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- UNITE * STATES.

PatiN Omice.

JOSEPH L CULVER or JLRSEX OITY NEW J.ELJSLY R

K '.j .

STEAM-GENERATOR

A

SPECIFICATION fﬂrmmg pert ef Let.tere Pa.tent N‘o 289 989 da.ted December 11 1883

A pplicatmn ﬁled Jtﬂy "»"I '1893

To all w?wm zt ?maf{ concern USRI
- Be it known that I, JOSEPH D (;ULVLR a
.mtlzen of the United Stetee residing in Jer seyﬁ
City, in:the county of Hudson and. State of |
New Jersey, have mvented certain new and
useful Improvements in-Steam- Generatere, of
which the following is a- 3peelﬁcat10n |
- The object of my mventlen is to insure thet_
. _every successive. portion or pertlcle of water |
1O -entermﬂ* the boiler shall be heated progress-
. lvelv—that 1s to say, step by step—until it 13'

~ finall ¥ converted. 1nto steam, while the calori- |
facient or heating gases frem the furnace trav- |
.. erse a thermostatic flue svstem, the said gases
- 15 advancing as they cool, and coming into con-

- tact with colder and colder flue-surfaces until
‘they are discharced into the: atmosphere at a |
‘temperature of mbout 100° Fa,hrenhelt? more,i_
or-less, as preferred, according to the ‘extent

-

20 of heating -surface empleyed and the dmit'
| nnmtamed in the apparatus. -

~ shell formed - of “boiler-iron or other suita-|
ble material, by preference of a cylmdrlcal*
form, inclosing a water- -space and steam-space |

t
W |

- duly propor twned and furnished with a feed-

‘water pipe at the bottom or lower end, and a
steam-pi pe and safety-valve at the t0p or up- |
per end. The shell of the boiler contains |
30 within the water-space, and surrounded on all
- sides by water, o multitubular structure,. by |
preferenee formed. of metal, and consisting of
~an upper and a lower CthlIlel connected to-

- gether by a series of boiler-tubes so arranged |
35 _thftt the tubes shall all communicate with each.
. other-through the medium of the chambers

they connect, and constitute a thermostatic |
balance.

- ed, The parts.are so formed or-gonstrue cted |
- that no leakage shall take place between the |
- multitubular structure and the- -surrounding
- spacewithintheshell.. Thesdrea of the chem-"
.45 bers should be sufficiently less than that of the
~ Inelosing - shell to allow of free circulation of |
- water. between therm,. and to the same end,"
hdowever numerous and elesely distributed the
tubes may be, they are left out of actual con-
To complete this arrangement, and es-
pecmlly to prevent: chs}uemnn‘ of steam upou

l-l

Tlu ough the outer shell anentrance-
_ * to the upper chamber and an 'exit or outlet
- 4o from the lower chamber is formed or provid-

(’\n meﬂr_l } RO '. .

' theﬁle-phte severel nefuly eq111d18tentxvater

‘tubes eross. the flue-chambers and connect the
wefer above them with the water beneath. -
. The following modification . of the plan of 5 5
construetlon of the new steam-generator pre- -
sents some' especial edmnta,ﬂ'es The upper
‘and lower plates of the flue- eh‘tmbers either:

or both of them, .enlarged in . dlameter saffi- - .
‘ciently, may be riveted tothe outer shell of the 60

‘boiler throughout the entire cweumferenee, SO
as ‘absolutely to divide the water-space into
separate seetwns |
thus formed are. then to be ¢onnected in g,

-series only, or chiefiy through water- tubee:‘565 )
| erossing the flue-chambers. - Oonstltuted thus, -
|- the boiler is a compound one.

w1thm one- eontmueus shell seveml unlike in-

| mostatic flue system traverses the shell from

| -- - 1 the furneee c'lownwa,rd to the*far end and the
In carrying out my. mventlon I employ 4 |

flames and fuel-gases pass through the several '
sections of the beller in suceessmn and impart .

heat to the water: therem, themselves cooling 75 " |

as they advance. A thermostatic flue system
may be constructed of tubes only or of cham-

‘bers suitably connected, or of any suitable - -
combination of ehembers and tubes, arranged

| within the water-space of the beller below the | Se .
| weter level, and 1reely 1nteremnmumeatmrr; S

one with enothel ‘especially at their lewer -
most parts, so eennected with the furnaceand

| with the smoke-stack that the smoKe shall trav-.
1 erse.thiem in a downward direction from the 85

furnaee to the axit- flue, so. mteicemmunlcet )

| ing that the descendmg smoke in every flue,

4nd in -every branch and segment thereoi L
shall be left tree to deseend according as it j Je, o
cooled and its gravity is increased, ‘or to main- GO
tain a higher. level according as it retains its =~

| heat rarefeetmn so that the descending smoke

‘preserves in all’ 'the flues at the same Jevela = '
uniform temperature, a thermostatic equilib-

rium not: liable to be disturbed by variable 95 'Q

drefte end that smoke which has cooled. the'

“most i le etalltlmes foremost in the descent. A _'  :

‘single flue cannot be made thermostatic only
‘a8 the subdivisional flues balance each other

‘each of which so b’l.l"mCCd by the other i8 the*f- mo -

Bu.:$5ﬁatlc .

A employ " fm“'we 111"'0(1 1mth ﬁre bI‘lC]t;i;.f N

The several water-spaces

It mcludes o

tegrenb parts or segment boilers of dissimilar =
| construetion conjoined ¢onsecutively. A ther- =70 -

St e




“ertheléss, the economy of perfect combustion
avails but little to enhance the mechanical ef-
fect of the fuel eonsumed, so-long as steams-

45 generators continue to throw away more of

the heat than they utilize, for so it is in every
variety of steam-boilers yet. constructed that

" the water is heated to the same temperature

throughout; and however water of uniform

50 heat may beapplied tothe flues, it cannot cool

the swift currents of smoke in them nearly to
'its own temperature. In point of fact, when
the steam and water in the boiler stands at
. 800°, to 325° Ifahrenheit, the pyrometer In

5 s the flue just cutside the boiler will generally

mark 675° to 850°. When steamboats race

together and crowd their fires, their funnels |

are often seen capped with flames. The hot
gases from the furnace rush through isother-

60 mal boiler-flues, vouchsafing. them only a mo-

- mentary touch, whereas they ought to move
“slowly and through a scale of descending tem-
- peratures. The hottest smoke travels fastest,

" and thecoldestlagsbehind, whereas the coldest

65 ought to head the draft in every flue. The
total capacity of the subaqueous flue system

T L T S S T

| tion now in use is quite inadequate to trams- .
fer to the water so much as one-third of the
| sensible heat transmitted to the flness .. -
. In steam-Dboilers of all sizes eonstrueted and

- - : - : . - . : H ! : H HE | ' ' ) :

: : : : ] X : b . : - : : : . ] . . - . . - . . . . R . . i , i . i . : . ] - ] . . . : - . : H H H : H . . '

.........

| out from the lowermost part. of thelower flue-.
chamber. I can form the upturned segment
of the boiler of a size and shape tosuit there- 110
quirements presented, and when so formed it.
may constitute, in part or wholly, a separate
compartment or annex boiler, with its fire-
plate, water-space, steam-Space, &e., receiv-
ing its water-supply from the horizontal seg- 115
ment. as hereinafter explained. In the. el-
‘bow-boiler the flue-chambers can ocecupy tce
angles front and rear, or can be located else- i
where, if preferred... Thefrontoruppercham- '
ber I use as the secondary combustion-cham- 120
| ber, and it is to be provided with a suitable
opening to admit the flames from the furnace. ;
This opening or flue must be of a sufficiently |
small diameter, so that the passage of the pro- -
duects of combustion shall be slightly obstruct- 125 !
{ ed and deflected in their course, to the end i
that the gases arising from different parts of .
| the fire shall be thoroughly intermingled, to-
‘gether with the superadded air, their temper-
atures equalized, and perfect combustion se- 130
cured. .- A thermostatic equilibrium cannof
| be secured in the flue system if the products




- . " - ' ) - . ) H . . TEd -,
' . ’ - : - : - .t . o - . . . ' . . ) . ] - PRI LTI, . ._-_1' LC
L. . - Wt - . . + - . - I'--_-.h
L . . . . . - C. . . . i
. - 1 . . . R - . " . A i ) .
] L - -l r B ' - - L . - - . ) L [ " LI - -
L} - . " - . . . . - . b - -
- — I. . o, . o ! o . ' . - . . i I . . . . . .
.1..___. - o, ] I - A i , ) . - ) . -, . . . . - - u
i i - L . R - . - L . - "
. . i . . . . . - " . . -
. . ' - . i . - . . - - - L
- . ] . , ; , - -
- . - -t -, . . L - ] [
. . ‘. - . . . . - - .

~ passagetothe secondar} combllstlon-ehamber
- as the gases arising from. different parts of the

10

1
. crossing the chambers.

fire vary greatly in temperature, and in case
‘they are not; thoroughly mtermmgled the hot- |
test gases will pass through -the flues first, |
1 formed and the bellmg water is violéntly agi-
| tated. Below this chamber the water never

leaving the cooler smoke behmd The ﬂue
opemn

A system of water- ubes mtererossmg in va-

‘rious directions 1 may connect the opposite sides
- of the water-hood, and it will contribute eff-
- 20

ciently to the weueramon of steam of high ten-

-~ ston .and gwe strength ‘to the combustwn-

25

20
0 ~ thehorizontal segment of the boiler, and above

Lk S =, .. : .

~ with the water- -space of the Vertleel segment
For greater convenience of access in eleanmg:
- the boiler-flue, the front and rear ends may |. - _
I:'_ng’alm:mi:enesqlm,lz'eieet efgrate-surfa,cetofour ST
leet depth of water the temperature in the:.

35

4o

45

5"0

| _'centmuous confluence throughout the entire
. eircle of their junction. ‘I provide similar
channels between the Water hoods and the wa-
ter-space of the horizontal -segment of the
The water in the homzontql boiler
 maintains a high temperature at the top and
relatively a low one at the bottom. It is evi-
dent that the hottest of this water should be |
- sent to the front water-hood, the water- tubes,
I -Te)

- connect the topmost part of the furnace end of .
the horizontal boiler d1rect]5r to the cemomed-. |

water-hood through a single water-tube. I
regulate the inflow of watex aecerdmg as it
evaporates by a suitable valve placed in this
~water-tube, so as to maintain a umform depth
-ofwatermtheannez S T

55

~chamber.

‘surface.

double hood,an inner and outer: plate of boiler-

be left more or less’ unhooded and suitabie:

doors may be substituted in: orden to complete:
- the incasement of the chambers.

‘the chambers will not be entlrel'_;;r surrounded_"
by water, but the thermostatlc belance in the-‘
flues Wlll be preserved. e -
- To prevent 3 peeswle eushmmnn' of steamf‘
on the fire- plate of the annex b011e1 it-is well
to have fitted .into the water-hood beneath a
few water-pipes, that extend across the upper
chamber, pass through the fire-y plate at equal
- distances apart, and “end flush’ with its upper
I arrange around the ecir cumference
of the water- hood numerous .tubular commu-
- nications with the water: space of the annex

boiler, or, if preferred, an uninterrupted or

boiler.

and the annex boiler. Therefore I propose te

in order to secure the best results
~and mosb perfect combustion, must connect
| the furnace and secondary combustion-cham- |’
- - berattheir uppermost parts.
| "nections between the horlzontel and upright.

segments of the boiler can' be made chiefly |
- through water-hoods surrqundmg the cham-
bers, or partly or'w holly throu ghw eter-tubes*

The water-con--

y The W"lt@l -tubes which cross the
- flue- chambers may be straight or angular,
~curved or spiral, as prefeued The - water- :
hoods that surr ound the chambers consistof a’

Inthis ease

| next above it.

iiron strongly riveted and braced, and- ‘having |
~ between the plates (which are set an inch or
- more apart) an. interspace to contain water,
that connects laterally with the water- space of

-zontal planes. througheut -butfrom top tobot-
| tom each plane ‘is a llttle cooler than the one .
‘The intensest heat of the fur---. o
| naceisintheupperchamber,andasthe combus- |
‘tion-gases descend thelefrom through the flue-: 8 5“ |
-tubes and the lower chamber they impart their
‘heat to the water surrounding them Lmtllthey
‘reach the escape-flue comparatively cold. In
-other words, the hot gases from the fornace de-; )
‘scend throutrh the flues in contact with colder go
| and colder strate of water successwely until
| their temperature atthe outflow apprommates o
| the temperature of the cold water at its inflow;
and the water entering the water- -Space at the“' L
‘bottom'is heated as it risesstep bystep in appo- 957 -
| sition with warmer and warmer strata of gases |
until its temperature near its outflowapproxi- o
mates that of the influent hot gases from the
l:furnace, and it Is: mstantaneously converted o
‘mto steam. = -

‘eonsecttive) days at or about 150° Fahrenheit
‘higher thaninthe escape-flue; anditwas found
‘| that a powerful artificial drafb must be kept
up to obtain a. h]gher tempm ature in theexit-
flue than in the steam- -Space.
.derstood that every additional  foot of water-
“depth in the boiler adds tothe dxspa,rlty oftop -
| and bottom temperatures, and cools the com-
‘bustion-gases so much the more. |
‘the fuel -gases -from the flues at any required
temperature, the velocity of the draft must
‘be rightly prepertloned totheareaof the grate -
“and the capacity of the boiler.
1'is first kmdlmg in the ferna,ce and until the
~water boils and steam reaches the working-
‘pressure, a sufficient draft can be had by in- 120
‘serting into the exit-flue a smoke- -pipe- ‘"LbOllt o
‘eight feet in height.
‘the temporary. smoke-pipe can- be removed,
- and thenceforth an exhanst-fan or ‘blower or
steam-ejector may be used to expel the smoke. 125
from the escape-flue into the surr oundmg air;
“or & fan or blower operated by hand or foot
-can be used until the steam is v p..

“of eombusbmn ftre a.llowecl an unebstructed ,',Weter is almost an absolute non conductor

-of heat. Neither water nor gasgs transmit heat:

from above -dJownward.” -In.my steam- gener--';o o

ator this law for the first time ﬁnde a-practi- ' -

cal application. Above the upper chamber;_-._ |
of the . multltubular flue system - steam is

75
‘boils; no bubbles rise; there aré no interstratic
currents allis motmnless .save that the feed- =~

_.water, whmh is added httle by little, uplifts -
‘the mass integrally of which it torms the base.

~In the flues like temperatures rest—in- hor1--' 80 : '

In practice I heve feund that ing boﬂer hzsw R

steam-space may be maintained for several

It will be un- |

Todischarge
(1

_While the fire

“When the steam is up, -

“ For the greater convenience of aceess to the

‘boiler-flues, and to facilitate the ‘process .of 13-0'_.-.'.

clea aning them suitable doors or man-holes

may he fitted into the incasement of the flue-
I--eham Ders.
A u}ch watel hoed and one m the bette* ef’ the

A blow-off cock in ths base of

C H':f.:f'-:." .

Do Ry ,‘:. * .
. ) '

- 4:1 .

- I00

110
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 yorizontal segment will enable the engineer to |
 wdsh out‘whatever sediment the water may | - -
. " | but where strong drafts and fierce fires gen-

5

10

deposit in the boiler. |
1 will now describe the steam-cjector, nlso

-

known as the “mixing-pipe,”’ its construction | p
- and uses. | o e

&

I pr’ovidé a suitable gate, ‘which tightly

closes the flue-exit from the boiler. A steam-

pipe is made to enter into @ small discharge-

fiue, the diameter of which 18 carefully pro-

portioned to the quantity of gases to be con-
veyed away from the lower flue - chamber.

- This steam-pipe extends within the flue cen-

15

trally coincident with its long axis and termi-

nates centrally a few inches from the entrance.

" The internal diameter of the steam-pipe may
be one-third to one-sixth of that of the flue it

penetrates. The caliber of the flue tapers or

o grows smaller as it approaches the end of the

20

._.:.530

35

steam -pipe within it, and, having

“this inner -pipe discharges steam out-
war(zll y along the flue it penetrates, which, ac-

- cording to its tension, creates a vacuum 1n the
fue behind thesteam-junction, that sweeps the
pases_ from the furnace onward and mingles

with them. This apparatus, if rightly adjust-

ed,-can be made to yield the most economical
. of all artificial drafts, or can produce a very
powerful one.

‘When all the steam from the

generator passes through the ejector under a
pressure of three or four atmospheres, and the

‘temperature of the fuel-gases discharged there-

‘with exceeds somewhat that of the steam, the
mixture comprehends under a diminished ten-

" gion all the heat force developed from the fuel

consumed. This realizes the highest attaina- |

~ ble economy, and has also.other advantages,

 asitecan be used for heating purposes or to op-
j0 erate the engines on steamships, or wherever |
' worked. Incompound enginesitwillbe found .

to be less readily condensed by expansion than

a. large quantity aof low - pressure steam is

~ pure steam of the same temperature, and will

45

50

33

60

~ drive an engine, if the cylinder become heat- !

“ing a coarse

require the atmospheric eylinder and the con-
denser to be enlarged accordingly. When the
mixture is employed to drive an engine of any
kind, I provide a check-valve, fitted in the
mixing-pipe below the steam-) unction, to act
automatically and prevent reversal of the draft.
Tuto the mixing-pipe, just beyomnd the steam-
junetion, I insert to the bore, at an acute an-
gle to its longitudinal axis, a Small pipe to
convey water, preferably from the lower and
colder part of the boiler. The volume of wa-
ter injected I regulate by a stop-cock. Throw-
spray, it can be made to cool the
fuel-gases and to condense the steam in the
mixing-pipe, the ‘
returned to the feed-water tank. When the
mixture of gases and steam is employed to

ed, a fine spray may temper and protect the

‘machinery. Asimilararrangement ofa Spray

in the exhaust-pipe of a high-pressure engine
may furnish hot feed-water for the boiler.

- The graduated steam-generatoras described

. . passed this
- point, it gradually enlarges again. In opera-
tion,

the hot water so obtained being

l

|

system, and thereby

‘that the tank

‘stant arithmetical ratio.

cylinder again and again.

will be efficient and economical in all cases

where steam of moderate tension 18 desired;

erate steam of very high pressure for high-

ressure engines we may still further econo-

| Inize the fuel by adding to the boiler the equiv- .

alent of the extension of the subggquenus flue-

secure 2 prolonged cool-

ing of the fuel-gases. In order to attain this

end, I provide atank to stand beside theboiler,
which may consist of a multitubular structure

within a shell, through the outer compartment -

of which the gaseous products of combustio:n

driven from the boiler enter at the top, pass

downward, and eseape at the bottom, while

the feet -water on its way to the boiler enters
the tubular compartment at the bottom, fills
it, and flows outat the top; orthe gases from
the flues may pass downward through the
tubular compartment and the feed-water up-

G

ward through the outer compartment. This .

is to be preferred when steam force is liable
to be generated in the tank. Xor thé very

90

highest steam-pressare worked 16 is possible

more rapid ratio than the temperature—the
temperature in ‘a fractional ratio -that pro-
gressively

pounds pressure per sguare inch (above atb-

| “would need to be duplicated.
‘However, the pressure of steam increases 1na

‘diminishes the pressure inacon-
Thussteam at thirty

m-OSthI'iG) has a tempel‘at.ur:e of ;2.75.'2@I Fahr-

enheit; at seventy-five pounds, 320.36°; at one

hundred and twenty pounds, 350.78°—that is

100

to say, the pressures are as one, two and one-

atures as one and three-eighths, one and three-
fifths, and one and three-fourths. “Farther-.

more, the exhaust-steam of high-pressure en-
gines can be utilized by my invention to run
“the ejector, and the mixture of gases and of -
sieam carried through the supplementary tank

and condensed therein will give up its sensi-
ble heat to the feed-water. - By this means the

_haif, and four, and the corresponding temper-

_[_05' o
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caloric derived from the exhaust-steam can

be returned to the boller and be used in the

the heat in the tank becomes cumulative to
such a degree that in a very short time after

starting the engine the furnace-fire can be

| diminished, and even then there will be a

superabundance of heat in the tank, which
may be capable of producing steam in excess,
but never at any time able to raise 1t to the
working-pressure without aid from the more
intense heat of the furnace. The surplus can
be devoted to heating and ventilation.
 That my invention may be fully understood,
1 will proceed to describe the same more in
detail by the aid of the accompanying draw-
ings, which illustrate what I consider the best
means of earrying out my invention.

- Referring to the drawings, Figurelisacen- 1

tral vertical section of my improved steam-
generator. Fig. 2 isacentral vertical section
of 2 modification-of my invention. Iig. 3 18
a horizontal section taken on thelinex z, Fig.

In the meantime
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10
.'is shown of a cyhndrlcal form and mclcsmﬁr 9
~ water-space, B, ’and a steam-space, C.- ’I‘he

o 25

ER 5’25',9;989 o

9. Flg 4 is frcnb elevatron Flg

improved feed-water tank. Flg Tisa central

~vertical section, showing my mventlen as cp-

phed to verti cal boilers, - - |
Similar letters of. reference lndlcate ccme

sponding parts wherever they oceur.

A répresents ashell formed of boilet-iron o or

'cther suitable materlel which in the. drawmee

- shell Aiis prowded with a feed-water pipe, D,
- .at the bottom or lower end thereof, and Wlth
a steam-pipe, E, and. ﬁefety-va.lve F at the top
- OF upper end.. The shell A of the boiler con-

tajns within the water- -8pfate B, and surround-

- ‘ed: on all sidesby water, 2 mulbltubuler struct--

~ ure, G, consisting of -an upper: chamber, &,
and. a lcwer chember @, ‘connected tcﬂ'ether
* . by aseries of tubes,: G3 80 errenged thet the

 whole of the series cf tubes G®shall communi-

20

: cate one with the cther through the: ‘medium

,0

“of the chambers G’ G2, thereby constituting a
thermostatic

balance, Through- the outer
shell, A, an entrance, A" to the upper cham- |
ber, G/, ie formed, and an ent cr,acutlet g, from.
the lcwcr chember G?, is formed, as shmm by |

‘Figs. 1 and 2. The pcrts are ec formed and
: constructed  that np leakage shall take place
~ between the multitubular structure G and the

surrounding space within the shell A.. The:

. upper plate, ¢/, and the lower plate, g% of the,

- chambers G’ G*are by preference Jcmed or
3 bolted to the shell A:at their circumference,

so.as effectually to, divide the water-space B;.

into separate sections, whlch ere ccnnected tc»~

3 - gether by water- tubes b.

. 40
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- way h nearly coincides in its span with the |
- upper semicircle of the entrance A’ to the up-,
- per flue-chamber, G/, and is continuous there-
. with. The furnace H i is provided with an ash-
- 50O

S 'ber H3
- H*, is provided for the sup
- lowthe grate H*a door, H®, for the remcvel-;'
~ of ashes cnd for the rewulatlcn cf thc dm.ft tc_

pit, H" a grate, H* and a couibustion-cham-

the fur nace.
In Fig,

- ‘of the furnace H, near its top &and built into
- the wall theleof an arch, H® by preferénce
~ formed of cast-lrcn

_This, &I‘Gh H“ forms the
dome of the ccmbh‘smcn-chambcr )5 G

- two, or more inches above the arch H, there-

by leaving an open space between thc ar ches;
- Hf and H', for the purpdse of forming an-air-'
flue, Ha,whlch I prefer to be open-at all times
for the admission of air at the boiler end of the |-

When the furn'we S

emd passeﬂ'e or flue H®.

'|'with suitable water- cccks, gages, &c
- H:'is the furnace, whlch 1s p1OV1ded Wlbh ai
lining of fire-brick, soapstone, or other suita- |
- ble meterlal which may be 1nclcsed in a wa- |
ter-hood or water hoods, as shown in Fig. 1,
' by preference of a semi- eliiptical ehape m;_
~ transverse secfion, and- abutting against the |
boiler:shell A in such manner thet its~arch--

Alm::nve?'1

the arch H' I construct a brick arch, H', one;' |

Jally enlarges again.
Ahove the grate H* a feeding-door,
ply of fuel; and bc- :

i ranges check-valve, m, which'is so consgrucb -
ed as to prevent the draft being réversed when
| the ‘mixture is employéd todrive. an engme or-.

5 is a i mclosed in a water hocd a cast-lron p1pe, 128
transverse sectlon taken on the. lme y vy, Fig. 1 (see Fig. 1,) may serve
- 2. TFig. 61is a central vertical section of-my | the grate.

as an air-inlet above
The quantlty of air admitted to
the flue H® mey be regulated; as shown, by a .-
slide or Valve HY, fitted to the: front: cf the
| furnace, or by any. other suitable means. By~

thle mecne the furnace or fire- box' H receives..

a properly-ren'uleted .ssupp]jyr of intensely-heat-
ed alr arranged to mingle with the flames just

70

73_'.'- B

-at the mouth ' of the eeccndary combustion.
‘chamber G, and- by this means the loss of heat . _-
-from the top or: upper pa,rt cf the furnece H

1s prevented

JJ'J* are_ serles of tubes 1ntercrcssmg

cne another and connecbmg the opposite sides
-To prevent cuehmnmg

-of the water-hoods.
of stea,m in the annex boiler K, I arrange.a

“series of water- -pipes, J’, extcndmg across the

upper chamber, G, -and passing through the

‘8o

fire-plate ¢ at equcl distances. apart, end ter- .

mmatmg flush with its upper surface.

The upper part of the furnace end. of the-f-‘ R
90___'* o

hcrlzcntcl Section. G*is connected to the wa-
‘ter-hoods by means of a tubé, b.- ; The inflow

of water is regulated by 'a valve pleced inthe .
-tube b, Sumlar tubes clse ccnnect the. other. L

sectlcns

Above the 'seccndcry ccmbustmn chamberfg’s- D
‘or section &, I construct the annex boiler K, ~ .

having the W"l.teI‘ -space B and the steam- spacer o '.

C. ThlS boiler may be strengthened by brcces
‘NN, Fig. 1, or other suzteble means.

- Itis
separated from the rest of the shell by.a héri- '

100 -

zontal partition, ¢’,beneath it, which alsoserves

‘as a fire-plate and as the rccf of the secondary
combustion chamber or section G,

Itisfitted

‘with a safety-valve, F, steam-pipe E, and also~ -

shown.) |

s provided with 'a’ gate’ or valve

ccntrols a flue or. p‘lSS&ﬂ'e m’, leedmﬂ' to the
bmler A

A etecm plpe, _D cennected am one endwmh'f'._f' -

ThlS a,nne\: bcller ma,y be of any re T

' qulred form, - . _ .
Misa steam cJectcr 01 HlleIlﬂ‘ prpe, whlchf s
m,-which-

the steam-space chcmberK is conducted into- '

a small’ dlschargc flue, m?, the caliber of which
tapers or grows smaller. at m’ until it passes
the end of the steam -pipe Xi, when it grada-
The pipe E is formed of
-a diameter: in propertwn to the quantity of
-gases desired to be carried away from thelow-

er chamber, G*. The ; pipe E isarranged cen-’

115;.-}_ o

120“'

trally of; the ﬂue m’,.and extends, by’ prefer-

S | ence, about six(6) 1nches within the same,in
21 shcw suppcrtcd uptm the 31dee'-

pcsltlcn to cause a current of steam to. be cen-
trally along, the. ﬂue m? *bherebjr creating a©

| vacuum in the fliue m/, thus sweeping the pro-.

i25 N

ducts of combustion and gases from the fur- P

nece H onward and mmglmg:wmh thef:

In. the yertical portion of the pipe M, I ar-

othta-rwme encounter reeletcnce

130,

~m* is a small Dipe,-the: upper elid of. wmch'..-f-' |

1s 1nsertcd: mtc the mlxlng plpc or. e_]ecbor M

t

T ' "




t an acute angle, as represented in Ifigs. 1
and 2. This pipe ', atits-lower end, is con-

- nected with the water-space of the boiler, by
‘preference at its lower and coolest end, as
shown in the drawings. The volume of wa-
ter from the pipe m*is regulated by a stop-
cock, m*. The spray of cold. water issuing
from the pipe m* is employed to cool the fuel-
gases issuing from the-furnace, and also to
condense the steam in the mixing-pipe. The
hot water thus obtained is returnéd to the
- feed-water tank by a suitable pipe. (Notb
shown.) . S |

~ M’is a large flue-exit from the bottom ot
15 the lower chamber, G*, connecting with a suit-
able sinoke pipe: or chimmney, as desired.
When the ejector or mixing-pipe M is used,
this flue-exit is tightly closed by a'damper, m"
Havine thus deseribed my invention, what 1

20 claim, and desive to seeurve
18- | |
1. The combination, in a steam-generator,
of a thermostatic fliie system, as described, a
feed - water inlet, seetional water-spaces and
25 their connections, and an annex boiler,with 1ts
steam - dome, substantially as shownsand set
forth. | |
2. The combinalion, in a- steam-generator;
of a furnace, a sccondary combustion-chamber,
a thermostatic flue system, as desciibed, and
“an "annex boiler, substantially as and. for the
purpose set forth. ; | | |

-+
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3. The combination, in a steam-generator,-

of a thermostatic flue system, as described,
secondary combustion - chamber, a- system .of

“annex boiler, the-whole being arranged to op-
erate substantially as shown and deseribed.
4. The combination, in o steam-generator,
40 of a thermostatic flue'system, as described, a
~ gécondary combustion - chamber, an- annex
boiler, and an. air-inlet pipe adapted to heat

and discharge a current of air into the entrance

of the secondary combustion - ehamber, the

whole being arranged to operate substantially

as shown and described. '
5. The combination, in a steam-generator,

Ly Letters Patent,

water -tubes erossing said chamber; and an|
[ oenerator, thespraying-pipe m',in eombination

289,889

of a thermostatic flue system, as deseribed, a

secondary combustion - chamber, an annex
boiler having a, fire-plate, ¢, and a series of 50

water-pipes, J’, adapted to prevent the cush-
-ioning of steam in the annex boiler, substan-
| tially as shown and described. ﬁ
and shown, consisting of .two or more chams-
bers connected by multitubular flues; the
chambers containing numerous crossed and

6. The thermostatic flue system deseribed

55

| interspaced water-tubes, substantially as and -

for the purposes set forth: |
7. The thermostatic flue system described
and shown, consisting of two or more.cham-
bers connected by multitubular flues, each
chamber being inclosed in a separate water-
‘hood and coutaining numerous crossed and
interspaced water-tubes, substantially as de-
seribed and shown: © - . |

- 8. A Doiler-shell constructed with two el-
bows, the one ncarest the furnace extending

60

upward and adapted-to ‘eontain a secondary .

combustion-chamber and an annex boiler, with
| its steam-dome, the other being the rear end

of the shell prolonged downwaril, and adapted

{ to contain o lower chamber inclosed . in its

water-hood, and to receive the feed-water-in-
let pipe and smoke-exit fiues, substantially as
and for the purposes set forth.

L9, Incombination with a thermostaticsteam-

| cenerator, aspraying-pipe adapted to operate,
as described, cither to condense steam from
pipe L or temper the produets of combustion

stantially as shown and deseribed. ~ ~
10. Incombinationwith athermostaticsteam-

with steam-pipe E and smoke and steam mix-
ing pipe M, substantially
poses sct forth. |

| In witness whereof 1 have hercunto.set my

“hand this 20th day of June, 1883,
i - J. B. CULVER.

AWitnesses: -
Warn B, RICILARDS,
| MoRRIs H. SMITH.

| emploved as a sonrce of motive power, sub-
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as and for the pur-
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