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‘horizontal manifolds, the spaces between
- these latter are closed, excepting for a short
distance at their ends. |
either by special saddle-shaped bueks placed
manifolds inclosing
the spaces between them or by so spaemw
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To all whom zzﬁ 7’3”&0&}/ ConCer:
Be it known that I, FRANK GEORGE IIAMP

SON, a subject of the King of England, and a
.IGSIdth of Clapham, county of Surrey, Eng-
land, have invented certain new and useful |
Improvements in or Relating to Water Tube
Boilers, (for which I have. made application
for Lettms Patentin Great Britain,under No.

9,497, dated February 18, 1901 )of Whl(?h the

followmw is & speclﬁeatum

- This invention relates to steam-o*enembors'
of the water-tube type and eomposed of any.;
~desired number of elements inclosed in a:
suitable casmg, with doors and other fittings.
and accessories, such as may be uecessary |

Each element comprises at top and bottom

and also at one or more points between the
top and bottom a series of horlzonml or in-
“All the bottom
manifolds are preferably conneeted at. one
end with the feed-water collector or supply.
and the top manifolds with the steam-drum,
which in some cases may also be the feed--
Preferably each horlzontal_
_mamfold has its own connecting box or cham- |
ber opening into the steam-drum and secured
- thereto by two bolts or screws, so that upon |
‘removing these and similar serews connect-
ing the eonneetmmchamber of the bottom
-mamfold with the feed water tube the whole
~ element may be bodily removed from the
- boiler or casing for examination or repair.
‘The furnace is placed underneath the bottom
row of horizontal manifolds, thé products of
combustion proceeding first to the back end |
previ-
ously-mentioned manifolds, then back to the
front underneath the mterm ediate horizontal
-manifolds, then passing up between these
latter manifolds proceed again to the back,
where they escape to the chlmney, the num-
- ber of turns depending upon the number of |

clined tubes or manifolds.

water collector.

of the furnace, then up between the

intermediate houzont&l manifolds. Inorder

to prevent the hot gases from escaping up-

ward or direet to the chimney between the

between the horizontal

- the horizontal mamfolds that they a,pplom-

with fire-clay or the like.
‘folds are arranged to touch each other thelr

‘| their ends.

-‘Fhis may be effected

ol mately touch each other a,ny 1n81frmﬁcant

, 1f desir ed closed

space. between them being |
When the mani-- 55

ends are 1educed in diameteror ﬂa,tteued S0

‘as to provide the necessary space between

them for the passage of the.gases. In some

‘cases this may be effected by shortemnﬂ' the- 60

manifolds and.allowing the gases to pass over
The horlzontal ‘manifolds are
connected bv small-diameter water- tubes ex- | DRI
tending upward to the next horizontal tube. =~
These vertical manifolds are preferably ar- 65
ranged in pairs lying in the same transverse
ver twa,l plane, but twisted so as to cross each
other several times, Whereby
-increased.
the horizontal manifolds.

their length is
These Small ma,mfold% all enter

desired, the sides of the boiler are eomposed
of walls formed of these small water- tubes
connected with the rest of the boﬂer in any

convenient manner, . -
Any convenient armnmement of headers 75

downcomer-tubes, - mud- (,ollectors, &c,; may

be used elther mSIde or. 0u1351de the bmler-.

casing.
In some cases mstead of nmhmw the small

water-tubes in serpentine form I may make 80

them approximately straight, bending their -
ends slightly where they enter the horlzonta,l

‘manifolds, the small tubes running parallel to-
“each other or arranged so as to appear to cross -
| .each other wheu an element is v1ewed m end 85

elevation. -
‘For the pur pose of dlStI‘Ibl]tl[l“‘ the ﬂa,ses I

may mounton the tubes by shrmkmn‘or other- - i
wise a series of circular plates of suitable - |
I may also dispose the elementso that o
the horizontal manifolds may be vertical and

metal.,

the Vextleal small tubes be horlzontal 01 at

any angle. e
Refelrmn'to the drawmws qurellsasee-’ -- .
tional side eleva,tlon and Flo' 2 an end eleva- 95
tion, partly in seetwn of a .ﬂ‘enelatm con~

str ucted according to mny. invention. Fw 8ix

is an end elevatmn and Fig. 4 a s1de elev&- R

tion, of a 1110d1ﬁed eonstl uctwn of horlzontal
ma,nlfoldb
Figs. 8,

tor, 9, and 10 are dla,n'lammatlc

views of mochﬁed constructions of the pipe -
J. eonnectwns for each element

Tl“‘ 11 shows

The back and, if 70

‘Figs. 5, 6, and 7 show modified mo
"construetlons of the membels of the genera-
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" the products of combustion.

6o

"H may be equally supplied with water,

a modified construct'ion of manifolds.
12 is a longitudinal section of a modified form

of feed-water pipe or drum.

A represents the top horizontal manifolds,
B the bottom horizontal manifolds, and C the
intermediate horizontal manifolds.

The tubes forming the boiler are inclosed
in a casing D, and each tube of the top row
or series is provided with a separate connect-
ing box or chamber A, by means of which
they communicate with the steam-drum E.
The connecting-boxes are shown fixed to the
steam-drum by means of bolts E', but they
may be fixed theretoin any appropriate man-
ner. 'The feed-water pipe F is disposed be-

‘neath the bottom series or row of manifolds 3,

each of which manifolds communicates with
the feed-pipe through a separate connecting
box or chamber B', attached to the feed-pipe
by bolts F' or otherwise. -
The spaces between the adjacent manifolds
A, B, or C are closed by fire-bricks G or other
material, excepting for a short distance.at the
inner end of the manifolds A and B and at
the outer end of the manifolds C, where short
spaces A? B2 C/, respectively, are left to.allow
the products of combustion to pass up. be-

tween the manifolds at these parts, or, ag
shown at Figs. 3 and 4, the ends of the mani-
folds may be flattened, as at C?, so as to leave.
spaces for the products of combustion to pass:

up, between them. I may also, ag shown in

Fig. 11, form the horizontal manifolds A, 15,
or C with flattened portions or portions of de-
creagsed diameter AX B* C* at one or more,
points intermediate of their ends to allow
part of the heating-gases or products of com-
bustion, to pass up between them at these.

points.

N

nected to the manifolds C and their lower

ends to the manifolds B in any appropriate.
‘manner. A similar series‘of water-tubes Lis.

connected to the manifolds Cand A to allow
the water from the manifolds C to pass into
the manifolds A. The water in passing from,

he manifolds I3 to the manifolds C nd A
through the tubes Hand I becomes converted;
into steam, which passes from the manifolds
A to the steam-drum E. Asshown in Fig. 2,

the water-tubes FHLand I are arranged in pairs |

and cross each other at various points in such,
a manneras to leava spaces between them for

In order to insure that all the V_er_i ical pipes
_ T ar-
range, as shown in Fig. 12, in the horizontal
pipes B internal feed-water

openings or perforations so. arranged that

they deliver the feed-water to the sald verti-
cal pipes at points in the length of the pipes

A corresponding to the vertical pipes.

Additional heating-surface is provided in
the generator by means of water-tubes J J '

Fig. | J?, arranged at the

The water enters the manifolds I from the
feed-water pipe I and passes up into the
manifolds C by means of a series of water-
tubes H, the upper ends of which are con-

pipes b, having.

695,641

| sides and back of the
aforesaid elements. The feed - water from
the source of supply enters at the lower ends
of the tubes J at one side of the generator by
| afeed-pipe J%, and after passing through these
‘tubes enters the tubes J' at the inner end of
the generator through the pipe J * thereafter
passing into the tubes J* at the other side of
‘the generator. From the pipes J * the watev
| is conveyed by means of pipes J° J° to the
drum E. The water next passesfromthe drum
"E by the pipes K to the feed-pipe I, which
communicates with the manifolds I, as afore-
said. |
In the modified arrangement illustrated in
Fig. 8 the connecting-box A’ of each element
is bolted, as at A% to the lower part of the
steam -dram. A pipe A communicating
‘'with the box A
‘distance into the steam-drum and 1s divided
‘vertically into two chambers A% AS by a dia-
‘phragm A7, which also divides the tube Ainto
‘manifold parts. The steam passes from the
‘manifold A through the chamber A’ and- en-
ters the upper part of the steam-drum, and
‘any water of condensation falls tothe bottom
of the drum and is carrled away 10 the hori-
‘zontal manifolds along with the feed-water
through the chamber A°, which is partly cut

mlnl—

A’, extends for a considerable

7€

75

30

QO

95

‘away or provided with an opening where 1t

| enters the drum. In this arrangement the
I pipes I are dispensed with and the feed 18
‘conveved to the horizontal manifold I3 or C

by such of the vertical manifolds as are in

‘communication with the steam-drum through -

'the chamber A°. The manifold A is divided
longitudinally by a diaphragm or partition
' A8, which extends from the diaphragm A"
to within a short distance of the opposite

‘end of the manifold A, thereby preventing .

‘steam from entering the drum straight from
‘the tubes I and causing it to circulate in
‘the manner indicated by the arrows on the
i drawings, or, as illustrated in Fig. 9, I may

IO00

105

110

‘dispense with the diaphragm A7and employ -

'the pipe A!entirely for admitting the steam
'to the drum. In this casel convey the feed-
‘water and water of condensation from the
Jower part of the drum to the manifold B of
‘each element by meansof pipes K', or I may
connect the pipes K’ to the feed-pipe If, in
‘which case one pipe K' may be sufficient for
' the entire coenerator.

Instead of disposing the steam-drum near

115

12C

.one end of the horizontal manifolds, as above- .

‘described, I may, as shown in Fig. 10, arrange
‘the drum at or near the middle of the hori-
zontal manifolds and suspend each element
‘from the drum in any convenient manner.

125

‘In order to cause an equal distribution of the

feed-water to the elements, I arrange at each
side of the pipe A! tubes I?, which commu-
‘nicate with the lower part of the drum and
extend along the manifold A in both direc-

tions, so as to deliver the feed-water at each

end of the manifold A. The water is then

| led to the lower part of the element by the

130
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T _"'_.--Jplodncts of combustion more equally, I at-
~ tach tothe tubes in any approprmte manner !
- a series of deflecting or bm

| shnwn in Fig. 7.

A R Yemmaw -Tr b- . T
. - o ..

1O
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25
~ mneeted in any convenient manner to each of:
"Mud-collectors M are attached
- to the lower-ends of the tubes K and are pro-?
~ vided with blow-off cocks M'. - |

0O is a baffle-plate disposed in the uppetg_ --
 part of the steam-drum to prevent the steam:
~‘escaping from the drum straight from the
| pipes and causing 1t to cwenlate, as shownf-.
by the arrow. 3'
‘Pisa Wa,ter-n'aﬂe for 1ndleet1nﬂ* the Wa,ter- |
Jevel in the elements when the boiler | is work-
~ ing, so that there is no body of water in the
~ gteam-drum, but when the generator is so
. working that there is a body ef water in the
drum, as shown in the drawings, the level ef-:
‘the water is indicated by the gage Q. |
"~ Instead of arranging the Water—tubes G and
- Hin serpentine’ form as shown in Figs. 'L
~and 2, they may be a.rranfred appmmmately

“ strelﬂ'ht and have their ends (see Fig. 5) bent
| '_-_'_where they are connected to'the hormental
- manifolds, or these tubes may be arranged
- in planes 1nte1 SE‘GtIHU‘ eaeh othel as shown.'.
in Fig. 6. |

~ theelements.

30
- 35

“4o

| T3
- for steam-generating; but I wish 1t to be un-

~ . derstood’ that I do not limit myself to the use -
. of the removable element to suech, as it will.

~ ‘beobviousthat they may be employ ed as feed-
water heaters, steam- snperheetel s, evapora-
‘tors, and ‘economizers, and I do not wigh to
limit myself to the precise details of arrange-

895,641

vertical tubes I and H at each end of the ele-— -
-~ ment and the steam generated in the element ;|
- passes up the central tubes and enters the

drum by the pipe A%, as in the pl evwne ar-

rangement.
products OE combnstlon or heatmﬂ'-;
cases are directed against the under side of:
- the bottom series of manifolds by the fire-:
‘bridge L, as shown by the arrows in KFig. 1.
At the inner end of these manifolds the gases:
pass up through the spaces 13° and are led to
| the front of the boiler between the rows of.
- manifolds Band C. Passing up through the
spaces C' between the menlfolcls Cthey travelg
between the rows of manifolds B and A to.
" the inner ends of the latter manifolds and up
~ through the spaces A’ between the manifolds
- to the chimney D'.
 The front of the casing D is closed by a
hlnn'ed door D?, which is lal ae enough to per-:
mit any of the elements or members of the’
oenerator to be disconnected and removed
| flOI]I the eaemfr fm examma,tlon or ether pu r-'-

The

poses.. |
Downeomer-tubes ma.y, 1f deswed be con-

In erdel te dlstubute the heatlng geses or

le plates N as

1 have descrlbed my 1nvent10n as emplo;s ed

- ment, censtr‘netmn ‘and connections of the

.parte, as these may be modified mthout cle-

partmﬂ‘ from my invention.

“What I claim as my invention, ‘mcl rles'ue_l'_

" to secure by Lettele Patent 13—--—-'

I

a8

- L. Ina steem-ﬂ*eneretor the eomblnetlen of
a series of removeble elements comprising up-

per lower and intermediate manifolds con-
| nected together by vertical tubesa, of a steam-
| drum, a feed-weter pipe or drum, eonnectmns |

bebween the upper part of each element and

the steam-drum and between the lower part

of each element and the feed-water pipe, the

‘2. In a steam- n'enereter the combmatlen
with a series of separate and removable ele-

ments comprising upper, lower and interme-

diate manifolds the lower manifolds being lo-

cated above the fire-box, of a steam- drnm, a
feed-water pipe or drum vertical tubes con-
| necting the manifolds,» eadlly -detachable con-

neetlons between the elements and the steam-
drum and between the elements and the feed-
water pipe; substantially as desecribed.- |

B
L. 8
- - h"
-
u

75

| connections beingsuch that each elementcan
readily be deteehed and removed from the .
generator. | -

30

3. In'a steam~weneretor the eombmaulon

withar emeveble element of d steam-drum, a
feed-water pipeordrum, a mamfold eommnm—_ T

90

cating with the steam- d1 um,a manifold eom-

termediate manifold with the end 111.;1n1felds,
snbetanmell y as described. s

municating with the feed-weter pipe an inter- "
mediate rna,nlfold a,nd tubes connecting thein-

05

4, In a steam-generator the combination .

with a 1emoveble element, of a steam-drum,

a feed-water pipe or drum an end mamfold o
100

communicating with the steam drum; an end

© | manifold communicating with the feed- water

pipe,anintermediate ma,mfeld and tubéscon-
necting the intermediate with’ the end mant-; B

folds snb%tantlally as described. o
5. In a removable element for a stealn cren--
erator the combination of an upper manlfold .

I 05 .

a lower manifold, an intermediate. ma,mfold:,}-_‘ f o

and of vertical tnbes connecting the inter me-i-_ .
| dmte with the upper and lower manifolds.
6. In a steam-generator the combmetmn-
| with a removable element of an upper mani-

110 ':.

fold a lower manifold, an mtermedmte mani- - R

‘fold, vertical tubes conneetlnﬂ' the upper ancl'_w_‘ o
lower manifolds with the 1ntermed1ate mani- -
fold, a steam-drum, a feed-water pipe, a con-
: duit between the npper—manlfeld tubeandthe -
steam - drum, a conduit between the lower -

115

manifold and the feed-water pipe and a con- =
duit between the stealn drnm end the feed-:._" o

"Water pipe.

120 -

7. In a stearn ﬂ'eneratm the emnhlnatlen“_

! th,h a removable element of anupper ““mani- -«
fold,” alower manifold,anintermediate mani- -
“feld vertical tubes: eonnectlng theupperand -
lower manifolds with the intermediate one,
a steam-drum, a feed-water pipe, a chamber
connecting the u pper manifold and the stearn-_- !
drum, a chamber connecting the lower-mani-
fold tube and the feed- Weter pme and a con- -
duib between the steam d1 un and the feed- '.'
water pipe. | ‘

I 2 5

8. In a steam-generator the comblnntlon{ o

with aremovable element of an upper mani-

fold alowe1 manlfold an mtelmedlnte mani-




10

20

30

35

40

45

55

60

iR

)

fold, vertical tubes connecting the upper and
lower manifolds with the intermediate mani-

-fold, a steam-drum, a feed-water pipe, a con-

duit between the upper manifold and the
steam-drum, a conduit between the lower
manifold and the feed-water pipe and a pipe
for conveying the feed-water from the steam-
drum to the lower part of the element sub-
stantially as described.

9. In a removableelement the combination
of an upper manifold, a lower manifold, an
intermediate manifold vertical tubes cenneetﬂ

ing the intermediate manifold with the top

and bottom manifolds a steam-drum, a feed-

water pipe or drum and a tube connecting the
lower part of the steam-drum with the lower
part of theelement substantially as deseribed.

10. In a steam-generator the combination

with a removable element of an upper mani-
fold, a lower manifold, an intermediate mani-
fold vertical tubes cennectino* the upper and

lewe1 manifolds with the 111te1 mediate mani-

fold, a steam-drum, a feed-water pipe, a con-
duit between the uppet manifold and the
steam -drum, a conduit between the lower
manifold and the feed-water pipe, a pipe con-
necting the lower part of the steam-drum with
the feed-water pipe of the element and a mud-
collector substantially as deseribed.

11. In a steam- 0‘6116131:01‘ the combination
with a removable element of an upper mani-
fold, alower manifold, an intermediate mani-
fold, vertical tubes connecting the upper and
Jower manifolds with the intermediate mani-
fold,a steam-drum, a feed-water pipe, a con-
duit between the upper manifold and the
steam - drum,
manifold and the feed-water pipe, a pipe con-
necting the lower part of the steam-drum with

the feed-water pipe of the elemeni and por- |

tions on the manifolds having decreased di-
ameter to permit the heating-gases to pass

between adjacent manifolds substantmlly as

desecribed.

- 12, In a steam-generator the combination
with a removable element of an upper mani-
fold, a lower manifold, anintermediate mani-
fold, vertical tubes connecting the upper and
lower manifolds with the intermediate mani-
fold, a steam-drum, a feed-water pipe, a con-
duit between the upper manifold and the
steam - drum, a conduit between the lower
manifold and the feed-water pipe, a pipe con-
necting the lower partof thesteam-drum with
the feed-water pipe of the element, stop-
pieces between the manifolds and of portions
of reduced diameter at the ends of the mani-
folds.

13. In a steam-generator the combination
with a removable element of an upper mani-
fold, a lower manifold, an intermediate mani-
fold, vertical tubes connecting the upper and
lower manifolds with the intermediete mani-
fold, a steam-drum, a feed-water pipe, a con-
duit between the upper manifold and the
steam - drum, a conduit between the lower
manifold and the feed-water pipe, a pipe con-

a conduit between the lower

695,641

necting the lower part of the steam-drum
with the feed-water pipe of the element and
stop-pleces between the manifolds.

14. In a removable element for a steam-
generator the combination of an upper mani-

_fold, of a lower manifold, of an intermediate

manifold, of vertical tubes connecting the in-

termediate manifold with the top and bottom

manifolds, a steam-drum, a feed-water pipe,

a conduit between the top manifold and the

steam-drum, a conduit between the bottom
manifold and the feed-water pipe, portions
of reduced diameteron the manifolds forthe

passage of the heating- gases between the

manifolds and of a tube connecting the lower

'pert of the steam-drum with the lewel part

of the element substantially as described.
15. In a removable element for a steam-

generator the combinationof an upper mani-

_'feld a lower manifold, an intermediate mani-

fold, of vertical tubes connecting the inter-
medlate manifold with the top a,nd bottom

‘manifolds, a divided pipe one part of which
communicates with the top manifold and with

the upper part of the steam- cli,um, and the
other part with the lower part of the steam-
drum and some of the vertical tubes, of a
horizontal diaphragm in the upper manifold,
substantially as and fer the pmpose de-
seribed.

A

75

80

sl

95

16. In a steam-generator the combination

with the removable elements the feed-water
pipe and the steam-drum, of vertical heat-
ing-tubes at the back and ‘Lt each side of the

100

elements and communicating with the feed-

water su[)ply and through which the water
circulates before entelmo* the steam-drum to
pass to the elements substsntml]y as de-
scribed.

17. In a steam- “‘01161&1301 the combination

imth the lemoveble elements the feed-water

pipe and the steam-drum, of vertical heat-
ing-tubes at the back and at each side of the
elements, a pipeconnecting the heating-pipes

with the feed-water pipe, a conduit between

I1IO

the heating-tubes and the steam-drum, and

a pipe fm conveying the water from the
steam-drum to the feed- pipe of the elements
substantially as described.

115

18. In a steam-generator the combmetmn o

with a removable element of an upper mani-
fold, a lower manifold, an intermediate mani-
fold, vertical tubes connecting the upper and
lower manifolds with the intermediate mani-
fold, a steam-drum, a feed-water pipe, a con-
duit between the upper tube and the steam-
drum, & conduit between the lower tube and
the feed-water pipe, a pipe connecting the

120

125

lower part of the steam-drum with the feed-

water pipe of the element and deflecting

plates on the vertical tubes as and for the

purpose described.

19. In a steam-generator the combination
with removable elements the feed-water pipe,
thesteam-drum and vertical heating-tubes at

the back and at each side of the elements, of
| & pipeconnecting the heating-tubes with the

130




. ments, a baf

. 695,641- .

steam-drum a pipe conveying the water from

the steam-drum to the feed-pipe of the ele-
le-plate in the steam-drum ar-
ranged in the manner and for the pur neee de-

| Scmbed

20. In a steam- ﬁenelatm t,he eombma,tlen
with a removable element of an upper mani-
fold, a lower manifold an 1nte1 mediate mani-

| fold vertical tubes connecting the upper and

10.
fold, a steam-drum, a feed-water pipe, a con-
“duit between the upper manifold and the
‘steam-drum, a conduit between the lower

T

lowel manifolds with the mtel mediate mani-

manifold and the feed-water pipe, a pipe con-

necting the lower part of the steam-drum
with the feed-water pipe of the element, stop-

pieces between the horizontal pipes of 2 ‘high-

. level water-gageandof alow-level water- -gage,

20
fold, alower manifold, an mtermedlate mani-
- fold vertical tubes eonnectmfr the upperand;

21, In a steem generator the comblnetwn
with a removable element of an upper mani-

| lower manifolds with the 1ntermedlate mani-

- manifold and the feed-water pipe, a pipe con- |

fold, a steam-drum, a feed-water pipe, a con-

'_'.dmb between the upper manifold and the

steam -drum, a conduit between the - lower

necting the lower part of the steam-drum with

~ the feed water pipe of the element, a high-

30

level water-gage and a low- level water-ﬂ*eﬂ'e
22. In a steam- generator the cembmatlon

~ with a removable element of an upper mani-

fold, alower manifold, an 1nte1 mediate mani- |
fold ver tleel tubes conneetlnn‘the upper and |

| lower memfolds with the mtermema,te mani-
fold, a steam-drum, a feed-water pipe, a con-

du1b between the upper manifold and the

35

steam-drum, a conduit between the lower-

manifold and the feed-water pipe, a pipecon-
4
the feed-water pipe of theelement,stop-pieces
‘between the horizontal pipes, a hwh level wa--
low-level water-gage, end a far- |
‘nace beneath the bottom manifolds. - R

necting thelower part of the steam-drum with

ter-gage, a

23. In a steam-generator the combination

with a removable element, of an upper mani- =
fold, a lower manifold, an mtermedlete mani-
fold vertical tubes eonnectmﬂ' the upperand =
lower manifolds with the mtermedlate mani-
50 -
Aduit between the unper manifold and the I

fold, a steam-drum, a feed- water pipe, a con-

steam-drum, a conduit between the lower'_' -

manifold. and the feed-water pipe, a pipe con- '

necting the lowerp%rb of thesteam-drum with. =~
the feed- water pipe of the element,stop-pieces: 5_5 S |

‘between the horizontal pipes, a hw‘h level wa-

ter-gage, alow-level water-gage, efurnaee be-
neath the bottom horizontal tubes, a sur-
rounding casing inclosing the tubesand doms D

on said casing.
In Lesmrnony whereef 1 heve SIgned my

‘name to this specification in the Dbresence of
-._two eubserlbmﬂ* witnesses. S |

' FRANK GEORGE IIAMPSON

\Vltnesses - |
- HAROLD WADE, =
-HARRY B. _BRI_D_GE.'

_.60_'_:_ .
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