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UNITED STATES

PateEnT OFFICE.

CHARLES E. CHURCH, OF BOSTON, MASSACHUSETTS, ASSIGNOR TO THE

'HANCOCK INSPIRATOR COMPANY, OF SAME PLACE.

INJECTOR.

SPECIFICATION forming part of Letters Patent No. 475,201, dated May 17, 1892,
Application filled April 22,1890, Serial No. 348,982, (Model,)

To all whom it may concerwn: -

Be it known that I, CHARLES E. CHURCH,
of Boston; in the county of Suffolk, and in the
State of Massachusetts, have invented certain
new and useful Improvements in Injectors;
and I do hereby declare that the following is
a full, clear, and exact description thereof, ref-
erence being had to the accompanying draw-
ings, in which— 3

Figure 1 represents a vertical longitudinal
section through the center of my improved
apparatus; Fig. 2, a similar section of a modi-

fied construction, and Fig.3 a horizontal sec-

tion through dotted lines & x .of Fig. 2.

Letters of like name and kind refer to like
parts in each of the figures.

My invention relates, primarily, to the class
of injectors known as “single-jet foreing-in-
jectors,” and also to those injectors in which
a lifting-jet apparatus and a forcing-jet ap-

. paratus are combined and known as *“double-

25

30

35

40

45

50

jet injectors;” but it relates more particu-
larly to the well-known “Hancock inspira-
tor ’—an injector of the latter kind.

It has for its object to increase the amount
of fiuid delivered and to enable such injector
to operate more efficiently over a wider range
of steam-pressure, especially on long lifts,
and also when the supply-water or other fluid
is of a higher temperature: than has been
heretofore practicable.

To this end my improvement consists, when
applied to a single-jet forcing-injector, in the
construction and arrangement of a supple-
menial inlet to the combining and delivery
tube of the apparatus formed by one or more
ports ecommunicating with the interior of said

“tube through one or more openings therein

(preferably at or near its throat) and with the
water-supply chamber, with a valve adapted
to permit a flow of fluid from the said cham-

. ber through the said inlet to the interior of

the tube when the pressure within said tube
at the point therein where the inlet communi-
cates therewith is about equal to or is less
than the pressure in the water-chamber, and
which valve will close automatically when
the pressure within the tnbe at the said point
therein is about eqnal to or is greater than
the pressure in the water-supply chamber,

:thereby preventing reflux of the fluid from
‘the tube through the inlet into the said cham-
.ber. ' oo

When applied to a double-jet injector like
the inspirator, it consists, first, in combining
with the above-described forcer apparatus an
ordinary lifter apparatus, the latter being

adapted. and arranged to deliver water or

other fluid continuously to the said forcer;
second, in.combining with the said forcer a
lifter, the combining and delivery tube of
which lifter is provided at its mouth with the
usual inlet from the suction-chamber and is

provided, also, with- a supplemental inlet

formed by one or more ports.communicat-
ing with the interior of the tube through
one or more openings and with the suction-
chamber, with a valve adapted to close the

said supplemental inlet when the pressure: -

‘within this tube is about equal to or.greater
than the pressure in the suection-chamber,
such lifter being suitably adapted -and ar-

ranged to deliver water or other fluid con-

tinuously to the said forcer; third, in com-
‘bining with an ordinary forcer the above-de-
scribed lifter having a supplemental inlet

‘and valve to control the same, said lifter be-

ing adapted and arranged to deliver water
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or other fluid continuously to the water-sup- -

ply chamber of said forcer, and, fourth, in
combining with the forcer; having a supple-
‘mental inlet, as described, and either with or

‘without a valve to -control the same a lifter
‘alsohaving asupplemental inlet, as described,
‘and either with or without a valve to control

this inlet, such lifter being adapted and ar-

ranged to deliver water or other fluid continu-

ously to such forcer. »

In the'drawings, the casing of 'the'd_ppa;r’zti-'
tus is designated by A B. The pipe:for:the’

admission of the actuating-steam is tobe con-

nected with the chamber S, the pipecoinmuni-

cating with the well or reservoir is to be’con-
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nected to the suction-chamber.C; and the pipe. -

fordelivery ordischarge of water to the boiler
is to be connected at D.

In Fig. 1, E is the steam-jet tube of the lift-
ing apparatus seated in the partition P. F F’
is its combining and delivery tube made in
two portions, the upper portion F,inclosed in

95

100




the suction-chamber ‘C, being seated in the
partition'T; and the lower portion, inclosed in
the intermediate or forcer supply chamber-J,
being seated in the partition T”. Between
these two partitions is formed a chamber G,
connected with the water-chamber through

the conduit f and aperture g, forming a sup*

- plementary inlet-to the interior of this tube,

'15

which4nlet iscontrolled by the valve G,seated

in the aperture g and guided by means of 1tq-

stem, which fits looqe]y in the bonuet’h,
screwed into the casing A. The water- chamber
C extends around that portion of the interior
casing which incloses the conduit f and
chamber G’, so that water from the well may
rise around the upper portion of the tnbe F

- to-enter- the'mouth thereof, and, as is clearly
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shown; may also enter the interior of thetube
F B’ throm,h the conduit fand chamber G
when'the:valve G is-open. This lifting ap-
paratus,‘though slightly modified ‘in 1ts con-
struction; is \subsfan tially the-same in:princi-

ple as that described (and shown by Fig. 3 of

the drawings:thereof) in‘Letters Patent of the
United:'States No. 405,992, dated June 25, 1889,

-which'were grantéd tomeforimprovements in

ejectors; in- whlch patent some of-its advan-
tages-are more clearlyset forth.
K is the steam-jet tube of ‘the forcing ap-

“paratus,and LT’ isits combiningand dehvex ¥

tube; made in: two-portions and' seated in par-

titions which form a chamber M’ and conduit’
n, which’ connect with the intermediate or:

forcer'supply-chamber J through aperture m,
forming a supplementary:inlet to theinterior

ofthis'combining.and:: delivery  tube; which

inlet is controlled- by the valve M; operating

ing-apparatus.. The intermediate or forcer

supply:chamber J snrrounds that - portion:of:

the interior casing:which inecloses the- cham-
ber M’ and-the tube: 1’,and when theinjector
is-in":eperation con_ducts the water delivered
by the lifter up:to the mouth of the combin-
ing-tube L of the foreer and alsothrough ap-

'elture m, conduit n, and chamber M’ to the

interior-of the tube L L when'the valve M is
open. The ehamber J:communicates, also,

witlithe delivery-pipe D through an aperture -
controlled by the:valve: Q, a,nd an ordinary.

valve which is to be attached to the lower
end of the delivery-pipe D when openwill af-
ford free access to the atmosphere.. This
opening will constitute thefinal overflow, and
that controlled by the valve Q the firstor:in-
termediate overflow of theinspirator:

The opelation of the apparatus shown in
Fig:1 is'as follows: The' forcer :steam-valve

A% bemg closed and-theintermediate overflow-

valve Q.and-.the *final overflow:valve being
open, steam is admitted through the- pipe S
and will flow through the hftel steam-jet tube

'E:'the-lifter oombmmw and delivery tube F
F’, the interinediate: chamber J, and thence

thlough the forcer combining and delivery

- tabeLi L’, and also' through the -outlet con~
“ trolled by the valve Q 1nto the delivery-pipe

475,201,

D, and thence to the atmosphere through the
final overflow. The air will thereby be ex-
hausted from the water-supply pipe and
suction-chamber C and will be expelled with
the outflowing steam. Water will rise from

70

the well or reservoir in .the pipe and.cham- .

ber C and will pass up around the exterior
of thetube F' ¥’/ and enter the latter at its
mouth, where, being acted upon by thesteam
msumtr from the ,]et-tube E, its velocity will
be’ dccelerated and the Water drawn from the
well or reservoir will follow the course here-
tofore taken by the:steam. The valve Q
should then be closed. All the water deliv-
ered from the-lifter will then pass through
the forcer combining and delivery tube L. 1./
to the final overfow.. The valve V- should
then be: open to admit steam tothe forcer
steam-jet tube K; which in issuing fromthat
tube will impart such velocity to the stream
of water in the tube L: I’ that after closing

the final overflow-valve the water will enter:
‘9o

the boiler from which the actuating-steam.is
taken.

Both in starting the 1nstmment -and after:

it is in full operation, whenever the pressure

in‘the combining-and -delivery tube I T at:

the supplementary inlet'G’is a littleless than
the pressurein the water-chamber C, a por-
tion of the water will pass from the:chamber
C through the aperture: g, raising the valve

G, and through the conduit f; and will enter-
‘the combining-and delivery tube F K/ at the

supplemental inlet’ G’, and:whenever-the’
pressure within the tube F F’ at the point
where the supplemental inlet G’. communi-

cates therewith is about equal toor is greater
than the pressure in:the water- chamber C
“the valve ( will be automatically closed and
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will prevent ‘a reflux of the.water from-the:

tube F'F’ into the water-chainber C,
Whenever the pressure in' the: forcer sup=-
ply-chamber J is’ a little greater than the
pressure in the combining and delivery tube
L I’ of the forcer at the pomt where the sup-
plemental inlet M’ communicates- therewith,
water from the chamber 'J will flow thIOUU‘h
the aperture m (raising the valve M) and
through the supplemental inlet M’ to the in-
terior of the tube F F’ and will be forced
through it into the delivery-pipe, and when-

‘ever the pressure in the tube L I.” at the sup-

plemental inlet is about equal to-oris in ex-

ITO
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cess of that in the chamber J-the valve M will -

be automatically closed and will prevent a re-
flux of the water from the tube I I’ into the

supply-chamber J. While this valve remains-

closed the supplemental inlet M’ performs no
funetion and the tube L L’ operates substan-
tully ag if it were a continuous tube:

Fig: 2 of the drawings represents an alter-

xnate consbruetlon, showm«r how the supple-

mental inlet'and a valve for controlling it au-
tomatically can be formed wholly:in the com-

bining and delivery tube and be arranged in-:

the casing of an inspirator as now- manufac-

tured w1thout making any material change.

s
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in said casing for their reception. In this fig-
ure B is the steam-jet tube or nozzle of the
lifter, and F I the lifter combining and de-
livery tube, which tube is made of two pieces

-F and F’, joined by screw-threads, as shown,

and screwed into and held in position in the
partition-T/. Within this combining and de-
livery tube an annular chamber G’ is formed,
which communicates with the water or suec-
tion chamber C through the ports or passages
f f g g and with the interior of the tube
through the opening between the adjacent
ends of the two portions F and F’. An au-
tomatic annular valve G, seated on the in-
ner upper end of the lower portion E’ of the
tube and encircling and loosely fitting the
cylindrical lower end of the upper portion
T within the casing G’, controls the supple-

mental inlet formed by the ports f fg g in.

thelower portion F’ of the tube. This con-
struction of a lifter is substantially the same
as is shown in said Patent No. 405,992, Figs.
1 and 2. The forcer of Fig. 2 is similarly
constructed. X is the steam-jet tube or noz-
zle,and L L/ the combining and delivery tube.
Its supplemental inlet is formed by the ports
m m p p and space M’ between the two por-
tions LI of thetube. Itcommunicates with
the forcer supply-chamber J andis controlled
by the valve M in the chamber O in the tube
The arrangement of "the passages or
ports 1 m and pp are more clearly shown in
Fig. 3, which is a horizontal section through
the tube. I’ on dotted line « z, and the ar-

rangement of the similar ports in the lifter-

tube F’ is substantially identical therewith.

The operation of thé apparatus shown in
Fig. 2, being the same as that shown i in Fl(r 1,
needb no further deseription.

An injector constructéd as shown in said
figures possesses all the advantages of the in-
@pnatm and in addition it will operate with
more efficiencyover a greater range of steam-
pressures, especially onlonglifts and with hot
supply—water, and over the range of steam-
pressureat, which an inspirator w1th ordinary
continuous tubes of similar bore and propor-
tions ‘is usually operated my improvement
will increase the quantity of water delivered,
more especially on long lifts with compara-
tively high pressures of steam.

With an injector constructed as shown in
Figs. 1 and 2, operating under certain favor-
dble condltlons of lift, steam-pressure, tem-
perature of supply water; and quantity deliv-
ered, no 1n3u110us excess of pressure will be
created in the combining and delivery tube
of the lifter or of the fowel atthe 1nlet even
though one or both of the valves G and M be
1emoved from the'casing, and yet an advan-
tage will be obtained byleason of the supple-

. mental inlets G’ and M’; but, as when thein-

jector is operated under more unfavorable
conditions, such-excess of pressure will be
created which will require one,andsometimes
both, of the valves to close the respective in-
let or inlets, I prefer to use the said valves,

as shown and described, in order to prevent
a reflux of fluid from the respective com-
bining and delivery tubes, that would other-
wise prevent the starting of the injector or
prevent its operation under said conditions.
An ordinary lifter may be used, combined
with a forcer provided with said supplemen-
tal inlet and valve to control the same. So,
also, the lifter, as shown and described, with
the valve to control its supplemental inlet,
may be combined and used with an ordi-
nary forcer.
I have shown and
described the supplemental inlets in each

combining and delivery tube as communicat-

ing with the interior of the tube at or near
the throat, where the velocity of the fluid is
at its maximum, and hence where the press-

70

75

An advantage will be obtained .
"by -both combinations.
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ure in the tube is thought to be at its mini- -

mum; but I do not limit myself to this exact
location, as they will evidently perform their

function with somedegree of efficiencyif they.

communicate with the interior at some other

point along the axis of these tubes between-

the mouth and delivery end. Morethan one
supplemental inlet to each combining and de-
livery tube, communicating with its interior
at different points along the axis of the tube
and with the water-supply chamber, with a
separate-valve to control each inletindepend-
ently, may be used, and as the valves would
not. then necessarily open or close simultane-
ously doubtless better results would be ob-
tained and a more uniform pressure be main-
tained within the tube than with the single
inlet and valve I have shown and descmbed

"but the latter construction, being more sim-

ple and less expensive to manufaeture, is
therefore deemed preférable.
Although I have shown and descubed my

i mplovement applied to alifterand toaforcer:

having central steam-jét nozzles, yet itisalike
applicable to those having annular ones, and
therefore I do not propose to limit the Scope
of my invention by confining its use to in-
jectors that have central steam-jets only. It
is also applicable to those double injectors in
which the lifter discharges directly into the
mouth of - the combining-tube of the forcer,
instead of into an inter mediate chamber, (as

J in the drawings.)” The supplemental 1n1et-

to the forcer combining and delivery tube in

'this injector could then communicate with
.the suction-chamber or with the delivery-tube
‘of the lifter through a suitable condult lead-

ing therefrom.
Tn the combined lifter and forcer arranged
and constructedashereinbeforedescribed and

shown in the drawings-thereis a co-operation:

and interdependence of action of -the parts,
the result of which is an improved and more

certain operation-of the apparatus to supply
“watet to a boiler than can be obtained in the"

other forms of combined apparatus heretofoxe
made and used.
As indicated hereinbefore, one p’Lrt of my

injector will adapt’ its action to that of the

90.
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other part, with the result of making the op-

eration of the-whole-apparatus more certain
and continuous. This is so even where:no
automatic valves are used to elose the port or
ports from the respective water-supply cham-

bers.of the lifter and forcer to the spaces be-
tween. the respective combining and delivery:
"tubes.

In'such case, as already set forth here-
inbefore, injurious excess of pressure in the
combining and delivery tube of the lifter or
at the inlet of the forcer will ‘be prevented
when the injector is working.under favorable
conditions.

Tofurther improve the operation of the ap:
paratus and make it more certain, even under
unfavorable conditions of steam-pressure,
height of 'lift, and temperature of water, 1
make use of theautomatic valves which have

been-shown and described. The -use of one.

of these valves on either the:lifter.or forcer

is advantageous; though.I prefer to supply

bothiof 'such:parts of ‘the:apparatus with the
valves..
the forecer has a port or.opening: from’ the
chamber into-which the. lifter  discharges to

the space betweenits combining and delivery:

tube, the automatie valve.in the lifter can
act toregulate the-water delivered according
tothe needs or capacity of theforeer. - Should
the:lifter tend to deliver more water than the
forcer could:act upon, so-that the: pressure
is-raised in the water-chamber between the
lifter and forcer, the valve would, because
of back-pressure on:'the delivery-tube of -the
lifter, be closed,so as to'diminish thedelivery
of water- into said chamber. On the other
hand, if the forcer.should bedelivering more
water than the:lifter. with its valve: closed
could supply, said valve would, because of
the lowering of the pressure in the communi-
cating ohambel or passage between the lifter
and forcer, and consequentlyin the delivery-
tube of the lifter and the space between the
combining and delivery tubes of the latter,
dutomatlcally open to admit more water to
the delivery-tube:

If the forcer:-only be provided with the:de-.
_seribed supplemental automaticvalve toclogse

the opening into:the:space between its com-
bining and.delivery tubes which communi-

cates with the space or chamber to which a-

lifter delivers-water, it is possible to insure
sueh action of 'the forcer us will keep down
the pressurein the chamber or space to- which

the lifter.-delivers its water,so that such lifter.

will not have to act against too’ great press-
ure; which might interfere with its operation.
If when the- apelture is working the press-
ure.in-said space or:chamber to which the
lifter delivers water should tend to rise:above
that at the point between the combining and

delivery - tubes. of the forcer, the valve M

would be opened to allow water to pass from
said chamber into the delivery-tube, and the

pressure against which the lifter would have:

to act: Would be diminished, said valve will
also, by automatically closing, when the press-

‘Where-the lifter.only is valved and:

475;201.

ure in the chamber or space to which the:

lifter delivers tends to get below that be-
tween the combining and delivery tubes of
the forcer, act to prevent said pressure from
getting too low.

The use of the specified valve on the forcer

of a combined lifter and forcer, whatever the

form:of lifter, for supplying water to the wa-
ter-chamber of the foreer, is then productive
of a new and useful result in causing the ac-
tion of the forcer to be automatically adjust~
ed-to that of the lifter and consequently pre-
venting undue back-pressure on the latter.
While the use of one of . my supplemental
valves on either the lifter or the forcer is ad-
vantageous as improving and making. more
certain the action of the apparatus under va-

rying circumstances, I prefer the construction.

in'which bothlifter and foreer are valved, as
shown and described. In such. an injector
each of the two connected lifting.and fore-
ing devices, respectively discharging into and
taking from the same chamber or passage, will
automatlcally adapt its working to that of
the other, so that they.will both co-operate to
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make the starting of the injectoreasy and its.

operation continuous,even under varying con-
ditions of steam-pressure, height of '1ift, and
temperature of the water. By practical tests
it has been demonstrated that under given
conditions of such pressure; height, and tem-
perature, the lifter. and forcer construeted

and combined in any of the ways set forth in-
my claims, will deliver a greater quantity of-

water than when the hfter and forcer are ar-
ranged and-combined as heretofore in the
inspirator upon which the apparatus shown
and described herein is an improvement.

Having thus described my invention, what
I claim is—

1. In an injector, a forcer the eombmmg

and delivery tube of which is provided at
its mouth with the usual inlet from the water-
supply chamber and is provided, also, with a
supplemental inlet formed by one or more
ports communicating with the interior of said
tube throungh one or more openings:therein
and with said supply-chamber, with a valve
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adapted to close said supplemental inlet au-

tomatically when the pressure within said
tube at said openings therein is about. equal
to or is greater than the pressurein saidsup-
ply- ehambel substantially asand for the pur-

| pose descr ibed.

2. In an injector, a forcer the combining
and delivery tube of :which is-provided at

its mouth. with the usual inlet from its water-

supply chamber and is provided, also, with a
supplemental inlet formed by one or more

ports communicating with the interior of said

tube through one or more openings therein
and with said supply-chamber, with a valve
adapted to close said supplemental inlet au-
tomatically when the pressure. within said

tube at said openings therein is about equal-

to or is-greater than the pressure in said

120
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supplyfellamber, and a lifter which is suit-
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ably adapted and arranged to deliver wateror
other fluid continuously to the supply-cham-
ber of said forcer, substantially as and for the
purpose described.

3. In an injector, a forcer the combining
and delivery tube of which is provided at
its mouth with the usual inlet from its water-
supply chamber and is provided, also, with a
supplemental inlet formed by one or more
ports communicating with the interior of said
tube through one or more openings therein
and with said supply-chamber, and a lifter
the combining and delivery tube of which is
provided at its mouth with the usual inlet
from the suction-chamber and is provided,
also; with a supplemental inlet formed by one
or more ports communicating with the interior
of thetubethroughone ormore openings there-
in and with the suction-chamber, such lifter
being suitably adapted and arranged to de-
liver water or other fluid continuously to the
supply-chamber of the said forcer, substan-
tially as and for the purpose described.

4. In an injector, a forcer the combining
and delivery tube of which is provided at
its mouth with the usual inlet from its water-
supply chamber and is provided, also, with a
supplemental inlet formed by one or more
ports communicatingwith the interior of said
tube through one or more openings therein
and with said supply-chamber, with a valve
adapted to close the said supplemental inlet
automatically when the pressure within said
tube at said openings therein is about equal
to or is greater than the pressure in'said sup-
ply-chamber, and a lifter the combining and
delivery tube of which is provided at its
mouth with the usual inlet from the suetion-
chamber and is provided, also, with a supple-
mental inlet formed by one or more ports
communicating with the interior of the tube
through one or more openings therein and
with the suction-chamber, such lifter being
suitably adapted and arranged to deliver wa-
ter or other fluid continuously to the supply-
chamber of the said forcer, substantially as
and for the purpose described. :

5. In an injector, a forcer the combining
and delivery tube of which is provided at
its mouth with the usual inlet from its water-
supply chamber and is provided, also, with a
supplemental inlet formed by one or more
ports communicating with the interiorof said
tube through one or more openings therein
and with said supply-chamber, and a lifter
the combining and delivery tube of which is
provided at its mouth with the usual inlet
from the suction-chamber and is provided,
also, with a supplemental inlet formed by one
or more ports communicating with the inte-
rior of the tube through one or more openings

therein and with the suction-chamber, with a
valve adapted to close the said supplemental
inlet automatically when the pressure within
this tube at the said openings therein is abcut
equal to or greater than the pressure in the
suction-chamber, such lifter being suitably
adapted and arranged to deliver water or
other fluid continuously to the supply-cham-
ber of the said forcer, substantially as and for
the purpose described. . ’

6. In an injector, a forcer the combining
and delivery tube of which is provided at
its mouth with the usual inlet from its water-
supply chamber and is provided, also, with a
supplemental inlet:formed by one or more
ports communicating with.the interior of said
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tube through one or more openings therein

and with said supply-chamber, with a valve
toclose said supplemental inlet automatically
when the pressure within said tube at said
openings therein isabout equal to oris greater
than the pressurein said supply-chamber, and
a lifter the .combining and delivery tube of
which is provided at its mouth with the usual
inlet from the suction-chamber, and is pro-
vided, also, with a supplemental inlet formed
by one or more ports communicating with the
interior of the tube through one or more
openings therein and with the suction-cham-

_ber, with a valve adapted to close the said

supplemental inlet automatically when the
pressure within this tube at said openings
therein is about equal to or greater than the
pressure in the suction-chamber, such lifter
being suitably adapted and arranged to de-
liver water or other fluid continuously to the
supply-chamber of the said forcer, substan-
tially as and for the purpose described. -

7. In an injector, a forcer and a lifter, the
combining and delivery tube of the latter be-
ing provided at its mouth with the usunal in-
let from the suction-chamber and provided,

also, with a supplemental inlet formed by one.

or more ports communicating with the inte-
rior of said tube through one or more open-
ings therein and with the suction-chamber,

‘8o
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with a valve adapted to close said supple-.

mental inlet and prevent reflux of the fluid
from the interior of said tube through the
supplemental inlet intothe suction-chamber,
such lifter being adapted and arranged to de-
liver water or other fluid continuously to the
supply-chamber of the said forcer, substan-
tially as and for the purpose described.

In testimony that I claim the foregoing I
have hereunto set my hand this 20th day of
March, 1890.

CHAS. E. CHURCH.

Witnesses: ‘
WILLIAM A. SARGENT,
ALBERT J. HOSLER.
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