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UNITED STATES

Pa.tented J une 21 1904

PATENT OFFECE

OF SAN LUIS POTOSL

MEXICO.

_ST'EAM-GENERATOR.

SPECIFICATION forming part of Letters Patent No 762 893 dated June 21 1904.

kpplmatmn filed May 5, 19803, Sarlal No. 155 785

(No model.)

To all whom it may concermn:
Be 1t known that we, GUILLERMO FARREL, a

subject of the King of Spain, and BrNiTO.

Ercurearay, a citizen of Mexico, both resid-
ing at San Luis Potosi, Estado de San Luis
Potosi, Mexico, haveinvented certain new and
useful Improvements in Steam-Generators, of
which the following is a specification.

- QOur Invention has reference to improve-
ments 1n steam-generators, and has for its ob-
jects, first, to increase the efficiency of a steam-

boiler by more perfectly utilizing the gases

of combustion, and consequently increasing
the steam - producing capacity according to
bulk and weight of the boiler, and, Secondly,
to produce a sectlona,l boiler at a compara-
tively low expense adapted for all purposes
and readily to be fitted together.

The nature of our invention will best be
understood when described in connection with
the accompanying drawings, in which—

Figure 1 represents a front elevation of a

‘steam - generator embodying our invention,
parts being broken away. Fig. 2 1s a verti--

cal section on the line 2 2, Fig. 3. Fig. 3 1s
a vertical section on the line 3 3, Fig. 2. Fig.
- Figs. 5, 6,-and 7 are
detail views, on an enlarged scale, illustrating

‘the construction and connections between the

water-heads and the generating-tubes.  Fig.
8 is a side elevation with part broken away,
showing the construction applied to a locomo-
tive-boiler. .Fig.-9isan end elevation of Fig.
8 with parts removed. Fig. 10 is a section on
the line 10 10, Fig. 8. FKig. 11 illustrates a

modified form for a stationary bmler the

same belng a rear elevation.

Similar lettels and numerals of reference
designate corresponding parts throughout the
several views of the drawings.

Referring at present to Fw's 1 to 4, inclu-
sive, of the drawings, wherem we have 1]Jus-
trated our invention as applied to a stationary

‘boiler, numeral 1 designates the grate, which

may be of any usual well-known type. 2isthe
ash-pit, 3 the combustion-chamber, and 4 a
low bridge-wall. In the present instance we
have shown the boiler provided with a sur-
rounding casing A, lined with fire brick or

el

ends with the smoke-box 10%..
tubes 6 are fixed to the heads of the tubes 5, as 70

clay and provided at its opposite ends with 50

water-heads B, having diverging limbs ¢, ex-

tending to or beloW the orate-surface and to
Between .

substa,ntla,lly the top of the boiler.
said water-heads is arranged a series of water-

tubes 5, extending thfough said water-heads 55

and provided with lateral openings 13, Figs.

3, 5, and 6, within said heads for the purpose

of placing the same in communication with
the interior of sald heads and for establishing

a circulation of water through all said tubes 60

and through the heads. The water-tubes 5
are arranged in arch form above the fire—that

1s .to say, within the combustion - chamber

which extends throughout the entire length of

the furnace—and within each of said tubes 1s 065

located a number of small fire-tubes 6, open at
their ends and communicating at their rear

ends with the chamber 10 and at their fr ont
These fire-

indicated in Figs. 5and 6, or they may be fixed
to the heads of a separate removable and
perforated tube 5%, asshown in Fig. 7. Suffi-
cient. space for the proper clrculatlon of wa-

ter through the water-tubes 5 isleft between 75

the fire-tubes and the interior walls of the -
said water-tubes. The method’of securing

the water-tubes to the water-heads B will vary .
according to circumstances and accessibility
as to riveting, and each tube is preferably 8o

provided with a plug for washing out:sedi-:
ment. Above the water-tubes 5 or above the
arch.of the series of tubes b are arranged:on
oppositée sides of the center line feed-water

heaters H, each composed of two concentrie 35

tubes 14 and 15, placed the one within - the

other and fmdapted to form a narrow:annular..

water-space around the interior tubes. The
feed-water for the boiler 1s 1ntroduced into

said annular space between the tubes at the gc

lowest point near the chimney 11 and 1s dis-

charged at the highest point of said annular
spaces into the dlStI‘lblltlI]O‘-tllbe I through.

the connections 4. The total area of the

openings of the annular spaces between the 95

tubes 14 and 15 should be from thirty-three
per cent. to fifty per cent. greater than the

total area of the openings of the fire-tubes,
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the plroportion varying according to the length
of the boiler.

boiler, thus permitting the deposition of solid
matter contained 1in the feed-water at the

lowest point of the annular space between said
- tubes, at which said point suitable discharge-

cocks or hand-holes are provided, as usual.
The furnace-gases pass around the water-

tubes 5 and from the fire-chamber to the cham—_- -'

ber 10 in the rear, thence through all the

re-

tubes'6 to the smoke-box 10¥ in front, thence

through the fire-tubes 14 of the water-heat-
ers H to the smoke-box 12 at the rear: and
thence finally to the stack 11. Some of the

fire-gases will circulate from the fire-space 3 .

through the space above, around the dis-
tributing-tube I and the dry-steam tube J,
and back to the fire-space 3. A tube I, which
In connection with an interior tube I' consti-
tutes the main deposit-drum, is secured to
the heads B in a similar manner as the tubes
5 and is inclined forwardly and upwardly
similarly to the remaining tubes. In the cir-
culation of water through the tubes 5 and the
main drum I I’ the tendency is to deposit sol-
ids at the bottom of the rear head B, where the
latter is provided with a suitable discharge
cock or cocks and cleaning-plugs for the pur-
pose of removing the accumulated sediment at
intervals. In practice I prefer to make the

tube I about twice the diameter of the water-

tubes 5 and connect the two tubes I and T’ by
sultable orifices 7 and 2*. AbovethetubesIand

35 I is located a tubular steam-drum J, closed at

A0

45

50

55

60

65

the ends and in communication with the top of
the tube I by a short pipe s, and at one or both
ends of the drum communication may be estab-
lished with the interior of the water-heads.
The purpose of tube I is, first, to. act as a stay
tfor the main drum or distributing-tube I, it
being secured thereto at each end, and also to
act as a means for preventing priming or the
carrying up ot water tothedry tube J. The
tube I' is made substantially half the diame-
ter of the tube I and is provided with holes 7'
at 1ts bottom whose total area should equal
the area of the opening of the main tube.
The top of the tube I’ is also provided with
openings /°, which should equal in total area
the area of cross-section of said tube. As be-
fore stated, radial flanges 7 and 7°, extending
throughout the full length of the tubes and

-fastened to the tube I', are provided for the

purpose, forming baffle-plates in the usual
manner. Beneath the tubes 5 and substan-
tially In line with the grate are arranged wa-
ter-heads L, preferably made tubular in form
and of the same diameter as said tubes 5, but
not provided with fire-tubes.

erably furnished with hand-holes for the pur-
pose of removing sediment. _

In Figs. 8 and 9 we have shown a method
of applying ourinvention to locomotive-boil-
ers. As In the stationary boiler above de-

The tubes 14 and 15 are |
slightly inclined toward the rear end of the

They are pref- |
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scribed, a series of water-tubes 5, with in-

‘ternal fire-tubes 6, are arranged between two

water-heads B B, one at the forward end

of the boiler, the other at the rear end, the
fire-tubes  communicating at their rear ends

with the chamber 10 and at their forward
ends with the smoke-box 10*. H H are the

feed - water heaters formed of the external

- pipes 15, extending from the forward water-
head to the rear water-head, while the inter-

nal flues 14 pass through the water-heads B in

front and in the rear, so as to communicate at
the front with the smoke-box 10* and at the
rear with a flue leading to the chimney 11.

The annular water-space between the pipes

15 and 14 are closed at theends. In addition
to the two end water-heads we have provided
an additional intermediate water-head B'.

The forward water-head receives the forward

ends of all the tubes with the exception of
the three central bottom tubes 72, which lat-
ter start from the intermediate head B’ and
extend to the rear water-head B. The inter-

mediate water-head surrounds the series of

water-tubes 5 and is attached at its upper end
to the tubes H. It receives on opposite sides

' the additional tubes 70, on the forward side

the tubes 70 and L extending from the front
head and on the rear side the corresponding
tubes extending from the rear head B and
also the three tubes 72 extending from said
head. Return fire - flues pass through the
tubes 70, all through from the forward end to

the rear end, so as to communicate with the

smoke-box 10 at the forward end and with
the fire-chamber 10 at the rear end. The
gases circulate substantially in the manner de-
scribed 1n relation to Figs. 1 to 8. They pass
around the tubes 5 above the grate and in the
space 20 beyond the grate to the chamber 10
1n the rear, thence through the fire-tubes 6 to
the chamber 10* in front, thence partly
through inner tubes 14 of the water-heaters
H and partly through the fire-tubes of the
several tubes 70 to the rear of the boiler, and

finally to the stack 11.

In preference we make the backs of the dif-
ferent pipesillustrated of cast-iron lined with
fire-brick and line the sides with fire-clay
blocks backed with asbestos secured to light
steel plates, the latter being made in sections

and bolted to each other, so that their re-
moval may be conveniently effected. In the

types illustrated in Figs. 1 to 7 the tubes H
are so arranged that they lie close to the main

| distributing-drums I, so as to prevent the up-

ward escape of gases and require less lagging
and also form protection against fire to the
main distributing-drums in case of low water.

- For calcareous districts it is preferable toin-
sert into the water-tubes 5 a perforated tube—
for instance, as 5% in Fig. T—containing a

nest of small tubes 6, made of brassandsoar-

ranged that the entire tube and nest of fire-
tubes may be removed from the tubes 5 and
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immersed in acid-baths for cleaning w1thout |
It Wlll be ob-

disturbing the fire-tube joints.
served that all tubes aresospacedin the heads
as to make a strong job without the necessity

5 of stay-bolts for the flat surtaces, or, in other

words, each tube is made its own stev added-to
theadditional staying effect of the small tubes.

In some cases where there are a great number

of tubesin the headsdifficult of access iror rivet-

10 1ng, particularly in instances where it is nec-

~ essary to remove one tube without disturbing

the remainder, one flange of eech water- hea,d

B 1s turned 1nward as shown in Kig. 7, and

riveted to the Wetel-tnbe 5, and a short plece

15 of tubing 25 of the same dlameter as the tube
5 18 1nser ted from the outer side of the water-

head and secured to the forward flange by
bolts screwed tthUOh the corlespondlncr

flanges. The tube 5 isclosed at the ends by

20 the tube sheets and provided with suitable

openings to permit of circulation.
In Fig. 11 we have shown a modified form

of the wnter—he‘tds and of the arrangement of

the several tubes for stationary boﬂers
25  Owingto the methods of construction here-
in shown and described, all tubes, large and
small, are utilized as st::ws, thus permitting a
| rnnch higher steam- -pressure with the same
factor ot safety allowed in other types of
30 boilers.

In view of the constructlon of the boﬂer"

- herein described there is a more perfect utili-

zatlon ot the products of combustion, and the

boiler has for its bulk and welght a greater
35 steam-producing capacity, and consequently
an efficiency greater than the well-known types
of boilers. Being a combination of a series
of small boilers it 1s practically safe against
explosion andis susceptible of many dlfferent

40 combinations, so that the form best adapted

to local conditions may be obtained.

What we claim as new is—

1. A steam—wenerator comprising means for
consuming fnel a combustion-chamber, a cas-

45.1ng or 1nclos1nc-‘ walls, water-heads loceted at
OppOSItG ends of the oombustlon-chamber wa-

ter-tubes extending through the combnstlon—
chamber and connected W1th the water-heads
~ at opposite ends, front and rear fire-chambers,
so fire-tubes nested within the water-tubes end
~communicating at opposite ends with the rear
and front fire- chambers respectively, one or
more sets of concentric tubes, the annular
space between the tubes forrnlncr a water -space
55 and the Inner tube commnnlcatlnﬂ' with the
front fire-chamber and at its rear with the
chimney, a water-supply at or near the lower
end of the said water-spaces, and a discharge
into the circulation at or near the upper end

60 of the same, substantially as deser tbed.

Q. Asteam generator comprising means for
consuming tuel a combustion- chember a cas-
ing or 1nclosm0' walls, water-heads locsted at
opposite ends ot the combustlon chamber, wa-

05 tel—tubes extending through the connbnstlon—

chamber and connected w1th the water-heads

chamber and connected with the water-heads
at opposite ends, front and rear fire- chambers,
fire-tubes nested within the water-tubes end
communicating at opposite ends with the rear .

and front ﬁre—cha,mbers respectively, one or 7o |

more sets of concentric tubes, the annular
space between the tubes torrnmﬂ' a water-space .
and the inner tube communicating with the

front fire-chamber and at its rear with the

chimney, a water-supply at or near the lower 75
end of the said water-spaces, a. discharge into
the circulation at or near the upper end of

the same, and a distributer communicating

with the smd water-space, substantially as de- .
scribed. 80
3. A steam-generator comprlsmcr means for

consuming tnel a combustion-chamber, a cas-

ing or 1nclosm0' walls, water-heads located at

opposite ends of the combnstlon chamber, wa-
ter-tubes extending through the combustion- 85

| chamber and connected mth the water-heads

at opposite ends, front and rear fire-chambers,
fire-tubes nested within the water-tubes and
communicating at opposite ends with the rear

“and front ﬁre—chambers respectively, one or go

more sets of concentric tubes, the annular
space between the tubes forming a water-space
and the inner tube communicating with the
front fire-chamber and .at its rear with the
chimney,adistributer communicating with the 95
sald water-space, and a dry-steam drum lo-
cated above and communicating W1th the dIS-
trlbuter substantially as desoubed

4, Asteam generator comprising means for

consuming tnel a combustion-chamber, acas- 100

1ing or 1nclos1ncr' walls, water-heads located at

opposite ends of the boiler, water-tubes ex- -
tending between the said end water-heads,
front end rear fire-chambers, fire-tubes nested
within the water-tubes and communicating at
opposite ends with the rear and front fire-

105

chambers respectively, an intermediate wa- -

ter-head partially surrounding the said series
of fire and water tubes, a series of water-

tubes connecting the three heeds fire-flues 110

located within said water-tubes passing from

the front header to the rear header and com-
municating with the front and rear fire-cham-
bers, and a series of bottom tubes and fire-
ﬂues connecting the intermediate water-head
and the rear water-head, and the fire-fluescom-
municating with the rear fire-chamber and

113

with the coxnbnstmn-—chamber substentla,llv

as described.

5. A steam—ﬂ*eneretor comprising meansfor 120

consuming fuel a combustion- chember A, Cas-

INg Or 1nclosm0' walls; water-heads loca,tcd at
Oppos1te ends of the COH]bIlSthIl-Ch‘tmbGI‘ wa-
ter-tubes extending through the combustlon—

128
at opposite ends, front and rear fire-cham-
bers, fire-tubes nested within the water-tubes
and communicating at opposite ends with the
rearand front fire- clnmbers respectively, one

or more sets of concentric tubes, the annul..»n 130
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~ ter-head partially surrounding the said series |

%

space between the tubes forming a water-
space and the inner tube communicating with
the front fire-chamber and at its rear with
the chimney, and a dry-steam tube or drum

located above the concentric tubes and com-.

municating with the water-space of the same,
substantially as described.

6. A steam-generator comprising means for
consuming fuel, a combustion-chamber, a cas-
ing or inclosing walls, water-heads located at
opposite ends of the boiller, water-tubes ex-
tending between the said end water-heads,

front and rear fire-chambers, fire-tubesnested |

within the water-tubes and communicating at
opposite ends with the rear and front fire-
chambers respectively, an intermediate wa-

of fire and water tubes, and permitting the

s s e it L L e e T it e L P - Ce T
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circulation of flame and eases around and be-
tween the combined water and fire tubes, a
series of water - tubes connecting the three

20

heads, and fire-flues located within said water-

tubes passing from the front header to the
rear header and communicating with the front

and rear fire-chambers.
In testimony whereof we have hereunto set

our hands in the presence of two subscribing

witnesses. |
GUILLERMO FARREL.

| B. ETCHEGARAY.

Witnesses for Guillermo Farrel:
Raena H. YUDizKy,
‘A. FABER DU KAUR, Jr.

Witnesses for Benito Etchegaray:
C. C. VIRAMONTES, |
JOSEFA ZAVALA.
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