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UNITED STATES

PaTeENT OTFFICE.

JOHN D. LYNDE, OF HADDONTIELD, NEW JERSEY.

INOECTOR.

SPECIFICATION forming part of Letters Patent No. 386,408, dated July 17, 1888,

Original application filed September 3, 1886, Serial No. 212,626, Divided and this application filed June 16, 1888,

Scrial No. 217,306,

(Modcl.)

To all whom it may concermn:

Beit knownthat I, Jounx D. LyNDE, of Had-
donfield, in the connty of Camden, and in the
State of New Jersey, have invented certain
new and useful Imprevements in Boiler-Inject-
ors; and I do hereby declare that the follow-
ing is a full, clear, and cxact description
thereof, reference being had to the accompany-

ing drawings, in which isshown a vertical lon-

gitudinal section of an injector embodying my
improvements.

My invention relates to that kind of injector |

whieh contains both a foreing apparatus and a
lifting apparatus, so arranged that the lifting
apparatus takes water from a tank or other
supply and deliversit to the forcing apparabus,
the latter in turn taking the waterso delivered
and forcing it onward into a boiler or else-
where, even against a pressure greater than
the steam used to operate the injector. In
such combired lifting and foreing injectors a
waste-opening has heretofore been provided,
situated either in the combining-tube of the
lifting apparatus or between such tube and
mouth of the combining-tube of the forcer or
forcing apparatus. Such waste-opening com-
municates with the atmosphere, its object be-
ing to facilitate the starting of the lifter by
affording an exit for the steam and air, first
passing into the combining-tnbe before the
water has been raised and its flow established
through the combining - tube. Where this
waste-opening is at a point between the dis-
charge end of thelifter conbining-tubeand the
mouth of the combining-tube of the forcer, it
must be closed after the lifter is well at work,
so that all the water passing from the lifter
combining-tube may enter the combining-tube
of the forcer. For closing the waste-opening,
a valve has usually been provided, adapted to
be manipulated at the proper time by the en-
gineer. Injectors of this class are also pro-
vided with a waste-opening located either, as
in the original Giffard injector, at or very near

- the throat of the forcer combining-tube, in

which case a valve is usually provided to pre-
vent indraft of air through the opening after
the injector is in operation, or at a point be-
tween the throat of the foreer combining-tube
and the check-valve in the delivery-pipe. A
valve is then provided to close the opening

after thestream through the forcer hasattained
the required velocity.
In my improved injector, as will be set forth

herecinafter, therc is no necessity for a waste- ;5

opening for the lilter apparatus cither in‘its
combining-tabe or between that tube and the
forecer combining-tube, except when water is
to be lifted from a considerable depth below
the injector, or when steam of high pressure
is used to actuate the injeetor.

In getting injectors of the deseribed class
into operation it sometimes occurs that steam
is admitted to the forcer steam-jet tube before
the current of water from the lifter is estab-
lished throngh the forcer combining-tube. As
the stcam which then issues from the forcer
steam-jet tube cannot eseape except through
the throat of the forcer combining-tube, the
area of which is necessarily small compared
with the area of the smallest bore of the foreer
steam-jet tube or passage, or through the usual
waste-opening at or near such throat, it passes
back into or toward the discharge end of the
lifter and creates a back-pressure to inferferc
with and often preveunt the working of the
lifter.

In accordance with my invention an addi-
tional vent or waste-opening is provided inthe
forcer combining - tube, so as to enable the
forcer to start more readily than heretofore
and prevent the forcer-steam from interfering
with the proper action of the lifter.

My invention as covered by the present ap-
plication consists in an injector of the class
described arranged with its lifter and forcer
in axial line with each other, and the discharge
end of the’lifter combining-tube projeeting
into a prolongation of the mouth of the forcer
combining-tube, so that an annular steam-jet
passage for the forcer is formed, such injector
being provided with an additional waste-open-
ing in the forecer combining-tabe at a point be-
tween the mouth and throat of the tube wher
the area in cross-section is about equal to or
greater than the area in cross-scetion of the
smallest portion of the forcer steam-jet pas-
sage.

It also consists in the injector of the class
described, baving the lifter and forcer in axial
line with each other, with the discharge end
of the lifter combining-tube penetrating intc
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a prolongation of the mouthof the forcer com-
bining-tube, so as'to form an annular steam-
jet passage for the forcer,the forcer combining-
tube being provided with an additional waste-
opening located at a point where the area in
cross-section of the bore of the tube is about
equal to or greater than the area in cross-sec-

tion of the smallest portion of the forcersteam-

jet passage,and avalve adapted to allow efflux
of fluid through the opening to the atmos-
phere and to prevent the influx of air.

I do not in the present application claim,or

cover by my claims, an injector of the class-

described, with the additional waste-opening,
valved or unvalved, except as such injector is
arranged with its lifter and forcer in axial line,
s0 as to form the annular steam-jet passage for
the forcer, as such an injector without the an-
nular steam-jet passage is fully covered by
the claims in my pending application No.

212,626, of which the present application is

filed as a division.

In the drawings, A designates the casing
having the inlet steam-opening. B and the wa-
ter-inlet opening C communicating with the
water-chamber C" and adapted to be connected
by suitable means with a well or other source
of supply of water. The steam-inlet opening
B communicates with the two steam-cham-
bers B’ B?, which are separated from the water-
chamber C’ by the partition D. The lifter
steam-jet tube a «’ projects through a hole in
partition D, in which it is fitted steam-tight,
while being capable of longitudinal movement
therein. _

As a means for moving the tube to adjustit
longitudinally, I have provided the stem E,
threaded at e, and on its inner end provided
with an enlargement or head, ¢/, The threaded

portion of sthis stem works in the threaded

opening of the nut or bonnet B on the casing,
while the stem enlargement or head ¢ is en-

“¢ircled and engaged by the nut E?, which is
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screwed onto the prolongation of the lifter
steam-jet tube @ ¢’. With this construction,
when the stem E is rotated in one direction or
the other, the lifter steam-jet tube can be
moved out or in without rotation. The bonnet
or nut E is provided with a stuffing-box, and
the stem E has a hand-wheel, F?, on its outer
end. The prolongation of the lifter steam-jet
tube has a chamber or passage within it, pref-
erably larger than the bore of the jet end of
the tube, and into” this chamber steam is ad-
mitted from steam-chamber B’ through the
openings ¢’ «>. The chamber B’ is supplied
with steam from the inlet steam-chamber B
through the port B’. The lifter combining-
tube b which extends from the water-chamber
(o4 through the partition D, is enlarged at its
mouth 0*. The bore of thls tube is in axial
line with that of the lifter steam-jet tube a o',
Another tube, 4, axially in line with the
lifter combining-tube, is externally threaded
at &, near its outer end, and screwed into the
internally-threaded end of the casing A. The

386,408

body of this tube at @ passes through and fits
tightly an opening in the partition G within
the casing, which partitionseparates the steam-
chamber B? from the overflow or waste cham-
ber H, surrounding the tube d, and communi-

7¢C

cating with the atmosphere through the waste

passage or nozzle H'.

The inner end of tube d, situated within the
steam-chamber B? isinternally screw-threaded
at @, and is screwed onto the lifter combining-
tube b. The bore of tube d converges or ta-
pers down from its inner end in the direction
of the flow of the fluid until the throat @ is

reached, and from this throat it expands

again, as shown.

The portion of said tube, which is immedi-
ately to the right of the discharge end ?” of the
lifter combining-tube b, constitutes the forcer
combining-tube, while the outer portion of

the tube with its flaring bore forms what is

commounly called the delivery-tube. To this
delivery end of the forcer combining-tube the
pipe for the delivery of the waterto the boiler
is to be connected, such pipe being provided
with the usual check-valve to prevent the flow
of water from the boiler into the injector when
the latter is not in operation.

The inner end portion of tube d, situated, as
described, within the steam-chamber B, is pro-
vided with several holes, d* d*, connecting the
steam-chamber with the tube-bore.

Theend of the lifter combining tubeis made
smaller than the part of the bore of tube d,
within which it is situated, and its exterior is
also made tapering and concenbrlc, or nearly
concentrie, with the interior surface of the
tube d. This construction and arrangement
leaves a tapering annular passage for the steam
entering tube d through holes d* d*.

The exterior surface of the portion of the
lifter combining-tube b, which is within the
mouth of tube d, is preferably provided with

an annular groove, 0°, to allow the steam to

enter freely through openings d@* @' and flow
forward over the taper end of the tube. The
annular space between the end of tube b and
the tube d forms an annular passage for the
steam:jet of the forcer. The holes d° d° in the
forcer combining - tube d, near the throat
thereof, are the waste or overflow openings,
which are nsed in the injector shown and de-
scribed in the United States patent to Giffard,
No. 27,979.

At a point in the combining tubed, between
the place where the water discharged from the
lifter comes in contact with the steam of the
forcer steam-jet and the throat of said tube, I
provide the additional waste-openings d'd', to
which I havereferred hereinbefore. Thearea
of the bore of tube d,where these openings are
situated, should, for reasons which I will set
forth, be about equal to or greater than the
area in cross-section of the smallest portion of
the forcer steam-jet passage. Both the waste-
openings @° d° and d’ d' communicate with the
overflow or waste chamber H, already de-
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seribed herein. Within the discharge passage
ornozzle H', opening from this chamber, I place
a valve, J, adapted to open outwardly to any
pressure from within the chamber M. A
spring, 7, serves to hold this valve up against
the valve-seat J’, so as to keep the discharge-
passage from chamber II normally closed. " By
this valve as arranged and operating ingress
of air into chamber H will be prevented, while
any steam or water issning from openings d*
d®or @' d" will be allowed to flow down and
out. )

By means of a wrench applied to the end of
tube d at d’ the tube d can be unscrewed, and
both tubesd and b can besimultaneously with-
drawn from the casing. Upon the unscrew-
ing of one connection then the lifter and forcer
combining-tubes and the part containing the
forcer steam-jet passage can be removed.

The admission of steam first to the lifter and
then to both the lifter and forcer together is
controlled by valves, to be described, operated
by means of the stem M, connected with and
actnated by the hand-lever M, pivoted to the
casing A in any desired way.

Extending within casing A from the ¢ham-
ber B and around stem M is a passage, A, at
wliose inner or entrance end is the puppet-
valve N, forming my main steam-valve, Such
ralve is guided by means of the wings N' N’
engaging the sides of passage A, and when
closed engages a suitable valve-seat, N*, around
the edge of the passage end. In valve N isa
central port, N°, through which the valve-stem

= M, of smaller diameter than the port, passes.

Fixzed on the stem within chamber B is an-
other puppet-valve, O, which I eall the *“lifter
steam-valve,”” and which when closed engages
a seat, N', around the port N* in valve N and
closes such port. To the end of stem M isat-
tached the piston-valve P, having its seat in
a eylindriecal opening in that part of the casing
which separates the steam-chambers B and B2
The portion of this piston-valve around stem
M is gnided between the wings N’ N’ on the
valve N in a recess formed therein. As the
valves O and P are attached to the stem M,
they must move with it in its longitudinal
movements. As the valve N is not attached
to the stem, such valve will not be opened by
the drawing ont of the stem until the end of
piston-valve P strikes the end of the recess
within the wings N’ N.  Suach recess is made
deep enongh, so that the valve O can be opened
fully before the valve N. is moved from its
seat.

The piston-valve P is made of such length
that it will not be withdrawn enough to open
the cylindrical opening or passage in which it
is seated and thereby open a free passage for
steam into chamber B? until after the valve N
has been opened.

The operation of my injector (shown and
deseribed)-is as follows: With the apparatus
properly connected with the boilerand water-
supply, when it is desired to start it into op-

eration the lever M'is first moved to draw out
stem M {ar enough to draw the lifter steam-
valve O from its seat, so as to allow steam to
pass from inlet-chamber B through the central
port in valve N, port B’ and into chamber
B, from which it passes by openings «* o
into the lifter steam-jet tube ¢ «¢’. No steam
is now passing from chamber B intotheforcer
steam-chamber I, as the piston-valve still
closes the passage or opening between these
chambers. The jet of steam discharged from
the lifter steam-jet tube into and through
thelifter combining-tube drives the air in such
tube before it, and, exhausting the air from
water-chamber ¢,draws water from thesource
of supply into said chamber and then into the
lifter combining-tube around the nozzle of the
steam-jettube. Theairdriven out of the com-
bining-tube and the mingled air and steam dis-
charged from such tube before the flow of wa-
ter through the lifter combining-tube is estab-
lished pass out through the openings d° and
' in the forcer combining-tubed into the waste-
chamber H and from such chamber, opening
ralve J, out to the atmosphere. Any steamn
leaking past the piston-valve I will also be
discharged from the combining-tube d through
the waste-openings d' d', together with fluid
discharged from the lifter. As soon as the
flow of water through the lifter is established
the lever M’ is moved farther, so as to draw
outithe valve stem M enough to open fully hoth
the main steam-valve N and the piston-valve
P. The steam from chamber B will then have
full and free access to both chamber B’ and
chamber B* and from them to the lifter steam-
jet tube a ¢’ and the forcer steam-jet passage,
respectively. The steam which issues from
such passage coming in contact with the stream
of water discharged from the lifter into the
foreer combining-tnbe readily combines there-
with and imparts velociby to it without (owing
to the vent afforded by holes d' d") creating
any injurious back-pressure to resist the enr-
rent from thelifter. The water passing through
tube d is first discharged throngh holes d* ',
and then through openings d° d° until the
stream has had imparted to it sufficient veloc-
ity to overcome the resistance of the check-
valve in the pipe or passage leading to the
boiler,when the injector will be in full opera-
tion. Any waterissuing from the foreer com-
bining-tabe d through the waste-openings when
the injector is being started oris in operation
can escape down and out from chamber H past
the valve J. By turning the hand-wheel I#
the lifter steam-jet tube a «' can, as indicated
hereinbefore, be adjnsted toward or from the
mouth of the lifter combining tube, so as to
diminish or inerease the eapacity of the pas-
sage for the water from chamber € into the
mouth of the combining-tube. The quantity of
water raised and delivered by the lifter can
thus be regulated to a certain extent. If,when

the injector is being started, the valves N and
P are opened too suddenly, or before the cur-
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rent of water from the lifter is fully established,
the discharge vent afforded by openings d' '
will tend to allow exit of the steam issuing
from the forcer steam-jet tube, so that such
steam shall not make back-pressure to hinder
the action of the lifter. With the extra vent
afforded by openings d" d' the injector will
start,when in the absence of such openings it
would be necéssary toghut valves N and P and
begin over again the operation of starting.

When the injector has been gob into opera-
tion, its action is like that of all injectors of
‘the class desceribed. A freer vent for she lifter
than that afforded by the holes &' " ean when
required be provided by removing the plug
K and inserting in its place a pipe and stop-
cock. Such an additional vent-opening will
only be necessary where high-pressure steam
is used or the water is lifted from a consider-
able distance. It must be closed by the engi-
neer after water has been lifted and is being
delivered properly to the forcer.

I do not set forth herein the details for mak-

ing the bore or interior shape of the several
tubes of the lifter and forcer; as such details
will beunderstood fally by those familiar with
the art of constructing lifters and forcers and
combining the two together for action.
however, necessary that the holes @' d' be, as
indicated herciubefore, located in the forcer
"combining-tube between the place where the
steam issuing from the forcer steam-jet pas-
sage strikes the jet of water issning from the
lifter and the throat of the forcer combining-
tube where the area in cross section of the
tube-bore is about equal to or greater than the
area in eross section of the smallest portion of
the forcer steam-jet passage. If theopenings
be placed nearer the throat,the waste-vent will
be too small to be efficient. They can be
placed so near the mouth of the forcer com-
bining-tube as to leave just sufficient length of
combining tube or passage between them and
such mouth to insure that there shall be the
proper condensation of the steam from the
forcer steam-jet passage and combining of the
‘water and steam before the combined steam
and water reach the holes. With such ar-
rangement, when the injector is in operation,
the stream of water in the forcer combining-
tube will leap across the openings or holes d’
d’ and continue on through the tube into the
boiler. Obviously, the nearer to the mouth
of the forcer combining-tube the additional
waste-openings can be situated without pre-
venting the steam from the forcer steam-jet
passage from acting efficiently the greater the
vent which can be afforded for both the lifter
and the forcer steam-jet.

I have shown the ordinary waste- opennws
d° &%, placed,as usual,at or near the throat of the
foreercombining-tube; but they may,if desired,
besituated beyondsuch throat,orbetweenitand
the usual check-valve in delivery-pipe from in-
jector. The chamber Hand valved discharge
opening or nozzle therefrom will then serve

It is, -

I
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merely to allow thedischarge of the air,steam,
and water issuing from the waste-openingsd’ d'.
Wherever located the holes or openings ' &
should have a combined area in cross-section
exceeding the bore of the combining-tube at
the point where they are situated, so that the
exit of the fluid from the combining-tube to
the atinosphere shall be free and unhindered.

The lifting and forcing apparatus, as shown
and deseribed by me, can be considerably va-
ried in the construction and in the manner

-and means of connecting the parts together or

holding them in place in the casing without
departure from my invention.

The lifter combining-tube can be fastened
in placein the partition D independent of tube
d. Such tube can also be made, if desired, in
several pieces, one part, that designated by
%, being in one piece and fastened in partition
G, so as to form with the end of the lifter-
combining tube the forcer steam-jet tube or
passage and a part of the combining-tube.
The other portion of tube d, from the waste-
openings 4 d' on, can also be made in one or
more separate pieces suitably fastened or held
in place in the easing.

The construction shown in the drawmcrs and
heretofore described by me is, however pref-
erable, as permitting the most ready removal
of the tubes. .

I am aware that forcers have heretofore
been made with a waste-openinglocated as are
the holes d' d'; but such opening has not been
provided in an injector in which is combined
a lifter and a forcer, and in which the lifter
delivers the water to the. forcer, so that such
additional waste - opening shall serve, as I
have set forth, both for a waste-opening for
the lifter and to facilitate the starting of the
forcer.

My injector, as shown and described, is ren-
dered a compact one by the arrangement of
the lifter and foreer in an axial line with each
other,with the forcer steam-jet passage formed
by the projection of the end of the lifter com-
bining-tubeinto the prolongation ofthe mouth
of the combining-tube of the forcer.

Having thus described my invention,what I

claim is—
. 1. An injector having a lifter and a forcer
arranged in axial line with each other, in
which the discharge end of the lifter combin-
ing-tube penetrates into a prolongation of the
mouth of the forcer combining-tube, thereby
forming an annular forcer steam:-jet passage,
and in which the forcer combining-tube is pro-
vided with a waste-opening between its mouth
and its throat, where the area in cross-section
of its bore is equal to or greater than the area
in cross-section of the smallest portion of the
forcer steam-jet passage, substantially as and
for the purpose specified.

.2, An injector having a lifter and a forcer
amancred in an axial llne with eaeh other, in
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Which the discharge end. of the lifter combin-

ing-tube penetrates into a prolongation of the
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mouth of the foreér combining-tube, thereby
forming an annular forcer steam-jet passage,
and in which the forcer combining-tubeis pro-
vided with a waste-opening between its mouth

5 and its throat at a point where the area in
cross-section of its bore is about equal to or
greater than the area in cross-section of the
smallest portion of the annular steam-jet pas-
sage, and also provided with a valve, whereby

1o the efflux of fluid to the atmosphere from the

waste-opening is permitted and the influx of
air prevented, substantially as and for the pur-
pose shown. ‘

In testimony that I claim the foregoing I
have hereunto set my hand this 14th day of 13
June, 1888,

JOHN D. LYNDE.

‘Witnesses:

Low. E. CULLEN,
Ermir P. Howk.




