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To all whom it may concerwn: | -

Be it known that I, WILLIAM HECKERT, 4
citizen of the United States, residing at, Find-
lay, in the county of Hancock and State of
Ohio, have invented certain new and useful
Improvements in a Combined Gas and Steam
Engine; and I do hereby declare the follow-
ing to be a full, clear, and exact description

of the invention, such as will enable others

skilled in the art to which it appertains to
make and use the same. ) .

This invention relates to steam and gas en-

‘gines or motors, and more particularly to a

combined gas and steam engine. _
The principal objects of the invention are
to produce a highly efficient and economical

engine or motor combining all in one com-

pact arrangement a gas-engine and a-steam

engine and boiler and to provide means {or
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economizing in the use of fuel and more com-
pletely utilizing the heat of the gas-engine or
expansive gases, which is usually wasted in
venerating steam as a further motive power
for driving the engine. | o
Other objects are to provide for contini-

ously and economically heating the feed-wa-

ter during its passage to the boiler and for
preliminarily heating the propelling gas or
cases before admission thereof into the pis-

ton-cylinder, to utilize to the best advantage

" the combined action of steam and explosive

35

oases as a motive power, and to further util-

ize the heat of the expanded gases in reheat-
ing or superheating the steam which is being
used as a propelling force, and thereby low-

" ering the temperature of the piston-cylinder,

40

and finally to provide an improved machine
of the character referred to which shall oc-

cupy but little space while possessing greab

power. _ | |

In ecarrying my invention into effect the
gas and steam are automatically and at dif-
ferentintervals introduced into a piston-eyl-

~inder av opposite sides of the working piston,
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which is thus impelled in reverse directions
by the said motive forces, and said cylinder

‘is preferably provided with an outer shell or

casing the intervening space between which
and the inner shell or eylinder proper 1s con-
veniently utilized as a water-chamber, serv-

ing the double function of a water-jacket and |

steam - boiler. Any suitable charge of gas

‘and air, vaporized naphtha, or other fael used

in any of the known gas, air, or oil engines
‘may be intermittently admitted into the gas
‘end of the cylinder, the fuel or mixture used

being preferably determined and regulated

with reference to obtaining the greatest pro-

duction of heat and the highest expansive
power at each ignition or explosion, and said
gases after expanding and spending their
force against the piston instead of being ex-
hausted and wasted at a high temperature,
as in the ordinary gas-engines, are utilized as

furnace-gases of combustion, being conveyed
in suitable fire-flues which pass through the
water-boiler and then preferably further con-

veyed through succeeding series of tubes or

flues which pass through and gradually heat
‘the feed-water on its passage to the boiler

and are finally exhausted at a low tempera-
ture into the atmosphere. The heat taken
up by the cylinder-walls is of course trans-
mitted to the surrounding water, while that
absorbed by the cylinder-head at the gas end

is employed in heating the fuel beforeits ad-

mission into the cylinder, the fuel being first

55
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introduced into & chamber adjacent to said

cylinder-head. The steam generated Is prefer-
ably collected in a steam-dome mounted on the

do

boiler, and conveyed directly toa steam-chest -

for introduction in the usual mannerintothe
steam end of the cylinder, where it impels the
piston at each forward stroke of the engine,
and to uyse the steam to better advantage the
space between the piston-rod and cylinder-
walls is preferably reduced at the steam end,

‘thusconfiningtheexpansion of thesteam with-

each gas-exhaust stroke of the piston. After
exhaust the steam may be condensed and re-
surned to the boiler by the feed-pump. It
will thus be observed that a highly ef

"and economiecal motor is provided the rela-

tive power of which developed from a given
amount of fuel is greatly increased beyond
that of either the gas or steam engine, the

in limits suitable to the amount generated at

90
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motor having an additional impulse over the

gas-engine at each forward stroke, thus se-

caring more uniform speed, as well as greater

power, and the heat of the motive gases be-
ing completely utilized. = Moreover, the heat

100
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tion of the gas serves to reheat or superheat
to an extenb the steam next admitted and in- |
crease 1ts expansive power, while the steam,
in connection with the surrounding boiler,
reduces the cylinder-walls to a praetlcal
working temperature unattainable by wa-
ter-;]a.ekets in the ordinary gas-engines, and
serves also tolubricate and ]jl‘eS@I‘VG the sides
of the c¢ylinder, thuas considerably prolonging
the life of the motor.
may be provided for automatically control-
ling the supply and exhaust of gas and steam
to their respective ends of the cylinder and
for reversing and stopping or starting the
motor, rendering the same adaptable for pro-
pelling street-cars and other vehicles.

Theinvention consistsin certain novel fea-
tures and combinations, which will first be
hereinafter more particularly deseribed with
reference to the accompanying drawings,
forming a part of this specification, and then
pointed out in the claims following the de
scription.

In said drawings, which illustrate one form
of embodiment of myinvention, and in which
corresponding parts are deswnated by simi-
lar letters of reference in different views,
Figure 1 1s a side elevation of a eombined
gas and steam engine with boiler embodying
my invention. FKig. 2 is a sectional plan
view of the same with parts broken away,
the piston-cylinder being shown in horizon-
tal section. Fig. 3is a vertical longitudinal
sectional view taken on the line 3 3 of Ifig. 2
I'ig. 4 is a front view. Fig.-5 is a detail sec-

| 13101:13,1 view taken on the 11116 5 5 of Iig. 2
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looking in the direction of the arrow. Fl“‘ 6
is a detail sectional view taken on the hne
6 6 of Fig. 4 looking in the direction of the
arrow. Fi-g. 7 18 a detail of the cams and
connections for operating the exhaust-valve
of the gas-explosion chamber and the feed-
pump. Fig. 8is a side elevation, partly in
section, 1llustrating the application of a link
motion and codperating devices for reversing
the engine; and Fig. 9 is a detail end view
of the reversing-lever.

In said drawings the letter A denotes an
ordinary engine crank-shaft with a fly-wheel
A’ thereon, mounted on a bed-frame B. C
denotes a rod or pitman extending from the
crank on said shaft and having a dlrech con-
nection with the piston C' by means of a wrist-
pin ¢, fitted 1n openings in the bifarcated
head of a bolt ¢', inserted through an opening
in the head of the piston and secured by a

-nut at the opposite side; but any suitable

O6c

connection may be employed.
D denotes the cylinder in which the piston

works, having a water-space ¢ between its

inner and outer walls and preferably con-
structed in two diameters internally, the re-
duced portion « being of a length equal to
the distance traveled by the piston, which fits
snugly therein, and the larger portion d? pro-

Any suitable means

| with the lower tube-chamber, as at ¢/,
which chamber the feed -water enters and

708,637

taken up by the cylinder-walls at each igni- | viding a suitable chamber for receiving the |
usual char ge of gasand airor vaporized na,nh- -

tha, as in ordmaryg&s -engines, the admission
of mixed gas and air to such chamber being
controlled by a valve E and the exhaust by
a valve E'. These valves may be automatic-
ally operated at the proper time by any suit-
able mechanism, such asordinarily emploved
for such purposes in gas and other engines,
and which are so well known in the art that
no description thereof herein is deemed nec-
essary. 'T'he residue of combustion or waste
products of the explosmm are exhausted
through the valve K’ and pass into a space I,
formed around the end of the water-space d,

75

g0

Figs. 2 and 3, and thence into fire-flue tubes

(z, connecting the space or flue F with a simi-
lar space K’ at the opposite end of the eylin-
der, said tubes passing throungh said water-
space d. I'rom this latter space the gases
pass through an opening f down into a space
g at one end of a subjacent tube-chamber
consisting, preferably, of upper and lower
compartments and each containing a series
or bank of tubes, through the first series of
which the gases pass flOIIl the space ¢g to a
| similar space ¢’ at the other end of the tube-

chamber and thenee downward through an

opening ¢° to the space ¢3, from whlch the
lower bank of tubes conduct the gases back
again into a space g*, which communicates
with the exhaust-pipe H. (Shown in dotted
lines in Fig. 1 and in fall lines in Fig. 3.)
The inter medlate series or bank of tubes are
denoted by the letter G' and the lower bank
by the letter G-.

I denotes an ordinary water-boiler feed-
pump which may be connected with any con-
venlent water-supply and driven by a coun-
ter-shaft K, geared to the engine crank-shaft,
the piston of the pump bemn' connected by a
rod /& with erank-pin &' on a cam K’, carried
by the said counter-shaft K, the latter be-
ing so geared to the main crank - shaft A
that the latter will make two revolutions to
one revolution of the counter-shaft, so as to
operate the gas-exhaust at each second re-
verse stroke of the piston. The pump com-
municates by a suitable line of pipe, as <,
into

Qa
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passes thence through a suitable opening or

openings, as at 3 at the front of the boiler,

‘into the central tube-chamber, and thence

back and up through an opening or openings
¢* into the water-space ¢ around the ¢ylinder
D. The water-space d communicates through
a suitable opening in the top or outer wall of
the cylinder D with a steam-dome L, from
which a suitably-valved conduit or pipe m m/’
leads to a valve-chest M, which may contain
any suitable valve, conneebed with the cranlk-
shaft of the engine in any desired manner

for GOHEIOHIH“‘ the admission and exhaust of

steam, as in mdma,ry steam-engines. In Fig.
1 of the drawin as I have shown a. rod n con-

120
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necting a slide-valve within the steam-chest | seen, it is double or has reversely-inclined

with a valve-operating lever N, pivotally sup-
ported at one end on the bed-frame and piv-

- otally: connected at an intermediate point

with the rod o, which connects with - an ec-

centric O on the crank-shaft; but a rotary
valve of any desired and suitable construc-

tion may be employed, both rotary and slide

- valves suitable for the purpose being so well

10

known in the class of machines to whi¢h this
invention relates that a specific description of
any particular form herein is deemed unnec-
essary. Steam being admitted behind- the

- piston B.in the usual way,said piston will be

L5

driven forward, imparting motion to the
crank-shaft, and as the piston begins its first

reverse stroke mixed gas and air will be ad-
mitted through the Valve E, and on the next

 forward stroke said oases will be compressed

20

~ that in which 1t 1s impelled by the steam, gas
being admitted on the first, third, and fifth

23

in:the explosion- chambet d? and at the proper:

time exploded by means of the well-known
hot-tube igniter, such as at E?, to force back
or impel the piston in a direction opposite to

reverse strokes, and so on, as in the well-
known Otto type of engine. Thuson the first
reverse stroke, with reference to the steam

- slde, gas 1s admitted in.the explosion-cham-

30

35

- the steam-valve and its exhaust through some

4.0

45
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ber.. On-the forward strokeit'is compressed.
On the second reverse stroke 1t expands and
does its work on the piston, and on the return
stroke 1t 1s exhausted, and during: the mext
stroke gasis againadmitted, and so on, steam
being admitted a4t the opposite side of the
piston at each forward stroke and exhausted
through flues or pipes common to both ex-
haust-valves. In Fig. 3 isshown a section of

of the tubes through which the gases at the
other end of the c¢ylinder escape.

mitting the engine to.be reversed a well-

- known form of link-motion in place of the

single eccentric and connections shown in
Fig. 1 and which I will presently describe.
P denotes a rod which is jointed at one end

to the exhaust-valve-operating lever p, which
- may be pivoted at one end on the bed-frame,

and has its free end arranged in position 130
open the valve E’ against Lhe pressure of the

spring e’ thereon to exhaust the contents of

the explosion-chamber, the valve being op-

. erated at the proper Lune by the cam K’ en-

55

gaging a friction-roller p’ on the rear end of
the rod P. ‘A universal-joint connection be-
tween the valve-operating rod and lever at
pgzpermibs the opposite end of the rod, with

= itsroller p', to be moved horimnmllv or from

60

side to side ‘to cause the roller p'to engage

either one or the other of the two cam-sur-

faces -on the cam K', so as torun the engine

either forward or back by causing said roller
- t0 act on. either the right or the left hand
cam at will..
is shown more clearly in Fig. 7.

"The construction of said cam

In:this lat-
ter view I have shown for the purpose of per- |

- 10 receive

"As will be |

3

cam-surfaces k' t*, with &'dividiﬂw-ﬂano*e fe?
between them. When the roller p" on-the
end of the rod P, operating the exhaust of the
gas-explosion ehamber runs on the said di-
vidingéﬂange,- the exhaust will be held open
continuaously, and when the roller 1s shifted
to the left-hand eam the engine will run to

the left, and when the roller is shifted to the

right- hand cam the engine will run to the
rlﬂ'ht or in a reverse dlleetlon |

In Flﬂ* 81 have shown a link-motion and

opemtlnﬂ* -lever whereby both the steam and
exhaust valves are shifted at the same time
for reversing the engine when desired, and
especially when used" L0 operate street-cars,

/e

75

30

or for other purposes where it is desired to

run at different speeds or reverse the motors.
In connection with the double eccentries and
connections 1 and 2 with the link-motion for

operating the steam-valve I have shown an
operating-lever R fulerumed beside the ex-
haust-valve-operating rod P, the said lever R
90

having an obliquely-arranged open -slotted
end 7 to receive said rod, so that when the
lever is raised or lowered for the purpose of
shifting the steam-valve the end of the rod
P carrying the cam-engaging roller p’

gaged by the cam-surfaee &t the other mde of
the ecam K'.

From the foregoing descrlptlon takeu in
conpection with the accompanying drawings,
the operation of the engine will be readily

anderstood and its advantages appreciated.
The admission of gas and air to the gas-en-
oine end of the apparatus being reﬂ’uldted SO
as to provide an accurate mmbure oiving the
best results insures the liberation _of the

greatest amount of heat-at the highest at-
‘tainable temperature from a given amount

of fuel at-each intermittent e*(ploslon in the
expansion-chamber, thereby giving,

are treated the same as the hot gases of com-
bustionunderorin an ordinary boiler and are

passed through fire-flues surrounded by water
Saﬂd heat and generate steam in

will be
shifted laterallv to cause the roller to be en-

irst, the
‘Mmost power attamable from the e?pa,nelon of
the gases in said chamber.:
‘engines usually discharge the resulting gases'

into the atmosphere at not less than 300° Fah-
‘renheit, whilein my engine such heated gases

Old-style gas-

IOO

105

I1IQ

115

the water-space around or surrounding the

cylinder, such eylinder now being con31dered

as the combustion-chamber of an'internally—*
fired boiler, and as such no former method -
of firing boilers uses fuel with equal perfec-
tion - of combustion -and development and
| utilization of heat, every part of the combuis-
tion - chamber bemp' surrounded by water,

‘through which the heated gases must pass at" |

their highest temperature, thence pass down

120

125

t0 the central bank of tubes surrounded by -
‘still colder water, thereby insuring a con-

130
tinued flow of heat from. gases to water while -

passing through this second set of tubes, then
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passing to a lower bank of tubes surrounded | in a serpentine or zigzag course from a source

by cold feed-water, where practically allavail-
able heat is recovered from the gases. The
steam may be exhausted in the same way or
it may be condensed, soastopermitthe pump
to return the water to the boiler, and thereby
reduce both amounts of fuel and water re-
quired by all steam-motors by more than one-

“ half in the development of the same horse-

IO

IS

20

23

35

40

45

50
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power. The heated cylinder of gas-engine,
which the usual water-jacket fails to keep
sufficiently cool, is by the introduction of
steam at the opposite end of the same cylin-
der reduced to practical working temperature
of best engine-surface, whileincreased energy
is given the motor by infroducing steam in
the boiler’scombustion-chamber,and thereby
further raising the temperature of the steam
acting on the piston therein. With perfect
mixture of gas and air compressed and con-

"sumed or exploded in engine-cylinder almost

perfectcombustion is insured, and as a result
ahigh temperature in such combustion-cham-

ber, and on the return stroke steam admitted

at the other end of the cvlinder comes in di-
rect contact with the heated wallsof this cyl-
inder or part of combustion-chamber directly
following after the heated gases are being
pushed out by the other side of the piston,
the steam being superheated and the intense
hot walls of gas-engine lowered in tempera-
ture much more than by water-jacket alone.
The combination of steam and gas motor re-
quires much less fuel than is required by
either of the old styles of engines giving or
designed to give the same power, since the
heat of combustion used by gas-engines 1s
not available with steam-engines, but passes
up the stack with the heated and expanded
nitrogen, which does the work of the gas-en-
cines. In my motor these separate portions

of heat are each utilized, therebygiving twice .

the power from a given amgount of fuel. It
is also apparent that with my motor, using
steam at each outward stroke and gas at
every other reverse stroke, a more uniform
speed is secured and that such steam-supply
will admit of motors being stopped, started,
and reversed thesameasany locomotive when
supplied with double or triple cylinders and
iink-valve motions, as hereinbefore stated.

It will be understood, of course, that nu-

merous changes may be made in the details
of construction and general arrangement of
parts without departing from the spirit or
scope of my invention, and I do not desire
to be limited to the construection shown and
described.

Having thus desceribed my invention, what
I claim as new, and desire tosecure by Letters
Patent of the United States, is—

1. A self-contained motor or engine com-
prising in a unitary structure a cylinder hav-
ing a water-space around the same, a subja-
cent water wayorpassageextendingupwardly

of supply to said water-space, heat-flues ex-
tending downwardly from said e¢ylinder to the
exhaust through said serpentine or zigzag
waterway, and a piston working in said c¢yl-
inder having a suitable connection with the
driving-shaft, together with mechanism for
automatically controlling the admission and
exhaust of steam at one side and of explosive
gases at the other side of the piston to actu-
ate the latter by the expansive force of said

gases and steam operating dlternately to

drive the piston in opposite directions; sub-
stantially as described.

2. A self-contained motor or engine com-
prising in a unitary structure a ¢ylinder hav-
ing a water-space around the same opening
into a steam-dome at the top, a subjacent wa-
ter way or passage extending upwardly 1n a
serpentine or zigzag course from a source of
supply tosaid water-space, heat-flues forming
a descending passage for the residue of heat
and products of combustion from sald cylin-
der through said water-space and subjacent
water - passage, and a reciprocating piston
working in said cylinder having a suitable
connection with the driving-shaft, together
with mechanism for automatically controlling
the admission and exhaust of steam at one
side and of explosive gases at the other side
of the piston to actuate the latter by the ex-
pansive force of said gases and steam oper-
ating alternately to drive the piston in oppo-
site directions; substantially as described.

3. A self-contained motor or engine com-
prising in a unitary structure a cylinder, a
subjacent waterway ascending step by step in
reverse directions from a source of supply to
a water-space at the boiler, a passage for the
residue of heat and products of combustion
descending step by step through said ascend-
ing waterway, and a piston working in said
cylinder having a suitable connection with

' the driving-shaft, together with means forau-

tomatically admitting explosive gases and ex-
ploding the same at every second reverse
stroke of the piston, for effecting such re-
verse stroke, and means for automatically ad-
mitting steam at the other side of the piston
for impelling it at each forward stroke, sub-
stantially as described.

4. A self-contained motor or engine com-
prising in a unitary structure, a ¢ylinder hav-
ing a water-space around the same opening
into a steam-dome at the top, asubjacent wa-
terway gradually ascending from a source of
supply to said water-space, a heat-passage
oradually descending through said waterway

to the exhaust, and a reciprocating piston

working in said cylinder having a suitable
connection with the driving-shaft, together
with means for antomatically admitting ex-
plosive gases and exploding the same at every
second reverse stroke of the piston, for effect-
ing such reverse stroke, and means for auto-
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matically admitting steam at the other side | suitable partitions or webs between the inner

of the piston for impelling it av each forward
stroke, subshfmntlally as described.
5: A motor or engine comprising in a uni-

tary structure a cylmder having a surround-
ing water-space and air spaces or flues at its

ends,tubes connecting said air -spaces through
said Wdter-cspaee & %ub,]a,cent ascending wa,ter-
way connecting said water- Space with a feed-
pipe, and other tubes passing through said
subjacent waterway and connecting ‘the air-
spaces with the exhaust; a piston workmn* n
sald eylinder, means for autom atically ad mlt-
ting explosive gases at one end of said cylin-

de1 and for e‘f{haustlnfr the residues of com-

bustion into and out bhroun'h sald air-flues

“and tubes, and means for automa,tma,ll} Comn-

trolling the admission and exhaust of steam
at the other side of the piston for impelling
the latter in a direction opposite to the action

of the expansive gases, substantla,lly' as de-

scribed.
6. A motor or engine eonsmtmﬂ of a eylin-

- derhavingasur roundm o erter-spaee and fire-

25
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- and passing downwardly through said subja--
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flues sepa,rated therefrom one at each end, a
subjacent waterway ascendmn‘ from a feed-

pipe to said water-space, fire- flue tubes con--

necting said flues through said water-space,

‘other tubes connecting blfﬂll&l‘ flues at oppo-

site ends of the C_}llﬂd@l with an exhaust-pipe

cent waterway, means for automatleally ad-
mitting explosive gases at one end of said eyl-
inder and wmbmw the same, and mechanism
for automatlcally GOI]tI‘OHII]*}' the admission
and exhaust of steam at the other end of said
cylinder to effect the movements of the piston
in one direction only, together with means
for exhausting the residues of combustion
through said fire-flues and fire-flue tubes,sub-
stantially as described.

7. In a combined gas and steam engine, a

cylinder having a piston-chamber, and an ex-

‘plosion-chamber at one end, together with a

water-space around the c¢ylinder and flues at
each end separated from said Wa,ter-spaee by
sultable partitions or webs between the inner

and outer walls of the eylinder, a series of fire-
flue tubes connecting said flues through said

water-space, and a sub;acent water- chambel
with fire-flue tubes therein connecting a flue
at the outlet from said ﬁrst-menmoned flues,
with a similar flue at the other end of said wa-
ter-chamber: the latter flue communicating
with the exhaust so as to provide a zigzag

- course for the escape of the residues of com-
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bustion, together with a feed-pipe for suppl_ﬁ,-
ing said watel -space through said fire-flue-
tube containing water- ehambel,Substantmlly

as described.
3. In a combined gas and steam engine, a

cylinder having a piston-chamber, and an ex-

plosion-chamber at one end, together with a
water-space around the eylinder and flues at

o, T

and outer walls of the c¢ylinder, a series of fire-
flue tubes connecting said flues through said

water-space, and a subJaeent water-chamber
-with fire-flue tubes therein connecting a flune

—
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at the outlet from said ﬁrfst-menmoned flues

with asimilar lue at the other end of said wa-

‘ter-chamber; the latter flue communicating
‘with the exhaust, so as to provide a
course for the escape of the residues of com-

Z127a.Z

bustion, together with a feed-pipefor supply-

ing said water- -space through said fire-flue-
ftube containing water-chamber, and a steam-

dome mounted on said cyhnder in ¢communi-
cation with the water-space around the same,
substantially as described.

9. In combination with the piston-cylinder
and piston working therein and a steam-dome
at the top, a water-space around said cylin-
der, flues through said water-space, a subja-

centascending water-passage connecting said

water-space with a feed-pipe at the bottom or
lowest point in the circuit, and heat-flues ex-
tending downwardly Dhrouﬂ'n said subjacent
water- (,h.:nmbel at the ends bhereof tubes con-

necting said flues, an inlet-valve for the ad-
- mission of exploqwe gases at one side of the

piston, a valve at’ the same side for exhaust-
ing the residues of combustion through said
flues and tubes, and a valve at the other

end of the cylinder for admitting steam to
1mpel the piston in a direction opposite to

the direction given by the expansive gases,
whereby the heat and residues of combustion
resulting from the explosion of the gases is
utilized in heating the feed-water and reheat-

ing or superheating the steam, subsbantlally

as deserl bed.

10. In combination with the cylinder hav-

ing a water-space around the same, a steam-

dome mounted thereon,; flues at the ends

thereof, and tubes connecting said flues
through said water-space, a subjacent water-

which communicate with the outlet from said
flues at one end and with a similar flue at the

‘other end, other tubes connecting the latter

flue through said subjacent chamber with the

‘exhanst, and means for feeding the waterin a

zigzag course through said subjacent cham-

‘ber‘in contact with said tubes and the walls

of said flues, substantially as described.

11. In a combined gas and steam engine 4
piston having a.reduced area working in the
steam end of eylinder and an enlarged portion

or area in end forming a gas-explosion cham-
ber, said piston having a hollow extension or

trunk extending through stuffing-box in one
head of cylinder to receive the connecting-rod
of engine and provide reduced steam-piston
area around sald extension in cylmder as and

for the purpose described..
~12. In combination with the cylmder and

its surrounding water-space and subjacent

each end separated from said water-space by | water-(,ha,mber flues at the ends of the cylin-
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chamber having a series of tubes therein
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der and subjacent chamber communicating | heated as it ascends to the water-space at the 1c
at opposite ends, and a series of pipes form- | top of the boiler, substantially as described.
ing a zigzag course for the escape of the resi- | In testimony whereof I affix my signature
dues of combustion through said water-space | in presence of two witnesses.

5 andsubjacentchamber,together with a boiler | B
feed-pipe and means for supplying water in WILLIAM HECRERT.
a zigzag course through said subjacent water- Witnesses:
chamber and water-space in contact with the Lucy WILSON,
fire-flues,whereby the feed-water is gradually JOHN M. FHAMLIN.
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