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To all whoem 1t may concern:
Be 1t known that I, Jomx N. Lmacnm, a
citizen of the United States, residing at

- Melrose, in the county of Middlesex and

State of Massachusetts, have invented cer-
tain mnew and useful Improvements 1n
Steam-(enerators, of which the following is
a specification, reference being had therein
to the accompanying drawings, which form
a part thereof. |

My invention relates to steam generators,

and more particularly to that clagss thereoi

commonly known as water tube bollers
wherein there is a substantially continuous
circulation of water and steam within a tube
or series of tubes subjected externally to
heat, and wherein the water being fed to

‘sald tubes is automatically controlled.

The main object of my invention 1s to
provide a generator of this type capable of
producing economically steam under high
pressures (normally reaching 400 to 500
nounds) without liability of the accumula-

 tion of a head of steam suflicient to cause
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such an explosion as will result in material
damage either to the generator or to surrounds-
ing objects, and a further object 1s to provide
a generator wherein the volume of feed water
maintained in circulation will be automati-
cally controlled by means of a thermostat,
and a by-pass actuated thereby, thus 1nsur-
ing the maintenance of the necessary water
feed and a substantially uniform degree of

saturation of the steam, and to a certain ex-

tent controlling the internal pressures.

The invention consists in the novel fea- |

tures of construction and combination of
parts hereinafter set forth and described

and more particularly pointed out 1 the

claims hereto appended. - -
Referring to the drawings: Iigure 1 1s a
perspective view of a steam generator em-
bodying my invention; Fig. 2 1s a sectiona
elevation of the generator proper, the ther-
mostatic water feed regulator and 1ts appur-
tenances being shown in elevation and
partly broken away to disclose the arrange-
ment of the thermostat, and the feed water
heater, the condenser and feed water heater,
and the supplemental water feed control or
regulator, being shown in elevation; IFig. 3

quiring itlustration.

“ends of each section or unit.

| sectional view of the condenser and feed wa-
ter heater, and Fig, 5 15 a side elevation of a

modified form of the thermostatic feed wa-
ter control and 1ts appurtenances.

Like letters refer to like parts throughout
the several views.

In connection with a generator of this
type, 1t 1s necessary to provide a source of
water supply, and means drawing water
therefrom and forcing it into the generator,
orcinarily a feed water pump, which being

‘merely appurtenant to this generator and

well known 1n the art, are not shown 1n the
accompanying drawings. It is also neces-
sary to provide an inclosing casing for the
generator, acting as a flue to the fire under
sald generator, which casing as well as the

burner or other means for heating the gen-

erator, are likewise omitted from the draw-

ings as tending to obscure the invention, and.

as being well known in the art and not re-

In the embodiment of my invention
shown in the drawings, I employ a plurality
of sections or units arranged substantially
parallel to each other and successively cou-
pled together to form a continuous channel
through which the water and steam cireu-
lates, by means of nipples at the opposite
Kach such sec-
tion or unit 1s substantially like every other

‘section or unit, and to avoid needless repe-
tition, a description of but one nf such will

be entered into.

To insure as great a heating surface as
possible, I construct each such 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 fittings at the point subjected to the high-
est temperatures, and causing the flames to
impinge upon all parts of the outside of
each sald tube, and subjecting all
thereof equally to the heat. The tubes @ are
fitted to and suspended from a header b
which is hollow, and provides means where-
by said tubes are in communication with
each other, to present a continuous channel

is a plan view of the generator; Fig. 4 is a ! for the circulation of water and steam
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through all the tubes in each section, the | the opposite ends of which are provided with

adjoining headers being connected by a 1ip-
ple, as ¢, to place the tubes in adjoining sec-
tlons 1 similar communication with each

other to circulate the water and steam

‘throughout the entire generator.

10

20

Lo imcrease the circulation within a lim-
ited boiler space, I divide each header
transversely by a plurality of partitions d
forming two distinct chambers 5 b2 to each
tube «, the lower 0* of which is in direct
communication with each tube e, and the up-
per 0" of which is in communication there-

‘with through an inner tube e of small di-
~ameter nested within each such tube ¢ and

extending to a point adjacent to the closed
bottom thereof. While the tubes @ and e
are 1 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

25

30
~ form a direct and a return duct in each tube

ports 1 the webs f

. connecting the upper
parts of said header, and the alternate

lower chambers 6% are similarly placed in
communication with

each other through
ports in the webs 9. : ST

Kach inner tube ¢ is either screwed into

the pa-rtitiond, or driven thereinto so as to

@ and to force the water and steam to circu-

35
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°0 proper is a feed water heating section 4 con-
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late through all the tubes @ and e, and all

‘the chambers in the headers-b in passing

through the entire boiler, insuring a mate-

‘rial increase in the circulation and present-
ing a thin film of water to the heated outer |
‘tube. This insures a 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 inner tubes e. '

_The header b is preferably cast in a sin-

‘gle piece and of malleable iron, and cored
to form the chambers therein, and the va-

rious ports heretofore referred to; and the

tubes ¢ and ¢ are fitted thereinto either by

means of screw threads or by a driving fit.
~Arranged across the top of the generator

structed in all respects like one of the sec-

‘tions or units of the generator proper, the

water passing therethrough being fed to the

‘upper chamber 6" at one end of the channel
formed by the several sections or units con-
stituting the generator proper, through the
~pipe A’. A steam pipe % to the engine is in
connection with the other end of the said

channel. S i
Water 1s .pr'eferably fed to the said heat-

Ing section 4 from a condenser, thus utiliz-

Ing the heat of the exhaust to impart some
heat to the feed water while so condensing

sa1d exhaust as to avoid a visible exhaust.
This condenser comprises a series of tubes 7,

‘engine cylinder.
arranged as to be outside of the generator

fittings 4° 4%, the adjoining upper fittings
and the adjoining lower fittings being alter-

nately placed in communication with each

other by couplings 7° 7* respectively, thus
permitting a continuous circulation of water
through all said pipes. Suitable pipe con-
nections % &’ are provided at the opposite
ends of this pipe system, whereby feed water

1s fed thereto from the feed water pump or

injector (not shown); and discharge there-
from into the feed water heater above re-
ferred to.

Passing through each tube 7 is a smaller

‘tube /, the upper ends of which are in com-

munication with a header or drum m com-
mon to all such, and the lower ends of which

open downwardly to discharge the con-

densed steam. Said tubes 7 are so fitted to
the fittings 77 72 as to render said tubes ]
perfectly water tight.

The header or drum m is provided with

a nipple s’ by means of which connection
may be made with the exhaust port of the
The said condenser is so

jacket or covering, and the drum m SCTVeS
both as a mufller and as a distributer of the
exhaust.

Arranged in the pipe % is a check valve /2
beyond which is a three way fitting e®, the

leads of which respectively are in communi-

cation with said check valve through the
pipe %*, with a feed water pump or injector,
not shown, and with a by-pass system actu-

‘ated by a thermostat. -
The automatic thermostatic control consists

of an outer tubular casing o preferably of

copper or some metal which readily contracts

and expands with a variation in its tempera-
ture. “This 1s in communication through the
piping o’ with one of the sections or units
of the generator, and through an inner tube
or pipe o* and piping o3 with the next sue-
ceeding section or unit, the sole connection
between said sections or units being through
sald thermostat, the connection ¢ not being
employed between the headers of these sec-
tions or units. '

With one arm thereof pivoted to one end
of the casing o is a rocking léver » which

1s mounted on a distance rod »’, the other

end of which rod is supported in a fixed po-
sition to the said casing. It will thus he

seen that the lever p, with the expansion

and contraction of the casing o, is rocked
upon 1ts bearing on said rod p’. Adjacent
to the said thermostat is a by-pass system
comprising a pipe composed of two sections
s 8" leading respectively from the fitting /:?
and to the water tank. Arranged in this
pipe is a valve ¢, the stem ¢ of which is

passed through a slightly elongated opening
1n the 1011g arm of the lever P

Secured to
sald stem 1s a collar #* between which and a
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washer #8 is located a spring Z*, the function
of which is to act as a cushion in starting
sald valve stem, and to compensate for any
movement of the casing o in excess of that
required to close the valve. This stem is
renderec. adjustable with relation to the
lever p by means of its screw threaded end,
and a nut % bearing upon said lever arm,
sald nut being set by means of an 01‘(1111.:11’*}7
jam nut.

In the modification shown in Fig. 5, the
construction of the generator proper is snb
stantially 1dentical with that heretofore de-
scribed except that the water inlet and the
steam outlet are arranged in two adjoining
sections or units located centrally of the
cenerator, the circulation of water and
steam being through a thermostatic casing
1 ext vndmﬂ from one end section or unit to
the other. “This thermostat differs from the
first above deseribed form heretofore de-
scribed in that the inner tube is dl%p@ll@@d
with, there bemg a direct connection
throngh the tube . The end fittings for
satd casing are secured to a tube « of each
end ':::Q(‘h()ll Mounted on one of said fit-
tinges 1s a mdﬂnﬂ lever v, pivoted on a dis-

tance vod *hﬂ other end of which 1s se-

cure ed to the cother end ﬁttmo Feed water
1S 11]11"0uuced to the Oenuatm proper
through a pipe system in commummtmn

with a tank through a feed water pump or

injector (not ﬂmwn) This system 1ncludes
a pipe w passing trom the said pump or in-
jector to the generator proper, and contain-
mg 1n 1ts le ength a fitting w” one lead of

' wlm,h is in communication with the by-pass

pipe w® which is controlled by a valve, and
a check valve w«® between said fitting and
said generator. The valve of the bf—-lms%
pipa w? 15 normally do'%d by the the valve
stem ¢, the free end of which is pwomlly
mmmdul to the lever », suitable play being
allowed n the connection between these
parts to compensate for the arc described by
sald lever 1 cpening and closing said valve.
The operation of the O'eﬂuator 15 sub-
5t:11111.;111f as follows: Wafer as fed to the
cenerator proper enters the upper chamber

'/f ot uw header & at one end of the entire

series of sections or units; passes through
the inner tube e to the bottom of the outer
tube « at one end of said section or unit; up

caid tube @ about the tube ¢ to the lower
chamber %; through the port g theremn to
'hfu ajoming cha mber 6*; down the outer
tube ¢ 1n communication with said last men-
tioned chamber 0* to the bottom thereof; up
the inner tube e¢ mested in said last men-
tioned tube «, to the upper chamber &’ im-
meditately above said last mentioned tube «,
through the port in the web f to the ad-
301111110 chamber 67, and through all sue-
ceeding tubes ¢ and ¢ of the same section or
unit 1n Like manner. This manner of cir-

- culating the water causes the water to be re-

pefttedljr passed downwardly into those por-
tions of the tubes 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 su h-
stantially increasing the 1enﬂt‘1 oi tubing
through which the water must circulate
without corresponding 1increase of boiler
space. 1he tubes h(_,mﬂ suspended as shown
results 1n the SL{b]LCilOIl of the water and
steam to the greatest heat at intervals ag-
oregating the Gle‘lt(,l part of the time dur-
ing “which the same is in the gencrator, thus
not only msuring a 1.-‘.11)1(1 steam generation,
but the pmdmtmn of a highly superheated
steam. This arrangement of tubes also in-
sures the flame and heat passing about and
1mpinging upon the entire lelthI“f’ of each
saldl tube «, thus U‘ulunm a large percent-
age of the heat units from the burner or fire
1n the generation of steam. The circulation
of water through the generator being dl-—
rect and return thmuﬂh the several tubes
there 1s no tendency for the boiler pr eSSTITe
to dastort the several tubes. As the water
and steam reach the last tube of ecach sec-
tion or unit, they pass through the nipple ¢
to the next section or unit and circulate to
and through the successive sections or units
1n the manner heretofore described. The
circulation of water 1s maintained by a feed
water pump or injector, being passed
through the tubes 7 canstltu‘;ino “the con-
densel and the feed water heatm o section /
before being discharged into the oenerator
proper throuﬂh the pipe A’ T passing
through the tubes 7, the water through con-
tact with the tubes 7 serves to condense the
exhaust steam passing to and threugh said
tubes 7 from the header or drum m, and is
also heated to a limited extent. Thus the
exhaust 1s rendered practically 1nvisible, and
the otherwise waste heat thereof 1s utilized
as a reed water heater.

Asg heretofore stated, the feed water heat-
ing section /A 1s constructed the same as one
of the sections or units of the generator
proper, so that the water circulates there-

through 1n the divect and return channel
formed in each tube thereof. Its arrange-
ment above the generator proper is Soldy
with the view of <o obstructing the vents
between said headers » as to utilize the
waste heat or a portion thereof to raise the
temperature of the feed water prior to its
cischarge into the said generator. The
water as 1t enters the f}(,,nemtor proper w 111,
theretore
rapidly convuied into steam  therein.
When it reaches the section or unit in com-
11'111111(:%1011 with the casing o thr ouﬂh the
pipe o, 1t will ordinarily be m the form of
fairly (11'37 steam, whmh 1s passed through
the said casing and returned through the

x -
BT

, be fairly well heated, and will be
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inner tube 0% and piping 0® to the next suc-
-ceeding section or unit. The temperature of

the steam passing through the casing o
causes the metal of said casing to expand,
thus forcing the lower arm of the lever p
outward and rocking said lever upon the

‘rod »”, which rod i1s not affected by the
said heat. This movement acts on the stem
¢ through the spring #, to close the valve ¢
and close the by-pass system comprised of
the pipes s s”, causing the feed water pump.

~to force water into the generator. So long

15

20 _
~the valve stem #’, opens said valve and per-

as the generator steams rapidly, or the water
15 brought to the required temperature be-
fore passing to said casing o, this valve will

- remain closed; but when the steam passing

through said casing becomes saturated, or
merely heated water is passed therethrough,
the metal of said casing contracts, and re-
versing the operation of the lever » and

mits the water to be by-passed-directly to
the water tank until the water or steam in

- the generator again reaches that temperature

30

- 40

45

- stand the high pressures.

| ot
It

required to close said valve. The spring #
not only acts as a cushion to relieve the im-
pact of the valve upon its seat, but also per-

mits movement of the lever p in excess of
that actually required to close said valve to
compensdte for a variance in the degree of
expansion oi the said casing 0. The con-
nection between the stem #° and the lever »

- being adjustable, permits the setting of said
valve 1n assembling the thermostat.
check valve % takes up back pressure from

within the generator. -~ -
It 1s found that under ordinary conditions

-a highly superheated steam is generated in
-a generator of the type heretofore described,

and that there is ordinarily maintained a
suffictent head of steam to insure a reserve
sufficient . to meet all the demands of a

small generator; and that while the pressure
18 ordinarily between 400 and 500 pounds,

the individual tubes ¢ and ¢ possess more
than sufficient inherent strength to with-

In case any of the tubes ¢ should blow
out or burn out, the nipple ¢ affords a con-

venient means for removing the section or

unit containing the damaged tube, and re-
placing it by a new section.
The construction, employing straight tubes

nested together as described, is an inex-

pensive structure, and permits the use of
materials of substantially uniform strength

throughout and capable of withstanding
the many severe tests placed upon it in use.

ep . the operation of the modification shown

in ¥ig. b is substantially the same as that of
the first above described form of the in-

~ ventlon, 1t being merely a simplification of
- the structure of the entire oencrator. Water

. is forced through the pipe w directly into
the section of the generator proper, by any

The

983,296

desired means as a feed water pump or in-
jector of ordinary and well known construe-
tion (not shown), the valve controlling the
by-pass pipe w? being normally closed. This
water circulates through the tubes ¢ and ¢
i the manner above described, passing to
the left from section to section until it

reaches the outer tube ¢ of the end section,

whereupon 1t enters the tube % and passes
to the section at the opposite end of ihe
series. The water prior to its entering said
tube % 1s converted into a more or less
saturated steam, and the heat therefrom
causes said tube to expand, thus rocking the
lever » and closing the valve to the by-pass
pipe through the stem «. If through the
rapid use of steam, or the shutting off of
the fire, water accumulates in the generator,
the fluid passing through the tube w will
cool said tube, and cause it to so contract as
to reverse the movement of said lever » and

open the valve to the by-pass pipe 22, thus

causing the water to be returned by the
pump through said pipe to the tank until
the temperature of the fluid passing through
said thermostat reaches the necessary high
temperature to again close said valve. The

check valve w® merely serves to take up

back pressure from the generator in the

usual and well known manuer. The general

mode of operation of this thermostat is the
same as that of the more complicated and

first above described form, and has its field

of greatest utility in connection with gener-
ators wherein the cost of production and
space occuplied are important factors.

It 1s not my intention to claim the gener-
ator structure and 1ts arrangement except in

‘80 tar as such is essential to the operation of
the feed water control mechanism, in this ap-

plication, such being made the subject matter

of a separate application.

It 1s not my intention to limit the inven-
tion to the precise details of construction
herein shown and described, inasmuch as
while 1 a small steam plant it is desirable
to provide the many adjuncts for utilizing
the heat units of the burner or fire to the
best advantage, still it is apparent that such
detatls may be varied and said adjuncts dis-
pensed with without departing from the
spirit and scope of the invention.

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

1. In a steam generator, the combination
of a water tube generator proper havine a
continnous channel therethrough, a water
inlet and a steam outlet therefor, means
whereby water may be circulated through
sald channel, a by-pass system leading from
sald means, a valve controlling said by-pass

~system, a hollow thermostat forming a part

of the continuous channel between the feed

~water inlet and the point of steam consump-
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tion, and connections between said thermo-
stat and said valve whereby the feed of
water to the generator is controlled by the
temperature of the steam passing through
sald dicl'moatm

2. in a steam generator, the combination
oi & water tube Denemtef proper having a
continuous channel theret hrough COP’lpI‘lo-
1ng a plurality of sections or Umts 8 water
inlet and a steam outiet therefor, 2 hollow
thermostat, connections between the oppo-
site ends of said thermostat, and two suc-
cessive sections or 1‘!111{:5 whereby said ther-
mostat forms a part of the channel between
sald feed water inlet and said steam outlet,
means whereby feed water may be circulated
through said channel, a by-pass leading
and a valve actuated by
said thermostat, whereby said by-pass is
:IHU}TH‘IHC’{HV controlled.

3. In a steam generator, the combination
of a water tube generator proper having a
continuous cha el therethrough, compris-
g a plurality of sections or umu a water
inlet and a steam outlet therefor, a

ther-
mostat and two successive gecuom Or units.

whereby said thermostat forms a part of the

channel between said feed water inlet and
said steam outlet, a multiple way fitting,
means whmebsr the leads of said fitting are
1{3%1360{1\ ely in communication with the
first of said sections, with a water tank
through 2 pump or injector, and with a by-
pass, said b;?-—pfwc_-; comprlsuw a sectional
pipe, a vaive therein, a valve stem and con-
nections between said valve stem and said

thermostat.

4. In a steam generator, the combination

ol a water tube generator proper having a

continiteus ch ‘limd therethrough, compuris-
g a plurality of sections or mm% 2 water
inlet and a u’fm:ﬂs_ outlet therefor, a hollow
therinostat, connections between said thet-
mostat and two successive sections or units,
whereby saia thermostat forms a part of the
channel between said feed water inlet and
saxd steam outlet, a multiple way fitting,
means whereby ”1“ leads of said fitting aro

respectively in communication with the first
of said se {ﬂ?i(“JBS.; with a water tank through
a pump or mjector, and with a by-pass, said
bw; -pass COIDP'Llc*lIl” a sectional pipe, a valve
therein, a valve stem, a distance rod, and a
rocking lever FlOll]]LGd thereon, the oppomte
arms of said lever be 1IN g connected respec-
tively with said therm yostat and said valve
stem.

5. In a steam generator, the combination
of a water tube generator proper having a
continnous channel therethro ugh COMPris-
g a plurality of sections or units, a water
inlet and a sfeam outlet therefor, 2 hollow
thermostat, connections between said ther-
mostat and two successive sections or

hollow
thermostat, connections between Salc

i

P

units, whereby said thermostat forms a part
of the channel between said feed water in-
iet and said steam outlet, a multiple way
fitting, means whereby ¢he leads of said
itting are wrespectively in communication
with the first of said sections, with a water
l-.;-111h through a pump or 1113@(,&) , and with

L by-pass, said by-pass comprising a sec-
...,1011%1 pipe, a valve therein, a valve stem, a
distance rod, a rocking lever mounted there-
.011 the opposite arms " thereof belng respec-

‘rely connected with said thermostat and

sald valve stem, and means whereby said
lever is cmnb]e of movement In excess of
that necessary to close said valve.

6. In a steam generator, the combination
ol a water tube nenemtm hfwmﬂ a, continu-
ous channel therethr ough comprising a plu-
rality of sections or umts*, a water inlet and
a steam outlet therefor, a hollow thermostat,
connections between said thermostat and
two successive sections or units, whereby

said thermostat forms a part of the channel
between said feed water inlet and sald steam
outlet, a multiple way fitting, means whereby
the 1(33(:1% of said fitting are respectively in
communication with the fivst of said sec-
tions, with a water tank through a pump or
IDJBCtOI‘ and with a by-pass, s “said by-pass
comprising a sectional pipe, a valve therein,
2 valve stem, a distance rod, a rocking lever
11101111Led theleen said lever bemﬂ Connected
vith said thermostat and said v "LIT@ stem,
ﬁ}:e(t collar on said stem, and a spring ses t—
ed between said collar and said lever, where-
by said lever 1s capable of movement in ex-
cess-; ot that necessary to close said valve.
. In a steam generator, the combination
(}Jf a8 water tube g enemtor proper having a
continnous channel therethr ough, compris-
mg a plurality of sections or nm{% a water
inlet and a steam outlet t therefor, a hollow
thermostat comprising an outer metallic
tubular casing, an inner metallic tube in
communication therewith at one end, and
connections between said outer casing and
one of said sections or units, and between
sald mner tube and the next Succe(,dum Sec-
tion or unit, whereby said thermostat forms
a part of the channel between said feed
Watu‘ inlet and saxd steam outlet, a multiple
ay fitting, means whereby the leads of said

,ﬁtunﬂ are u,speutwoly I communication

with the fu'at ot said sections or units, with
a water tank through a pump or 111]ect01
and Wlth a by-pass, said by-pass comprising
a sectional pipe, a valve therein, a valve
stem, a distance rod, and a 1"00111110 lever
mounted on said 1"0d and connected with
said thermostat and said valve stem.

8. In a steam system, the combination of
a generator 1n two parts, a thermostat hav-
Ing a passage Interposed between and com-
mumcatlm with said parts, and a valve con-
trolled by said ‘Lhermostat adapted to con-

70

75

80

85

90

05

100

105

110

115

120

125

130



Pt ]

o N
kb W e T .

. :
L} . .
iy
P d-Fr] T T

-

il e s o=

A oy il -r.l‘-'u.":"-l-

trol the water supply to sa,ld generator ac-

- cording to fluctuations of temperature with-
1n said thermostat.

9. In a steam systelﬁ, the combination of

‘a generator in two parts, a thermostat hav-
‘Ing a passage imterposed between and consti-

~tuting the sole communication between said |
parts, and a valve controlled by said ther-
- ostat adapted to control the water supply

= I 083,206

to said generator according to fluctuations 10
of tempel ature within said thermostat.

In witness whereof, I have hereunto af
fixed my signature, this 2nd day of August..
1905, 1n the presence of two witnesses. '

JOIHIN N. LEACH.
W itnesses. -

N. IL.. IFrOTHINGIIAMI,

A A. AsEMAN.
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