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 FRANCIS 1. RICHARDS OF IIARTPORD OO\TNECFICUT ASSIGNOR TO ECKLEY
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Apphcatlon filed Octnb»al 8 1894. merm,l No. 525 208 (Nu model.)

- To all whom it mcay_cmfz;cern:_ : __
Be. it known tha,t 1, FRANOIS I—I. RICHARDS_, a

5 Connectmut have mvented eertam new and

useful Improvements in Furnaces, of whleh
the foilowing is a specification.

This IHVGHtIOﬂ relates to boiler- heatlng fur-

naces, and is in the nature of an improvement

ro upon the furnace described in my application

for Letters Patent of the United States, Serial
No. 526,129, filed Oectober 17, 1894, to which |

refe1eueﬂ may be had, my present invention
having special 1eference to the boiler and to

15 the fumace thereof.

The object of my present mventmn 18, pri-

- marily, to provide, in connection with the
boiler, an improved furnace-chamber having
hollow side-walls in communication with the

zo interiorof said boiler, and having a sectional
rooi comprising a series of roof-blocks adapt-
ed to be heated to a high state of incandes-.
cence, and to so construct and organize said
roof and its component parts that the roof-
- 25 blocks thereof are made interchangeable and

may, one or more of them, be removed or re-
placed without disturbing others thereot; also
to provideimproved means in connection with
- and adapted for sustaining and also for re-
3o ducing or modifying, the temperature of said
roof at certain points in the area thereof.

In the drawings accompanying and form-

ing part of thl:: specification, Figure 1 is ¢
sectional plan view of a portion 0f a fumdee

35 embodying my present improvements. Fig.

2 is a sectional side elevation of the same.

Fig. 3 is a cross-sectional view of the same

taken in line a—ua, Fig. 1, looking towardthe
right hand 1n said figure. Fig. 418 an en-

40 1.:11{?‘9(1 cross-sectional view of one form of

mof bloek-supporting beams, showing a por-

~ tion of a roof-block in eonnection theremth'

and in the position it occupies when sup-
ported thereby. Fig. 5 is a longitudinal-ver-

45 tical section: of the  roof - block - supporting

beam shown in FHig. 4. Fig. 6 i1s a cross-sec-
tional view of ‘LDOEhGl and bllﬂ"hﬂ_}? modified
- form of roof-block-supporting beam showing
the roof-block in connection therewith.
so  Similar characters dﬂswuate llke pmts in
~all of the ﬁwuxes L X

In the dianI]ﬂ'S the fiue-boiler B (a pbr-é
‘tion only of which is shown) and the furnace-
chamber or fire-box C located in advance of

and connected with said boiler, are shown 55

supported. upon a foundation or base B, which
may be of any usual or suitable constr action
adapted for carrying the boiler and fire-box.
The space inclosed by the side and end walls

of said baseor frame constitute the ash-pit21. 6o

- The grate, G, which way be of any usual
or suitable eonstruetlon is shown supported
at the front and rear ends thereof by the end-
walls of the ash-pit 21.

‘As a means for maintaining a mrculatmn 65

{ of water around the sides and ends of the

furnace-chamber C, the side-and-end walls

thereof comprise, in part, a series of water-

walls, 2. e., the two longitudinal recessed side-
walls or water- legs o and 4, the transverse. 70
water-box 3, at the forward end of and com-
municating with water-spaces of the two side-
walls, and the transverse recessed rear end-
wall or water-box 5 which communicates with
the water space of the boiler B and with the 75
water-spaces of the side-walls 2 and 4. The

furnace-chamber C is provided with a roof,

R, of peculiar construction and organization
which will hereinafter be descubed indetail.

“The furnace-chamber roof, R, which is one 80
of the important features of my invention,

' consists, in a preterred form thereof herem

shown, of a series of remotely-and longitudi-

a | nally- dlsposed hollow roof-block- Sl]pDOI‘tIIlG‘ _
‘beams 8, and a series of heat-resistant roof- 8z

blocks, 9 supported between and by said
roof - bloek supporting beams. These roof-
block-supporting beams are in the nature of
flanged tubes, and are shown fixedly support-
ed at the front and rear ends thereof by the go
adjacent shells of the front and rear water-

‘boxes 3 and 5, respectively, with which water-

boxes said r00f- block-supporting beams com-
municate, the flanges of said tubes being dis-
posed respeetwely in planes (_.01respondmtr to 9 5

the directions of the downward stresses ex-
erted upon them by theroof-blocks, so as to
prevent the buckling of said beams

These
strengthening ﬂanwes or webs, are also dis-
posed in planes perpendlcular to the sidesof 100
their respective tubes, at the points of june-
tion of such webs with the tubes, and p1o;|ect
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inwardly into the water-spaces of the tubes,
for the purpose of protecting the webs from
heat by the circulation of the water within
the roof-beams. It will beapparent,also, that
the strain-sheets may be of relatively high
tensile strength, as compared with the con-
duit-forming portions of the tubes, and that
the two main parts of each tube may be ad-
vantageously formed fromdifferent materials,
the fire-resisting qualities of the strain-sheets
being subordinated to their tensile- or weight-
carrying properties.

In the drawings I have shown the roof R as

-~ of the arched variety, the roof-blocks 9 there-
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of practically constituting segments of the
circular arch with their side faces in planes
coinciding with lines radiating from a com-
mon center. The particular conformation of
the roof may, however, be modified without
departure from my invention. The lower ad-
jacent edges of adjacent roof - blocks are

‘notched in opposite directions, as shown at

10, in lines parallel tothe roof—beams, to form
shoulders or bearing faces, 12, which bear
upon the roof-beams, 8, and to form depend-
ing portions, 13, which rest between sald roof-
beams with their inner faces in coinciding
planes, and substantially in alignment with
or below the lower faces of said roof-beams,
as will be readily understood by reference to
I'ige. 3, 4 and 6 of the drawings. By this
means the supporting surfaces of the beams
are protected from the direct action of the
Theat.

For the purpose of rendering the several
roof-blocks, comprising the roof of the far-
nace-chamber interchangeable, one with an-
other, and also to provide suitable bearings
for -the blocks at the extreme side edges of
the roof, said roof-blocks will be of dupheate
btructure, each having both sides thereof
notched at the lower edtre as shown at 10, and
the upper inner edge of the two side- wallq 2

~and 4, will be of a conformation substantially

5O

55
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comeldmw with that of the side face of the
roof-bloek, sald side-walls having inclined
shoulders, 10/, adapted for:supporting the
side blocks of the roof as clearly shown,in
Fig. 3 of the drawings.

By providing the roof-beams 8 for support-
ing and holding in place the roof-blocks 9,
and by constructing the roof-blocks in the
manner hereinbefore deseribed and support-
ing them upon and between said beams and
between the side-walls of the furnace-cham-
ber, I secure a very rigid roof-structure in
which theroof-blocks are interchangeable and
in which one or more of the roof-blocks may
be removed and replaced without displace-
ment of the remaining blocks and without
affecting the continuity of‘rhe remaining por-
tions of the roof.

In a composite roof such as herein shown

and described, 1t will be observed that the
roof-beams not only sapport the roof-blocks
and prevent sagging or buckling of said roof

(which sagging might ensue from excessive |

535,730

I heatin the'fumaee-éhamber) but said beams,

in connection with the block-seats 10/, at the -

upper end of the side-walls of the furnace-
chamber sustain said blocks against displace-
ment transversely of the furnace-chamber,
the weight of several roof-blocks being nor-
mally distributed uniformly over, and being
sustained by the several roof-beams and the
side-walls of the furnace-chamber. This re-
sult is increased by the arched construction
of the roof as a whole, so that if one beam
shall sag, the blocks adjacent thereto trans-
mit the weight laterally to the beams next
adjacent thereto.

T'o secure the greatest rigidity in the roof-

- beam and prevent the collapsing or bending

thereof under the weight of the roof-blocks
which are supported by said beams, and to
secure lightness, compactness, durability and
cheapness in thestructure thereof, I have pro-
vided a roof-block-supporting beam which, in
the preferred form thereof shown in Kigs. 4,
5 and 6, is in the nature of a tube having a
lateral strengthening web or flange, 15, ex-

tending longitudinally from end to end or

approximately from end to end fthereof. In

“the drawings, I have shown in Figs. 4, 5 and
| 6, two slightly modified forms of roof-block-

sapporting beams embodying my present in-
vention. In the form thereof shown in Figs.
4 and 5 the strengthening web or flange 15 is
shown in the nature of a plate or strain-sheet
extending into the interior of the tube and
projecting ontward beyond the periphery of
said tube, the tube being divided longitudi-
nally and the adjacent ends of said tube
being secured together with the strain-sheet
between them; whereas in Fig. 6 the longi-
tudinal Strenﬂ*themnn' web 18 f01 med by bend-
Ing the ends or ad,]a,cent side edges of a di-
Vlded tube laterally, and securing said ends
together. The construction of the roof-block-
supporting beam shown in IFigs. 4 and 5 is
preferable to the one shown in Fig. 6 for rea-
sons hereinafter set forth.

As is well known in this art, the furnace-
chamber roof, to facilitate combustion, espe-

cially when using a low grade of fuel and a

forced draft, must necessau]y be heated to a
high state ot incandescence, and with roofs
of this class, as ordinarily constructed, and
wherein the roof-blocks were entirely depend-
ent upon one another for support, much diffi-
culty has been experienced owingto the chip-
ping off, disintegration and cmshmﬂ' of the
roof- bleeks at thelr inner @d,]ae@nt edges
caused by the melting effect of the excessive
heat within the combustion-ehamber, GO -
bined with the crushing effect of the loads
sustained by the successive roof-blocks, it
being well known that the intense heat dur-
ing the combustion of the fuel tends, in an
injurious degree, to expand and soften the
inner faces of the roof-blocks, and, owing to
the load sustained by each block, the soft-
ened portions of the blocks are compressed
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tions of the temperature in.the furnace-cham-

‘ber, crumble and chip off and sometimes cause

the entire roof to sag or eave in. By provid-

ing roof-beams such as herein described, for

supporting the roof-blocks, said roof-bloeks

are relieved of the injurious crushing loads

which they would necessarily have to sustain

1f said blocks were entlrely dependent upon |

each other for support.

ing quality of the furnace-roof, and to obvi-
ate, in & material degree, the injurious melt-
ing effect of the intense heat upon said roof
without injuriously impairing the incandes-

cence of said roof, I have provided means for
slightly reducing or limiting the temperature
of theincandescent roof and to do thiswithout,

materially, reducing the effective tempera-
ture of the eombustlon area of the furnace-
chamber. This means for reducing the tem-
perature of the furnace-chamber, in the form
thereof herein shown, consists of a water-cir-

culating apparatus in connection with said

roof, and comprises the boiler B, the water-

walls at the sides and ends of the furnace-
chamber in communication with said boiler,
and the hollow roof-block-supporting beams
in communication with the end water-walls. -

This water-circulating apparatus is adapted

for maintaining a constant circulation of wa-
‘ter through the hollow roof-block-support-.

ing beams which, as hereinbefore deseribed,

‘causesareduction of the normal temperature

of the roof-blocks at the inner faces thereof
while the furnace is in use.

In assembling the roof, R, asSummg the

boiler,the eombuetlon chamber walls and the
roof - block - supporting beams to be set In
proper position, the roof- blocks, 8, are placed
in position between said beams with their

shoulders, 12, resting upon the beams adja-
cent to Sd:ld bloeks, and the inner faces of

said blocks coming appr oximately flush with

the inner faces of b&ld beams in the manner
shown most clearly in Fig. 3 of the drawings.

The extreme side blocks of the roof rest, as

shown in said Fig. 3, upon the inclined bear-.

ing faces of the “side-walls of the furnace-
By reference to said Fig. 3 and
also to Figs. 4 and 6 it will be seen tha,t the
strain- Sheets orlongitudinal flanges, 15, of the
roof-beams extend upward between the adja-
cent side-faces and terminate approximately
flush with the upper faces of the roof-blocks,
and to effectually cover the joints between

roof-blocks, T have provided a relatively thin
~ joint-protector, 16, which, in the form thereof

herein shown, consists of g series of bloeks

o which rest upon the roof-blocks 8 and coveL
60 |

the joints between said blocks.
By providing a roof-block-supporting bea,m

of the construction shown in Figs. 4 and 5
“having a strain-sheetor web pregected within
the water-space between the walls of said

beam, it will be seen thatthe cooling influence
of the watér in the beams upon. the said web
or ﬂanﬂ'e WIH reduce the heat of sald ﬂa,nge

To further 1mprove the efficiency and last- |

i

and obvmte in a great measure the I m,]urlous

effects of the heat thereon.
Having thus described my mventlon I

claim— -

1. In a boiler- fmnaee the combination with
the boiler; of a furnaee chamber having wa-

ter-walls 111 communication with the wa,ter-'

space of said boiler, the water-walls at the

sides of said chamber having inclined edge-

faces in position and ada,pted for engaging

the sides of the adjacent roof-blocks for sup-
porting thesame; and a furnace-chamber roof
comprising aseries of hollow metal roof-beams
in communication with the water-spacesof the

furnace-chamber, and a series of heat-resist-

FA®,

75

8o .

ant roof-blocks supported upon said roof-

beams and water-walls, the outer blocks of -

said roof having inclined side-faces in posi-

tion and adapted for engaging the aforesaid

corresponding ineclined faees “of the water-

walls, whereby said outer roof-blocks aresup-

ported in Vertleal direction, subetantml]y as

described.

2. In a furnaee the eombmatmn with the
furna,ee chamber; of a seriesof longitudinally-
disposed cross-sectionally -circular tubular

roof-beams fixedly supported above the fur-
nace-chamber, and having radially -disposed

longitudinal etrenwthenmcr flanges in planes
respeetlvely comespondmu* to: the directions

of the downward stresses exerted by the roof-

blocks, and thereby adapted to prevent buck-

Jing of said roof-beams; a series of heat-re-

sistant roof-blocks supported upon said beams
intermediate of the longitudinal langes there-

90

95

100

of; and means in connection with aud adapted

-for elreula,tme' water through said beams,sab-.
105

stantially as deserlbed and for the purpose
set forth. |

3. In a fmnece the eombma,tlon with the_ '

furnaee chamber and its inclosing side- and
end-walls; of a furnace-roof comprising a se-

ries of cross-sectionally-cireular water-tubes
fixedly and remotely supported in longitud-
nal disposition relatively to the fur n_aee-ehctm-

ber, and having radially-disposed longitudi-'

nal flanges or strengthening-webs in planes
reSpeetwely eorrespondlnﬂ* to the direction of
the downward stresses exerted by the roof-
blocks, and thereby adapted.to prevent buck-

ling of said tubes; and a series of heat-resist-

ant roof-blocks having their adjacent inner

edges notched toform bearing-faces,and sup-
ported upon the water-tubes, and between the
longitudinal fianges of said tu_bee and a wa--

_terﬂeireulating a’ppemtus._in connection with
‘and adapted for c¢irculating water through
said tubes, substantially as desenbed and for.

the purpose set forth.

l

4. In a furnace, the combmatlou w1th the

10

g

120

125

furnace-chamber and its inclosing side-walls,

said side-walls having inclined faces in posi-
‘tion and adapted for engaging the sides of the 1
ad;acent roof-blocks a,hd for supporting said

blocks in vertical dlrectlon of an arched fur-
nace-roof comprising a series of remotely-and

[30:

Ionﬂ'ttudmally dlsposed roof- beame and ase-
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6o

ries of duplicate and interchangeable heat- [

resistant roof-blocks supported upon and be-
tween said roof-beams, said roof-blocks hav-
ing inclined lateral faces corresponding with
the inclined faces of the side-walls of the far-
nace-chamber, whereby the outer blocks of
the roof are supported in vertical direction
by sald inclined faces of the 51de walls, sub-
stantially as described.

9. In a furnace, the combination with the
furnace-chamber and 1ts inclosing side-walls,
sald side-walls having inclined faces in POSi-
tionand adapted forengaging the lateral faces
of the adjacent rooi- blocks and for support-
ing salid blocks in vertical direction, of a se-

ries of duplicate and interchangeable heat-re-

sistant roof - biocks having ineclined lateral
bearing-faces corresponding with theinclined
faces of the side-walls of the furnace-cham-

ber, whereby the outer blocks are supported |

in vertical direction by said inclined faces of
sald side-walls; and a series of roof-block-sup-
porting beams fixedly supported one between
each two adjacent roof-blocks and engaging
the adjacent lateral faces thereof to thereby
suppert all of said roof-blocks in vertical di-
rection, substantially as deseribed.

6. In a fuarnace, the combination with the
furnace-chamber and its inclosing side-walls,
said side-walls having inclined faces in posi-
tion and adapted for engaging the lateral
faces of the adjacent roof-blocks and for sup-
porting said blocks in vertical direction; of
a series of remotely- and longitudinally-dis-
posed hollow roof - beams fixedly supported
equidistant from one another above the fur-
nace - chamber and between the side-walls
thereof; aseriesof duplicateand interchange-

-able heat - resistant roof - blocks supported

upon and between said roof-block-supporting

beams, and having similarly-inclined lateral

bedrmo* faces corresponding with theinelined
faces of the side-walls of the furnace-cham-
ber, whereby the outer blocks are supported
in vertical direction by said inclined faces of
sald side-walls; and means in connection with
and adapted for cireulating water through
said hollow beams and theraby reduacing the
temperature of the adjacent walls of said roof-
blocks, substantially as deseribed.

7. In a furnace, the combination with the
furnace-chamber and its inclosing side-walls,

‘said side-walls having inclined faces in posi-

tion and adapted for engaging the side-walls
of the adjacent roof- blocks and for supporting
said blocks in vertical direction; of a series
of duplicate and mterehang‘eable heat-resist-
ant roof-blocks having inclined lateral bear-
ing - faces corresponding with the inclined
facesof theside-wallsof the furnace-chamber,
whereby the outer blocksaresupported in ver-
tical direction by said inclined faces of said
side-walls; of a series of roof-block-support-
ing beams in bearing contact with said roof-
blocks, and each having a laterally-projected
flange or web extendingupwardly between the

adjacent faces of adjacent roof-blocks and |

]
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adapted for strengthening said beams, sub-
stantially as described.

8. In a boiler-heating furnace, the combina-
tion with the boiller; and with the water-legs
or water-walls forming the side- and end-walls
of the furnace-chamber, said side-walls hav-
ing inclined faces in position and adapted for
engaging thelateral faces of the adjacent roof-
blocks and forsupporting said blocks in verti-
cal direction; of a furnace-chamber roof com-
prising a series of remotely-and equidistantly-
disposed roof-block-supporting water-tubes
fixedly supported above and longitudinally of
the furnace-chamber and in and having com-
munication with the end water-walls of said
chamber; and a series of duplicate and inter-
chanweable heat-resistant roof-blocks sup-
ported upon and between said roof-block-sup-
porting beams, and having inclined lateral
bearing-faces corresponding with the inclined
faces of the side-walls of the furnace-cham-
ber, whereby the outer blocks are supported
in vertical direction by said inclined faces of
sald side-walls, substantially as deseribed.

9. The herein-described roof-block-support-
ing beam for furnaces of the class specified;
it consisting of a longitudinally-divided eross-
sectionally-circulartube havinganinternally-
and externally-projecting combined strength-
ening- and heat-reducing web extending ap-
proximately from end to end thereof, “and
radially-disposed and in a plane nerpendleu—
lar to the side of the tube at the point of junc-
tion of said web, and secured to the tube and
filling the space between the divided walls of
sald tube, substantially as deseribed.

10. In a furnace, the combination with the
furnace-chamber and its inclosing walls; of a
series of heat-resistant roof- bloeks supported
above the furnace-chamber and between the
side-walls thereof and upon the rocf-block
supporting beams; a series of hollow cross-
sectionally - cireular roof - block - -supporting
beams located intermediate of the adjacent
side-faces of and supporting adjacent roof-
blocks, and having radially-disposed longi-
tudinal Strenwthenlnn‘ﬂanﬂes extending alono*
the upper q1des thereof in planes respectwelv
corresponding to the directions of the down-
ward stresses exerted by the roof-blocks, and
thereby adapted to prevent buckling of said
roof-beams; and a series of joint- proteetmﬂ'
blocks Sl]pp()l ted upon and covering the joints
of the successive beam - supportmﬂ-‘ roof-
blocks, substantially as described.

11. T'he herein-described roof-beam for fur-

naces; 1t consisting of a cross-sectionally-cir-

cular water-tube having a radially-disposed

strengthening web along one side thersof and

in & plane perpendicular to the side of the
tube at the point of junction of said web, and
sald web extending from the wallof the tube
into the water space thereof, whereby the
web 18 protected from heat by the water-cir-
culation within the roof-beam, substantially
as described.

12. In a furnace, the combination with a
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plurality of block-supportiﬁé 1=o®f-beams in |

‘position and adapted for sustaining the roof-
“bhlocks, and each consisting of a cross-sec-

tionally-circular water-tube having a radi-
ally-disposed strengthening web along one
side thereof and extending from the wall of
the tubeinto the water-space thereof, whereby
the web is protected from heat by the water-

circulation within the water-tubes; of heat- |

[

resistant roof-blocks supported upon said 10
roof-beams; and means in connection with
and adapted for circulating water through
sald water-tubes, substantially as described.

- FRANCIS H. RICHARDS.
Witnesses:
- FRrED. J. DOLE, =~
~ FREDERICK A. BOLAND.
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