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- all produets of combustion pass through the
smaller flues in the boiler; but the boiler
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To all whom it may concern:

- Beit known that T, JAMES WATERS, a citizen
of the United States, and a resident of Minune-
apolis, in the county of Hennepin and State of
Minnesota, have invented certain new and use-

ful Improvements in Steam - Generators and

Methods of Utilizing the Heat and Steam Gen-
erated Therein,of which the follewm 0184, QPBGI

ﬁcatlon
- This mveutlon 1elate°s to steam- ﬂ*enelatms

and the method of utilizing the steam and heat

~generated thérein, as hereinatter shown and

ey
{J1 .

descr ibed, and as 1]1ustrated by the accompa-
nying dl&WlI_‘lﬂ‘S, in which—
Figure 1 is a sectional side elevation of the

hoiler-plant and an outline detail of the system
of engines, pumps, and condensers used in.

connection therewith. Fig. 2 isa plan view

~ in section on the line x# 2 of Fig. 1 of the

20 boiler-plant.
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Fig. 3 is a sectional detail of the
upper part of the boiler-plant on the line y y of
Fig. 1. Fig. 41is a plan view of the secondary
bmler 01l the line z 2 of ¥ig. 1. " Kigs. band 6
are sectional side elevatmns of the . boiller-

plant,illustrating modificationsin its construc-

tion.

A relnesents an upright boﬂel preferably

of that kind of boiler which has ﬂues extend-

. ing through 1t endmse, such as 18 shown in

Flg 4. Thisboilerissetin a brick-work arch,

B', and with the furnace B? beneath if: &rranged |
~in the ordinary manner.

Thls bmler has ¢ir-
culating-tubes a on its sides, and 4 globular
elrculatmﬂ drum, b, suspended beneath 1t,
while it is eonnected at its upper end to a su-
perheating-drum, C, by a large tube, C°, this
latter drum bemg supported at 1ts ends above
the boiler A by the brick- mork B in a closed
chamber, B?, a8 shown.

D represents another boiler similar to the
boiler A,and supportedin an upright position
in the brick-work B’, and with its upper end
connected by a tube, C*, to a superheating-
drum, C, lymg alongmde the drum C' in the
cha,mber B , as shown in Figs. 2 and 3.

The 10wer_ ends of the flues in the bmler D

(shown in Fig. 4) open down into a flue, B

leading into the smoke-stack E.
In Figs. 1,2, and 3 the boilers AD are shown

embedded 1nt0 the brick - workk B, so that

may be arranged, as shown in Figs. 4 and 6,

-with a water-leg,

the products of combustion, or, as in Fig. 5,
A, SllllOllHdln'T the main

| brick-work B’ for the pfi,ssaﬂe of a por tion of 53

shell A, and betﬁ een whleh and the main shell

a portlon of the products of combustion pass.
By this means the heated-air flame, gases, &c.,

come in contact with the boiler on all 51des,
‘thereby greatly increasing'the heating-surface.

By this arrangement the “hot air, smoke, and

-other products of combustion pass upward

through the flues in the boiler A, through the
chamber B?, where it envelops the dr ams ¢’ C’,

thence downwald through the flues of the
boiler Dintotheflue B, and thence otit through

the smoke-stack E, as in Fig. 1, or upward |

‘through and around the boiler A and down
‘through and ELlOUI]d the boiler D, as in Flgs
b and 6.

- The feed. water 18 supplied to the lower part

~of the boiler D, as shown at n, from the con-

denser I by a pump (&, or from a feed-water
heater, where no condenser is used, The feed-

water, being supplied at the farthest point from

the furnace, will not influence the heat of the

products of combustion until after they have
passed through the boilersand an opportunity

| has been given for the extraction of the heat.

The watel will generally be kept standing in

both the boilers A D at about the same hewht
as indicated by the dotted line (marked “wa

‘ter-line’”) in Figs. 1, 5, and 6; but the water-

line in the two boilers need not necessarily be
kept at the same height, as they are entirely
independent and dlstmct

H’ represents a pump connected to the
boiler D, just below its water-line, by a pipe,
H* and ‘the boiler A by a pipe, H3 near the

‘bottom of the latter, so that the water may be

taken from the boi]er D at the point of its
greatest heat—that 1, as near as possible to

thetop of the water-line—and discharged into

the boiler A at a point far enough removed
from its steam-chamber to not affecb the steam.

By this arrangement of the boilers I extract '

from the fuel and the products of combustion
almost all the heat, and transmit it into the
water in the boilers before the air , Smoke, and
other produets of combustion reach the flue B
and smoke-stack E; hence a great economy of
fuel results and no waste heat 1s discharged
through thesmoke-stack. Ialsoclaim a greab
advantaﬂ'e in arranging  the second boiler, D,

so that the smoke and heated air pass down-

with a space, g, between their shells and the | ward thloufrh and around it in contact with
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a constantly-cooling surface, as the air wiil |

give up its heat much more freely while thus
passing through the decreasing temperature.
Another point to be noted is that the heated
products of combustion pass from the hottest
toward the coldest part of the boiler D, (i. e.,
from the boiler A to the lower end of the
boiler D, where the comparatively cool feed-
water is fed to the boilers;) hence the tem-
perature of the products of combustion 18
gradually reduced and the heat  therefrom
transmitted into the water just where it will
accomplish the greatest benefit, the greatest
amount of the heat being transmitted into the
boiler A. In other words, the flame, smoke,
hot gases, and other produets of combustion,
in their course through the boiler D, are con-
tinuously coming in contact with water of a
constantly-decreasing teniperature; hence the
heat 1s extracted continuously, whereas 1n
boilers as ordiparily constructed the heated

air, in passing from one part of the boilers to.

the other, passes through long sections of the
boiler heated to a uniform temperature, the
sections decreasing in temperature toward the
smoke-stack or other exit. By this means
none of the energy of the lheat is wasted in
raising the temperature, but, on the con-
trary, all the energy 1s utilized to heat the
water in the Dboilers and evaporate it into
steam asthe productsof combustion, as before
stated, are coming in contact with a medium
of a constantly-decreasing temperature in
their progress through the boiler D. . -

The steam, as 1t is generated in the boiler
A, will rise and fill the drum C', in which it

will be superheated, and f{rom this drum the

steam will be conducted to the engine by a
pipe, M'. '

The steam generated in the boiler D will
rigse into the drum C°, where 1t will also be su-
perheated, but will not De raised to so high a
temperature or expanded to produce so great
a degree of pressure as in the drum €, as the
heat coming in contact with the boiler D is
not so great as that coming in contact with the
boiler A, having given up a portion of its heat
in passing through the Dboiler A and chamber
B’. WVith an ordinary arrangement of the
plant, in which the boiler A isabout fourteen
feet long and with a forty-eight-inch shell, the
pressure in the boiler A will be raised to about
>ne hundred and twenty pounds and in the
boiler D to about ten pounds; but these press-
ures may be varied as required.

An important advantage obtained by the
manner shown of constructing the boilers is
that no unequal straing occur when first get-
{ing up steam, as the heat comes in contact
with all sides equally. Consequently all parts
will be expanded alike. Another important

advantage gained by this arrangement is that
the boiler D serves as a precipitator of the
sediment in the feed-water, as well as a heater
for the feed-water.

I have shown in the drawings a system of
engines, pumps, and condensers connected to

362,558

the boiler-plant to illustrate one method of '

economically utilizing the steam generated
therein.

Engines embodying the ‘‘compound?’ prin-
ciple can best be used 1in connection with this
system of generators, although ordinarysingle
engines can also he used.

N’ N* N? represent three steam-cylinders
with one single piston-rod, N%, common to all,
and each cylinder provided with its own set of
steam-chests d. I have shownmerely thethree
cylinders and their steam-chests, and have not
shown the cranks, connecting-rods, slides, &c.,
as the parts shown are sufficient to 1llustrate
the invention. The eylinder N’ is smaller in
its bore than the cylinder N? andthe cylinder
N* is smaller-in its bore than the cylinder N°,
being proportioned according to the pressure
of the steam which is supplied to them. The
cylinder N’ receives its steam direct from the
drum C through the pipe M, and exhausts
through a pipe, M? into the steam-chest d of
the cylinder N% and 1s thus utilized on the
compound prineciple to operate in the eylin-
der N?. If the 1nitial steam-pressure in the
cylinder N’ be about one hundred and twenty
pounds, the initial pressure in the cylinder N*
will be about forty-ecight pounds; hence the
exhaust from the cylinder- N? can be readily
forced into the boiler D through a pipe, M7,
above its water line, as the terminal pressure
therein will be about the same as in boiler D
after being expanded in cylinder N2 The
cylinder N* is supplied with steam from the
drum C’ by a pipe, M, asshown, and exhausts
into the condenser I, the vacuum created
thereby in thecylinder N’ increasing the power
of the engine. |

If only the two cylinders N’ N? should be
used, then the exhaust from N’ would be dis-
charged into the boiler D and the exhaust
from the second cylinder, N° would be con-
veyed into the condenser If, as will be readily
understood. DBy this arrangement the steam
1s used very economically, and very little
waste of heat or steam occurs, the heat being
extracted from the fuel and products of com-
bustion before 1t reaches the exit-flue E, and
the steam used over and over again and util-
ized aslongasit possessesany power or energy.
The extraction of the heat from the products
of combustion to so nearly an absolute degree
renders 1t necessary to use an artificial draft
to carry off the air, smoke, gases, &c., as the
air and gases by the time they reach thestack
I& have so little heat left in them that they
will not rise in the stack of themselves,

I have shown in the drawings a blast-nozzle,
T, beneath the grate B°, t¢ illustrate the fact
that an artificial draft will be generally used.
Any suitable form of fan, air-pump, or other
power may be employed to produce this arti-
ficial draft.

“The fan or other dralt-producing power may
be placed in the flue B', or stack L, if pre-
ferred. DBy this arrangement of the boiler-
plant the steam is superheated in the draom ¢
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before going to the first cylinder, N" so that |

1t will do its work without loss by condensa-
tion, and there, after use in the cylinder N?,
exhausted into the' boiler D, where it is again
superbeated in the drum 03 so that 1t will do

“its work in the eylinder N* without loss by

condensation. Thissuperheating can be regu-

~ lated by the height of the waterin the boilers.

I1Q

15

20

s

The secondary boiler D serves the fourfold
purpose of a feed-water heater, precipitator
for the main boiler A, and a reheater and re-
ceiver for the exhaust- steam from the first or
second cylinders, and as an independent gen-
erator for direct steam-supply for the second
or third cylinders, and performing all of these
fanctions at the same time.

Another advantage of the secondary bmlel
D 1s that 1t receives the exhaust-steam from
the first cylinder, or the first and second cyl-
inders, reheats it, and returns it to the second
or third cyhnder ‘with the addition of what
steam is generated within itself. Still another

a,dvantaﬂ'e gained by this arrangement of the
‘boilers in. sep‘tmte and d_lstmct relations is
that by carrying steam in boiler A at about

one hundred and twenty pounds’ pressure the
temperature in A would be about 345°, and by
carrying steam in boiler Databout ten pounds’

- pressure its temperature would be about 241°,

30

or 104° less than in boiler A; hence the flame,

~ smoke, hot gases, and other products of com-
| bustlon in passing from and around the boiler

35

A,will pass directly into and around the boiler
D and into contact with a greatly-reduced tem-
perature, which will cause “the heat to be trans-
mitted into the watbter in the boiler D very
rapidly. By this construction and arrange-

ment the heat is utilized in a double sense by_

i being passed from a high-pressure boiler, after

10

expending sufficient of its force to create

- steam therein for a high - pressure engine,

o

through and around another boiler; in which it
is utilized to create steam for a low-pressure
engine. |

In Figs: 5 and.6 1 have shown some modifi- '

cations of the construction, consisting in form-
ing a conical water-leg, Aﬂ around the fur-

by a large cueu]atmw tube, A% In Fig. 5 the
water- 1eﬂ' A? 18 carrled up around the boiler

A, leavm a space, g, for the passage of a por-

tion of the flame, smoke, heated gases,and other
products of combustion, so that the boiler A
is entirely surrounded by them. The water-

: leg is also shown forming the outer walls of

| the chamber B this being the form which will

6o

oenerally be employed when used as a marine
boﬂer In Fig. 6 the water-leg A? extends

-about even w1th the lower edge of the.boiler

A, and is connected to the boiler by circulat-
mg -tubes A, in addition to the tube A’.
this latter modlﬁcatm“ the brick-work B’ is
shown formed with the space g between it and
the boilers A D, so that the flame, smoke,
heated gases, and other products ot combus-
tion can come in contact with all parts of the

. boilers,

In |

W

Another slight modification is shown in Fig.

| 6, consisting in forming-the drums C' C’ in the

same line horizontally, instead of side by side,
as in Figs. 2 and 3. -

The functions and mode of operation of the
parts are substantially the same in al] the modi-
fications.

Having thus deseribed my mveutlon wha,t
I claim as new 18—

7C

75

1. The combination of two upright boilers,

a flue connecting the upper ends thereof. a

combustion-chamber beneath the first bmler
and a smoke-conducting flue leading from the

lower end of the second boiler, substantlally
as set forth, whereby the heated products of
combusbmn after leaving the first boiler first
encounter the upper end of the second boiler
and then pass downward in contact therewith,

80 that the heated products of combustion aS

they become cooler come successively in con-
tact with successively cooler portions of the
second boiler.

2. In a steam- ﬂ"euemtor a main upright

boiler, A, through which Lhe flame and other

produﬁts of combustion pass in an upward di-

‘rection, a secondary boiler, D, distinct from

and independent of said main b()]ler through
and around which the flame and other pro-
ducts of combustion pass in a downward di-
rection after passing upward through the said
main boiler, chamber B’ above both of said

S0

85

JO

boilers., dr um (', connected tosaid boiler A by

tube C?, and drum C’, connected to said boiler

D by tube C*, both of said drums being sus-

pended in said chamber B’ substantlally as
and for the purpose set fmth

3. In a steam -generator, a main upright

boiler, A, through which the flame and other
'products of combustion pass in an upward di-

rection, a secondary upright boiler, D, distinet
from and independent of said 111&111 bmlel and
through and around which the flame and other
products of combustion pass in a downward
direction after they have passed through said
main boiler, ¢chamber B? above both of said
boilers, dr am C', connected tosaid main boiler,

~anddrum C’, connected tosaid secondary b01lt—:-1
nace and connecting 1t with the main boiler

both of said drums being suspended in said
chamber B?, an engine comprising a high-press-
ure cyhndel adapted to receive

ICO

105

I1TO

[IS

e steam from

said drum C or boiler A, and one or more low-

pressure cylinders qd'mted to receive steam
from drum C°or boiler D a condenser, F, con-
nected to said low- ]_)I‘GSSHIG cylinder 01 cylm-

ders, means for suPplymg sald boiler D at or

I27)

near its lower end from said condenser, and

means for supplying said boiler A with watel
taken from said boiler D at or near its water-
level substantlally asand forthe purposespeci-
fied.

In testimony whereof I have hereunto set my
hand in the presence of two subscribing W]IJ
nesses.
| J AMES WATERS,
- Witnesses: | |

A. T. NETTLETON,
- H. 3. WEBSTER.
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