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Lo all whom T may cortcerr -
Be it known that I, Grorcr ByeLYN Harr,

* ofthecity, county, and State of New York, have

1o

fnvented a tiew and Improved Means for Pre-
venting Boiler-Explosions, of which the fol-
lowing is a specification, reference heing had
to tlte seccompanying drawings, furming a part
thereof. _ ' S

Whenthetemperature of any liguid is raiscd
to a certain point, it boils 6r passes off in a
state of vapor, and the temperature of the lig-

- uid remains constant until the whole is va-
" porized. This temperapure varies with the

eharacter of the liyuid, and also with the

15 pressure of thie atmosphere, or,-as in steam-

20

boilers or other closed vessels,with the press-
ure of the'vapor on the surface of the liguid.

mosphere boils at 212° Fahrenheit.  Tndara
pressure of sixty pounds to the square iuch; @
temperature’ of 307° Fahrenheit is required

_to make it boil; under one hundred- and

T
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twenty pounds, 350° Fahrenheit, ‘and so ‘on
¥ " 3 N b H

-Water under the normal pressure of the at-

every increase of pressure réguiring 9 conse- -

quent inerease of temperature to mamtain the
boiling-point. It is a well-known fact thatif
the pressure on the surfaceof ahighly-heated
liquid—such as water confained in a steam-

Dboiler or other closed vessel—is from any eauge’

removed the water will ‘no longer remain in
the form of witer, but-all or. a large propor-

tion of it will’ be instantly converted into

steam. The expansive or acting force of the-
steam so produced will depénd, npon the ol-

wme of water present, its temperafure, and
the amount of pressure which has been re-

moved. - Very many conditions oceur in prac-.

tice which act to lessen or decrease the press-
ure acting on the surface-of the water in the
boiler. The most eommon way. is by opening

“the throttle or safety valve und allowing the

steam to pass off freely. = Now, if the flow of,

steam which is moving with great velocity De
suddenly stopped by elosing cither the throt-
tle or the safety valve, a very powerful baek:
thrust or percussion is transmittéd through

and by the steam upon the body of the steany

within the boilef, tending to compress it, nob
upon the surface of the water, but upon it-
self, and thereby removing the pressure from
the surface of the-water. ~“As a result, the su-
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great violénee. At such a moment the water
is unusually disturbed, which also facilitates
the disengagement of-additional steam.  The
great volume of steam thus set at liberty acts
with a force entirely beyond that which the
“boiler is caleulated to withstand, and as a
consequence & terrific explosion ensues. The
result would be the samé whether the press-
ure upon the superheated water had been re-
moved by exhaustion or condensation of the
steam. 'Thus, if alarge body of cold water be
- delivered into a boiler when the engine which
reeeives its steam from the boiler is ab rest,
or if the engine be stopped immediately after
$he boiler has Dbeen filled and then suddenly
started, the concussive action of the ‘steam
aboveé described and the agitated or violent
motion of the water within the boiler will sud-

steam-space and steami a large quantity of
 water considerably below the temperatare of-

densation will as suddenly take place, eans-
ing an explosion in the mauner already.ex-
plained, "In case of extremely low water, or
- by reason of in unusual motion oftheboiler—as
Dby the pitching of aship—if old water bé in-
jected into the steam-space, a like condensa-
tion of the'steam will ocenr, producing asimi-
Jar result. When the boiler is steaming to
its foll capacity, the heat applied to the outer’
sarfice of the shell or to the inner surface of
the several flués or tubes, or,in general,to the

.generates steam so rapidly along.those sur-
faces and .causes it to rise in such torrents
throngh ‘the water above that the presence of
‘bubbles of steam and the active motion there-
of lifts the water above its ordinary level, and
if the throttle-opening is large the water will
rise in a conc-shaped mass under that open-
ing, and is often carried to the eylinder of a’
| steam-cngine, giving what is known as ‘‘ wet
steam,’? . S . ‘
_ The majority of boilers, when doing their
best, will throw up particles of water into the

accompanies a disengagement of steam. Any
sudden diminution in the pressure on thesar-
face of the water results in a generation of

-denly bring to the surface and project into the

the water previously in the boiler, and con-

heated surface and transmitted to the water, -

perheated water will burst into steam with .
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stean-space in the violent ebulition which -
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-steam not only along the several heating-sar-
faces, but also throughout its mass, wlich
tends to increase the percussive effect of the

* great mass of steam and water thus’ thrown

5 violently against the interior of the shell, the
force of which is sufficient to produce a rup-
ture~and the consequent explosion. When
working under ordinary conditions, the inte-
rior of the shell is subject to a constant ham-

10 ‘mering actidn, which occurs. by the flactua-

- tions in pressure,due to the intermittent relief
of pressure by induction. of steam into.the cyl-
inder of the steam-engine. - Atthe commence-

-ment of each stroke the steam-valveisopened,

15 and the steam flows.from the boiler by an ap-
. :prapriate pipe into the cylinder of theengine.
- ‘When the stroke is partially completed, the

_valve closes; and no more steam is ysed daring

the balance: of the stroke. - Thus the pressure

20 -in the steam-spaee of the boiler is alternately

- - ~lowered-and raised, and is accompanied by a

similar raising and. lowering of the mass of

_ water. :The percussive action thus described

. tends to strain and weaken ‘the shell of the

25 boiler, often giving rise to cracks, seams, and
"~ leakage. - . S .

My invention,which is based upon thetheory

above set forth, relates and has for its object

 to prevent. the sudden changes in the pressure
go to which the water in the boiler is subjected
under the various exigencies of practice, and

- thus prevents. steam-boiler explosions.
. It consists of certain details of construstion,
as hereinafter more fully set forth, by which
35 One or more barriers of metal or other'suitable
' matérialareinterposed in the path of thesteany
in its- passage from the surface of the water to
thie s{eam-space, or from the steam-spaceto the
*. point where it is to be applied, each barrier

40 having a large number of openings or,perfora-

tions of sufficient aggregate area td allow the
“steam to flow-into the steam-space or from the
boiler with the requisite freedom, and so ar-
ranged as t¢ check the back-thrust or percus-

45 sion of the stean,and thus preventfluctuations

in the pressure acting on the surface of the wa-

- terinthe boiler. . .By, means of the large num-
‘ber of perforations or openings in the inter-

- posed barriers the force is-distributed.or
s0. broken.up, and the steam included between
the barriers acts in the manner of steam-cush-
ions. The position of the barriers, which are
preferably so designed that thesum of the areas

shall be equal to or slightly greater than the

55 area of the pipeor combined areas of pipes by
which the steam leavesthe boiler, is prefera-
Dly arfanged in'sucha manner that thereshall

_ be considerablesteam-space between each, and

" . thusthe back-thrust-or percussiveforce, which

6o in ordinary boilers acts with such tremendous
force, is, by means of the interposed barriers,

* gradually weakened from. one to the other, so.

that before reaching the surface of the water

.~ in.the boiler the percussiveor compressing ef-
65 fect will be entirely destroyed. Thisarrange-
-ment will eliminate manyof the objections, as

' previously described, the action of the jets

patt of thisspecification, similarietters of ref-

above deseribed, and which'tend to produce
uneven and varying pressures in the boiler,
and at the saine time the construction adopited
allows the ordinary arrangement and action
of the safety-valve subject to the maximum
pressure. :

My invention also relates to the'means en-
ployed for insuring that the feed-water sup-
plied to the boiler shall be always delivered at
its lower portion and out of possible contact
with the steam-spaces and steany; and it con-
sists in providing a longitudinally-arranged .
pipe or pipes bent upon itself or themselves,
to form. parallel arms, one of which arms. is
perforated with alarge number of small holes,
or is provided with alarge number of jet-pipes
arranged in or along the under surface of the

75
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parallel arm, the distribution of the holes. or
‘jets being such that the larger number are lo- 85

cated immediately over that portion of the bot-
tom plates of the boiler which are immedi-
ately over or which act as the roof of the fire-
box. By this means I am enabled; first, to

partially heat the feed-water by its.passage go

_through the non:perforated arm, and to insure

auniform distribution throughout the water
in the boiler, and thus render the presence of
any large body of eold water in‘the boiler im-.
possible. This arrangement also enables me,
to keep the lower surface of the boiler. free
from deposits or incrastations. which usnally
form thereon, and are compacted by the eon-
sequent hammering or percussive action, as

95

100
of watet being to wash the lower surface of the
boiler, and tostir up and distribute any earthy
deposits which may form thereon. Italso acts
to increase the -circulation of the water, and
the earthy matter will either be kept in solu-
tion or depositetl by the upward flow of the
water-and steam on the sides or upper part
of the shell, whers it can do no harnm.

I -the accompanying drawings, forming a

105

110
erence indicate like parts, in which—.. ’
.. Figure 1 is a central longitudinal section.
Fig. 2 is a cross-section on the linex x of Fig.
1. Fig. 8 is a-view, partially. in horizontal
section, of the tube for supplying the fecd-
water. ~ ' - N _—
.In the drawings are shown one form or-em-
bodiment of my.invention, in-which A repre-
sents a steam-boiler, which niay be of any ap--

115

proved design, and provided with fice-fles B 12c

B. C CC aré tubes ov-pipes arranged paral- -
lel to each efher, and provided with openings
or perforations: D, which may be of any num-
ber, and are preferably so arranged and de-

signed that the aggregate area of the openings 125

shall be equal to or slightly greater than the
area of the pipe or opening through which the .

"steam is conveyed from the boiler. The tubes

C are each closed’at-one end, the said closed -

- end resting upon proper supports, bolted or 130

otherwise attached to.the end of the boiler.
The tibes are in no wise attachéd to said sup-
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. and is marked 3.

W

o

jet-arifices,
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port, merely resting thereon, so as to allow a
certain longitudinal motion, due to their ex-
p;msi(m and conlraction.

sieh tube is connected to a hellow casting, 19,
or multiple elbow attached to the upper shell
of the beiler, and which conneets by a cirenlar
opening made in the shell with a tube- shaped

iuner dram, ¥, arranged on the top thercof|

the said drum being provided with the open-

-ings or perforations G, as shown in the dx.m -

ings.

l[ is the dome, to one side of whieh' is at-
tached the exit or steam pipe I, correspound-
ing in its internal diameter to the orifice made
in the side of the dome.
~J J are the barrier-plates, having the perfo-
rations K therein, and inferposed between the
doneand the exit-pipe, and arranged between
the lengths of the exit-pipe at previously -de-
termined distancees.

1. is the feed-pipe, formed of the two tubes
M M, arianged longitudinally along the lower
portion of the boiler and parallel fo each oth-
er, and joined together at one end to form a
continuous sinuous passage. The tube M is
attached to the end of the boiler, so as to be
brought in contact with the pipe from the
sourceof water-supply. The point where the
tubes are joined together is adapted to rest
upon any suitable suppmt thus allowing for
the expansion and contraction.  The pdld“(l
tube M, by which the water is distributed, is
provided with a large number of openings or
N, on 1t.s lower surface, and so
arfanged to <hst1 ibute the streams of 'water
upon tln, lower surfaceof the boiler. I prefer
to loeate the greatest number of openings or
orifiees over tlmt portion of the boiler nnder
which the fire-box is loeated, and the number
and size of said openings of orifices should be
such that the sumof theirareas shall be egnal
or greater than the area of the passage
through which the water is conveyed to the
boiler.

The steam-space in the upper portion of the

boiler constitutes what I term a “* fivst?? clmnr

ber. and is'marked 1.

The combined space in the interior of the
tubes ¢, casting I, and inner dome, I¥, con-
stitute what I call a *“second” or “pipe”’

~chainber, and is m‘ul\ed 2.

The space between the domex F and I con-
stitute the third chamber or dome-chamber,
This latter may communi-

cate directly with the steam-valve of an en-
ome‘
pressure due to the intermittent consumption
of the steam;.or T may interpose the barrier-
plates J, which, if used,constitute independent
st.eam-spaces betwoeu each pairof plates. As
such barrier-plates are not essential to the in-
vention, T will dese 1’11)0 the 111\'ent10n wnhout
them.

The .operation of my device is as follows:
Steam @s, generated {rom the surface of the
waterf' in. thc boiler is colleeted from thvstmm-

The other end of

and be subject to all the tluctuations of

space and passes through the perforations 1D
in the tubes or pipes G, and is conveyed there-
by to the inner dome, passing thence through
the openings or perforations G, formed in the
sides thereof, and into the cavity of the dome

H, and from the deme throughasuitable pipe,

inwhich per forated barrier- platv\ may ormay
not be used, to the steam enging or apparatus
where the same is to be utilized. Strong pul-
sations or alterations of pressure occurring in
the outer dome-chamber, owing to canses as
previously deseribed, resnlt in drawing steam
with fluetuating foree, which depends upon
the amount of steam drawn from the dome-
chamber through the perforations i in the
inner deme; but the expansion in the pipe-
chamber of the steam contained therein re
duces the violence of the pulsations or fluctu-
ations in the pressure.  These reduced tluctu-
ations in pressure aretransmitted throngh the
pertforatious D into the steam-chamber of the
boiler proper. -, These suceessive  transmis-
sions reduce the concussive effect, so as to be

practically inappreciable to the boiler, or, if

at all appreciable, act to reduce the pressure
to such a small extent that the consequent
generation of steam will not be sufticient in
‘unonnt to act with destruetive effeet.  Thus
the Doiler generates its steam under an ap-
pr()\lnmte]y steady pressure.

It will thus be seen that the steam 15 pre-
vented from rushing in a solid body info the
dome-space, and also that impulses transmit-
ted from the interior of the boiler have their
foree broken and distributed by the inter-
posed perforated barriers and the eushioning
of the steam upon itself, and likewise the foree

_eonecussive or otherwise acting from the dome-

v

chamber inward has its force similarly dis-
tributed and broken. The functions of the
barriers are then, first, to prevent any imme-
diate or violent generation of steam when the
pressure is suddenly removed from the sur-
tace of the highly-heated w ater in the boiler,
and yet' w hile so acting to allow the steam to
flow freely under ordinary conditions of press-
ure to supply the demand made upon the
boiler; and, secondly, to break and distribute
the percussive action from without imward,
caused by the intermittent action of the pis-

" ton or the sudden closing of the engine-valve

supplied by the boiler, or by the sudden ¢los-

ing ofa safety-valve attached to the boiler it-

self, the steam in the chambers indicated act-
ing as steam-cushious to arrest the percussive
force before it reaches the surface of the water,

I attach considerable importance to the first
barrier being in the forms of pipes or tubes G,
which present a large extent of surface, in

described, without obstructing the ordinary
aceess to the boiler for cleaning, repairs, &e.,
and without interfering in any degree with
the action of the safety-valve.

In putting my invention into practice I do
not limit myself to any particular construe-
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‘which the perforations I ean be formed, as.
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tion of boiler, nor to any particular number.or-
-size of the barrier-plates, nor to the number of |-

bdrrlers which I may interpose.
- Modifications may be made in the forms and

"proportions, provided, “however, that in mak-

ing ‘any changes or modlﬁc(mtlons the - sum
e perforations made in any of
the bar rlelsslnll be equal to or slightly greater
than the-4area of the pipe or combined areas
of pipes or area of safety-valve conveying the
stéam from the boiler.

I adding my invention to old b01lers hav-.

ing a dome it is only necessary to remove the
dome and to introduce the parts, as deseribed,
make the connections, and replace the dome,
no alterations being reqnued to the bmler it-

- gelf,

25

~

I do.not limit myself fo the use of the bar-

rier-plates J, interposed between lengths of

the steam-pipe, which act as a condult from
the boiler, in combination with the other por-
tions of the device, as described. Said bar-
riers may be used a,lone and can be applied to
any pipe or anystyle 6f boiler. In case, how-
éver, said perforated barrier-plates are used
alone, I.consider it preferable to indérease thc
size of the steam-pipe.

Many modifieations of the devnce carrbe em- -

» ployed, dependmg upon -the different condi-

30

tions ar ising in praectice.
To the means, as herein. deseribed, for in-

. .)Lctm‘r ‘the feed-water I make no ¢laim inthe

40

present application, as the same is fully shown,
dese Hlbed and clai med intheapplication made
by mquest of the Patent Office asa division of

.- the; presenb qpplwatnou, and-filed by me June

21, 1884." :

N o claim is made in this application to the
method herein set forth of preventing explo-
sions in steam-boilers, as it may form the sub--
Jjeet-matter of a separate application.

I claim as my invention—
1. A steam-boiler having two or more bar-
riers dividing the water-space from the dome- -

space,and oneor morebarriersarranged with- 4 4

in the pipe leading from the dome-space to -

‘the cylinder of a steam-engine, the sum of the

areas of the openings in any of the said bar-
riers being equal to or grc.ttel than- the open-
ing through which the steam is led from the

‘boiler by the safety-valve orifice, or from the

dome:space to the cylinder, substantlally as
déscribed.

- 2, 'The cmnbm'lt;lon w1th a steam- boﬂer, of
two or more perfor ated tubes arranged in-the-

51
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upper part of said -boiler and -suitably con-

nected to a second ‘perforated chamber with-

in the steam-dome,substantially as described.

3. In asteam-boiler, the combination of two

‘or more perforated tubes arranged in the up-

‘per part of said -boiler, a second .perforated

chauiber within the steam-dome, and the feed-

-water pipe or pipes located and perfomted

Sﬂbst-mtmlly as deseribed.

6:

.- The combination, with-a steam- bmler, of (,.
At\\o or more perfora,ted tubes arrangedin the -

upper part of said boiler, a second perfomt;gd
chamber within the steam-dome, a pipe or
pipes for conveying the steam from the boiler,
and perforated barrier-plates within the con-

| veying pipe-or pipes, all arranged to oper: ate

substantially as described. .

5. The shéll A, dome H, and -casting C, in -
combmatnon w1th each other and witha perfo-
rated inner dome, F, and. perforated barrier-
‘pipes C, arranged to opera,tc snbst.mtml]y as

and for t;he purpose set forth. -

GEO. EVELYN HALL

‘Witnesses: ' - -
Gro. H. LEN.IAMIN,
. . A. B. SEXTON.
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