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- UNITED STATES

PATENT OFFICE, S

* J. SELLERS BANCROFT, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR TO

WILLTAM SELLERS, OF SAME PLACE.

"INJECTOR.

SPECIFICATION {crming part of Letters Patent No, 322,342, dated July 14, 1885.
B | ~ Application filed February 24,1885, (Model.) | .. . o

To all whom it may concern:

- Be it known that I, JOHN SELLERS BAN-
~ CROFT, of the city and county of Philadelphia,

in the State of Pennsylvania, have invented
5 certain new and useful ITmprovements in In-

jectors, of which improvements the following

is a specification. . B |

"My invention 1*elates to that class of i'nject-_

ors in which a steam-jet apparatus derives the |

liquid to be moved from a source of supply
and delivers it to a second steam-jet appara-
tus, which in turn delivers the fluid to the
boiler or to another similar jet apparatus, 1f
such be found necessary to overcome the

10

I
° describes the construction and operation of
~ two sets of such apparatus, they are herein-
after termed the “first’’ and ‘‘second’’ sets. In
case a third apparatus is used it would be
simply a duplication of the arrangements
shown in the first and second, and it is there-
fore unnecessary to deseribe more than the
first two. o S o |
" The successive actions of separate steam-
25 jets will be found described by Giffard in his
French Patent, dated May 8, 1858, and in his
English Patent, No. 1,665, dated July 23, 1858;
but in the instruments described and shown
by Giffard, as well as in all the modifications
of double jet-injectors for feeding boilers made
since, previous: to my invention, it has been

20

30

 the uniform rule for the puarpose of starting

the injector, when the water has to be lifted
or when its temperature exceeds about 115°
Fahrenheit, to admit the steam to the sets
consecutively, so that the first set shall be in
operation and the column of water flowing

35

through the tubes of the second set before |

gteam is allowed to issue from tne steam-noz-
zle of the second set. I have discovered that
with any of the proportions heretofore estab-
lished betiween the steam-nozzles and the com-
bining tubes of thefirst and second sets in such
double jet-injectors, and with the provision
for the escape of air and steam from these
tubes, the admission of steam to the respective
sets 1s necessarily consecutive, as already
stated. For efficiency as a boiler-feeder un-
der all conditions of steam-pressure and of
50 water-supply, the first set must be adapted for
~ forming a vacuum for the purpose of lifting

.40
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boiler-pressure,and in thisspecification, which | ess-
Cure higher than thatof its boiler-pressure; and' -

“cessive operations.

| thesupply-water to_tli,eiustrl-um'ent.;andalso fof_ |

delivering the water; under a pressure usually
not exceeding one-third of the boiler-pressure,

‘to the second seb, and to accomplish these 53

funections it is the recognized rule that in this =~
set the swmallest area of the steam-nozzle must
be considerably less than the smallest area of -~
the delivery-tube. On the other hand, the -

second set being adapted for forcing only, the 60 -_i

smallest area of its steam-nozzle is made large -

‘enough tosupplement the action of the firstset, S
50 as to deliver the jet of water into the boiler ' |
-against the boiler-pressure, and if the instru-
‘ment isto haveany range of delivery it mustbe 65

capable of delivering the water against a press-.

that it may meet these requirements the small- -
est area of the steam-nozzle of this set is made .
Jarger than the smallest area of the delivery- 70 -
tube of this set; but when such injectors are "
used with high steam—as, for example, in
locomotive service—it is impossible‘for the =
steam which issues from the steam-nozzle of
the second set to pass through the delivery- 75 ~
tube of that set—that is, through an orifice of
smaller areathanthesteam-nozzleitself—with- =
out establishing a back-pressure in the com- -
bining-chamber of the second set greater than
the first set is capable of overcoming, and un- 8o
der these conditions, if there was no way pro-

vided by which the steam could be shut off '
‘from the second set, the water lifted by the .

first set (if it were capable of lifting against
such back pressure) could not enter the com- 85
bining-tube of the second set, and hence the
injector could not be started. All makers of - '
double jet-injectors have recognized these con-
ditions and have provided valves and stop- -~
cocks of various forms for the purpose of start- go
ing such injectors, these valves, however, be-
ing operated by hand in proper order and with
sufficient intervals of time between the suc- -

In double jet-injectors, as heretofore con- g5
structed, thefirst set hasalwaysbeenarranged - = -
so as to form a vacuum by discharging the .
steam and entrained air—that is to say, the air

thab is dragged or carried along by the steam -

through the delivery-tube of this set or through 1co:
an overflow-opening between its combining
and delivery tubes, but little greater in area
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flow-space in the
large enough to permit a free escape of steam

2 S 822343

than the delivery-tube, through which the
water must be delivered under the required

pressure to the second set. The proportions
necessarily existing between the areas of the

steam-nozzle and delivery-tube of the first set

and the areas of the steam-nozzle, combining-
tube, and delivery-tube of the second set limit
the range of steam-pressures within which the
first set can be used to produce a vacuum.
Now, if the boiler-pressure should exceed this
limitation, and 'such pressure should be ad-
mitted to the first set, the increased amount
of steam issuing from its steam-nozzle under
this higher pressure would be unableto escape
freely through its overflow-space, and would
therefore, produce a pressure instead of a vac-
uum in the water-supply pipe, so that in prac-
tice 1t has always been found necessary to
throttle the steam-supply at ordinary boiler-
pressures in order to reduce it within the re-
quired limit until the water is lifted, and the
necessity for this throttling operation has pre-

cluded any automatic action of the instrument.

Now, I have discovered that the apparatus
may be made antomatic under any pressure
of steam by increasing the proportionate over-
irst set, so that it shall be

and air at the maximum Dboiler-pressure at
which the injector may be required to oper-

~ate, and thus to enable the first set to produce

35

O

a vacuum 1n the water-supply pipe at that
pressure; and I have further ascertained that
I can secure the requisite increase by locating

an overflow-opening toward the rearend of the

converging combining-tubeand comparativel y
close to the end of the steam-nozzle; but I have
found that the velocity of jet requisite to pro-
duce the necessary pressure upon the second
set could not Dbe attained without concentrat-
ing the jet between this overflow and the

smallest part of the delivery-tube; and this

I have accomplished by providing the com-

bining-tube with another overflow- opening.

The first,which I call the < rear’’ one,1s located
Intermediately between the ends of the com-
bining-tubz, as above set forth, gives free es-

~cape to the steam and entrained air, and en-

5

ables the fivst set to produce a vacuum af any
steam-pressure; and the second, which T eall

the *‘forward’ one,islocated close to the small-
est diameter of the delivery-tibe, permits the
escape of the concentrated jet until this jet
has attained sufficient velocity to enable it to
pass through the delivery-tube. A first sef
80 constructed will be capable of starting it-
self, when it is connected with the water-sup-
ply, npon the admission of steam to the in.
strument, and will continue to deliver water,
under proper conditions, to the second set; or
1t from any cause the jet should be brolken
this first set will immediately ré-establish the
Jet as soon as the disturbing cause is removed.,

1 have also ascertained that the opening in
the second set, large cenough in area to permit

ure in its combining-chamber too great for the
first Set to overcome, must be located in the

combining-tube at some point where the cross-
sectional area of that tube is greater than the
smallest cross - sectional area of the steam-

nozzle. Thus located, the opening will neces-
sarily be at a considerable distance from the
smallest diameter of the delivery-tube, and
while an escape-opening of sufficient area thus
located will permit a sufficiently free exit of
the steam to reduce the back-pressure within
the required limit, so that the water delivered
by the first set can reach and condense the
steam issuing from the steam-nozzle of the
second set, yet with that opening alone the
requisite velocity of the jet for overcoming
the boiler-pressure could not be attained. Tt
becomes necessary, thervefore, as in the first
set, to provide in the second set a means for

concentrating the jet between such opening

thus located and the smallest diameter of the
delivery-tube; and I have met this require-
ment by providing the combining-tube with
another overflow-opening, the first or rear one,
located intermediately between the ends of the
tube, as above set forth, permitting such free
escape of steam as to prevent the establishing
of a back-pressure on the first set greater than
that set can overcome, and the second or for-
ward opening, located near the smallest diame-
ter of the delivery-tube, permitting the escape
of the concentrated jet until this jet has at-
tained sufficient velocity to enable it to pPass
through the delivery-tube against the boiler-
pressure. 1This second overflow-opening also

assistsindischarging the steam from the sfeam-
nozzle, and hence supplements the first over--

flow-opening; but in some cases—as, for ex-
ample, with very high steam or very hot wa-
ter—even more than two overflow-openings
may be required in the combining-tubes of

both sefs.

1t will be evident that a doublejeb-injector
having its first and second sets constructed
and arranged in the manner above deseribed
wiil be capable of automatically starting it-

self to deliver water into a boiler 80 soon as it

18 put in communieation with the steam and
water supplies, and consequently, if the jet
should be broken by any ecause, will be capas-
ble of restarting itself as soon as the disturb-
ing cause 18 removed. o

I have also discovered that the range of de-
livery of the double jet-injector—that is, the

difference between the maximum and mini- .

mum amount of water thrown—can be greatly
increased by inclosing one or more of the over-
flow-openings of each set, and preferabl y all,

1n one common overflow-chamber having its

outlet so located that nowater can escape there-
from until after the overflow-openings of both
sets have been submerged, access to the air
from this chamber being provided for by a

check-valve opening outward to permit free.

escape irom the chamber, and excluding any

an escape of _t.he steam from the steam-nozzle | indraft of alr which would prevent the forma-
of this set without cstablishing a back-press- tton of a vacuum in the chamber, This ar- .
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mngement allows the water which may over-

flow from one set to come in contact with and

be taken up by the jet passing across the over-
flow-openings of the other side, and hence no
water will escape from the chamber until both

sets are overflowing, or until the overflow from |

- one set becomes too great for the other set to

take up. With feed-water of ordinary tem-

10

perature, the passage of the jetacross the over-

flow- Opemncrs of the second set creates so great

a vacuum thata large amount of waterisdrawn

~ into the second set f1 om the overflow-openings

_:.[5

20

of the first set directly—that is to say, with-

out passing through the delivery-tube of that
set—and this In turn induces an acceleration
of the supply through the combining-tube of
the first set, so that the total or maximum
amount of water delivered to the boiler 1is, by
this comjoint action, very considerably  in-
creased. The amount of water delivered by

‘this form of injector in proportion to thesmail-
est cross-sectional area of the delivery-tube of

the second set is vastly greater than that de-
livered through the same area by any double

25 jeb- 1llject0rheret0fore constructed. When the

‘temperature of the feed-water is high, the sec-
ond set overflows slightly, and this surplus is

“taken up through the yoverflow- -openings of the

35

first set, and there will be no discharge into
the air flom the overﬂow chamber until the

temperature of the feed-water is increased, so
as to cause both the first and second sets to
overflow. A similar action takes place wher
the water-supply is throttled for the purpose

of reducing to a minimum the amount of wa-

ter thrown, and the difference between the

40

maximum and minimum amounts of water de-
livered by a given instrument or range of de-
livery is much greater than has hitherto been
possible. This arrangement also makes the

action of the injector much more certain and 1
flow-chamber with an overflow check- Valve, S

- reliable under varied conditions of service, as
any irreguiarity of action in either set is com-

43

pensated by the other set, and no overflow
canoccur from the chamber llllbll the variation

of water-supply becomes so great as to exceed»

the rangeof this self-regulation.

55 P

 and overflow-chamber in the manner herein-

6

It 1s trequently necessary, especially in 10
comotive service, to blow steam back through

the water-supply pipe for the purpose of heat-
ing the feed-water, and for this purpose it is
necessary to. provide some means for holding
the overflow check-valve on its seat to pre |
vent the escape of steam during this heating |
rocess. - If this valve be closed, as abov_e*def- |
‘seribed, after the injector 18 started, 1t 1S pos-

sible to use feed-water of higher temperature,
and by arranging the overflow check-vailve

after described, so as to separate the final

‘overflow in the second set from the common |
overflow-chamber when desired, the tempera-

~ ture of the feed-water may be stlll further in-

creased but it will be observed that when the '

check- Valve is thus held shut the injector will

‘not be capable’ of restarting itself until the

check valve is released, and hence this dewce

“would be reguired cmly under exceptwnal con-"' o

ditions. -
It is one object of my mventmn tO diSpense 0.
with movable parts (in a double jet-injector)

for the purpose of starting or regulating the

instrument other than the valves for the ad- =~
mission of steam and water, and at the same =
time to produce an mstrument of the highest 75

_efﬁclency and the greatest range of delivery;
and it is a farther object of my invention “«hlle_

-aftaining these advantages to produce an.in- = =
strument that will antomatically establish its
own jet and automatically re- establish it in 8o =
‘case the same shall have been broken by any

aceident short of the breakage orderangement

of any of the parts of the “instrument itself;
and to these ends the nature of my improve- -
‘meénts in double jet-injectors comsists in pro- 8 5
viding the first set with overflow- -space in the
-comblmug tube at a point in the rear of that
‘where the cross-sectional arca of this converg-

ing tube contracts to less than four times the

area of the smallest cross-section of the steam- go

nozzle; and it further consists in supplement -
ing the overflow-space thus provided with an
additional overflow - opening located nearer

the smallest diameter of the delivery-tube.

It further consists in providing the second '9 5._

____Set with overflow-space in the combmmg tube
ab a point in the rear of that where the cross-

sectional area of this converging tube con- .

tracts to an area equal to that of the smiallest™
| cross-sectional area of the steam-nozzle; and 100

it further consists in supplementing this over-
_ﬂow -space with an additional overflow-open-

ing located nearer the snnllest dlameter of
the dellvew tube. o

It further consists in combmmg one or more 105
of the overflow-openings of each set with one_..
common overflow-chamber. o

It further consists in providing thls over-. -

so arranged that all of the overflow-openings 110
which are inclosed in this chamber shall he -
submerged before any  water can escape T
through the overflow check-valve. e

It further consists in p10v1d1n0 means for| -
isolating the final-overflow in the second set 1i5z
from the other overflows to enable the in- -
jector to take feed-water of the highest tem-
peldtule | )

In the aecompa,nylnb dlawmgs which form :
part of this specification, Figure 1, Sheet 1, 122
represents a vertical sectmn thwugh anin- .-
jector émbodying the above-described fedtmes.
of my present invention. Tigs. 2, 3, and 4,
Sheet 2, are vertical sections thmugh Fig..1.
on thelines 2 2 8 3 4 4, respectively, the over- 125

-flow check-valve benw omitted In I‘Jg 2. Fig.
- 5 is a horizontal sectlon on the line 5 5, show-

ing the water-supply and wmtel leﬂ"lﬂatmg]
valve of the first set. | o

~ In all the ﬁgmes smu]é,l lettels mdlcate '130:; "

similar parts. | R
The case or body of the 1:13801301 is made in - -
two parts for. convenience of manufacture, - =
these parts, A and B, belng fastened together-'--'_. .




:'Efié?éplef;emse
- the steam -Vf-nlve 0perated by
80 arranged t]mt the steam-pr essme tends to

BN keep it Seated “When this valve is lifted or

~opened, steam is admitted to the steam- cham- -

~ ber L, whlch ]S common to the steam- nozzles |
| of both Sets |

S be Seen ﬂmt the

~ but Serves

: .undel a chcck V%lve f, WhICh all{}ws free eX1t ;

2 che scww thlead formed in th?e 'eap oa the | §
screw p passing thr ough a stuffing-box formed |

on the upper part of the cap n, as shown in

| Fig. 1, the objecet of the stufﬁng box being to

10

45
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pr od uce sufl
at the top of its stroke, which is its normal
position when the 1n]eet01 18 used as an auto-
matic instrument. The end of the screw p,
when at the top of its stroke, allows free Ilift
to the valve f with its ﬂllldllilﬂ‘ stem ¢, and
when screwed down may e made to 1mpinge
npon the upper end of the stem ¢ t, and so hold
the valve f firmly on its seat, for the purpose
described. In Fig. 1 the stem tof the check-
valve f 1s shown bmed out to receive a plun-
ger, W, and a spiral spring, Y, which rests
on the lower end of the recess in the. stem %,

and 1ts upper end presses against the cap \ |

secured firmly to the upper “end of the plun-
ger W, and so holds the lower enlarged end
of the 1)1111]0‘61 W firmly up against the lower
part of the valve f, and the whole device acts
In the same manner as a solid check- valve,
being lifted by pressure w1t]1111 the overfow-
clnmbel M, and falling to its seat and closing
to prevent the admission of alr when a vac-
uum 1s produced in the chamber M, as herein-
betore described.

The cap X extends above the end of the hol-
low stem ¢, and when the serew pisrun down
to hold the valve fshut it first impinges on
the cap X and, pushing it down, compresses

- the spring Y and forces the enlalﬂed end of

. The form Of this water-chamber G | 1
18 more elem]y Sl]OWl]é 1‘11 FI

to pmvenb the admission of air,
iThe d1schalﬂe flom thls Valve takes plaeeé:

icient frietion to hold the screw

5 whele lt Wlllf___ i

fthe nﬁmle I blow& lnto the tubes K emd K"

_"whlch eonstltute the combmmn tube aml es-!

after descl ibed.
novement: pushes the cap X down until the

322,342

| the p‘lunnel W down below the valve £ until

o S
S0y

| 1t enters the opening 'V, which it fills, forming SRR

a piston-valve to 1316%1113 any ﬂow of Watet;
iéthmunh this opening, for a purpose herein-
Thesclewp initsdownward

7@;3?5022

flange on its upner end bears against thetop

fir mly on ltS seat

tube i 1s at least four tnnes the area of the small-
est cross-section of the steam-nozzle I;and that
the overflow- openings d and e should be large
enough in area to give a free escape to the en-
trained air, and to the steam issuing from the
nozzle T and the delivery-tube L at the high-
est boiler-pressure at which the Injector may
be required to operate, thus insuring the for-
mation of a vacuum at such pressure. Such

a.vacunum will bring the water into contact

with the steam-jet 1ssuing from the nozzle I,
and at this point, instead of entr ained air and
steam, water and steam enter the tube K, and
this Jet of water and steam combined (is-
charges into the overflow-chamber M, partly
t.hrouwh the overflow-opening @ from the tube
K; and partly through the overflow-opening e
from the tube K. The converging tube K’
and overflow e concentrate the jet and Inerease
1ts velocity in the tube Kuntil the overflow at
d ceases, and the combined concentrated jet
passes through the tube K/, overflowing at e,
and 1ts veloclty continues to iner case until the
overflow at e ceases, when the combined con-
centrated jet will ha,ve acquired sufficient im-
petus to carry it across the overflow- -opening
¢ into the delivery-tube L against the steam-
pressure established in the Lhambel O.

An overflow-opening near the small part of
the delivery -tube could not alone be made
large enough in area to give asufficiently free

| of the hollow stem ?#, thus holdmw the valve; 75

lf

| G. thl ouﬁh the Valve H opel ated b} theh‘md 1
”???;wheelc

[IO
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| jdelwery tube
‘sion of the converging part of the delivery-

chschzuoe for the entlamed air a,nd stea,m
wmhoub cutting off the combining - tube to
such extent as m deprlve 1t of the pOWG‘I of

On the other hrmr] an exten |

~ tube toward the steam- nozzle, with an open-

10

T

.20
" flows d and e, therefore, could not be accom-
~ plished by one single ‘overflow however lo-

ing located nearer to the steam - nozzle and

.._’lal ge enough in areato permitafreedischarge
of entldmed air and the ‘steam issuing flO]Il
the nozzle I, (which I secure by the opening
d, located as already described,) so as to per-
mit the formation of a vacuum at the maxi-
mum boiler-pressure, would not give the nec-
‘essary conecentration and velocity to the jet of
combined steam and water to enable it to pass
~“through the delivery-tube;nor would it afford
'La sufﬁclently {ree escape for the steam issuing
in the opposite direction from the delivery-

tube L, the conjolnt oper ation of the two over-

" cated, for it will be seen that while the two
| overﬂows have severally distinet functions to

25
_ ”supplements the other.

perform, each overflow co- opemtes with and

From the delivery-tube L the jet passes'

' through the conduit N to the combining or

a0

water chamber O of the second seb.
steam issuing from the nozzle J of the second
set passes t]n ough the tubes P and P’, which

 constitute the combmmﬂ -tube, and escapes

through the rear overﬂow -opening, k, between
the tubes P and ', and the forward overflow- |
opening, I, between P’ and the delivery-tube

R into the chamber M, which is common to

~ the overflows from both the first and second
.. setw,
~ the 'watel chamber O and establlshesa,certam |

The steam from the nozzle J also fills

pressure there and produces a discharge of
steam back through the conduit N and delw

- -ery-tube L of the first set, as before described,
~ 'and the combmmn' tube P P and ovelﬂow

~ ‘openings & and 7 of the second seb are 50 por-

45 P

20

ortioned to the steam- nozzle I and to the
combining-tube K K’ and delivery-tube L of

~ the first set that this pressure in the chamber
O will never be too
pressure to prevent the water delivered by
the first set from reaching the steam 1ssmng'

oreat with any steam-

~ from the nozzle J. To have the pr0p01L10ns
- for insuring this operation and preventing the

~ pressure in chamber O from exceeding thlsf
limitation, it is essential that the overflow-

55 opening  should be located, as shown in the

drawings, at a pomt in the combmmg-tube P

P’ where the cross- sectional area of this tube

is larger than the area of the smallest cross-

6o

" snch freedom that any back-pressure which
~ may be produced in chamber O willalwaysbe
65

aectlon of the steam-nozzle J, and that the dis-
charging ends of the converging tubes P and
P’ should be large enough in area to permit
the escape of steam from the nozzle J with

1ess tha,n the first set is capable of overcom-

The water delivered by the first set will
1each and combme wﬂzh the steam 1ssumﬂ |

e

’I‘he |

from the nozzle J and pass bthHﬁ‘h the tube
P, and this jet of steam and watel combined
‘dischargesinto the overﬂow chamber M,psu tly
- throuah the overflow-opening % from the tube
P, and partly through the overflow-opening 7

' .fwm thetube P'. '
overflow I concentrate the jet “and increase its
velocity in the tube P until the overflow at &
ceases, and the combined concentrated jet
passes through the tube P Ovelﬂowmg at 1,

The converging tube P and

70: .

75

and its veloeity contmues to inerease until the -

petus to carry it ucross the overflow-opening

l, through the delivery-tube R, and into the
:_b01161 through the connection S. An over-
flow-opening near the small part of the deliv-

ery-tube could not alone be madelarge enough

in area to ; give a sufficiently free dlscharn'e for
the steamn in this set without cutting off the =

combining-tube to such an extent as to de-

prive it of the power of concentrating the °
combined jet of water and steam. sufﬁcmnﬂy

to enable it to enter the délivery-tube, and,
on the other hand, an extension of the 0011-

verging part of the delwely -tube toward the
steam-nozzlé with an opening located nearer
to the steam-nozzle, and large enough in area

to permit a free dlsch&rge of steam in this set,

‘overflow at I ceases, when the combined con-

centrated jet will hzwe acquired sufficient im- 8o

0o

(which I secure by the opening £, located as

give the necessary concentration. and velocity

‘already described,) so as to. reduce the back :
pressure within the required limit, wounld not =~ -
100

130 the jet to enable it to pass through the de- -

livery-

-tube R, and the conjoint opelamons of

the two overflows & and [, therefore, could not

be accomplished by one smole overﬂow how-
ever located, for it will be seen that in the sec-

105

ond set, agin the first set, while these two over- - .

‘flows have severally distinet functions to per- '
form, each co-operates with and supplements - -

the other, and that they conjointly co-operate

with the Openmgs in the first set, so that by

their combined action the 11‘18131111]161’113 will

I10

automabwally establish and re- estmbhsh 1ts,

own jet, as pl.esent]y described. -
A check- valve, m, is placed at the end of

the injector near the connection S, as shown, II 5'

when the inj iector is 1ot working.
" The check-valve f is’ pla,ced at the t0p of

which may overflow from- either the first or

to prevent escape of water from Lthe b01leL o

the overflow-chamber M, so that any waber o

12)

second sets will be retained in the chamber M =
until after the overflow- -openings: from" both

sets have been submerged. Thisarrangement
allows the water Wthh may. overflow from one

125

set to be taken up through the overflow-open-

ings of the other set, and hence no waber will

escape through the checlk valve f

until both

sets are over ﬂow ing, or the overflow from one -

set becomes too meat f01 the othel set to take" o
' o130
When the tempela,ture of the &dllﬂtt@d wa e

up.

ter rises to too high a point, water will escape

from. the overflow- ehambel thl()llﬂ‘h the valve

f aS SOOI as thﬂ ple@sme 111 the overﬂow cham-- |




ber M becomes greater than the atmospheric:
~pressure. The proportions of the tubes are
such,however, that theinjeetor will feed water
into the boiler with considerable pressure in
chamber M when the valve 7 is held shut by
the screw p, as before deseribed, and henee the
temperature of the feed-water may be thus
considerably inereased; but under these cir-
cumstances the injector will not be automatic,
and should the jet be broken will be unable
to re-establish.its jet until the check-valve f
18 released. The delivery-tube R and the dis-
charging end of the combinin g-tube P’ are in-
closed in a chamber or case, T, formed in
15 the body B. This case T communicates reely
- with the overflow -chamber M through the
opening V when the screw P is at the top
of its stroke, as shown in Fig. 1, and the
relative action of the overflow-openings will
be as hereinbefore described. When, how-
ever, 16 becomes desirable for any purpose
to feed water of a higher temperature than
the injector is capable of operating with au-
tomatically, and the valve f is closed by
means of the serew p, the piston W fills the

IO
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opening V aund separates the cage T from the | -

chamber M, so that the water which would
otherwise overflow from the final overflow-
opening lisprevented from entering the cham-
ber M, and consequently from reaching the
overfiow-openings of the first set and produec-
ing a pressure there which would break the
Jet. This device is only required when the

30

temperature of the feed-water is exceptionally |

35 high, and for all ordinary purposes of Dboiler
feeding the plunger W may be omitted and
thestem ¢ be made solid.

The-proportion of the steam-nozzles and
combining - tubes relative to the overflow-
Spaces of the respective sets is such that the
first set isalways capable of producing a vacu-
um, and hence of lifting the water, and that
the second set cannot establish a back-pressure

~ Inchamber O sufficient to prevent the first set
45 from delivering water to the second steam-jet;
1ssuing from the nozzle J. These proportions

40

of the combining-tubes and overflows further |

facilitate the rapid and certain formation of
the jet as soon as steam and water are admit-
ted to the injector.

50 Y ¢ A
| -set forth.

It desired, the steam-valve D may be ar-
ranged with a supplemental valve closing the
steam-nozzle J,or with a eylindrical extension
entering a cylindrical seat in the nozzle J , SO
that when the valve D is raised a short dis-
tance from its seat steam may be admitted to
the first nozzle, I, only. This arrangement is
~ designed to avoid the waste of steam 1ssuing
from the nozzle J, and is only desirable when
the Injector has to liftits watera great height,.
As soon as waterappears at the overflow J, the
steam-valve D is further opened, so as to 1ift
the supplemental valve or withdraw the Cy-
lindrical plug from the nozzle J, as the case
may be, and the steam issuing from J will in-

bO

stantly unite with the water, and the injector |
will go to work, and everything will also be |

. 322,342

in proper condition for the automatic re-es.
tablishment of the injector, if the jet should
be broken from any cause. |

70
It is not essential that the overflow-open-

ings of either set should be made ann nlar, as

shown in the drawings, between the ends of
separate tubes, for the combining and deliv-
ery tubes of either set may be formed in one 75
piece, and the necessary overflow-space pro-
vided by perforating them with a series of
holes of sufficient aggregate area located in
the converging tube at any point where its
cross-section 18 sufficiently large, as herein-
before described, for the purpose of the first
overflow, and an additional series of corre-
sponding holes located just before the small-
est part of the delivery-tube for the purpose
of starting the concentrated jet, as above de-
seribed, or the annular overflow - openings
may be supplemented by a series of holes, if
desired. | |

Having now deseribed the nature and ob-
jects of my invention, what I claim therein as
new, and desire to secure by Letters Patent,

18

80

35
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1. In a double jet-injector, a first set; of jet
ap paratus provided with overflow-space in the
combining-tube at a point in the rear of that
where the cross-sectional area of this converg-
ing tube contracts to less than four times the
area of the smallest cross-section of the steam-
nozzle, substantially as and for the purposes -
set forth. : -

2. In combination with overflow:space in
the first set of jet apparatus,located in the com-
bining-tubeatapointin the rear of that where
the cross sectional area of this converging tube
contracts to less than four times the area of 105

95
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the smallest cross-section of the steam-nozzle,

an additional overflow-opening in this com-
bining-tubenearerthe smallest diameterofthe
delivery-tube, the combination being and op-
erating substantially as deseribed. o

3. Inadouble jet-injector,a second set of juot
apparatus provided with overflow-space in the
combining-tube at a point in the rear of that
where the cross-sectional area of this converg-
Ing tube contraects to an area equal to that of I15
the smallest eross-sectional area of the steam-
nozzle, substantially as and for the purposes

11O

4. In combination with overflow-space in
the second set of jet apparatus,located in the
combining-tube at a point in the rear of that
where the cross-sectional area of this converg-
ing tube contracts to an area equal to that of
the smallest cross-sectional area of the steam-
nozzle, an additional overflow-opening in this
combining-tube nearer the smallest diameter
of the delivery-tube, the combination being
and operating substantially as deseribed.

5. In combination with the first set, con-
structed and operating substantially as de-
scribed, the second set correspondingly pro-
vided with two overflow - openings respect-
ively located and arranged therein, as set
forth, the two sets being combined and oper-
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' ating in com’bmabwn Sllbstantlally as. de-..
‘scribed, sothat the 1nstrument will automatic-

- 822,342 [ 7 S

- ally estabhsh and re- esbabhsh 1t own Jet as

10

15

set forth.

6. An overflow-chamber common to one or
more of the overflow-openings located in each
set of jet apparatus, substantially as descl 1bed
and for the purposes set forth.

7. In combination with an overﬂow cllam-.

ber common to one or more of the overflow-
openings of each set of jet apparatus,an over-
flow-check valve so arranged that all of the

overflow-openings which are connected with

the overflow-chamber shall be submerged be-
fore any water can escape thmucrh the over-

flow- eheck mlve the combmatwn bemg and

operating substantla,lly as desceribed. ..
8. An overflow-chamber common to one or
more of the overflow-openings of each set of .

jet apparatus and an overflow-chamber which 20
Teceives the final overflow of the second set,
in combination with a valve which contwls L
| the communication between the two overflow-

chambers, substzmblally as Emd for bhe pur pose'
described.

_ J. SELLDRS BANOROFT
 Witnesses: -
Jas. C. BrRooks, .

JNO. H. SCHWACK.
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