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To all whom it may concern:

Be it known that I, Joun N. LEACH, a cltl-
zen of the United States, residing at Mel-

rose, in the county of Middlesex and State of |

Massachusetts, have invented certain new
and useful Improvements in Steam-(xenera-
tors, of which the following is a specification,
reference being had therein to the accompa-
nying drawings, which form a part thereof.
My invention relates to steam generators,

and more particularly to that class thereoi
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commonly known as water tube boilers
wherein there is a substantially continuous
circulation of water and steam withmn a tube
or series of tubes subjected externally to
neat. -

The main object of my invention is to pro-
vide a generator of this type which will af-
ford a great heating surface and be so con-
structed and arranged as to provide for a
circulation of water and steam therethrough
in a manner to insure high efficiency and

~economy in the generation of steam therein.

25

A further obiect is to provide a compact
cenerator especially adapted for small steam
plants as in steam propelled vehicles and
boats, so constructed as to cause the feed

water and steam to pass through the maxi-

" mum of heated tubing within the minimuin
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of boiler space, thus combining with great
steamine capacity, lightness and compact-
ness of structure. ' '

A still further object is to provide means
utilizing the thermo units not expended m
cenerating steam, in heating the feed water
to its entering the generator proper.

A still further object is to
oenerator capable of producing superheated
steam under high pressure, directly withn
the generator proper. And a still further
obiject is to provide a steam generator which

will be simple in construction and inexpen-

sive to manufacture: which will consist of a
plurality of units or sections so assembled as
to permit the removal of a burned out or in-

jured unit or section, and the substitution

of a new one therefor without material labor
or expense, and which will withst and the
oreat heat to which boilers of this type are
subjected. -- - '
The invention consists in the novel fea-
tures of construction and combination of

parts hereinafter set forth and described and | pinge

provide a steam

wul

I

|
1

said generator, which casimg as
' burner or other means heating the generator,
are likewise omitted from the drawings as

means of nipples at the opp

more particularly pointed out in the claims
hereto 2ppended.

" Referring to the drawings: Figure 1 1s a
perspective view of a steam generator em-
podying my invention; Fig. 2 is a sectional
elevation of the generator proper, the feed

water regulator and its appurtenances being
shown in elevation and partly broken away

to disclose the arrangement of the thermo-

stat: and the feed water heater section and

the condenser, being shown in elevation, and
ie. 3 is a plan view of the generator. -

Like letters refer to like parts throughout
the several views. -

In connection with a generator of this
type, it is necessary to provide a source of
water supply and means drawing water
therefrom and forcing it into the generator,
ordinarily a feed water pump, which being
merely appurtenant to this genmerator and
well known in the art, are not shown the
accompanying drawings. It is also neces-
sary to provide an inclosing casing for the
generator, acting as a flue to the fire under
well as the

tending to obscure the invention, and as be-
ing well known in the art and not requiring
illustration. |

In the embodiment of my invention shown

in the drawings, I employ a plurality of sec-.
‘tions or units arranged substantially

_ parallel
to each other, and successively coupled to-
cether to form a continuous channel through
which the water and steam circulates, by
posite ends of each
section or unit. Each such section or unit
is substantially like every other section or
unit, and to avoid needless repetition, a de-
scription of but one of such will be entered

1mto.

To insure as great a heating surface as
possible, I construct each section or unit of a
plurality of tubes @ closed at the bottom,
preferably by being welded together as
shown. These tubes are preferably sub-
stantially parallel to each other and are so
arranged as to project the closed ends there-
of into the fire, thus avoiding the presence of
ittings at the points subjected to the highest
temperatures, and causing the flames to 1im-
upon all parts of the outside of each
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equally to the heat.

“bottom thereof,

g

sald tube, and. subjecting all

to and suspended from a header b which is
hollow, and provides means whereby said
tubes are in communication with each other,
to present a continuous channel for the cir-
culation of water and steam through all the
tubes In each section,
being connected by a nipple, as ¢, to place
the tubes in adjoming sections in similar
communication with each other to circulate
the water and steam throughout the entire
generator.

~ Toincrease the circulation within « limited
boiler space, I divide each header b trans-
versely Jl?)y a plurality of partitions d forming
two distinet chambers b’ 5* to each tube g
the lower chamber % of which is in direct
commuuilcation with each tube ¢ and the
upper 6 of which is in communication there-
with through an inner tube e of small diame-
ter nested within each such tube ¢ and ex-
tending to a point adjacent to the closed
Vi hile the tubes ¢ and e
are I communication with the aforesaid
chambers, care should be taken that they do
not project thereinto to an extent to choke
the circulation of water therethrough.

The alternate upper chambers ' are in
communication with each other through
ports m the webs f connecting the upper
parts of said header, and the alternate lower
chambers §* are similarly placed in communi-
cation with each other through ports in the
webs g.

FKach inner tube e is either serewed into the
partition d or driven thereinto so as to form
a direct and a return duct through the tube @

and to force the water and steam to circulate .

through all the tubes a and ¢, and all cham-
bers in the header & in passing through the
entire generator proper, Isuring a material
mcerease in the circulation and presenting a
thim film of water to the heated outer tube.
L his msures rapid heating of the water in the
tubes @ and incidentally the maintenance of
the high temperature of the water or steam

- passing thereto or therefrom through the
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mner tubes e.

The header b is preferably cast in a single
piece and of malleable iron, and cored to form
the chambers therein, and the various ports
heretofore referred to: and the tubes g and e
are fitted thereinto by means of screw
threads or by a driving fit.

Arranged across the top of the generator
proper 1s a feed water heating section % con-
structed 1n all respects like one of the sections
or units of the generator proper, the water
passing therethrough being fed to the upper
chamber b" at one end of the channel formed
by the several sections or units constituting
the generator proper, through the pipe A,

A steam pipe ¢ to the engine, is in connec-
tion with the other end of the said channe]. |

the adjoining headers

parts thereof |
The tubes a are fitted

l

tor

917,621

Water is preferably fed to the said heating
section & from a condenser 7 thus utilizing the
heat of the exhaust to impart some heat to
the feed water while so condensing said ex-
haust as to avoid a visible exhaust. = Suitable
pipe connectionsk %’ are provided at the oppo-
site ends of said condenser, whereby feed water
1s fed thereto from the feed water pump or

injector (not shown); and discharged there-

from into the feed water heating section

above referred to.

Arranged in the pipe k is a check valve
peyond which is a three way fitting 3, the
leads of which respectivelyare in communica-
tion with said check valve through the pipe
k%, with a feed water pump or mjector (not
shown) and with a by-pass system actuated
by a thermostat. .

The automatic thermostatic control con-
sists of an outer tubular casing o preferably
of copper or of some metal which readily con-
tracts and expands with a variation in its
temperature. This is in communication
through the piping o’ with one of the sections
or untts of the generator, and through an in-
ner tube or pipe 0* and piping 0% with the
next succeeding section or unit, the sole con-
nection between said sections or units belng
through the thermostat, the connection ¢ not
being employed between the headers of these

sections or units.” With one arm thereof PIV-

oted to cne end of the casing o, is a rocking
lever p which is mounted on a distance rod
p’,theother end of which rod is supportedin a
position fixed relative to said casing. It will
be seen that the lever p, with the expansion
and contraction of the casing o, is rocked
upon its bearing on said rod p’.  Adiacent to
the said thermostat is a by-pass system com-
prising a pipe composed of two sections s &
leading respectively from
to the water tank. Arranced in this pipe is
a valve ¢, the stem # of which is passed
through 2 slightly elongated opening in the
long arm of the lever .
stem 1s a collar #2 between which and a washer

the fitting %* and

Secured to said
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i’ 1s located a spring ¢, the function of which

s 10 act as a cushion in starting said valve
stem, and to compensate for any movement
ol the casing o in excess of that required to
close the valve. This stem is made adjust-
able with relation to the lever P by means of
its screw threaded end, and a nut #
upon saxd lever arm, said nut bemg
means of an ordinary jam nut. -

The operation of the generator is substan-
tially as follows: Water as fed to the genera-
proper enters the upper chamber ¥ of the
header b at one end of the entire series of sec-
tions or units; passes through the imnner tube
¢ o the bottom of the outer tube a at one end
of said section or unit; up said tube ¢ about
the tube ¢ to the Iower chamber b?;
the port ¢ therein to the adjoining chamber

| 0°; down the outer tube ¢ in communication,

115
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with said last mentioned chamber 6* to the
bottom thereof; up the inner tube e nested
in said last mentioned tube a, to the upper
chamber & immediately above said last men-

tioned tube a; through the port in the web 7

to the adjoining chamber &', and through all

successive tubes ¢ and e of the same section |

orunit in like manner. This manner of cir-
culating the water causes the water to be re-
peatedly passed downwardly inte those por-
tions of the tube suspended directly in the
flame, thus tending to rapidly heat the water

in the tubes @ and through said water, that

passing through the tubes ¢, thus substan-
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tially increasing the length of tubing through

which the water must circulate witnout cor-
respondingly increasing the boiler space.
The tubes being suspended as shown, resuits
in the subjection of the water and steam to
the greatest heat at intervals aggregating the
oreater part of the time during which the
same is in the generator, thus not only insur-
ing rapid steam generation, but the produc-
tion of a highly superheated steam. This
arrangement of tubes also insures the tlame
and heat passing about and 1mpinging upon
the entire periphery of each said tube a, thus

“utilizing a large percentage of the heat units

from the burner or fire in the generation of
steam. The circulation of water through the
cenerator being direct and returning through
the several tubes, there is no tendency for the
boiler pressure to distort such tubes. As the
water and steam reach the last tube of each
section or unit, they pass through the nipple
¢ to the next section or unit and circulate to

and through the successive sections or units

in the manner heretofore described. 'The

circulation of water is maintained by a feec

water pump or injector, being passed
through the condenser 7 and the feed water
heating section & before being discharged
into the generator proper through the pipe 4.

As heretofore stated the feed water heat-
ing section h is constructed the same as one
of the sections or units of the generator
proper, so that the water circulates there-
through in the direct and return channel
formed in each tube thereof. lts arrange-
ment above the generator proper is solely
with the view of so obstructing the vents be-
tween said headers b as to utilize the waste

heat or a portion thereof, to raise the tem-

perature of the feed water prior to its dis-
charge into the said generator. "The water
as it enters the generator will be fairly well
heated, therefore, and will be rapidly con-
verted into steam therein. It is passed
through the outer tube of the thermostatic

feed water control, to the inner tube, In a

manner to cause the expansion of said outer
tube, so as to control the feed of water to the

‘generator in the manner peculiar to the form

of thermostatic feed water control described.

A detailed description of this mode of opera- |

ticn is not essential, as the construction and
arrangement of generator may be used with
or without this or any other form of feed
water controlling device as may be desired.

It is found that under ordinary conditions,
a highly superheated steam is generated 1 a
generator of the type heretofore described,
and that there is ordinerily maintained a suit-
ficient head of steam to insure a reserve sufll-
cient to meet all the demands of a small gen-
erator; and that while the pressure is ordi-
narily between 400 and 500 pounds, the 1n-
dividual tubes @ and e possess more than sut-
ficient inherent strength to withstand the
high pressures.

In ease any of the tubes @ should blow out
or burn out the nipple ¢ affords a convenient
means for removing the section or unit con-
taining the damaged tube, and replacing 1t
by a new section. '

The construction, employing straight tubes
nested together as deseribed, 1s an mexpen-
sive structure, and permits the use of mate-
rial of substantially uniform strength through-
out and capable of withstanding the many
severe tests placed upon 1t in use.

Tt is not my intention to claim the feed
water control mechanism in this application,
such beine immaterial to the boiler construc-
tion and being cleimed in my application for
Tetters Patent, Serial No. 272,957, filed 1n
the United States Patent Office, on the 7th
day of August,1905. 1t is also not my 1nten-
tion to limit the invention to the precise de-
tails of construction herein shown and de-
seribed, inasmuch as while in a small steam
plent it is desirable to provide many adjuncts
for utilizing the heat units of the burner or
fire to the best advantage, still 1t 1s apparent
that such details may be varied and said ad-
juncts dispensed with, without departing
from the spirit and scope of the invention.

Having described the invention, what 1
claim as new and desive to have protected
by Letters Patent 1s:

1. In a steam generator, the combination
of a plurality of separable sections or units
each comprising a plurality of pendent tubes
closed at the bottom, means in each of said
tubes whereby a direct and a return channel
is formed therein, means whereby said return
channels are placed in direct communication
with said direct channels in succeeding ad-
joining tubes, and means whereby the oppo-
site ends of each section or unit are placed
in communication with succeeding and pre-
ceding adjoining sections or units, respec-
tively, all of said parts being so constructed
and arranged as to form therein a single con-
tinuous channel extending through each and
all of said tubes.

2. In a steam generator, the combination
of a plurality of sections or units each com-
prising a plurality of pendent outer tubes
closed at the bottom, an inner tube in each of
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said outer tubes in communication there-
with, each section comprising also a header
having therein a plurality of chambers each
In communication with an inner and an outer
tube, the alternate chambers in communica-
tion with the inner tubes being respectively
In connection with t] '

ne succeeding similar
chambers, said headers beine connected at
opposite ends, respectively, thercof with suc-
ceeding and preceding adjoining headers, all

of said parts beine so constructed and ar-

ranged as to form therein a single continuous

- channel extending through each and all of

15
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“cation with said ¢
ing adjoining tubes, means whereby the op-

sald tubes.

5. In a steam generator, the combination
of a plurality of sections or units each com-
prising a plurality of adjoining outer tubes
closed at the bottom, an inner tube in each
of said outer tubes in communication there-
with, each section comprising also a header
having therein a pluraﬂity or upper cham-
bers, and a plurality of lower chambers, each
upper chamber and each lower chamber, re-
spectively, being in communication with an
mmner tube and an outer tube, the alternate

lower chambers and the alternate upper ;

chambers being In communication with the
succeeding similar chambers, said header
being connected at opposite ends, respec-
tively, thereof with suceeeding and preceding
adjoining headers, all of said parts being so
constructed and arranged as to form there-
i a single continuous channel extending
through each and all of said tubes.

4. In a steam generator, the combination
of a plurality of sections or units each com-
prising a plurality of pendent tubes closed
at the bottom, means in each said tube
whereby a direct and a return chanrnel is
formed therein, means whereby the said re-
turn channels are Iplaced 1in direct communi-

irect channels in succeed-

posite ends of each section or unit are
placed in communication with succeeding

and. with preceding adjoining sections or

917,621

units respectively, said channel through said
sections having a steam outlet and a feed
water inlet, a feed water heating section dis-

posed above said sections or tubes, and-
means respectively establishing communica-~

tion between said feed water heating section
and said first méntioned section, and be-
tween said feed water heating section and a
source ot feed water supply.

5. In a steam generator, the combination

of a plurality of sections or units each com-
prising a plurality of pendent tubes closed at
the bottom, means in each tube whereby a
cdirect and a return channel is formed therein,
means whereby the said return channels are
placed in direct communication with said
direct channels in succeeding adjoining tubes,
means whereby the opposite ends of each
section or unit are placed in communication
with succeeding and with preceding adjoin-
Ing sections or units respectively, said chan-
nel through said sections having a steam out-
let and a feed water inlet, a feed water heat-
ing section comprising a pluralitv of tubes

horizontally disposed, an inner tube in each.

of sald tubes in communication therewith a
eader comprising a plurality of outer cham-
pers and a _
outer chamber being in communication with
said first mentioned tube, and each inner
chamber being in communication with each
imner tube, the alternate inner chambers and
the alternate outer chambers being in com-
munication with succeeding similar cham-
pbers, and means establishing communication
between one end of the channel so formed
and one of the sections or units, and between
the other end thereof and a source of feed
water supply. o o
In witness whereof, I have hereunto ai
fixed my signature this 11th day of Janu-

- ary, 1907, in the presence of two witnesses.

JOIHN N. LEACH.

FrROTHINGHAM,
ASHMAN.

L
A.

plurality of inner chambers, each
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