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To all whom it may concern :
- Be it known that I, GARNER C. WILLIAMS,
of Ellenville, county of Ulster, and State. of

New York, have invented certain new and use- -

5 ful improvements of that apparatus common-
ly called-an-*.injeetor;*of which the following
is a specification, reference being had to the
accompanying drawing, forming part thereof,
the same being a central longitudinal section

1o of an injector einbodying my invention.

The object of this invention is to produce an
injector of plain construction, and capable of
automatic action that will start in operation,
lifting the water-to itself, if necessary, simply

15 upon the admission of steam, and without any
further manipulation or adjustment of valves
or cocks, which would require the attention of
a skilled attendant, and also so arranged that
if its action becomes interrupted it will read-

_ 20 just itself toits proper work again,and so con--
tinue as long as steam is supplied and there
are no foreign substances to obstruct its oper-
ation. To accomplish this it is necessary to
have one apparatus which will draw the water

25 into the injector and deliver it with some force
and greatregualarity to another apparatus that
forces it to the place of final destination, and
they must be so arranged and constructed that
the second shall in no way at any time inter-

30 fere with the first so as to prevent it from

" drawing the water into the injector, and also
so that thie second, when operating, shall re-
ceive the water delivered into the injector by
the operation of the first apparatus; and it is

35 also further necessary to provide a vent or out-
let for the escape of the steam and water dar-
ing the preliminary action of the injector with-
‘out passing through the.second apparatus,

. and to make the operation of the injector an-

40 tomatic this outlet must be fitted with a valve
so arranged that it will close when the action
of the injeetor is established and not before,
and will remain closed so long as sueh action
continues, but when such action is broken

45 will open again to allow the injector to repeat
the preliminary actions that go to produce its
perfect working. Injectors have been made

containing two sets of apparatus for the pur-
pose indicated ; but so far as I am aware their
5 construction is such that when the injector has

to lift its supply of water the second will not
start in operation if steam is admitted-to both

‘at the same time, it being necessary for the
apparatus that draws the water into the in-
jector to be first put in operation and the wa- 33
ter male to cover tire second apparatus before
the latter is started. This renders it neces-
sary to have separate valves for letting on the
steam to each, and complicates both the con-
struction and operation of the injector, and 6>
requires skilled attention and manipulation,
which I obviate. Iam also aware that single-
jet injectors have been made in which a valve
titted to the vent or outlet, commonly called
the ¢ overflow,” has been closed automatically ; 63
but in such cases it has been done in either
one of two ways—first, by the inward suction

of the injector that may sometimes be estab-
lished at the overtlow, owing to an insufficient
supply of water, or other imperfections in the 70 .
working of the injector; but such closing is
only to prevent air entering, and does not in
any way prevent the escape of water when it

is present at that point; second, by the press-
ure of the water in the injector upon the valve 75
itselt to close it when the stem thereof is re-
leased Ly the raising of the check-valve; but
such valve mustremain closed until the check-
valve again presses it open, and as the press-
ure upon it must at all times, while steam is 8o
turned on the injector, be considerable, it will
lose its automaticaction unless the cheek-valve

is carefully arranged to prevent any free es-
cape of water around it, and it will then only
regain it when the steam is turned off. In my 83
invention the closing of the valve by the de-
viceherein shown prevents allingress or egress

of water or air at that point, aud whenever the
injector ceases to work there is nothing to pre-
ventthechieck-valvereturning toitsseat, when go
all the pressure of the water or steam in the
injector will press upon the valve and its at-
tachments to open it.

In order that my sailinvention may be more
fully nnderstood, I will now more particularly g5
describe it, referring to the drawing hereunto
annexed, and to the letters of reference marked
thereon.

The pipe G* communicates with the water-
supply, and conducts the water to the steam- 100
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nozzle ¢ and the water-inlet port o/, which
form the apparatus for drawing the water into
theinjector and for forcing it through the pas-
sage G to the second apparatus. The steam-
nozzle a of the second apparatus opensinto the
chamber A and delivers its steam into the end
of the combining-tube b, Both steam-nozzles
a' and « receive their steam through the pipe

H, which communicates with the boiler, and is |

provided with a snitable stop-valve for the pur-
pose of admitting the steamn as required to the
two steam-nozzles.

Aisa chamberinthebody of theinjector,and
has a_partition, C, which divides it into two
compartments, A’ and A%, communicating with
each other by the open passage f at the top.

B is another chamber, separated from A by
the diaphragm D.-

a, b b, and I form the second apparatus,
fitted to receive the water from the first ap-
paratus and force it into B on its way to the
point of delivery. The end of pipe b which is
commonly called the ¢“delivery-tube” passes
through the diaphragm aund terminates in
chamber B. The other end, which is called the
¢ combining-tube,” passes through or over par-
tition C and terminates in compartment A? of
chamber A. e¢isan opening, called an “over-
flow,” between the combining and the delivery
tuLe% b b. Any oue shllled in the art will
know how to construet and proportion the
pipes @ &/, b b,and b’ to insure their operation
upon the well known principles of the steam-
siphon and of the Giffard and other injectors.

Upon the inner end of the steam-nozzle ¢ a
shield, I, is interposed between it and the com-
blmno“ tube b, as shown.
shleld are openings ¢ ¢ to permit the water to
flow in and meet the steam as it issues froma
toward b.

The partition C rises fxom the boitom of
chamber A and terminates at the level of or a
little above pipe b, so that all the water de-
livered by the first apparatus shall be pre-
sented to the action of the second before it
passes over said partition C and beyond the
power of the steam issuing from a.

At the bottom of compartment A’, at Ii, is
the vent or.overflow port, provided with a valve,
E/, which wewill ecall an ““overflow-valve,” and
which opens outward and is attached to a stem,
E2, having on its opposite end a piston, K3, fit-
ted to work in the short cylinder E4

d is a port permitting. the entry of steam or
water from the chamber B into the lower end
of said eylinder and under piston-head I&°

T is the exit-passage leading ont of cham-
bher B to the pipes leading to the place of de-
livery, and is provided with a check-valve, F/,
opening outward, attached to a stem, I, the
opposite end of which is fitted to act as a valve
to close port @ when valve I/ is closed upoun
its seat.

I find it preferable to construct and arrange
the chamber A as shown in the drawing—

“that is, with the partition C dividing the cham-

At tlie base of this]
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ber into the water-receiving compartment A?
(in which is the nozzle & and from which ex-
tends the eombining-pipe b to the chamber B)
and the overflow-compartment A/, to which the
opening fin the partition C, above the Ievel of
the nozzle a, leads from the compartment A?,
this compartment A’ containing the overflow
port and valve, and also the overflow e of the
combining-pipe b; but I do not limit myself to
this peculiar construction, for the partition C
may be made a continuous wall and the com-
partment A’ dispensed with, and the valve T/
may be placed in an overflow-port opening
from the chamber A? at any point above the
Ievel of the steam-nozzle,and theconnection of
said valve with the check-valve T’ by means
of the described devices to secure the anto-
matic action specified may then be established,
communicationbetween the water-chamberand
thechamber B beingsecured by suitable means.
The operation of thisapparatus is as follows:
When the injector is not in operation the back
or boiler pressure from the pipes leading out
of I will keep valve I/ closed, and, port d be-
ing also closed, the vaive I/ and irs attach-
ments will be tree to act. Steah, being ad-
mitted into pipe H, passes through both jets
a and «' at the same time into the body of the
injector. That which passes out of &’ will pass
through &' into compartment A2 and thence
over partition O into compartment A’, The
steam which passes out of @ passes through 1
and enters the mouth of b. It is well knoivn
by those skilled in the making and use of in-
jectors that in starting an injector, and until
the steam as it flows through the injector’s
nozzle is sufficiently condensed, a part of the
steam will pass through pipe b into chamber
B aund.part will pass out of overflow ¢into com-
partment A/, and yet another considerable
part will not pass through b, but will force it-
self back out of the entrance to b. This back-
flowing steam will pass into compartment A?
thence over partition C, with the steam from
«’yinto compartment A/, thus uniting with the
steam from e, and all will press upon the head
of piston I and upon valve E/, and will open
E’and pass out of the injector through I8. The
passage in A,between compartments A’and A?
over partition C and the outlet-port B, being
made of sufficient area to allow free outlet of
the steam, so as not to press back upon the jet
issuing from &’ through 0/, an inward draft or
suction will be established, expelling the air
and drawing the water in through G2, which
will be ejected into A?and be taken up by the
upper jet and driven through pipe b into cham-
ber B until that chamber is filled. Then it will
overflow through e into A/, and so out at E,
and continue until the pressure or momentum
or vis viva of the jet will overcome the resist-

ance in I, when valve T will open and the

water pass on to the point of final delivery.
The opening of valve B/ will uncover port d
and admit water out of chamber B into cylin-
der E* under piston E? which will close the
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valve E/and bold it closed so long as the press-
ure of the water in chamber B is sufficient to
keep open the valve T/; but so soon as the
pressure in B is lessened, so as to permit the
closing of valve IV by the back-pressure upon
it, the port d will be covered and allow valve
E’ to open. Then the several operations will
be repeated with every repetition of the sev-
eral above-described conditions, so that this
apparatus must always be either in full work-
ing order or ready to start in full work. Should
the full action of the apparatus be interrupted
by any cause that does not actually disarrange
its parts, it eannot get into a position or con-
dition that will not admit of its automatically
recommencing work, (differing in this from all
other injectors, as far as I am aware,) but can
only assume one of the positions or econditions
that are necessary for the preliminary start-
ing, and will eontinue in that position until the
jet is re-established in full power.

It will be observed that I have made no
specific provision for the escape of the water
out of eylinder E* when the port d is closed,
while it is necessary to get it out of said eyl-
inder to allow the movement of the piston that
will permit valve E to open. I assume that
there will always be a waste around piston I®

and the valve-stem I8 sufficient for the fiiling-

of the eylinder; but if not, then -provision can
be made for sufficient vent either Dy a fine
groove cut along piston B or valve-stem L2,
though it maost be very slight, as that waste
will be continuous, and during the working of
the injector all the water that thus escapes
from I%¢ will have to be taken up again, either
at the mouth of b or re-entering at e.

In the varying conditions of the pressure of
steam or snpply of water or pressure against
which an apparatus of this kind must work, or

in the different ranges of duty it may be called.

upon to perform, it will often happen that more
water may e taken into D than the jet from a
will deliver with requisite force. At such

«" times a portion will eseape at ¢, and is usually

lost at the overflow, though various devices
have been made to prevent such loss. - In this
case it is evident it will be returned to b and
again subjected to the action of the jet. This
facility of retnrn of overflow I deem an im-
portant featare in the arrangement of this ap-
paratus. Again, at other times, it will occur
that the jet @ can deliver more than is taken
in at the mouth of . This causes an inward
draft ate, and various plaps have been used to
supply water there, or to prevent air entering
there, or to utilize the suction in one way or an-
other; but in this apparatus the overflow e will
alwaysbesurrounded by water when the inject-
or is working, and if a suction occurs at ¢ water
will be taken in there till the full power of jet
« is utilized. The amount of water supplied
by the first apparatus will also depend upon
the pressure in chamber A against which it
must work. If the second apparatus be deliv-
ering water fr%ely, there will not be much, if

any, pressure in A. There may be at times a
slight tendency to a vacuum in A. At such
times the jet a’ will deliver water freely, and
may at times be aided by the tendency to such
vacunm. :

If the second apparatus be delivering water
slowly, and the water accumulates in A, it will
retard the delivery of the tirst apparatus.in
proportion to the pressure in A. It isat such
times as the putting of the second apparatus
upon what is called “low daty”—that is, the
delivery of small qnantities—that the jet be-
comes liable to break and injectors stop work-
ing,owing to the want of proper eondensation
of the steam. In thisapparatus at such times
the increased pressure in A will facilitate the
condensation and greatly reduce the liability
to break. .

I have now come to a point where I wish to
show more fully the relation the shield I bears
to the working of this injector and to its au-
tomatic action, as well as to describe more
fully hew it is to be constructed. If there be
no water present in an injector, and the fore-
ing-jet, which in this injector is the jet @, be
supplied with steam, that portion of steam
that will force itself back out of the combining-
pipe, which in this injector is the pipe b, will
flow with sueh force along the outer surface of’
the nozzle of the forcing-jet that water cannot
reach the steam as it issues from the said noz-
zle. It is for this reason that it is first neces-
gary to surround the forcing-jet with water be-
fore admitting steam to it. In this injector I
have arranged the shield [ so that all the steam
issuing from the foreing-jet @ will pass through
ILinto b,and all the steam that reacts back out
of b will strike the shield I, and so be prevented
fromn reacting against the steam asit lows out
of pipe ¢. There being an annanlar space be-
tween 1 and the end of «, the water can flow
into the jet through the openings ¢ ¢, and the
relative areas of the nozzle ¢ and shield I can

e so proportioned as to cause a strong suction
into- the shield I through the openings ¢ e

When water meets the jet issuing from a it
will condense a portion of the jet, and, being
thrown with great force through I, will pre-
vent any further reaction of steamn out of the
inner end of 5. Then the water will be free to
enter b, between itand I, and a full supply can
thus at all times be relied upon for the perfect
working of the injector.

I do not limit myself to any particular form
of the shield I. It may be made econical orcy-
lindrieal, orit may be a plain diaphragm. The
end to attain is to prevent the reacting steam
from interrupting the flow of the steam outof
o and the inflow of the water to meet and con-
dense said ontflowing steam from a. To this
end it is only necessary that when the water
enters compartment A?it shall be free to enter
or-be drawn in between the pipe ¢ and the
shield I, and so come in contact with the jet
as it issues from the pipe @, the function of
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in coutact with the steam asitissues from the
steam-nozzle of the forecing-jet, whether’the
water is admitted to or is drawn into the in-
strament before or after the steam has been
tornedon; but when the water-supply is above
the instruwent, and it is turned on before the
steam is admitted, the water will flow through
theinstrnment, and the injector will go to work
with or without this shield.

I am aware that injectors have been made
that have used a series of combining-pipes in
gections that may have been so constracted
that the reaction did not oceur within the first

section of the combining-pipe; but the steam

that finally reacted outof the combining-pipe
entered the water-inlet pipe with force enough
to prevent water entering the injector.  In my
apparatus the steam from jet a/ will force all
the steam from the combining-pipe to pass out
of overtlow - valve K/, so that reacting steam
cannot impair the suction of the apparatus.

I have described this injector as a steam-
injects r; but it may be used for all purposes
for which injectors may be used, the words
s gteam ” and ¢ water” used in this deseription
being for the greater facility of deseription, as
injectors. are generally used for steam, and
hence such description will be more readily
understood.

In the apparatus as I have deseribed it the
steam-jets would be solid jets; but these jets
may be made annular by the use of a plug or
stem in thecenter of the jet, and the plug may
terminate within the steam-pipes or beyond
the end of the steam - pipes. - It may be ar-
ranged so that the water shall enter either one
or both setsof apparatusat those places where
steam enters, and the steam may act upon the
water in annular jets properly arranged and
directed aroumid the jets of water; so I do not
confine myself to any particnlar forms of jets.
Any known forin may be employed.

While I regard the automatic features of the
valve I&/ as desirable and us a novelty whieh I
am entitled to claim, still the said valve may
be made to operate by hand,if preferred, doing
away with the piston-head E? and eylinder
E4, the port d, and its valve If?, without ma-
terially affecting the operation of the other de-
sceribed parts of the injector.

265,648

What I elaim as my invention, and desire to
secure by Letters Patent, is—

1. In a steam - injector, a water - inlet port
opening into and an overflow:port opening out
of one and the same chamber, construeted and
combined to operate substantially as and for
the purposes specified.

2, In a steam-injector, a steam-nozzle and a
water-inlet port opening intoone and the same
chamber, and an overflow-port opening out of
said "chamber, constructed and combined to
operate substantially as and for the purposes
specified. :

3. The combination, in a steam-injector, of
the water-inlet port,the overflow-port, and the
steam-nozzle,all inone and the samechamber,
and arranged relatively to one another as de-
scribed, whereby water entering the chamber
will submerge the injector-nozzle before it can
pass out through the overflow,substantially as
set forth.

4. In asteam-injector, the combination of a
steam-nozzle and a water-inlet. port opening
into one and the same chamber, an overflow-
port opening out of said chamber, and a par-

- tition between said ports; so that water enter-

ing the chamber from the inlet-port must flow
over thesteam-rozzleand partition before it can
pass out of the overflow-port, substantially
as and for the purposes set forth.

5. In a steam-injector, the combination of a
steaw-nozzle and a water-inlet. port opening

into one and the same chamber, an overflow-

port opening out of said chamber, a combin-
ing-tube, and a shield interposed between the
steam-nozzleand the combining-tube, substan-
tially as and for the purposes set forth.

6. In a steam-injector,thecombination, with
the overflow-port, of an overflow-valve open-
ing outward under the pressure of the steam
in the injector when the water is not flowing
to the boiler and closed by the pressure of the
water when it is flowing into the boiler, sub-
stantially as and for the purposes described.

GARNER C. WILLIAMS.
Witnesses:

B. 8. CLARK,
M. F. CLIFTON,

55

60

65

70

75

8n

85

9o




