand for
steam energy and in substantially definite
quantitative relations to said variations, said
generator being of a type in which only a
small quantity of the liquid is maintained at
the temperature of vaporization.

33. In an apparatus for generating super-
heated steam and delivering the same in a
substantially unvarying condition as to tem-
perature and pressure, the combination with
a combustion-chamber and a generator ar-

of means for supplying water to the genera-
tor atia substantially predetermined pressure,

- means for stupplying a fluid fuel to the com-

50

55

60

‘bustion-chamber, and means rendered opera-

tive by variations in the pressure of the fluid
being heated for automatically 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 energy and in substan-
tially the same degree with said variations,
sald generator being of a type in which only
a small quantity of the water is maintained
at the temperature of vaporization.

94, In an apparatus for generating super-
heated steam, the combination with a combus-
tion-chamber and a generator arranged in co-
operative relation with the same, of means
for supplying a liquid to the generator at a
substantially predetermined pressure, means
for supplying a fluid fuel to the combustion-
chamber, and means rendered operative by
variations in the pressure of the fluid being

704,907

heated for automatically varying the sup-
plies of both the liquid and the fuel in sub-
stantial unison with the variations of demand
forsteam energy and in substantially definite
quantitative relations to said variations of
demand, said generator being so constructed
and arranged with relation to the combustion-
chamber that the rate of variation of the con-
trolling condition of the fluid therein varies
inversely as the quantity of water therein
varies. | | | |

95. In an apparatus for generating super-
heated steam and delivering the same in a
substantially unvarying condition as to tem-
perature and pressure, the combination with
a combustion-chamber and a generator ar-
ranged in codperative relation with the same,
of means for supplying water to the genera-

tor at a substantially predetermined pres--

sure, means for supplying a fluid fuel to the
combustion-chamber, and meansrendered op-
erative by variations in the pressure of the
fluid being heated for automatically varying
said supplies in such manner that the effect-

ive supplies of both the liquid and the fuel

vary in substantial unison with the varia-
tions of demand for steam energy and in sub-
stantially the same degree with said varia-
tions of demand, said generator being so con-
structed and arranged with relation to the
combustion-chamber that the rate of varia-

‘tion of the controlling condition of the fluid

therein varies inversely as the quantity of

liquid therein varies. |
96. In an apparatus for generating super-

heated steam, the combination with a com-

bustion-chamber and a generator consisting
of a plurality of pipe-coils connected together
in series and located one within another
around the combustion-chamber, of means
for supplying water to an outer coil at a sub-

70
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stantially predetermined pressure, means for

supplying a fluid fuel to the combustion-

chamber, and means rendered operative by
variations in the pressure of the fluid being .

heated for automatically varying the supplies
of both the water and the fuel in substantial
unison with the variations of demand for
steam energy and in substantially definite
quantitative relations to said variations of
demand. |

97. In an apparatus for generating super-

heated steam and delivering the same in a
saubstantially unvarying condition as to tem-
perature and pressure, the combination with

IIO

1s

I20

a combustion-chamber and a generator con-

sisting of a plurality of pipe-coils connected
together in series and located one within an-
other around the combustion -chamber, of

125

means for supplying water to an outer coil

at a substantially predetermined pressure,
means for supplying a fluaid fuel to the com-
bustion-chamber, and means rendered opera-

tive by variations in the pressure of the fluid -

being heated for automatically varying said
supplies in such manner that the effective

| supplies of both the liquid and the fuel vary

130
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in substantial unison with the variations of | 101. In an dpparatus for generating super-

demand for steam energy and in substan-
tially the same degree with said variations of
demand. _- | |

- 98.- In an apparatus for generating super-

heated steam, the combination witha combus- |
' within another around the combusfion-cham-

tion-chamber and a generator consisting of a

. plurality of pipe-coils conneected together in
series and located one within another around

1o
~ing water to the outer coil at a substantially |
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the combustion-chamber, means for supply-

predetermined pressure, said means being
rendered operative by variatioans in the pres-

sureof thefiuid being heated to automatically
vary the supply of the water in substantial .

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

degree with said variations of demand, means
for supplying fuel to the combustion-cham- .

ber, and means rendered operative by varia-
tions in a condition of the fluid flowing
through the generator resulting from varia-

tions in the flow of said fluid for maintaining
a substantially predetermined quantitative |
relation between the flow of the fuel and the
flow of the fluid through the generator.

99. In an apparatus for generating super-
heated steam, the combination with a combus-

tion-chamber and a generator consisting of a

plurality of pipe-coils located one within an-
other around the combustion-chamber, means
for supplying water to an outer coii, means
for supplying a fluid fuel to the combustion-
chamber, and means rendered operative by
variations in the condition of the fluid beling

heated for automatically varying the supplies
of both the water and the fuel in substantial :
unison with the variations of demand for

steam energy and in substantially definite

quantitative relations to said variations of |

demand, said coils being so connected 1n se-
ries that the liquid. is gradually heated and
vaporized and is brought to the temperature
of vaporization at a point where its flow 1s not
appreciably affected by gravity.

100. In an apparatus for generating super- |
| bustion-chamber and a generatorarranged in

heated steam and delivering thesamein asub-
stantially unvarying condition as to the en-
ergy thereof, the combination with a combus-
tion-chamber and a generator consisting of a
plurality of pipe-coils located one within an-

other around the combustion-chamber, means |

 for supplying water to an outer coil, means

55
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for supplying a fluid fuel to the combustion-

chamber, and means rendered operative by

variations in the condition of the fluid being
heated for-automatically varying said sup-
plies in such manner that the effective sup-

plies of both the water and the fuel vary in

substantial unison with the variations of de-
mand for steam energy and in substantially
the same degree with said variations, said
coils being so connected in series that the
liquid is gradually heated and vaporized and

is brought to the temperature of vaporization |

at a point where its flow is not appreciably

- affected by gravity. -

heated steam and delivering the sameina suab-
stantially unvarying condition as t6 tempera-

1

combustion-chamber and a generator consist-

ture and pressure, the combination with a

ing of a plurality ol pipe-coils located one '

' ber, of means forsupplying water to the outer
coil at a substantially predetermined pres-

75

sure, means for supplying a fluid fuel to the

combustion-chamber, and means rendered

said supplies in such manner that the effect-

| operative by variations in the pressure of the
| fluid being heated for antomatically varying

30

ive supplies of both the water and the fuel

varyin substantial unison with the variations

of demand for steam energy and in substan-

| tially the same degree with said variations of

demand, said coils being so connected in se-
ries that the liquid is gradually heated and

i vaporized and is brought to the temperature
| of vaporization at a point where its flow isnot

appreciably affected by gravity.
102. In-an apparatus for generating super-

bustion-chamber and a generatorarranged in
cobperative relation with the same, means for
supplying water to the generator, means for
supplying a fluid fuel to the combustion-

| chamber, and means rendered operative by

variations in the condition of the fluid being
heated for automatically varying the supplies

| of the ligunid and the fuel in substantial uni-

gon with the variations of demand for steam

go

heated steam, the combination with a ecom-

95

j §820

energy and in substantially predetermined

guantitative relations tosaid variations of de-
mand, said generator having a water-heating
portion in which the water is gradually heat-
ed to the temperatuire of vaporization, & vapo-
rizing portion adapted to receive a small
quantity of the water and vaporize it gradu-
ally, aud a superheating portion directly con-
nected to and forming an extension of said

- vaporizing portion. |

103. In an apparatus for generating super-
heated steam, the combination with a com-

coOperative relation with the same, means for
supplying water to the generator, means for
supplying a fluid fuel to the combustion-

105
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chamber, means rendered operative by vari-

ed for automatically varying said suppliesin
such manner that the effective supplies of

| both the water and the fuel vary in- substan-

tial unison with the variations of demand for
steamn energy and in substantially the same
degree with said variations, said generator

having a water-heating portion in which the
water is gradnally heated to the temperature
of vaporization, a vaporizing portion adapted
to receive a small quantity of the liguid and
vaporize it gradually, and a superheating por-

‘tion directly connected to and forming an ex-
tension of said vaporizing portion.

| 104. In an apparatus for generating super-

| heated steam and delivering it in a substan-

ations in the condition of the fluid being heat-
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tially unvarying condition as to temperature
and pressure, the combination with a com-
bustion-chamber and a generator arranged

in cooperative relation with the same, means

for snpplying water to the generator at a sub-
stantially uniform pressure, means for sup-
plying a fluid fuel to the combustion-cham-
ber, and means rendered operative by varia-

tionsin the pressure of the fluid being heated

for automatically varying said supplies in
such manner that the effective supplies of
both the water and the fuel vary in substan-
tial unison with the variations of demand for
steam energy and in substantially the same
degree with said variations, said generator
having a heating portion in which the water
isgradually heated to the temperature of vap-
orization, a vaporizing portion adapted to re-
ceive a small quantity of the water and vapo-
rize it gradually and a superheating portion
directly connected to and forming an exten-
sion of said vaporizing portion.

105. In an apparatus for generating super-
heated steam and delivering thesameatasub-
stantially unvarying temperature, the com-
bination with a combustion-chamber and a
generator arranged 1n codperative relation
with the same, of means for supplying water
to the generator, means for supplying a flnid
fuel to the combustion-chamber, means tend-
ing tomaintain asubstantially predetermined
quantitative relation between the flow of the
fuel and the flow of fluid through the genera-
tor, and means for automatically varying the
relation between the flows of said fluids, said

generator being of a type in which only a

small quantitity of the water is maintained
at the temperature of vaporization.

106. In an apparatus for generating super-
heated steam and delivering the sameatasub-
stantially unvarying temperature, the com-
bination with a combustion-chamber and a

generator arranged 1in codperative relation to

the same, means for supplying water to the
generator, means for supplying a fluid fuel

- to the combustion-chamber, means roendered

O

“operative by variations in the condition of

the fluid being heated for maintaining a sub-

stantially predetermmined quantitative rela- |

tion between the flow of the fuel and the flow
of the fluid through the generator, and means
for automatically varying the relation be-

" tween the flows of said finids.
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107. In an apparatus for generating super-
heated steam and delivering the sameatasub-
stantilally unvarying temperature, the com-
bination with a combustion-chamber and a
generator arranged in codperative relation
with the same, of mmeans for supplying water
to the generator, means for supplying a fluid
fuel to the combustion-chamber, means ren-
dered operative by variations in one condi-

~tion of the fluid being heated for maintain-

ing a substantially predetermined quantita-
tive relation between the flow of the fuel and

the flow of the fluid through the generator, |

and means rendered operative by variations | by variations in the condition of the fluid be-

y
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in another condition of the fluid being heated
for automatically varying the relation Dbe-
tween the flows of said fluids. |

108. In an apparatus for generating super-
heated steam and delivering the same atasub-
stantially unvarying temperature, the com-
bination with a combustion-chamber and a
generator arranged in codperative relation
with the same, of means for supplying water
to the generator, means for supplying a fluid
fuel to the combustion-chamber, means ren-
dered operative by variations in a condition
of the fluid flowing through the generator re-
sulting from variations in the ilow of said
fluid for maintaining a substantially prede-
termined quantitative relation between the

flow of the fuel and the flow of fluid through

the generator, and means rendered operative
by variations in the temperature of the super-
heated steam for automatically varying the
relation between the flows of said fluids.
109. In an apparatus for generating steam

or vapor, the combination with a combustion- g

chamber and a generator arranged in codp-
erative relation with the same, of means for

supplying liguid to the generator, means for

supplying a fluid fuel to the combustion-cham-
ber at a substantially predetermined pres-
sure, a nozzle for delivering the fuel to the
combustion-chamberand means acting on the
flow of the fuel at the nozzle for so regulat-
ing said flow that the flow of fuel varies in
substantial unison with the variations of the
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flow of fluid through the generator and ac- -

cording to a substantially predetermined
quantitative relation to said variations.

110. In an apparatus for generating steam
or vapor, the combination with a generator
and a burner arranged in codperative rela-
tion with the same, of means for supplying
liguid to the generator, means for supplying
a fluid fuel to the combustion-chamber at a
predetermined pressure, a nozzle for deliver-
ing the fuel to the combustion-chamber, and
means rendered operative by variations in

the fluid being heated and acting on the flow

of fuel at the nozzle for so regulating said
flow that it varies in substantial unison with
the variations of the flow of fluid through the
generator and according to a substantially
predetermined quantitative relation to said
variations. | |
111. In an apparatus for generating super-
heated steam or vapor, the combination with
a combustion-chamber and a generator ar-
ranged in codperative relation with the same,
of means for supplying liquid to the said gen-
erator, said means being constructed to au-
tomatically vary the supply of liquid in sub-
stantial unison with the variations of demand
for steam or vapor energy and in a substan-
tially definite quantitative relation tosaid va-
riations, means for supplying a fluid fuel to
the combustion-chamber at a predetermined
pressure, a nozzle for delivering fuel to the
combustion-chamber, and means controlled
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ing heated and aetmn* on the flow of the fuel | steem and in a substantially predetermined
at the nozzle for so 1egulat1nﬂ° said flow as | quantitative reletlen ‘re said variations of de-

to maintain a substantially predetermined

quantitative relation between the flow of the
fueland the flow ol the fluid through the gen-

erator. |
112. In an apparatus for Generatmfr steam |

or vapor and delivering the same in a sub-

stantially unvarying condition as to tempera-
ture and pressure, the combination with a
combustion - chamber and a generator ar-

ranged in codperative relation w1th the same,
of means for supplying a liquid to the gen-

erator at a substantially predetermined pres-

20
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35

‘the fuel to the combustion - chamber,

sure, said means being rendered operative by
variations in the cend1t10u of the fluid being
heated for eutomameally varying the qupp]j;
of fuel in substantial unison with the varia-

‘tions of demand for steam or vapor energy

andin substantially thesame degree with said

variations of demand, means for supplyinga.

fluid fuel to the eombuetmn chamber at a pre-
determined pressure, a nozzle for delivering

means controlled by variations in a condition

of the fluid flowing thr eugh the generator re-

sulting from Vemetlons in the ﬁcm of said

fluid and acting on the flow of fuel at the

nozzle for so eﬂ'uletmg the flow of fuel as
to maintain a substantially predetermined
quantltatwe relation between the

113. In an apparatus for eupelheetmrr
steem the combination with a superheater,
of means for supplying steam to the super-
heater, means for supplying a filuid-heating
agent ior heating the snperheeber and means

- for eutometwelly varying the effective sup-
‘ply of the heating agent in substantial uni-
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son with the xamatwns of demand for super-

heated steam and in a substantially prede-

termined quantitative relation to seld Velle-
tions of demand. | -

114. In an apparatus for superheetmn'
steam, the combination with a superheater,

of means for supplying steam to the super-

heater, means for supplying & fluid-heating |
agent for heating the superheater, and means
1ende1ed operative by variations in the con-
dition of the fluid flowing through the super- |
" heater for automatically var ying the effective |
eupply of the heating agent in substantial |

unison with the vmmtiene in demand of su-
perheated steam and in a substantially pre-

determined quantitative relatwn 1o said va-

rletlone of demand.

115. In an apparatus fer euperheatmb'

steam, the combination with a superheater,
of means for supplying steam to the super-
heater, means supplying a fluid-heating agent

for heating the superheater, and means ren-

dered operative by variations in a condition

of the filuid flowing through the.superheater
" 1eeulbmﬂ' from vememone in said flow for au-.

tematwelly varying the eoffective. eLpply of
the heating agent in substantial unison with

the vanet.lens of demand for superheated

end |

flow of fuel
and the flow of fluid through the generator.

the demand for steam.

mand.

steam, the combination with a.superheater,
of means for supplying steam to the super-
heater, means for supplying a fiuid-heating

agent fm heating the superheeter and means

for eutemetwelly varying the effective sup-
ply of the heating agent in the same degree

and in subetentlel unison with the variations

of demand for superheated steam.
- 117. In an apparatus for superheetmﬂ'

eteem the combination with a superheater,

of means for supplying steam to the super-
heater, means for supplying a fluid-heating

agent for heating the superheater, and means

rendered epere’owe by variations in one con-

in substantial unison with the variations of

demand for superheated steam, and means
‘rendered operative by another GOHdltIOIl of
| the said fluid for varying the relation between
the supply of the heating agent end the de-
‘mand for steam.

118. In an epparatus for superheatlnn'_
steam, the combination with a superheater,

of means for supplying steam to the super-

116. In an appaletus for supeiheetlng

27
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| dition of the fluid flowing through the super- -
' heater for automatically varyving the effective
| supply of the heating agentina eubstentlelly- -
predetermmed quentztetwe relation with and.

90 -

95

heater, means for supplying a fluid-heating
agent for heating thesu perheater and means
for auteme‘bmelly varyiug the effective sup- |

I0oC |

ply of the heating agent in substantial uni- |

son with the Veuetmns of demand for eupel-'_

heated steam and in a substantially predeter- .

mined quan titative relation tosaid variations,
‘and means rendered operative by variations
-of the tempereture of the superheated steam
for varying the relation between the supply
oftheheatingagentandthede mand forsteam.
119, In an epperetus for . superheating
steam, the combination with a superheater,
of means for supplying steam to.the super-

heater, means for supplying the fluid-heating

agent fer heating the superheater, and means .
rendered epemtwe by variations in a condi-
tion of the fluid flowing. through the super-.
heater resulting from varlamens in said flow

for antomatically var yingthe effective supply

of the heating agent in substantial unison
with the var mtlene of demand for superheat-_

ed steam and in a substantially predeter-

heated steam for varying the relation” be-

105 -

110

115

120

‘mined quantitative relationto said variations =
| of demand, and means rendered operative by.
variations ef the temperature of the super-

128

tween the supply of the hea,tmfr agent and

120. In an apparatus for
steam, the combination with a superheater,
the effective heating-surface of which is auto-

euperheemnfif -

13C

ma,tlcelly varied mvereely and in substantial

unison with the variations of demand f()f S11-

perheated steam, means for supplying afluid-

heating agent for heating the superheater,
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and means for automatically varying the ef-
fective supply of the heating agent in sub-
stantial unison with the variations of de-
mand for superheated steam and in a sub-

‘stantially predetermined quantitative rela-

tion to sald variations of demand.

121. In -an apparatus for
steam, the combination with a superheater,
the effective heating-surface of which is au-

tomatically varied inversely and in substan-

tial unison with the variations of demand for
superheated steam, means for supplying a

fluid - heating agent for heating the super-

heater, and means for automatically varying
the effective supply of the heating agent in
substantially thesame degree and in substan-
tial unison with the Varmtlons of demand for
superheated steam.

122. In an apparatus for superheating
steam, the combination with a superheater,
the effective heating-surface of which is au-

tomatically varied inversely and in substan-
tial unison with the variations of demand for

superheating |

704,907

[superheated steam; means for supplying a

fluid-heating aﬂent for heating the super-
heater, means 1endeled opelamve by varia-

25

tions in the condition of the fluid flowing
through the superheater for automatically -

varying the effective supply of the heating
agent in substantial unison with the wvaria-
tions of demand for superheated steam and
in a substantially predetermined quantita-
tive relation to said variations of demand,
and means rendered operative by variations
in the temperature of the superheated steam

for varying the relation between the supply

of the hea,tmﬂ' agent and the demand for SU-
pe1heated steam

In testimony whereof I have &gned my
name to this specification in the presence of
two subsecribing witnesses.

EDWARD C. NEWCOMB.

Witnesses:
JOSEPH H. FREEMAN,
EDWIN SEGER.
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