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IMPROVEMENT IN STEAM INJECTORS AND EJECTORS.
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Specification forming part of Letters Patent No. 215,126, dated May 6, 1879 ; &pplica.tiﬂn filed
May 10, 1878.

To all whom it may concern: |

Be it known that I, JoEN H. IRWIN, of
Philadelphia, in the county of Philadelphia
and State of Pennsylvania, have invented
certain new and useful Improvements in
Steam Injectors and Ejectors, which are fully
described in the following specification, refer-
ence being had to the accompanying draw-
ings, 1n which— -

Figure 1 represents a longitudinal section

of an injector embodying my improvements ;
Fig. 2, a similar view, on an enlarged scale,
of the spindle end of the instrument; Fig. 3,
a similar view of the remaining part of the
instrament, which is cut transversely on the
line 2 », Fig. 1; and Fig. 4, a” detail plan,
showing the device for adjusting the receiv-
ing-cone. _
- My invention relates to that class of instru-
ments generally known as the * Giftard in-
jector;” and its object 1s to improve the con-
struction of the instrmment, whereby an oper-
ation is secured approximating perfection, and
affording very nearly the full equivalent for
-the steam employed.

The invention consists in the construction
of the essential devices composing the instru-
ment ; also, in the manner of combining.these
devices with each other; and, furthermore, in
‘the novel construetion of certain minor parts
of the instrument, all of which will be herein-
after more fully set forth.

The general features of this class of instru-
ments are so well known that there is no ne-
cessity here for a detailed description of the

construction, arrangement, and general opera- |

tion of all the parts of the instrument, and I
shall therefore confine myself to a description
of those parts which I have improved.

It may be stated .generally that the same
devices are employed which have been used
heretofore—that is, the instrument 1S com-
posed of a steam-cone, a spindle, a combining-
cone, and a receiving-cone, in connection with
suitable chambers, steam and water inlets,
and overflow-pipe; but most of these parts
are constructed and combined in an entirely
novel manner. .'

In the drawings, A represents the steam-
cone, which is provided with a straight noz-

| siderable thickness, so as to give the apertare

a certain definite length. The combining-cone
B is formed in a disk-shaped piece of metal,
b, arranged immediately in front ot the steam-
cone. The receiving-cone C, just beyond the
combining-cone, is mounted in the body or
case of the instrument, so as to be adjustable
in a longitudinal direction.

These several devices are constructed with
certain definite proportions bearing fixed re-
lations to each other, which I have found by
a long series of practical experiments to be
necessary to the best working of the instru-
ment. |

Let the smaller diameter of the combining-

cone B be taken as the base or starting-point
for the construction of the injector. This
cone is then made with its greater diameter
four times the smaller diameter, and its length
equal to the greater diameter, and conse-
gquently four times the smaller diameter.
- The diameter of the jet-opening « of the
steam-cone is one-half the greater diameter of
the combining-cone, or twice the smaller di-
ameter of the same, and the length of this
opening is equal to its diameter.

The receiving-cone C is made with a gradu-
ally-increasing diameter—a form of this device,
however, which is well known. -The smaller
diameter of this cone is the same as the smaller
diameter of the' combining - cone, the larger
diameter is twice the smaller, and the length
is sixteen times its smaller diameter, or the
smaller diameter of the combining-cone. The
smaller diameter of the combining-cone being
represented by 1, its larger diameter will then
be represented by 4, and its length also by 4.
The diameter and length of the jet-opening in
the steam-cone will be represented by 2. The
smaller diameter of the receiving-cone will be
represented by 1, the larger diameter by 2, and
its length by 16. These are the relative pro-
portions of these devices which I have found
necessary to the best working of the instru-
ment, and any substantial deviation theretrom
will materially affect the results.

It will be readily understood by those fa-
miliar with the operation of injectors that in
order to obtain the perfect working of the in-
strument the steam must all be condensed 1n

zle, a, having the surrounding metal of con- | the combining - cone, and to secure the best




results the water admitted to and passing
through this cone should not be mueh in ex-
cess of the actual quantity necessary to con-
dense all the steam.

The relative dimensions of the steam-cone

and combining-cone given above are the only I

ones which will produce this result, and a jet-
opening in the steam-cone with the relative
dimensions above stated I have found will dis-
charge the greatest amount of steam in a given
time.

S0 far as the operation of the steam and
combining cones is concerned, then, the result
will be nearly as stated above when they are
constructed as described.

Now, very good results may be obtained if
with steam and combining cones thus con-
structed a receiving-cone is used departing
somewhat from the dimensions laid down
above, and therefore I do not wish to le un-
derstood as limiting my invention to any spe-
cial construction of receiving-cone. A receiv-
ing-cone may be employed which will (lischarge
all the water emitted froin the combinin g-cone,
but with comparatively little force, though
sutficient for some purposes. However, to ob-
tain the highest possible result—that 18, with
a given quantity of steam to discharge the
greatest quantity of water with the greatest
force—I have found that the dimensions of the
receiving-cone must be as stated above. The
receiving-cone is provided with an enlarged
or flaring mouth to cateh the streamn from the

combining-cone, which is also constructed in |

a peculiar manner and with definite dimen-
sions. The length of this orifice is twice the
smaller diameter of the receiving-cone, and its
greatest diameter is four times the same di-
ameter, or equal to the greater diameter of the
combining-cone, its middle diameter is one-
half its greatest diameter, while its smaller
diameter is the same as the smaller diameter
of the receiving-cone.

This construction will malke the inclination
of the outer section somewhat greater than
the inner section, as shown in Fig. 3 of the
drawings.

The case or body of the instrument is di.
vided at the combining-cone, one section, D,
containing the steam-cone, and the other sec.
tion, E, the receiving-cone, the two sections
being joined by a flange-connection, the flanges
d and ¢ of which are recessed or cut away to
form a seat for the disk b of the combining-
cone, which is held between the two sections
when secured together, as shown in the draw-
ings, the joint being necessarily perfectly air-
tight. On the steam side of this disk is the
water-pipe I, and on the discharge side is the
overflow-pipe G, and of course there is an an-
nular chamber, H, around the cone on both
sides of the disk.

As stated above, the receiving-cone is mount-
ed in the case-section E, so as to slide back
and forth therein. A band or ring, ¢, is pro-
vided on the outside of the cone, which fits in
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| a corresponding recess in the casing, elongated

as shown in the drawings, to permit the ring
to move back and forth therein.

The casing E is provided with an inclined
or spiral slot, ¢/, as shown in Fig. 4 of the
drawings, and a handle, (¥, is inserted in this
slot and fastened to the receiving-cone, so that
by reciprocating the handle or lever in the
slot the receiving-cone will be adjusted longi-

| tudinall Y.

The construction and arrangement of the
receiving-cone and its adjusting devices are
such that when thrown back to its limit the
discharge end of the combining-cone will just
close with the opening of the receiving-cone,
and when thrown forward to its limit this end
of the combining-cone will project half-way
Into the mouth of the receiving-cone, as shown
in Fig. 3 of the drawings.

A discharge-pipe, I, may be attached by a
flange-connection to the end of the injector,

| and the opening ¢ into it constructed and

arranged so that the discharge end of the re-
ceiving-cone will be provided with a seat
therein when thrown forward to its fullest ex-
tent, so that the receiving-cone acts as a valve
at either end, according to its adjustment, one
valve being opened when the other is closed.
The diameter of the pipe I is somewhat larger
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than the outer end of the receiving-cone, and -

at the inner end of this pipe is an annular
chamber, J, into which a pipe, j, opens, simi-
lar to the overflow-pipe, and for a like purpose.

The spindle K is hollow, and is adjusted
back and forth within the steam-cone in any
ordinary way. Its jet-opening k is similar in
construetion to the opening in the steamn-cone,
and 1s also determined in size relatively to the
other parts, being made with a diameter one-
half the smaller diameter of the combining-
cone, so that, the latter being represented by
I, the spindle-jet will be represented by 3.

The end or nose &’ of the spindle is smaller
than the jet-opening in the steam-cone, so that
when projected into the latter there will be an
annular space around the end of the spindle,
inside of the opening. The diameter of this
small end of the spindle is one and one-half
time the smaller diameter of the combining-
cone. It will therefore be three-fourths the
diameter of the jet-opening in the steam-cone,
and the annular space around it will repre-
sent the remaining one-fourth.

The spindle just back of the nose is cone-
shaped, the angle being the same as that of
the steamn-cone, which consequently makes a
seat, for the spindle, acting as a valve to en-
tirely close the jet-opening when projected, so
that steam will pass through the spindle only.
Steam is supplied to the cone and spindle by
a pipe, L, in the usual way.

In operating this injector, the receiving-
cone 18 first thrown inward, so as to close with
the combining-cone, and the spindle is pro-

Jected until its nose enters the jet-opening,
| and the latter is closed in rear, as described
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above. Steam is-then let on, when:the air is | five degrees to the axis of the instrument, and

expelled and the water is- caught almost in-
stantly.

In order to raise and 6_]6013 the water with
increased velocity more steam is now required ;
but it is important that it should be added: in
precisely the proper quantities and gradually;

" otherwise, if steam is added too rapidly, the

water will be heated before its movement will
be accelerated and imperfectcondensation will
result, and if not added with sufficient rapid-
ity when the spindle is being retracted, then
the vacuum will bé lost and the water mll re-
treat. Hence the importance of the relative

proportions and forms of the steam cone and
jet. Thespindleshouldthen be retracted slow-

ly and steam admitted through the annular
space surrounding it to re-enforce the spindle-

jet, which loses power as the spindle 1s re-

tracted. The vacuum is thereby preserved
without the addition of steam with rapidity
sufficient to heat the water before increas-
ing its velocity. The receiving - cone 1s also
thrown forward to its fullest extent, thereby
closing the opening into the pipe 1, a,nd open-
ing the valve at the inner end of the cone,
when the instrument w ill work up toits fullest
capacity. *

In order toregulate the volume of water fed
info the boiler, the steam-cone may be made
adjustable longit-udinally,- as shown in Figs. 2
and 3 of the drawings, which, in connection'with
the adjusfable spindle, enables the quantity of
feed-water to be regulated with great nicety.
This is not a necessary feature of construction,
however, as the stean-cone may be made qta,-
tionary,.as shown in Fig. 1 of the drawings,

the instrument being adjusted to a certain
amount of pressure. The arrangement of the

steam-cone is then as shown in Fig. 1 of the
drawings, with the steam-jet projecting up to
but not entering the combining-cone, this ad-

justment securing the highest results.

The inclination of the steam-cone is forty-
five degrees, which enables the volume of wa-
ter entering the combining-cone to be regu-
lated rapidly and with slight movement ot the
steam-cone, which movement is always just
that necessary to give the proper distance of
the jet from the small end of the combining-
cone to suit the volume of water admitted and
the required quantity of steam. At the same
time the jet of steam 1is also regulated easily
and with nicety. ;

With the dimensions given above, m&the-
matical calculation will show that the quantity
supplied by the opening in the spindle will be
one-sixteenth the whole quantity, which will
pass through the steam-cone opening, and that
the annular space about the spindle-nozzle,
when in the cone-opening, will pass seven-six-
teenths more when fully opened, or, together
with the spindle-jet, one-half the full jet of the
steam-cone with variations all the way Dbe-
tween these pmnts

| the sides of the chamber H are Inclined at the

same angle. This arrangement affords the
least resistance to the water and the surface
of the steam-cone being also on the same n-
clination, the water will be directed into the
comblmnﬂ‘ cone with the least possible fric-

-tion. The planesurface of the disk also assists

in this aection, as, in accordance with a well-
known law, the hqmd clings, as it were, to this
face, agamst which it is directed.

With the instrument constructed as above
described I have obtained highly satistactory

results, and by exhaustive experiinent have

demonstrated that its operation is close to
perfection, or, in other words, very nearly the
full theoretical equivalent of steam1s obtained,
taking into account the volume, v elouty, a.nd

| temperature of the feed.

The instrument will operate under a bteam-
pressure below the atmosphere, produciitg an
angmented pressure considerably above the
atiosphere, and at the sawe time lifting the
water a conmdemble distance. In this opera-

‘tion, however, it is evident that the instru-

ment must be started with steam above the
pressure of the atmosphere, or the air will not
be blown out of the injector and suection-pipe.

In working with steam above the pressure
of the atmosphere a greatly-augmented press-
ure is obtained. Ifor 111[13131'{1131011 in actual
practice with steam at ninety poumls I_have
obtained a pressure of three hundred and fifty
pounds, and with steam at forty pounds at
least two hundred pounds, the injector being
fed without head of water. In obtalning
these augmented pressures I have found the
free admission of air through the overtlow-
pipe ot considerable importance, making a
difference of at least one atmosphere in the
amount of pressure gained.

This operation may be utilized at low press-
ures or small quantities of steam for pumping
air and foreing it into a receiver, thé air being
supplied through the overflow. Ior illustra-
tion, with steam at five pounds an air-press-
are of at least fifteen pounds may be obtained,
and a vacunam at the overflow-inlet of imm
twenty to twenty-seven inches. The air’will
of course enter the receiver with a small quan-
tity of water; but the volume of the latter will
be so much smaller than the former as to be
of little consequence. o

Inasmuch as in the manufacture of the in-

‘strument it will be next to impossible to con-

struct the parts with absolute mathematieal
precision, it may be desirable in practice to
make the diameter of the steam-jet a trifle less
than twice the sinaller diameter of the com-
bining-cone, or, what would be the same in ef-
fect, make the combining-cone with its smaller
dlameter a trifle greater than one-half the
diameter of the steam-jet; otherwise a little

more steam might be pIOjected into the com-
bining-cone than would be condensed, and the

The water -pipe F is set at an angle of forty- | mass would not pass through the cone, and




- large opening may also vary some,
~ tion between the small opening in the com-
RS jbmmmcmte mul the steam- jet,: howey er, re- |

. mains the same, and must remain _Mlbhtal}-g

- tially the same umler all pressures. EEREEE
. Idonotlimit myself to a steam-cone w lth an
SRR ;elung‘ated jet-opening pveuwh as deseribed,
~ for approximate results may be obtained ev en
. if this opening is not as long as the diameter
. thereof; but the latter dimension should al-
SERE R ways have. %11b.stantmlly the same relation to
.- the dimensions of the Lomhmmg -gone ﬂluch%
EREEE hm*e been herein speuhed e
- Thisinstrumentis alsoa very eﬁu lent eject
~or for water or air, and may be usetl VEry eco-
- nomieally: for: qnnph llttms_, water,
~purpose pressure is not the ultmmte end, but |-
the movement of volume with a u}mpamtn ely |
. very small quantity of steam;

o §at1ng the instrument as an PIELfGI‘ the spin-

- dle is projected into. the nozzle of the steam- |
- cone until the latter is closed by the v: alve, in-

.....
|||||
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- ﬁﬂ]wmng in the steam-cone. |

- .No substantial depmture trom these l‘eh-:
S Trl\f} proportions can be made, however, as it
. 1s an essential fee Ltur'e of my improvement that |
. the ratio between the small diameter: of the
o .emnbmmg -cone and the diameter of the steam- I

_]et shall be substantially as 1 to 2

Its

which adjustment it is held. It is wulent
then, that the Jet of steam is only through the
small opening in the spindle, which is very
small as compared with the ditnensions of the
combining and receiving cones, but supplies
sufficient stemn to plmlucu the necessary vaeu-
um in the instrument to raise water at least
twenty feet.

In this operation it is also necessary to ad-
just the recciving-cone so as to close the valve
at 1ts inner end, and make it practically one
piece with the combmmg coilte,

Having thus deseribed my invention, what
I claim as new, and desire to secure by Letters
Patent, is—

1. In an injector, a combining-cone con-
structed with dmmnmmn substantially as set
forth—that is, the greater diameter four times
the smaller, ﬁml the length equal to the greater
diameter.

For this

~ the operation would be interrupted when the | - 2

.,:'iﬁbplndle is entirely withdrawn: f“rom tlm ]et i

The rela- SEEEEES
ranged at an angle of forty five degrees to the
axis of the instrnment, in ‘combination with REREROE
; the disk b and Water-plpe P arranged’ ‘Lt thei ERREEEE
- same angle, sabstantially as’ descnbed SERRSERRRERE
6. -An-adjustable ‘steam-cone, with: the iaceé EEERE RN
at its jet end inelined at an ang]e of forty- ' BN
five degrees, in combination with thie combin-- = =
mg-cone, having the propﬂrtwns specnﬁed sub SEEEE R
?%tantlally as descubed R

henee in oper- | L
- provided with a nose, ¥/, of about three- fOllI‘thb SEDURERERE

2. A short combining-cone of substantially =~

sthese dimensions—viz., the greater diameter =
i and length equal, and the smaller diameter =
“one fourth the greater, in ¢ombination witha
- steam-cone the jet-opening of which is twice @
the smaller diameter of the wmbmmg (,cme,! EERESIEES
esubstantm’ih as desecribed. S
2. A steam-cone, A, in combma,tmn Wlth a o
. -r-wmhmmg -cone, B/, and a receiving-cone, C, o
; The length of the mmhlmn;-('mw may he o all constructed with substantially the relative
. ; 5 2 :\*a,l ied somewhat. to suit different pressures ot
o steainy as s evident from the adjustment of

~the steam-cone in the imstrument deseribed to
. suit low pressures, which is effected by setting
. the cone forward slightly into the: tombmmg- |
- cone, ﬂecardmg‘ to the pressuie of steam.

 proportions specified, and arran ged and Oper-; SRR
éﬂtmg‘ substantially as set forth. . REREEEEEE
. The casing - sections D D recessed as
=spemﬁed 1 combination with: the combining-
cone: dlsk b, fitted to the recesses and held be- REEREES
X m een the: sectmn substantially as described.

o, Tlie inlet- chamber H, with  its sides ar- SEERREE

. A steam-cone, A, in: combma,twn with a

| éspmdle arcas 1 to 1. | o
8. A steam-cone, A, hm?mg its inner: face at
:tht, jet end inclined: a,t an angle of forty-five SRR

degrees, in cambmatlon with- a spindle, K,

%lmllow spindle, K, the two having discharge-
openings, the relatwe proportlmm of whieh &=
are substantially as set forth, that is—the di-
ameters of  the Jet-opemng of .&,a,ld cone: .-.111(1 EEEEREE

the diameter of the: Jetﬁopenmg in the steam- : -

~cone, and a conical enlargement just back of

the nozzle, inclined also at an angle of forty-
five degrees substantially as described.

9. A cmnblmng cone, B, in combination
with an adjustable recelving-cone, C, and a
discharge-pipe, I, the receiving-cone bein g pro-

- vided with a heat and forming a valve at ei-

ther end with one of the other parts, accord-
Ing to adjustment, substantially as descrlbed

10. The disk b, carrying the combining-cone
B, in LOIIII)IL‘I&[)IOII with the water-pipe F and
overflow- -pipe G, arranged adjacent to each
other on 0pp081te sides of the disk, and in-
clined in opposite directions, substantml]y as
described.

JOHN H. IRWIN.

Witnesses:
D. P. CowL,
J. M. THACHLR
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