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JOHN EDWARD THORNYCROFT, OF CHISWICK, ENGLAND.

WATER-TUBE BOILER.

BPECIFICATION forming part of Letters Patent No. 670,976, dated April 2,1901.

Application filed May 23, 1800.

To all whom it may concern:

BeitknownthatI, JOHN EDWARD THORNY-
CROFT, a subject of the Queen of Great Brit-
ain and Ireland, residing at Homefield, Chis-
wick, in the county of Middlesex. England,
have invented Improvementsin Water-Tube
Botlers, of whieh the following is a specifica-
tion.

This invention has reference to water-tube
boilers of the kind wherein water is eaused to
pass through anamberof pairsof water-tubes
that arearranged to extend from front to back
of the boiler over a fire grate or grates, and
the two tubes of each pairare inclined toward
one another, as seen from either side of the
boller, and have their converging ends con-
nected together through a junction-box and
their diverging ends connected at different
levels to one or more water-supply boxes or
headers, so that water can flow upward simul-
taneously through all the pairs of tubes.

One object of the present invention is to en-
able water after flowing through the pairs of
tubes and becoming thereby heated to imme-
diately reénter the tubes without loss of time
and heat, so that it can be quickly converted
into steam and so enable a boiler of the kind
referred to having a high evaporative effi-
clency to be obtained.

Afurtherobjectistoenable the uppersteam
and water vessel to be connected to the upper
part of the water-supply box or chamber in
such a manner as to enable steam to readily
flow from the latter to the former and water
from the former to the latter through connec-
tions so arranged as not to unduly weaken
the said steam and water vessel.

With these and other objects in view the
invention consists in certain improved con-
structions and arrangements of parts of boil-
ers of the kind referred to, as will be herein-
atter fully deseribed, and pointed out in the
laims hereunto appended.

In the accompanying illustrative drawings,
which form part of this specification, Figure
118 a longitudinal section on the line A A of
Hig. 2; and Fig. 2is a part rear elevation and
a part cross-section on the line B B of Fig. 1,
showing a boiler of the kind referred to con-
structed according to this invention and suit-
able for marine use. Fig. 31is a part section
on the line C C of Fig. 1. Fig. 4 is a front

“tubes.

Serial No, 17,640, (No model.

view of one of the pairs of water-tnbes. Fig.

9 1s a sectional plan view showing a-modifica-

tion. Hig. 618 a similar view to Fig. 1, show-
ing a modified construction of boiler suitable
for land use.

land 2arethetwoinclined water-tubes com-
posing each pair of water-tubes extending
from front to rear of the boiler above the fire-
grate 5. The diverging ends 4 and 5 of each
palr ot water-tubes 1 and 2, respectively, are

fixed In a common tube-plate 62, that forms
one wall of a vertically-arranged water-box 6,

the interior of which is common to and is in
free and direct communication with the inte-
riors of all the water-tubes, so that the diverg-

ing ends 4 and 5 of the several tubes are in

directandfreecommunication with each other
through the said water-box. This water-box
inthearrangementshownin Figs. 1to4, inelu-
sive, which show the preferred construction of
boiler, is arranged at the rear of the combus-
tion-chamber, is ¢losed at the bottom, and is di-
rectly connected by anumberof forwardly-ex-

tending tubes 7% to the lower part of acompara-

tively large transversely-arranged cylindrical

.steam and water vessel 8, (hereinafter called

the *‘steam-drum,”) arranged at the front of
the boiler above the converging ends of the

pairsof water-tubesland2. Othertubes7con-

nect the steam and water vessel 8 with the up-
per part of the water-box 6 and convey steam
from the latter to the former. The other or
rear flat wall 6* of the water-box is connected
to the front wall 6* thereof by stays 9, (pref-

erably made tubular,) and is formed with

holes 10, that are arranged opposite the di-
verging ends 4 and 5 of the water-tubes 1 and
2 and are normally closed by suitable remov-
able stoppers 11. The converging ends of
each pair of water-tubes 1 and 2 are connected
by a common junection-box 12, that is also
formed with holes provided with stoppers 13,

arranged opposite the adjacent ends of the
By removing the stoppers 11 and

13 the tubes can be readily examinel and
cleaned. The connected water-tubes 1 and 2

and junetion-boxes 12 arearraunged in a com-
bustion-chamber 14 above the fire-grate 3 (or
grates) and below a chimney or uptake 15, and
are 1nclosed in a suitable casing 16, the front
and back of which are provided, as usual,
- with doors for gaining access to the tube ends.
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By the construction described water can

flow from the water-box 6 to the lower ends

4 of all the pairs of water-tubes 1 and 2 simul-
taneously, and water and steam can flow {rom
the upper ends 5 of the pairs of tubes into
the water-box 6, wherein the steam will rise
to the top of the box and pass by the upper
connecting-tubes 7 to the steam-drum 8, while
the water can at once reénter the lower ends
4 of the water-tubes without the loss of time
and heat that usuallv takes place when such
water has first to pass up to the steam-dram
8 and thence back through an external or
other downtake pipe or pipes to a lower wa-
ter veszel, from which it lows through a num-
ber of vertical headers to the lower ends of
the pairs of water-tubes, as in some earlier
constructions of water-tube boilers of the type
referred to. Water that enters the steam-
drum 8 with the steam through the tubes 7
can return to the water-box 6 through the
lower connecting-tubes 72.- Also by arrang-
ing the steam-dram 8 at the front of the boiler
and the water-box 6 at the baeck thereof, as
described, a comparatively large number of
tubes 7 7* can be used for connecting the
two. Consequently the holes in the lower
part of thesteam-drum can be made compara-
tively small and arranged in a zigzag manner,
s0 that the steam-drum will not be weakened
to such an extent as when the water-box is lo-
cated directly below it and communicates with
its interior through a single row of compara-
tively large holes,as in some tformer construac-

. tions of boilers of the type referred to.

The junction-box 12, connecting the con-
verging ends of each pair of water-tubes 1
and 2, is inclined upward from the part where
the lower tube 11is connected to it to the part
wherethe uppertube2isconnected toit,I'ig. 4,
in order that the said tubes may be.arranged
closer together, as seen in plan, than would
be possible if the junction-box were arranged
horizontally. By this arrangement the inner
walls of the tubesof each pair can be brought
into approximately the same vertical plaue.
Also the holes in the tube-plate 6*, in which
the ends 4 and 5 of the tubes 1 and 2 are fixed,
are for a like purpose and as shown in Fig.
2 correspondingly arranged, so that, as seen
in plan, the tubes 1 and 2 of each pair are
parallel and apparently touching one an-
other, or nearly so. By this means when all
the water-tubes are in place within the com-
bustion-chamber 14 the hot gases will have to
take a zigzag course between the tubes while
passing to the chimney, no vertical spaces

of appreciable width being left between the

tubes through which hot gases can ascend
without being brought into intimate and ef-
fective contact with the tubes. One or more

baffile-plates or devices 17 may be arranged
on or above or between the uppermost water-
tubes to assist the effective distribution of
the hot gases among the tubes.

The water-tubes 1 and 2 are or may advan-
tageously be slightly curved in the direction

|

|
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of theirlength, the curvature being such that
the lower tube 1 of each pailr 18 convex to-
ward the fire and the upper tube 2 of each
pair is concave on the side toward the fire, as
described in the specification of another ap-
plication for Letters Patent filed by me, dated
November 27, 1899, Serial No. 735,316.
this arrangement I obviate the injurious ef-
fects of the nnequal expansion of the tubes
brought about by reason of the lower tube of
each pair being exposed to greater heat than
the npper tube—viz., the tendency as the
temperature rises of the upper tube ot the

pair to be withdrawn from the tube-plate

6* and junection-box 12, to which it 1s con-
nected, the tendency of the lower tube of the
pair to be forced into the said tube-plate and
junction-box, whereby leaky joints are pro-
duced, and the tendeney of the tubes to lifs
the junction-boxes by reason of unequal ex-
pansion of the tubes 1 and 2. The curving
of the tubes also facilitates the escape of
steam therefrom and so minimizes liability
of overheating of the tubes. Iurthermore,
the curving of the tubes also enables their
rear ends to be arranged at right anegles to
the tube-plate 6*, in which they can conse-
quently be readily expanded and secured and
facilitates the withdrawal of the tubes.

The water-box 6 may, as shown in Fkig. 1,
conveniently be formed of two approximately
rectangular dished plates 6* 6°, fixed at a suit-
able distance apart by the stays 9 and secured

by their flanged edges to and within an outer:

or peripheral plate 6¢ of approximately rec-
tangunlar shape in end view. The water-box

is or may be provided with a blow-off cock, so

that all the pairs of water-tubes 1 and 2 can
be simultaneously and quickly emptied of
water when desired.

Instead of a single wide water-box con-
structed and arranged as described and com-
mon to all the pairs of connected water-tubes
two or more narrower water-boxes may 1in
some cases be used, arranged side by side.
This modified construction will be understood
from Fig. 2 if it be assumed that the dotted
line A A shows the division between adjacent
water-boxes.

A water-box 6, such as hereinbefore de-
seribed and having no internal division-
plates, may in some cases, as shown in Fig.
6, be arranged at the front of the boiler be-
low the steam-drum 8, to which it is suitably
connected, as by-two rows of tubes 7° 7°, the
converging ends of the pairs of water-tubes
1 and 2 being then at the rear of the boiler.
This construction of boiler, which in other
respects is like that hereinbefore described
with reference to Figs. 1 to 4, inclusive, 18
more particularly suitable for land and other
nse where it is not desired to use it back to
back with another boiler and where the pairs
of water-tubes can therefore be readily with-
drawn from the back of the boiler.

As will be obvious, various changes in the

construction and arrangement of the boiler

By

70

--.,_'r

—

80

QO

95

103

105

TIO

XI5

120

125

130




-l ¥

10

one of i1ts sides ::.,mmeeted t0

20

25

30

35

40

EO

55

Ho

670,976

may be made without departing from the es-
sential features of the inventicn. The 1n-
vention is not, therefore, to be considered as

limited to the precise constructions deseribed |

and shown, but as embracing all changes and
variations whieh fall within its spirit and
scope. |

What I elaim ig—

1. In a steam-boiler, the combination of a
plarality of independent pail of water-tubes,
the two tubes of each pair being arranged 1n
different wvertical planes and connec ted to-
vether at one end by a Junction-box and hav-
ing their other ends located at different lev-
els, an pwardly-extending water-box having
the ends of T.he
tubes that are at different levels, and an up-
per steam and water vessel connected to said
water-box, substantially as deseribed.

In a steam-boiler, the combination of a
plurality of independent pairs of inclined wa-
ter-tubes, the two tubes of each pair heing in-
clined toward one another and arranged with
their inner walls in approximately tl]e same
vertical plane, and having their converging
ends connected together by a junetion-box, a
water-box closed at the bottom and to one
side of.which the diverging ends of the pairs
of water-tubes are connected at different lev-
els, and an upper steain and water vessel con-
nected to sald water-box, substantially as de-

serihed.

In a steam-boiler, the combination of a
plurality of independent pairs of water-tubes,
the two tubes of each pair being arranged in
different vertical planes, eonnected teﬂ‘ebhel*
at one end by a junction-box and having their
other ends located at different levels, an up-
wardly-extending water-box having one of its
sides connected to the ends of the tubes that
are at different levels and its interior undi-
vided and in direct free and open communi-
cation with the interior of said water-tabes
so that water can flow direct from the outlet
ends of said pairs of tubes to the inlet ends
thereof through said water-box, and an upper
steam and water vessel eonnected to said wa-
ter-box, substantially as described. |

4, In a steam-boiler, the combination of an
npwardly-extending water-box, pairs of op-
positely-inclined water-tubes connected at
oneend to and extending from one side of said
water-box and connected at their other ends
by junection-boxes, and an upper steam and
water vessel connected to said water-box and
located above said junction-boxes, substan-
tiallyv as described.

5. In a steam-boiler, the combination of an
upwardly-extending water-box arranged at
the rear of the boiler, a plurality of pairs of
oppositely - inclined water-tubes extending
from front to back of the boiler and lmvnw
their diverging ends connected at dift orent
levels to ’Lhe fwnb wall of said water-box and
their converging ends connected together by

]

ter vessel connected to the upper part of said

water-box, snbstantially as described.

6. Tn a steamn- boiler, the combination of a
plurality of pairs of water-taobes, one of the.

70

tubes of each pair being inelined upward and

the other downward, the tubes of each pair
having their axes in parallel vertical planes

L and arranged to ¢rossand be arranged in close

proximity to the tubes of laterally-adjacent
pairs of tubes, means for supplying water to
the lower E’I’I{lh of said pairs of tubes, and an
upper steam and warer dram 1n communica-
tion with the npper ends of said water-tubes,
substantially as described.

7. In asteam-boiter, the combination of one
or more water-boxes, water-tubes fixed to and

extending from one side of said water box or

boxes, said tubes being arranged in vertical
rows with the axes of the tubes in each row
in the same vertical plane, the tubes in each
alternate row being inclined upward and
those in the intermediate rows downward,
and the tubes in each row crossing and being
arranged in close proximity to the tubes in
adjacent rows, junction-boxes each connect-
ing the adjacent converging ends of two tubes
together so as to form a connected pair of
tubes, and an upper steam and water vessel

connected to said water-box, substantially as

described.

8. In a steam-boiler, the combination of a
plurality of pairs of watet tubes, the tubes of
each palr being ineclined to each other and
connected together at their converging ends
and each curved in the direction of its length,
a water-box having a free and undivided in-
terior so that the diverging ends of all the
pairs of tobes connected to smd box are in di-
rect and free communication with each other
through said water-box, and an apper steam
and water vessel connected to said box.

9. A steam - boiler comprising a farnace-

chamber, an upwardly-extending water-box
arranged at the rear of the boiler, a plurality
of pairs of oppositely-inclined water-tubes
connected at thelir diverging ends to the front
wall of said water-box and extending over the
fire-box toward the front of said boiler, the
two tubes of each pair being arranged in dif-
ferent vertical planes and connected together
at thelir converging ends by junection-boxes,
an upper steam and water vessel connected
to sald water-box, an uptake located above
sald water-tubes, and a casing inclosing said
water-tubes, substantially as deseribed.

10. A steam-boiler comprising a furnace-.

chamber, an upwardly-extending water-box
arranged at the rear of the boiler, a plurality
of pairs of oppositely-inclined water-tubes
connected at their diverging ends to the front
wall of said water-box, extending over the
fire-box toward the front of said boiler and
connected together at their converging ends
by junction-boxes, an upper steam and water
vessel arranged transversely at the front of

junction-poxes, aud an upper stea,m and wa- i the boiler, a plumhty of tubes located above

So
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said water-tubes and connecting the upper
part of said water-box to said steam and wa-
ter vessel, an uptake located above said wa-
ter and connecting tubes, and a casing In-

closing said water- mbes subs’mmtmlly as de-

hGl"lbed

11. A steam- boﬂer comprising a plarality
of pairs of water-tubes extending from front
to back of the boiller and arran ﬂ'ed one above
the other in laterally- adjacent vertical rows,
the tubes of each pair being inclined to each
other and to the horizontal and having their
axes in parallel vertical planes, a water-box
closed at the bottom, located at the rear of

the boiler and to the front side of which the

diverging ends of said water-tubes are fixed,
junction - boxes connecting the converging
ends of said pairs of tubes and arranged one
above the other in vertical rows at the front
of the boiler and each inclined to the planes
containing the axes of the tubes, an upper
transver sely-armn@ed steam and water ves-
sel located at the front of the boiler and con-

 nected to the npper portion of said water-box,

a furnace-chamber arranged below said wa-
ter-tubes, a casing surrounding said water-
tubes, and a chimneyor uptake located above
said water-tubes, substantially as described.

[

12. A steam-boiler comprising a flat-sided
and stayed vertical water-box located at the

‘rear of the boiler and having a free nndivided

interior, the rear wall of said water-box be-
ing formed with holes normally closed by re-
movable stoppers, pairs of oppositely inclined
and curved water-tubes 1 and 2 having their
diverging ends fixed to the front side of said
water-box and arranged in ditfferent vertical
planes, in¢lined ulnetlon -boxes with remov-
able stoppers connecting the converging ends
of said water - tubes, an upper fransverse
steam and water vessel located at the front of
said boiler, rows of tubes arranged above the
pairs of water-tubes and connecting the lower
portion of said steam and water vessel to the
upper portion of said water-box, a furnace-
chamber located below said water-tubes, a
chimmney located above the waterand connect-
ing tubes, and a casing inclosing said water-

'tuhes, substantially as deser ibed.

Siened at 77 Cornhill, in the city of Lon-
don, Ennland this 7th da,) of May, 1900.
JOHN BDWARD THORNYCROIT.

Wibtnesses:
EDMUND S. SNEWIN,
WM. O. BROWN,
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