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WILLIAM H. FARRIS, OF CAIRO, ILLINOIS.

IMPROVEMENT [N HEATING AND CIRCULATING DEVICES FOR STEAM-BOILERS. -

- .

' Specification forming part 'df Letters Patent No. 18£,465, dated November 21, 1876; application _ﬁléd .

January 19, 1875.

To all whom it may concern :

Be it known that I, WiLriAM H. FARRIS, |-

of the city of Cairo, county of Alexander, State
“of Illinois, have invented new and Improved

Additional Water-Heating Surfaces for Steam- |

Boilers and Water-Heaters; and I do hereby
declare that the following is a full, clear, and
 exact description thereof, reference being had
‘to the accompanying drawings, making part
of this specification, in which—
~ Figure 1 is a side elevation of a horizontal
boiler, with my improvements applied to 1t.
Figs. 2 and 3 are sections of globe check-valves
used in covneetion with the apparatus. - Fig.
4 is a longitudinal section of the boiler in the

line # x of Figs. 5, 6, and 7. Fig. d1s a top | _
‘thimbles, copper rings, rods, and nuts for

view, with a portion of the boiler proper
broken out, and a portion of the pipes and
valves left off. Tig. 6is a vertical transverse
section in the line y v in Figs. 4 and 5, look-
ing toward the front of the boiler. Fig. 7 is
a vertical section in the line 2 2 of Figs. 1 and
4, TFigs. 8, 9, 10, 11, 12, 13, 14, and 15 are
views in perspective, elevation, and section
of the water-ci.culating and steam-generat-
ing grate in different forms, and as adapb-
ed for different kinds of fire-boxes. FHigs. 10
and 17 are views of the joint-packing thim-
" ble and ring which are used between the bars

of the grate and rear arch, and also at the

joints of the fire-front lining. |
The nature of my invention consists, first,
in hollow grate-bars for fire-boxes of steam-
boilers or water-heaters, constructed or ar-
ranged in form of a basket or chamber with-
in the fire-box, and made to communicate with
the steam or water space of the boiler or oth-
er water-heating vessel, as hereinafter de-
seribed, whereby a large amount of water-eir-
culating and heating surface is presented to
the free flame and gases of the fire, and thus
water is heated or steam generated by the
heat which is in part lost under ordinary ar-
rangements. | . |
Second, it consists in a water-circulating
fire-front lining, constructed between its outer

and inner surfaces, with a series of tubular

passages commmunicating with one another,
and with the water or steam chamber of the
boiler, in which passages the water circulates,

{ flame and heat from the fire upon the grate,
and thus is effected a still further saving of
‘the fuel and heat which is lost under ordinary
arrangements. |

Third, it consists in hollow rear end bars,
constructed of eurved tubes, united and held
together by rods, and packed tight at the
joints, and closed in, in any suitable manner,
and communicating with the water or steam
space of the boiler, whereby a large water-

circulating and steam - generating surface 18

provided at the end of the boiler proper, and
which is impinged upon by the flame and hot

‘gases from the fire upon the grate, as the
‘same turns and enters the flues of thé boiler.

Fourth, it consists in circular expansible

:'".‘. L‘_

"\
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uniting the parts and: forming the joints be-

tween the bars of the grate, arch, and fire-.

front lining. |

-Fifth, it consists in the combination of the

tubular grate-bars and a horizontal pipe iead-

ing from the boiler to the lowest tubular pas-

sage of said bars, and a pipe leading from the
‘highest tubular passage of the bars into the
| boiler through a pipe at or near the water-
‘line, the connecting-pipes mentioned having

suitable check-valves, a waste and blow-off

‘valve, and accommodating joint-connections,
‘also, a stop-valve. -

Sixth, it consists in the .combination of the
tubular fire- front- lining, a horizontal pipe
leading from the water-space of the boiler to

the lowest tubular passage of said fire-front

lining, and a pipe leading irom the highest
tubular part of thelining into the boiler through
‘a pipe at or near the water-line, the connect-
‘ing-pipes mentioned having suitable check-
‘valves, a waste and blow-off valve, and ac-

commodating joint-connections, also a.stop-

valve.

Seventh, it consists in the combination of

the tubular rear arch-bars, a horizontal pipe

leading from the boiler to the lowest tubular
passage of the rear arch-bars, and a.pipe lead-

ing from the highest tubular passage of the

said bars into the boiler through a pipe at or
-pear the water:line, the eonnecting-pipes mel-.
‘tioned having
‘and blow-off valve, and accommodating joint-

snitable check-valves, a waste

and is heated or converted 1rto steam by the | connections, also a stop-valve. .




manner

~ the bars C}, a basket grate.
. be formed entlrely of bars like C1, and in that
~case the side walls of the fire- box would form

_the basket, as shown in Figs. 12 and 15, and,

~downward from the bridge-wall.
~unite the several bars together and Compress
- the copper-packing rings, so as to make water
or steam tight joints, rods G, nuts H, and T |-
‘side pipes I are provided. "The rods G pass
jthrough the T-plpes and throuﬂh the bosses |

FEighth, it consists in the combination of |

‘hollow water-circulating grate-bars, a tubular

fire-front lining, and rear arch-bars, with the

boiler, by means of a connected train of pipes

furnished with check - valves, blow- off and
waste-valves, and a stop- va,lve, and fitted with
accommodating Jomt"‘connectlons, whereby

- the water ecirculating from the boiler into the

grate-bars, fire- front lining, and rear arch js
heated and caused to ell*culate by the one ﬁre

~upon the grate.

"Ninth, it consists in a COD]bIIlELtIOlI of de-
vices for preventing damage in the event of

leakage or breakage occurring.
- A represents-the wall of the furnace; B,'-
- the boiler; C, the grate; D, the fire- front. lin- |
ing of the GOmbetIOD (,ha,mber and E the

- rear arch back bars.
~the bed of the grate, are curved at their rear

The bars Ct,

as shown at @y SO as to form a- bridge-wall for
the furpace.

transversely, and from the bore of these bosses

the bars are made tubular along their whole

length.. The bosses are each formed with a
counter-bore or seat, ¢, for the reception of
the end of a split or expans:tble thimble, d,

around which a copper ring, ¢, is placed, so as |
~ to come between the bosses when the bars are

placed side by side one another. The bars C?,

which form the basket or side of the gmte«,'

are constructed in all respects in the same
as the bars C, except that they are
not provided with hteml extensions on the

| bosses ; and the first one is made with a ver-

tical tubula;r leg, f; at its front end, and ex-
tends back onto the bridge-wall on a strmght
line, and  the second one thereof has a shorter

front leg, f’, and extends back on a lower
~ plane than the bar f, and near 1fs terminus

takes a curved form and rises to the plane of

- the top of the bridge-wall, as shown in Figs.
- 13 and 14 of the dmwmfrs...;
- sometimes cast with two- longitudinal pas-
. sages in them, which unite in one leg, f, as
8 9, and 11, and thus form with
The grate mlght.

The side bars are

shown in Fig.

whenever Lhe last-mentioned grate- bars are

- used in combination with the connections here-
~ inafter described for effecting a ecircnlation
through them' of water from the boiler and

then back ‘into the boﬂer I clmm the samne

nnder this patent.

The bed-bars of all of the Styles of grate-

" are constructed with front and rear bearmg |
. surfaces g g, and are set on bearers ¢' ¢!, which

are arranged to give them a slight m(...lmatlon
In order to

formln o

Each bar on opposlte sides 1s.
formed with a boss, b, at its front and rear
~ends, which is perfomted from end to end

el ————

copper ‘ring

. _15'4,4'65 N

b, and receives the nuts H on thelr ends out-
TBach of the T
side pipes is constructed with a counter-bore
in its inner end, and between a side grate-bar -
aml the muuterbm"ed end of the T side pipe -
thlmbl(,, d, with packing e is a,pphul as

side of the furnace-walls.

shown ‘The outer end of each T side pipe is

made with a concave. se.a,t, g%, which receives

a conical bearing- fcme, g°, of the nut H.  The

operation of screwing up the nuts causes a
-compression of the copper rings, and, there-

by, perfwtly water or steam tight ]mnts be-

tween the side pipes and grate-bars to be
The nats and eoncave seats also make. |
tight joints with one another. " -
The fire-front lining, Ifig. 7, is formed of;t.-.:__:.
TWO equal sections, united tonetller by thim- -
bles d, copper rmgs €, screw-rod G, side T-
pipes 1 and nuts H. - Each section of the lin-
g has atranwerse ur(.,ula,r pabmge, t, formed"
in 1r also vertical passages i\, a segmental cir-
icular passage, 1%, and a short vertical circular:
All of these passages
The passage 4 dlsclnrges into the side .- -
pipes and through the leg g1 of the T, a,nd the .
passages i i ¢° dlS(;hﬁtI‘f?‘b throu gh an open-
The two sectlons are exactly .:the,
and form a concave seat, %, corresponding to

made.

passage, %, as shown.
uulte. |

ing, 4.

the circle of the bmler, so as to allow the bm]err -

to be p]d“ed over 1t, as shown.

The fire front
lining is fitted &gmnst the inner wall of the.
five- 1r011t and in outline corresponds to the
fire- fmnt of the farnace.
circulating-chamber into ‘a number of chan-
‘nels, whmh are circular in cross-section;™g
great strength, and effects a diffusion of' the
circulating-water over the entire fire-front -

‘The dividing of the

lining, and thus exposes the water in divided

the grate, and insures a freer circulation.; -

~ The lining, being made of two equal parts
instead of in one piece, is less liable to warp = .
and spring, aund in case one section should get
~out of repair, it will not be necessary to take -~
‘away and rep]aee the whole fire-front 111:11115.,,:1. 1

as would be the case if made in one piece. It -
‘might be made of one Piece, but not S0, admn--;;.f. o

taweouaﬂy as of two pieces,

Each of the rear arch-bars E is II]"tdB of seg-f; L
‘ment form, with a boss, b, at both ends. The
‘bosses are perforated tranwerselv, and. the -
‘bars between the bosses are made tubular
dlong their whole length. - The series of bars
‘are united ‘mgether b;, rods G, T side pipes =
I,-and nuts H, and packed" w1th thimbles 'd.
-and copper rmgb ¢, as shown. NP
pipes pass through the side walls and ‘adjoin.

‘the outer aruh bars by means of thimbles and

- The arch-bars form the in: -
closing end of the boiler -flues, and the spaces .

, on account of

which exist between the ba,r
the packing-rings being 1r1troduce{l between:

character form, by means of theu- bosm:, ay*;__

‘or small streams to the action of the fire upou:_s B

‘them, are cloaed in tight by brick- Work and S

plaster, or otller-wItable material, S
From the foregoing debcrlptmu 11: Wlll be i

-understood that the grate-barsin their united: -

- 1Veb ;§

The T side




'~ verse passage, and a series of longitudinal

side pipes.

~ several additional water-heating and steam-
. generating

" the T side pipes, as shown.

,/pipes Jt J2 J3, and therefrom into the arch
Dack bars, grate-bars, and fire-front lining.

‘bars, grate-bars, and fire-front lining into the

“pipes L Lt 12 are provided, and made to unite

 Dbranch pipes I it &, which extend from the T

pipe L.

184,465 ' : I &
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lower transverse passage, and an upper trans-

passages, and that all these passages are |
united, and the transverse ones exiend, by
means of T side pipes, outside of the walls of |
the furnace to the respective legs j of the T

The same plan of construction is followed
in the manufacture and arrangement of the
fire-front lining, and in the rear arch of bars.

It will also be uaderstood that each trans-
verse passage has a T side pipe, I, on each
side of the furnace, and that each section ot
fire-front lining has a discharge-passage, 7.

For the purpose of connecting the aforesaid

surfaces with the lowest water- |
space and the highest water-space of the boil-
er, the following parts are employed: i.
K is a horizontal supply-pipe, having a stop-
valve, K/, inserted into the drum B’ of the
boiler. J is a vertical branch extending up

from said valve, and entering a T-coupling, |
M, T gt J2 J3 are pipes formed of sections, and

leading, respectively, to the lowest transverse
passages of the arch back bars, tubular fire-
front lining, and hollow grate-bars. These
pives have union-joints £, elbow-couplings %',
T-couplings %2, check-valves %°, and blow-oif
valves k%, and are connected to the legs j of

The valves employed are constructed, re-
spectively, as shown in Iigs. 2 and 3. The
pins of tliese valves move in-a guide in the
stem, as shown, and the extent of movement
is controlled by screwing down the stems. In
all cases, the valves are located so as to have
the pressure or circulation on the under side.
The valves are closed by the screw-stems.

The water is supplied to the boiler through
its dram B’ in any well - known manner, and
passes from the dramr into the pipe J when

the valve K’ is open, and circulates along the

For passing the water Trom the rear arch-

boiler about or near the water-line, sectional
in a cross, M, of a horizontal pipe, M’ which
leads out laterally from the boiler to a globe
check-valve, k% The pipes L. L' L” are con-
nected, respectively, by their other ends, to

side pipes of the grate-bars and rear.arch-
bars, and from the upper open ends ¢* of the
fire - front lining. The pipe L is constructed

 with a union-joint, k', and elbow-joints k° #°, |

and with a T-coupling, 16, It alsois furnished
with a globe check -valve, k7, and a waste-
valve, k.. A union joint, k%, check-valve k' T-
coupling %', elbow-joints k13, waste-valve k',
all similar to those on pipe L, are used on the
The pipe L? is likewise provided
with a union-joint, &%, check-valve £'°, T-coup-
ling %7, and waste-valve k'%, as shown.

I have described the water-heating surfaces |

as used together, and will state that when It
is desired to have only the hollow grate-bars
operate for heating water or generating steam,
an elbow-connection must be substituted tor
the T-coupling k! of supply-pipe J, and a simi-
lar coupling substituted for the T-coupling #?
of pipe J3, and the pipe M’ with 1fs cross M
removed and substituted by a pipe which leads
directly from the boiler to the check-valve £%.
Under this construetion the fire-front lining
and the rear arch back bars and the eonnec-
tions thereof are not constructed upon the

To use only the fire-front lining for heating
water, the T-couplings k! and £° ot pipes J?
and-J°® must be remoyed, and an elbow substi-
tuted for &1, and.the pipe J?, with its check-
valve and blow-off valve, made to connect
only with the fire-front lining, and the pipe
12, with its check-valve and blow-off valve,
must eonneét with said lining and with the
boiler by a lateral horizontal pipe, M.

To use the rear arch back bars alone, the
pipe L, furnished with valves &’ and %2, should
enter the horizontal lateral pipe M/, leading
from the boiler, and not communicate with
any other pipe, and the pipe J* should connect
with a pipe, J, which connects only with the
drum B’.

It is obvious that any two of the three
aforesaid additional heating or steam-generat-
ing surfaces can be used together upon the
same boiler by simply having pipes and con-
nections which do not provide for the use of a
third water-heating surface, Turther, in the

| event that it is’ not necessary or desirable to
‘use all of the three surtaces provided on one

boiler; or, if one'or more of the three surfaces
should become disabled, the remainder may
be continued in use by plugging the passages
formed by the-disconnection of the disabled
section or sections; or this may be done by
screwing down the check-valve or valves of
the disabled section or sections, and wasting
water through the disabled sections after the
pressure and sapply are nearly shut off by the
valve K. . | ' -
At N I have shown an intermediate pipe,
with a valve, N2, leading into the supply-pipe

J2. B}" means of this plpe a connection may

be made with the waste water of the heater of
the doctor or tank, as the case may be, in the
event of a leak or break oceurring in any part
of said heating-surfaces, and it has become
necessary to shut off the water and pressure
from tlie said surfaces by closing the valve K.
The water thus passed through the said heat-
ing-surfaces will not enter the boiler, as the
boiler - pressure will have closed the upper
check-valves, but will circulate and overtlow,
and pass out through the waste-valves, The
effect of this separate circulation and wasting
of water through the said surfaces will be to
reduce the pressure in the pipes, and thereby

stop the flooding of the fire-box or other part

of the furnace, and thus avoid detention from
such accident; also, to save the most exposed




~ back bars to the water-line, | |
- When the water is at the proper level, and

g5 ; - . 184,465

parts from being fatally
‘strain and intense heat. S .
- Instead of employing the entrance-pipe N

- for this purpose, the valve K’ and the check

aud waste valves might be made to answer
the same end by closing them just tar enongh
to permit a slight leakage thereof, which will

- be sufficient for moistening the steam and re-

- dueing its pressure upon the surfaces after
the main pressure of steam and supply of wa-
ter from the boiler have been almost wholly

cut off., -

At N! the 01‘dina,i'y main check-valve of th_ei

main supply-pipe from the doctor is shown on
the drum B’; and it will be understood that

the water is not pumped through the heating--

- surfaces, but is supplied to the boiler, and by
‘circulation from the boiler passes through said

‘surfaces, and "then back into the boiler in a
highiy-heated coudition, or in form of wa.

ter and steam. - |

- In-applying t'he;_pip'eszon-rivf'er—'boilérs,.'the.

arrangement provided on one side is duplicat-
‘ed on the opposite side, except that the blow-
off and waste-water valves will be only on one
side, and the auxiliary supply-pipe N only on
the opposite side to said valves; and for land-

boilers, a system of pipes, check and blow-oft |
valves, and a single stop-and supply valve, K, |

-will answer, as such boilers do not ehange
- their horizontal position, as river-boilers do,
from the rolling of the boat. B S
- T'he operation is as follows : The water is
~supplied to the drum B’ of the boiler, and

rises in the boiler and circulates through the

pipes J J' J? J3% and therefrom rises in the

“hLollow grate-bars, fire-front lining, and arch- |

the furnace running at the proper heat, the
hot water .or steam passes up and  along
the pipes L L' 12 and therefrom into the
botiler at or near the water-line, and thus the

‘circulation continues so long as everything

works right; and, in the event of a leakage
or breakage in any of the additional surfaces,
~ the valves are either set to work with a slight

-~ leak of water, to moisten the steam, or waste
water 1s allowed to circulate through pipe N, -
~and overflow, and pass off through the waste-

valves. That one of the aforesaid additional
heating-surfaces which leaks or has a break-

: age 1n it will be the only one, of course,.that.
the leak of water or flow of water through it

- will be necessary, and, therefore, only its
~check and waste valves will be set to operate
as stated. - S -
What I elaim as new is—

© 1. Hollow side grate-bars for fire-boxes, con-

injui'ed-‘ by undue |

5. The combination of th

boiler at relatively low and high “pbints;,-- and

the bed-bars constructed to form a hollow
Dge-wall, all Substantially as and for the

purpose described. = - S e
2. The water-circulating fire-front lining for.

a ﬁreéb()x,"c;onstructedfwith- division-partitions -
| forming separate circulation-passages, which
unite, substantiall y as shown, and for the pur-

pose deseribed. _ SR
d. The hollow rear-end arch, made separate, -

| and united and jointed together, substantially
as and for the purpose described. |

4. The combination of the expansible thim-
bles, copper rin g, screw-rods, and nuts with

-a circulation tube or chamber, for uniting the

parts, and forming and: packing the joints,
either between the bars of the grate, the arch- =

bars, or the Pﬂl‘tS-Ofth'e'ﬁ_reﬁ-front 'linin;g,ﬁubf_; o

Stal-ltia“y'a.S"deS{;ribed_j_;_.=_ R SR
e hollow grate-bars,

a loosely-jointed supply-p

stop valve, a check-valve,

lining, loosely-jointed pipe leadin g from the

water-space of the boiler to . the lowest tubu-
lar passage of said fire-front lining, the loose-
ly-jointed pipe leading from the highest tubu-
lar part of the lining into the noiler: throngh

-a pipe at or near the water-line, check-valve,

‘waste-valve, and stop-valve, substantially as
,dESCPIde;_: B | T

. 7. The combination of the tubular rear arch,

‘mmade of separate sections united and jointed
together, loosely-jointed pipe leading from the
boiler to the lowest tubular passage of the
rear arch-bars, a loosely-jointed pipe leading
{rom the highest tubular passage of the said -
‘bars into the boiler, at or near the water-line,

and a check - valve, a. waste _a;u_d_---:,blmxrf._.-;.oﬂ’.‘;

Valve, and a stop-valve, substantially as de- -

scribed.

8 The combination- of the hollow grate-
‘Dars, tabular fire-front lining, rear-arch-bars,:
and the several pipes, check-valves, blow-off .
and waste. valves, and -
‘tially as deseribed., . |

9. The pipe N, -Wﬂ.StF:-ciiékf NZ, %Wﬁe E’,&n d

check and waste valves, for wastin g water
througn either one or all of the additional .

‘water:heating and circalating surfaces, in the
event of a leak or break occurring in either of -

sald surfaces, and when the pressure and sup-
| ply from the boiler are wholly or partly cut off

ipe, J J2 I3 leading
from the boiler to the lowest tubular passage .
of the bars, a circulation;pipe, L 14 12 alsor
loosely-jointed, leading from the highest. tub-

ular passage of the bars'into the boiler, and a o
| wck a waste-valve, -
substantially as and for the purpose described. o

topevalves, substan-

by the valve K/, substantially as and for the o
purpose described. .. - T ;

. WILLIAM H. FARRIS.

~ 8tructed separately or together, at different
altitudes,.and.arra;_n ged in relation to the hol- |
low bed grate-bars, so as.to form with the lat- l R

- ter a basket or chamber within the fire-box, | Witnesses:
- said side bars and the bed-bars being in com-|  J.N. CAMPBELL,
~ maunication with one another, and with the | JAMES MARTIN,

[T TR I
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