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- UN1TED STATES PATENT OFFICE.

FERDINAND BRUNBAUER, OF VIENNA, AUSTRIA-HUNGARY.

 INJECTOR.

SPECIFICATION forming part of Letters Patent No. 500,752, d_atéd July 4, 18_93. N
Application filed April 22, 1893, Serial No, 471,406, (Model.) '

To all whom it may concern: -

Beit knownthat I, FERDINAND BRUNBAUER,
a subject of the Emperorof Austria-Hungary,
residing at Vienna, in the Empire of Austria-
Hungary, have invented certain new and use-
ful Improvements in Injectors, of which the
following is a specification.

My invention relates to injectors in which

the water, by successive impulses of two or
more steam jJets, is forced. into ‘the boiler.

Such injectors generally are capable of auto-
matic action under different steam pressures

and varying conditions of water supply; and,
in case their combining tube or tubes are pro-
vided with sufficiently wide outlet passages,
they, like any other injector, can be * restart-

- ing,” that is to say can reform the jet of wa-

20

3.‘-?-"

ter if tho latter, from any cause, should be
interrupted or broken. |

It is one object of my invention, in a sim- |

ple and economical way to so construect an in-
jector of the kind referred to that its capac-
ity—viz: the delivery of water—can be read-

ily adjusted to the varying working condi-
it may

tions of the steam boiler with which
be used. | |

TFor the purpose of regulating the quantity
of water delivered, double jet or double tube
injectors hitherto in use have been provided

with a special water regulator in the shape of
avalveorcock arranged in the waterinlet port

orwater chamber of the injector or in the sue-

- tion pipe of the same, and operated independ-

35
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ently of the steam inlet mechanism of the in-
jector. Under thisold arrangement the water

~valve i1s kept quite open when the maximum

quantity of wateristo be delivered; and in or-
der to feed smaller quantities the water de-
livery isthrottled by the valve. On the other
hand the volume of steam issuing from the
different steam nozzles or passages remains

constant; consequently it is evident that re-

duction of water delivery necessarily will re-
sult in a considerable increase in temperature
of the water fed into the boiler. On such of
these injectors as possess an overflow com-
municating with the atmosphere, the limit of

delivery is attained when steam and water | .

begin to escape from the overflow; and as the
highest admissible delivery temperature may
be fixed at about 200° Fahrenheit, increase of

throttling of the water supply as above stated,'

will cause the rupture or interruption of the

water jet. Furthermore the nozzies and over-
flow chambers of such injeectors, when the
latter are often used to feed ‘minimum or re-
duced delivery quantities of water, are sub-
Jected to very considerableinecrustation owing

‘to the inereased separation of the limy parts

of the feed water due to the excessively high
temperature. It is my purpose also to avoid
these disadvantages,and to dispense entirely
with the water throttle valve usuallyemployed
on ordinary double jet or double tube inject-
ors. These injectors usually contain a lift-
ing and a foreing set of nozzles, these two sets

53
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being placed within separate but connecting

-barrels or tubes, either side by side, or one

above the other, or the two sets of nozzles
may be arranged in the same axial line with-
In a common barrel, which arrangement I
prefer. In this latter type of double jet or
double tube injectors,as is well known, there

are usually an annular lifting steam nozzle, a
lifting combining tube, a central steam fore-

{0

75

ing nozzle, a forcing combining tube, beyond

the lifting combining tube, and a-forcing de-
livery tube beyond the forcing combining
tube. - L T

- Under my invention I interpose between

| the 11fting combining tube and the forcing

combining tube a “lifting delivery” tube,

So

which bears to the lifting combining tube & |

relation analogous to that in which the fore-
ing delivery tube stands to the forcing com-

rangement I provide for varying the steam
and water passages in accordance with the
supply of water demanded—the means em-
ployed by me being the forcing steam nozzle
which is made movable for the purpose.
These, together with other features of my in-
vention and their resultant advantages will
be set out in the detailed deseription of the

apparatus which I shall now proceed to give

in connection with the accompanying draw-

| ings forming part of this spectfication, and in

which—
- Figure
an injector embodying my improvements in

11s a longitudinal axial section of

‘bining tube. And in connection with this ar-

o

95
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1ts position of rest. Iig. 2 is a like section of

a portion of the same with the parts in the

- the temperature beyond this point due to the position they oecupy when the Injector is at
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work., Fig. 3 1is A section of the supplemen-

tal valve which controls admission of steam

to the forcing steam nozzle—the line of sec-
tion being on 3—3 Kig. 1 or Fig. 2. FKig. 4 1s
a sectional elevation on line 4—4 Fig, 8. Fig.
5 1s a longitudinal axial section of a 1110d1ﬁed
form of the injector. Fig. 6 is a transverse
section (on line 6—©6 ]Tw' 5) of the supple-

" mentalsteam chamberand itscontained parts.

1Q
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Figs. 7, 3, 9 and 11 are longitudinal axial sec-
tions of other modified forms. Fig.10isasec-
tion of the interior parts of the injector on
line 10—10 Fig. 7 or Fig. 9. In Figs. 5,7, and
8 the injector parts are represented in the po-
sition they occupy when the injector. is at
rest; in Iigs. 9 and 11, they are represented
in the position they assume when the injector
is in action. The remaining figures, 12 to 17
inclusive, are sectional details on exaggerated
scale,intended to betterillustrate and explain
my invention. They will be hereinafter more
particularly referred to.

Referring now to Ifigs. 1to 4 inclusive—The
casing a of the injector has a steam inlet o’
and a water inlet g, and its forward end (com-
municating with the water space of the boiler
as usual) is provided with a check valve a?
kept closed by boiler pressure.
phragm between the steam chamber a® and
the water chamber ¢® is provided with an

opening in which isinserted the lifting steam

tube b, which latter is there held rlgldly in
place by the guide box &’. The latter fits
around the enlarged tubular rear portion of
said tube b and in connection with it forms
an internal guide surface for the wings / of a
stem f The: stem passesrearwardly through a
stuffing box ~’ of the cap 7% of the casing a, and
on its projecting end is placed a two pmt collar

40 f°whichswivelsonthe stemand isrigidly con-

45
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nected by anut f* tothe handle f°.
dle has a tubular internally screw threaded |

f*  Forward{from the valve

The han-

hub which screws as a nut on the externally
screw threaded cylindricalshank of thecasing-
cap. DBy turningthe handle it will be caused
to move back and forth on the cap, thus carry
ing withit the stem f. Thestem partakesonly
ot the longitudinal movement of the ha,ndle
because the latter 1s swiveled to it by the col-
lar f°, and the stuffing box A’ through which
the stem passes exercises upon it sufﬁment
friction to restrain it from rotary movement.
Upon an enlarged portion of stem Ffand with-
in the guide box b’ is a valve f7 adapted to
co-operate with a valve seat 0° formed at the
rear end of the box. This box it may be re-
marked forms a steam chamber af which is
supplemental to the main steam chamber ¢?,
and contains the steam inlets to both the lift-
ng steam tube and the forcing steam nozzle;
and admission of steam to it from the main
steam chamber iscontrolled by the inlet valve
7 and rigidly con-
nected thereto, extend the wings 7’ which en-
circle and furnish a bearing for a sliding
~valve d that closes the rear end of the fore-
ing steam nozzle ¢. The steam nozzle citself

The dia- |

is fastened to a ring f® rigidly connected to
the front ends of wings £/, and extends for-
ward through the lifting steam tube b form-

ing therewith the annular lifting steam noz-
zle. Thus theforcing steam nozzlecislength-
wise movable with the stem f,and in its move-
ment is guided by the stem.

In a slot d’ in the supplemental valve d is
secured by a screw e’ or othersuitable means

a cross plece e the ends of which project

through opposite spaces between the wings

17 into free spaces or recesses e of a certain

length in the inner wall of the supplemental
steam chamber. The valve 1s capable of
lengthwise movement to the extent permitted
by these recesses. In some cases the valve d
may have on its front end a spindle e° as in-
dicated in Fig. 4 by dotted lines, which spin-
dle will extend into the bore of the tube ¢ for
the purpose of varying the steam passage
therein. By a slight turn of the handle f°in

the direction of the arrow in FKig. 1, stem f
will be advanced opening valve f7 and thus

allowing the boiler steam to flow from main
steam chambera’®into thesupplemental steam
chamber a®; the resultant steam pressure
therein will immediately force and hold valve
d to its seat thus closing the forcing steam
nozzle ¢; and consequently the steam can pass
only through the annular lifting steam noz-

zle, thus furmshmn* the “hftmﬂ‘ steam jet”

which is generally used to lift the water. DBy
continued movement in the same direction of
the stem 7, the cross piece e of the valve d will
finally bring up against the front end of the
recesses ¢*, and thus the valve will be re-
strained from further movement, while the
tube ¢ still moves forward with the stem 7,
and will be opened to the admission of steam
which passing through the tube ¢ furnishes
the “forcing steam jet.”

The injector casing a is formed with an
overflow chamber ¢ and contains the tube %
(answering in some respects to the usual

| “combining tube ”) the forcing delivery tube
7 and the check valve box a’.

The parts 1, 7,
and o', are rigidly connected together, they
are mserted as one plece into the casing and
are held therein in proper position by suitable
means, as for example by coupling the usual
delivery pipe (not shown) with the injector.
When this is done the tail piece of the pipe
will bear against and press the check valve

box a’ upon the seat a’ prowded for it in the'

casing.

The position which the steam and water
tubes occupy relatively to one another is rep-
resented in the figures already described.
These parts however, for the purpose of fur-
ther explanation, are represented on exagger-
ated scale 1n Kigs. 12 to 15, by reference to

| which I will now proceed to deseribe the par-

ticularconstructionand arrangement of these
tubes by which as I believe the largest possi-

7'3.
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ble range of delivery is permitted and the

best results in other respects are obtained.
The greatest range of delivery can be at-
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tained,so far as I am now informed, by vary-
~ing the sectional area of the most eonstrmted--.
part of the steam tube, and combining tube
intended for the first or lifting 1mpnlse onthe.

water. The lifting steam passageistheannu-

lar space between the lifting steam tube b

and the forcing steam noazle ¢, and the vari-

~ation in this passage can best be effected by

IO

making

- portion of it intended to control said annular

I35
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lifting steam passage.

creasing in dmmeter from front to rear.

annular lifting steam jet will be propor thH-

ately reduced. In Elﬂ‘ 13 this slow taper ¢ ¢ |-

covers a greater lenﬂth of the-outside of the
tube ¢; Whlle in Fw 14 instead of this con-
tinuous taper, I p10v1de a number of. steps ¢

s which operate on the same pl&n and in the

same way as the taper.

‘Before describing the ﬁay in w h1eh the va-
riation of the hftmg combining section of the .
tube 7 may be effected, I will ﬁl st refer to a

special arrangement of the water passage in
this tabe, Whmh , independently of the means

for ‘varying the delivery, forms one part of |
In order to better define this
feature of my invention as well as to distin-

my invention,

guish it from what is found- 1n- prior appara-
tus of the same general kind, I have repre-

sented in Figs. 16 and 17 two old construe-
~ tions which are part of the art prior to my
' These figures show only the rela- |

invention.
tive arrangement of the steam and water fubes
and omit the overflow spaces in the combin-
ing tube. - |

Fig. 16 shows an arlanﬂ*ement similar to
that found in my two Umted States Letters
Patents No, 362,247 of May 3, 1887, and No.

369,097 of Auﬂ‘uet 30, 1887. Iu it, the fmemn'..
| steam nozzle ¢ is len Ur‘tlmnse moveble in the
lifting steam tube b end an annular lifting

steam space of constant dimensions is for med
between the tube b and the eylmdrleal ex-
terior of - the forcing steam nozzle c.
steam 1ssuing from both nozzles and acting
on the water drawn from the water chamber

a® gives two distinet and successive impulses

~on the water, by which the velocity of the

6o

“accelerated, until suf

water in the eombmmﬂ' tube ¢ is continually

pressure. . |
Fig. 17 Ieplebents a latel arran G'ement simi-

lar to that shown in United Steteb petent to

this ee_nstruetmn beth, tubee 7] end ¢ a,le __11cr-
idly connected together to form an z—m_n_ular
lifting steam passage of constant section and

- are ﬁxed into thecasing a of the injector; and

."the fezemw steam nozzle ¢ has for its full

lenwth a_sle_w external taper converging to-
wald the forward end of the nozzle.

‘the -central forcing steam tube c.
len D'thmse movableas herembefme descr 1bed |
and by varying the outside diameter of that

For this purpose the
-extenor of the forcing steam nozzle ¢ in I“w |

12, has a short slow or gradual taper ¢ ¢ in-
Con-
Sequentlyby moving the nozzle ¢ forward, the-

The

icient to overcome b011e1 -

‘into water pressure sufficient to
water to press back the check valve and enter
In these arrangements there is -
thus a constant and continuous acceleration

1ng steam nozzle ¢ pm,]eets into the tapermn
eembmmﬂ' tube 2 and- forms with this tube
through the lenﬁ*th x the “lifting combining
tube” or the annulm combmmﬂ' tube for the

52 | g

lifting steam jet, and tthllﬁ"h the length z -

the fommﬂ' combining tube, 5 that is to say

the. eombmmn* tube for the f01emg steam jet.

The water llfted into the water chamber a?

75 -

enters the hftmﬂ' combining tube « and is
eontmuallv eecelemted in - 1ts course toward

the front end of the forcing steam nozzle ¢ by
‘the continuously deeleesm o annular seetion
of the lifting combining passage.
water passes . this pomt having &heady con-

After the

20

siderable velocity the forcing steam jet which
now acts upon it forces it thl(}llﬂ‘h the also

sueeesswely decreasing sections of the con-

verging foreing eomblnlnﬂ' tube 2z, imparting

to 113 the necessary. veloelty to entel the de-

livery tube (not shown in Figs.16 and 17 but
similar to the delivery tube 7 of Figs. 1 and
12) by the diverging bore of Which the water .'

velocity is Slewly end continually eonverted
permit the

the boiler.

of water velocity in the combining tube 4.

Q0

95

This combining tube is in effect dwlded nto .

two sections termed respectively the “lifting -
co:nbmmw tube” and the “forcing comblmnﬂ'

tube,” end beyond the latter is the dehve1y
tubes which may be termed the “forcing deliv-

100

ery tube.” Now myinventionin thisdirection

‘may be stated to consist in providing for the -

steam lifting tube and its 11fting combining: .

tube adeliver ytube ofann nlar Seetmn mtend .
~ed to operate in connection with the lifting

I 0'5

combining tube and bearing to it a relatlon |

auelowous to that which the feremf—r delivery .
tube 7 bears to the foreing combmmw tube 2.

In other words instead of ha,vmfr a eombmmg

tube composed, as in Figs. 16 end 17, of the "
..llftmﬂ combining tubex and the foremn‘ GO -

IT0O |

bmmtr tube .z, I provide a eombmmw tube .
whleh is eomposed of alifting combmmw tube -

dehvery tube Y, whmh 18 Interposed between

the two, and through which the water from
the llftll’lﬂ" eembmmn' tube must pass hefore

&, & foreing combining tube z, and a “]llftlnﬂ‘ |
TI§

it can 1eaeh the foruno' combining tube., .

The lifting dehver} tube v is of annuler sec-

tion, as seen in- Figs. 12, 13, 15, .and, like the
hftmcv' combining tube 2 18 fermed by thein-
-side of the combining tube 2 and the outside -

of the forcing steam nozzle c. Asregardsthe

annular Seetlens of sald lifting deliverytube
125

1y they progressively increase fmm ‘the rear
| end of said tube, which is of about the same

section as the forward end of the llftmﬂ* COM-

‘bining tube «, up to the front end of the forc-
1ng steam nozzle ¢ where it terminates.
--_der this arrangement the water which passes
out through the small passage m at the end

Un-

[20

130

of the llftmn eombmmfr tube x with consid-

In both | erable Veloelty, enters the lifting delivery

instances &hewn in Figs. 16 and 17 the fere- tube ¥ in passing- through the Successwely
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livery adjustment be employed or not.

increasing annular sections of which 1t loses
in part this velocity which is slowly trans-
formed into pressure, the result being that
the forcing steam jet rising from the nozzle
¢ will be surrounded by an annular jet of
water of reduced velocity and under press-
ure—conditions most favorable for the con-
densation of the forcing steam jet. AsIhave
before stated, this provision of a lifting de-
livery tube %, 1s a feature of my invention
which may be used, whether the variable de-
But

I prefer to use the two in conjunction. The

lifting delivery passage 1s annular and 1is

20

20
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formed by the length v of the combining tube

7, and that portion of the forcing steam noz-

zle ¢ which passes through the length ¥, and
the annular section of the same increases con-
tinually from the rear m to the front. The
manner in which thigs condition may be ful-
filled is indicated in Kigs. 12, 13, 15.

In Fig. 12 the forcing steam nozzle ¢, in the
main cylindrical externally, is provided for a
certain length of its forward end with a
quick externaltaper ¢ ' which formswith the
converging and slowly tapered bore of the
length 4 of the combining tube 2 the lifting
delivery passage.

In Kig. 13, practically the same conditions
exist so far as this passage 1s concerned. And
in cases where two converging tapers form
the lifting delivery tube, it may be taken as
a rule that through the length %, the outside
taper of the forward end of the foreing steam
nozzle ¢ must always be a quicker one than
the inside-taper of the combining tube 4.

Fig. 15 shows two different forms of the com-
bining tube 4, in connection with a forcing
steam nozzle having a continunous external
taper ¢ . The combining tube 2 shown in
full lines, hasaquick taper through its length
xr; and through its length i has a very slight

~and almost inappreciable taper—indeed it

~may be cylindrical.

45
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The combining tube
shown in dotted lines is made as a converg-
ing cone through its length . In each case
however an annular lifting delivery passage
fulfilling the conditions hereinbefore ex-
pressed 1s obtained. It will be understood
that in the latter case, that is where a‘diverg-
ing coneyisemployed, the forcing steam noz-
zle may have a cylindrical exterior or may
even be made asadiverging tubealso. Other
variations and ehanwes in form also can be
made in these parts “Without departure from
my invention.

In Figs. 12 and 15 the usual overflow w is
pr 0V1ded just in rear of the foreing delivery
tube 5. Inasmuch as the set of tubes—-—-viz:
the steam lifting tube b, the lifting combin-
ing tube « and the lifting delivery tube v, of
annular section throughout—which give the
first impulse, operate as an injector, I may
also provide just in rear of the lifting deliv-
ery tube 7, an overflow v (F'ig. 13) analogous
to the overflow w in rear of the f01 cing delw-
ery tube 7. -

500,
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If it be intended that- the injector should
be a restarting one, and therefore capable of
reforming the water supply column 1f the lat-

ter from any cause should be broken, the

forcing combining tube z, may, as shown in
Fig. 13, be provided with a suitable number
of overflow openingsr’, % 7° located between
the forward end of the foreing steam nozzlec
and the usual overflow space w. And where
at a high steam pressure it is desired to pro-
duce a high vacuum in the water chamber a°,
I can pmwde a supplementary overflow pas-

 sage in the lifting combining tube x, back of

overﬂow space v, and also 1f necessary still
another supplementary overflow passage in
the lifting delivery tube v, just forward of
the space v and near the passage m.

In cases where it is intended to deliver the
water to the boiler at a temperatnre above
the atmospheric boiling point, all or a great
part of the overflow spaces—generally most
of those situated 1n the forcing combining
tubez (including the nsual overflowspacew)—
may be omitted, or made ineffective, after the

starting of the injector.

Instead of overflow spaces of the form
shown, they may consist each of a series of
holes; or the combining tube ¢ may consist of
a number of separate tubes, set at such dis-
tance from one another as to have the over-
flow spaces between them.

I now return to the description of the man-
ner of varying the lifting combining passage.
This variation affects and is shared also by
the lifting delivery passage.

As hereinbefore stated the delivery quan-
tity depends upon the size of the narrowest
or most constricted portion of these passages.
This narrowest point is at m, and its variation

In size, like the variation of the lifting steam

jet as already explained, is effected by the
endwise movable forcing steam nozzle ¢. In
Fig. 12 the parts are shown in the position
which they occupy for maximum delivery.
By moving forward the forcing steam nozzle

¢, the lifting steam passage isslowly reduced

or constricted by the taper ¢ {, and the pas-
sage m also is narrowed by the advance of
the nozzle ¢ into the converging bore of the
combining tube 4.

By a suitable arrangement and proportion-
ing of the acting tapers, the two passages can
be varied not only simultaneously but at the
same rate; as will be understood without fur-
ther explanation.

In the arrangement shown in Fig. 12, it will
be seen that invarying the delivery the llftllflﬂ'
combining tube « and the forcing combmmﬂ‘
tube 2 varyin length, while the 1en0*th of the
lifting delivery tube ¢ remains eon.‘:t&nt

In FiU‘ 13 the movable foreing steam nozzle
¢ 1s in the forward position for minimum de-
livery. By moving back the nozzle ¢ the de-
livery will be incr eased—tms rearward mo-
tion enlarging the passage m and the most
constricted part of the lifting steam way. In

b If1g, 15 the same effect is produced In a simi-
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lar way. “In these two examples of my inven- | in the lifting eombmmﬂ' tube an enlarged

“tion in varying the delivery, the lifting de-

- livery tube and forcing combining tube vary

10

- 1nasmuch as the condensa,twn of the forcing
steam Jet is effected under the water pressure |

15

20

tube.
gard to the reduction of dc,hv'ely effected by |

in lenﬂ'th while the 1en oth of the hftlnn' com-

blmnﬂ‘ tube remains (,onstant
The admntawe% which acerue fmm the use

“of the annular lifting delivery tube are mani-

fold and important. The range of the auto-
matic action of the injector under variable
steam pressure and water supply conditions
is considerably increased.
adapted to feed water of higher temperature,

produced by the action of thelifting delivery
For the same reason, and mthout re-

a movable foreing steam nozzle, if such be
used, the range of the variation of delivery is
a more e"s:tenswe one. - Inasmuch as the con-
densation of the forcing steam jet is effected
under a lower water veloclty and a certain

- pressure, this condensatlon takes place more

.25

rapidly and e
water should reach the steam under great ve-
locity but without pressure. ''his feature of
quick steam condensation is of particularim-
portance in that it materially serves to en-

hance the restarting capacity of the injector,

35

40

~as will be understood by reference to Fig. 13.
In that figure the overflow space ' is qmte
- near the fmward end of the forcing steam

nozzle ¢ and in the wider portion of the bore

of the combining tube; this is made practi-

cable by reason of the employment of the
lifting delivery tube 4 which causes the quick
conden&atwn of the forecing steam jet and
consequently permits the overflow : space ' to
be placed nearer to the front end of the noz-
zle ¢ than it could be were the lifting dehvmy
tube omitted; the effect of whleh 0mission
would be to reqmre move of the length of the

- combining tube for effecting condensation,

~ duced by thefull steam in
and conseqnently the restartmn* capacity of

50
55
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due to the high velocity of the water and the

absence of water pressure. By thus locating
the overflow space at the larger inside diam-
eter of the combining tube the vacunum pro-
jection is increased,

the injector is enhanced. |

Having described the arran D'ement and 001:1-
stmctmn of the different tubea and the office
which each one of them {ills,and having a.
explained the manner in which the variation
of deliveryis effected, I now proceed to a de-
scription of the improved devices represented
in the other figures of the drawings for con-

The set of

tubes shown in these figures IS 1dentlca,1 W1th *
that represented in FIU‘ 13. |

- Aswill beseenin FID‘ l—where at the start-
ing of the injector thele 1S successive steam

| admlssmn first to the lifting steam tube and

‘then to the forcing steam nozzle—the forcmg
~steam nozzle ¢ for maximum delivery is with-

The injector 1S

in the injector shown in Fig. 1.

Tectively than it would if the |

and vice versa.

SO

‘water passage whereby, e%peelally at a hln'h
steam pressure, a considerable vacuum in

the water chamber ¢’ is produced. - It may

happen that—owing to variation in length of

meutmned in connection with Fig. 13—the
lifting delivery tube y will for the time being

7

70

‘the lifting delivery tube 1 duae to the causes

75

entuely disappear 1f ‘in starting the anector;

the nozzle ¢ be far enough back to bring 1its
taper ¢ ¢’ into the llftlnﬂ" combining tube z.

But afterward in advancmw the tube for the

purpose of opening the steam foreing nozzle
(till now closed by the valve d as already ex-

plained) the lifting dehvery tube ¥ is re-es-

tablished as indicated in Fig. 2.

The injector shown in Figs and 6. diﬁers

‘only in the. steam eoutrolling devices, the

other parts being in substance the same as
' The steam
controlling parts are shown in the positionin
which steam is cut off from both steam tubes.
The spindle / has a rearward movement to
open the valve /7 which controls admission of

80

90,

steam to thesupplemental steam chambera8.

- Steam i1s admitted successively to the two

steam tubes; and the tube or nozzle ¢, while
actnated by thestem £, is so connected to it as
to move forward when the latter moves back
Forward of the valve f7,
the stem is formed as a differential screw
having a shorter
louwer pitched thread 7° both runningin the
same direction;
right handed. In front of this point the
stem terminates ‘in a cylindrical plug
which mayif desired have a spindle prolon-
gation . The forcing steam nozzle ¢ ex-

95

pitched thread f° and a

100

in this instance they are

105

tends axially through the lifting steam tube

movement in the supnlemental steam cham-
ber by its wings ¢/,

tween two 'D‘llld_e ribs 0* ([‘10* 6) projecting

| b, and is centrally gmded in its to and fro

- and to prevent nozzle.
¢ from rotating one of its wings extends be-

ITO

from theinner wall of the supplemental steam

chamber.

pitched screw thread f*°of the stem J—steam
openings c¢* being left between the wings in
front of this hub or nut to allow: steam to

‘have access to the mouth of the nozzle c.

When the injector is in position of rest this
mouth is entered and closed by the plug /%
as shown. The valve seat bore f* has a hub
secured to the rim of the bore, by arms Dbe-

of the entering steam; and this hub 1s inter-
nally screw threaded, forming 1n effect a

At their rear the wings f’ are
joined by a hub which is mtemally SCrew
threaded and engages, as a nut, the longer

(15

120

_ . - | tween which are intervals 0° for the passage -
trolling the successive or simultaneous steam |
- admission to the steam tube.

125

fixed nut which engages the qmcl{el p1tched '

thread f* of the stemf

‘The operation is'as follows: To Open the in-

jectorthehandle f3isrevolvedin the direction
of the arrow thereon.
turn, the stem F will be drawn back enough
to lift the valve f7 from its seat thus admit-

130

By giving itaboutone

| drawn toa certain extent, thereb} furnishing tlnﬂ‘steam from the main steam chamberinto
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the supplemental steam chamber a% whence
it at once passes to the lifting steam tube b.
By this movement the steam tube ¢ has been
advanced a distance equal to the difference
between its coarse pitched thread % and the
fine pitched thread f?,but owing to the fact
that the plug 7! still closes or constricts the
mouth of the forcing steam nozzle ¢, the
steam will discharge mainly or entirely
through the lifting steam tube b, and thusthe
water will be lifted into the water chamber
«’. Then by giving one or more additional
turns of the handle in the same direction,
the forcing steam nozzle will be advanced
far enough to allow free passage of steam
through it also, thus establishing the injec-
tor in action. The remaining turns of the
handle in the same direction are used for
the purpose of varying the delivery in the
manner hereinbeforeindicated. The spindle
prolongation f** may be dispensed with if de-
sired. So also, if it is desired to operate both
tubes 0 and ¢ simultaneously the plug U
(FFig. 5) or the valve d (Fig. 1) may be omit-
ted. The injector shown in Tig. 7 is one in
which the lifting steam passage is always
open. The injector is represented in its po-
sition of rest with the endwise movable forc-
Ing steam nozzle ¢ closed. This nozzle is axi-
all: y arranged with respectto thelifting steam
tube b throun*h which it passes.
ported in a suitable guide sleeve or hub with
which tube b at its rear is provided, and also
at a point still farther back by a tubular
bearing or hub, connected to the interior of
cap i in which fits and can slide a nut like

‘prolongation of the nozzle ¢ that is internally
screw threaded to engage a like thread F¥ on

stem f; between this nut like part and the
body of the nozzle are ports ¢* through which
steam from the steam chamber a® can enter
the nozzle, the mouth of which forms a valve
seat for a conical valve face ! on the front
end of the stem f. To prevent the nozzle ¢

from rotating it bas two wings ¢’ between

Which extends the longitudinal rib A? fast to
cap . The stem which passesout to the rear
through cap &, has a handle f° and is pro-

wded with an annular flange or collar f1° |

seated in the cap and held in position by the
stuffing box A/.

In view of what has hereinbefore been said
the operation of this injector will be under-
stood without further explanation.

Figs.83and 9 showconstructions resembling
Fig. 7 so closely as to require no descrlptwn

-furthel than to say that in Fig. 8 the valve

device f!! which closes the mouth of the fore-
ing steam nozzle ¢ is a eylindrical plug like
that shown in FKig. 5 instead of a conical
valve as in Fig.7 and is provided with aspin-
dle prolong oation f¥*; while in Fig. 9, the stem

J carries no valve at all for closin g ‘the fore-

ing steam nozzle, and is used only for the pur-
pose of adjusting this nozzle—the arrange-
ment being such that steam whenever it en-

| from both tubes b and c.

It is sup-

500,752

In this figure the
lifting delivery passage exists when the parts
are in the position of rest (the position indi-
cated in the drawings) and the only purpose

70

of making the nozzle c ad;;ustable is to vary

the delwery

Fig. 11 represents an mgectm having a
steam tube b and ¢ which are non- -adj ustable
with reference to each other while theinjector
1s in action. Steam entering the injector
issues simultaneously through both tubes.
The foreing steam tube or nozzle ¢ 1s sup-
ported in place by being serewed into a suit-
able central hub like tubular bearing with
which the tube b is provided at its rear end.
The nozzle ¢ can be adjusted with reference
to the other parts, when the 1njector is not in
action by taking off the cap i of the case a,

75

80

and then taking hold of the head of the noz-

zle and turning it inonedirection or the other
so as {o advance or retract it as desired.
Washers 4 may be interposed between the
head of the nozzle and the opposed end of the
hub in which the nozzle takes its bearing;
but they are not indispensable and can be
omitted. Itis evident from the last instance
that it 18 not a necessity that the endwise
movable nozzle ¢ should be prevented from
axial rotation. And manifestly the nozzle ¢
of the injector in Fig. 11 could be rigidly at-
tached to a stem extendmﬂ' out through a
stuffing box in the cap h. and provided with
an opelatmo* handle, whereby the nozzle could
be readily adjusted Whﬂe the injector wasin
action.
for controlling steam admission to the steam
tubes mamfestly can be widely varied with-
out departure from my invention.

I1f it be desirable to entirely shut off atany
time the water passage in the direction of
overflow space a’® the combining tube 7 and
the forcing steam nozzle ¢ may be SO arrangeqd
and proportioned that the Jatter in its ex-
treme forward position will form a tight joint
with the interior of the combining tube.

Having now described the natme and ob-
jects of my invention and the best way now
known to meof carrying the same into effect,
what I claim herein asnew, and deblre to se-
cure by Letters Patent, is—

1. A lifting steam tube and a combining
tube, In combination with a forcing steam
tube centrally arranged in said tubes, theout-
side of said forcing steam tube forming with
the bore of the lifting steam tube an annular
lifting steam passage and with the inside of
the combining tube an annular lifting com-

bining tube and an annular lifting delivery

tube, substantially as deseribed.

2. A lifting steam tube and a combining
tube,1n combination with a forcing steam tube
centrally arranged in said tubes and endwise
movable therein, the outside of said movable
forcing steam tube forming with the bore of
the lifting steam tube a variable annular lift-
ing steam passage and with the inside of the

ters the mJeetm will issune simultaneously ! comblnmn‘ tube an annular lifting combining

Also the arrangement of the valves
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- tube and an annular 11ftmg dehvel y tubej '
~both of variable sections, substa,ntlally a8
o d]ld for the purposes spemﬁed

i0

20

| comblnmﬂ‘ tabe, in ecombination with an over-
flow chamber in which said overflow openings

500,752"

. An annular lifting steam tube and a cen-

- tla,l forcing steam tube In combination with

a, eombmm ¢ tube, forming an annular lifting
combining tube and an anmﬂal lifting deln-

ery tube as well as aforcing comblmnn' tube,

substantially as deseribed.
4. An annular lifting steam tubp and 3 cen-

tral forcing steam tube In combination with

) combmmw tube, provided with overflow
openings and formm

tube as well as a forecing combmmw tube
substantially as descrlbed

9. An annular lifting steam tube, a centr al'

forcing steam tube and a combining tube pro-

vided WIth overflow openings and fmmmfr an

annular lifting combmmﬂ' tube and an annu-
lar lifting dehvely tube as well as a forcing

~are located, substantially as described.

6. In an mgector the combination substan-

tially as hereinbefore set forth of a foreing
steam nozzle, a lifting steam tube, an annu-
lar lifting eﬁmbmmn‘ tube, a forcmg combin-.

- Ing tube .fmd an annular llftmﬂ' delivery tube

30
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interposed between the for cing combining
tube and the lifting combining tube

7. In an injector the eombmatwn supstan-
tially as hereinbefore set forth of a foreing
steam nozzle, a lifting steam tube, an annu-
lar lifting combmmﬂ' tube, a forcing combin-
ing tube, a forcing delwery tube and an an-
nularlif ting dehvery tubeinterposed between
the lifting- eombmmﬂ‘ and foremﬂ‘-eombmmﬂ".

tubes.

8. In combination Wlth a lifting steam tube
and a forcing steam tube centrally arranged

and endwigse movable in said lifting stea,mw

- tube, the maininjector steam ehambel a sup-

plementary steam chamber eontammw the
steam 1nlet ports, of said tubes, and a valv

controlling the steam inlet from the main to
the Supplernentmy steam chambel substan-

tmlly as described.

9, The combmdtlon with a lifting steam'

tube and a forecing steam tube eentmlly ar-

ranged and endwme movable in said lifting |

tube. of the main injector steam chamber, a

supplemental steam chamber eontammcr the =

o anannularlifting com-
bining tube and an annular lifting de]wel y

steam inlet ports of said tu'beq a valve con-

trolling the steam admission from the main
to t11e supplemental steam chamber, and a

supplemental valve contained in said supple-‘
mental chamber for contr 01111:10' the steam in-

let port of the forcing steam tube, substan-

tially as described.
- 10. The combination of a ﬁxed llftmﬂ' stea,m_' |
tube, a fixed combining.tube, a lonﬂ*ltudmallv |
momble forcing stea,m tube, the Outsufle of
this tube forming with the bore of the lifting

steam tube a lifting steam passage of annuiar

section and fmthermme with the inside of

the combined water tube a lifting combmmﬂ'
tube and a lifting delivery tube both also of

annular seetions, and a spindle, the forward

end of which terminatesat a point within said

movable tube, which tube is so proportioned

and arranged in relation to the fixed tubes

and Spmdle that the central passage in-said

movable tube and also the annular passages
of the aforesaid tubes will be simultane-
ously altered by the longitudinal movement of
said movable tube aloue, substa,ntlally as de-
seribed.

11. The cbxﬁbmatlon of a fixed llftlllﬂ* steam
tube, a fixed combining tube,a lon ﬂ'ltudmally'--
movahle forcing steam tube, the outside of

this tube forming with the bore of the lifting
steam tube a llftlllﬂ" steam passage of ann alar

| section and furthermme with the inside of
the combined water tube a lifting combining
tube and a lifting delivery tube both also of

annular sections, said movable tube being so

proportioned and arranged in relation to the

fixed tubes that the annular passages of the
aforesaid tubes will be simultaneously altered

by the longitudinal movement of said mov-

| able tube alone, substantially as described.
12, The combination of the Injector casing.

o with a set of water tubes comprising the-

95

i check valve box o' rlﬂ"ldly connected together,

which set is inserted into the aforesmd Cas-

combining tube 4, forcing delivery tube j,

ing @ and held in position by the tail piece

and coupling nut belonging to the injector
delivery pipe, substantially as described. = =
| In testimonywhereof I affixmy Swnature in

presence Of two witnesses.
FERDINAND BRUNBAUER
Wltnesses
JULIUS GOLDSGHMIDT
A. SCHLESSING.

55

6o

75

30

o




	Drawings
	Front Page
	Specification
	Claims

