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EDWARD DAVIES, OF LLANDINAM, AND JAMES METCALFE, OF ABERYST-
WITH, ASSIGNORS TO THE PATENT EXHAUST STEAM INJECTOR COM-
PANY, LIMITED, OF MANCHESTER, ENGLAND.

T

@_INJECTOR,

SPECIFICATION formmg part of Letters P&tent No. 535,358, da,ted March 12, 18985.

Application filed January 381, 1894 Serial No. 498,653, (Model.) Patented in England Apr]l 20,1887, No. 5 ,730; in ance
December 31,1887, No.187,911, and March 30, 1888, No, 189,692; in Belgium January 3, 1888, No. 80,151, and March 31,

1888, No, 81,240

¢ in Italy April 2,1888, XLVI, 99; in Gelmany April 4, 1888, No0,46,5617; in Victoria April 30, 1888, No.

5,796 ; in New Smlth Wales May 4, 1888, No. 665 ; in Queensland May 15, 18838, No. 484 ; in Spain July 13, 1888, No, 3,147, |

and in Austrla-

ungary Auﬂ*ust 7, 1888, No 14 320, 38,/2,017, and No, 31,378, EKII 1,920,

To all whom it ma&y COTLCEFTL:
Be it known that we, EDWARD DAVIES, of

Plas Dinam, Llandmam in the county of
Montﬂ'omery, and JAMES METOALFE of No. 28
North Parade, Aberystwith, in the county of

Cardigan, England, have invented certain
new and u%ftﬂ Impmvements in IﬂJEGtOlS
(for which we have obtained Letters Patent in
Great Britain, No. 5,7
in Krance, No 187, 911 da,ted December 31
1387, and No. 189 692 d_a,l:_ed Mareh 30, 1888
inBe]frium No. 80 151 dated JdllU‘tl‘jTS 1888
and No 81, 249 dated March 31, 1888; in It&l),
No. 99, Vc}l ‘(LVI dated Aprl 2, 1388; in
Germdny No. 46 517 dated April 4, 1888; in

Vietoria, No. 5796 dated April 30, 18bb in

New South ’Wales No 665, dated I WL:uy 4, 1888

1n Queensliand, \To 481, dated May 15, 1888

in Spain, No. 8147 dated July 13, 18b8 and
in Austria- Huufraly, dated Aucv‘ust 7, 1888—

A.llStlicL No. 14: 320 38/2 017 &Ld IIHHU‘&IY’ |

No. 31 ’378 XXII/l 920;) and we do herebf‘*
dec]are the following to be a full, clear, and
exact description of the mventlon such as
will enable others skilled in the art t”ﬁwhwh
it appertains to make and use the same, ref-
orence being had to the accompanying dmw-
1ngs, and to letters and figures of reference
marked. thereon, which fonn a part of thl&
specification. | -
Ourinvention-has relation to injector S, and

- more especially to injectors known as com-

35

40

45 Of bmlel f:.teﬂm or Steam at 3] h]frh plessme L 1O the aecompanymﬂ' dmwmgﬁ, 111 whmh——-

pound injectors, _
low pressure and by hifrh pressm'e Steam or

either.

By low pressure injector, we mean one that

imparts veloeity to a fluid, as water, for feed- !

ing a boller or for other purposes,: by.' means

of steam at or near atmospheric pressure,

such as exhaust steam from an engine, or
high pressure steam purposely wire drawn.

By high pressure injector, we mean one that
impart&, velocity to a fluid, as water, for feed-

ing a boller or for other pumoses by means

] i

30, dated April 20, 1887;

adapted to be operated by

for the 'pmpose of increasing the velocity of

a jet of fluid produeed by low pressure or ex-
haust steam, or by both low pressare or ex-

haust steam and high pressure orlive steam.

1t is well known that boilers working un--
der a pressure much above seventy-five
pounds per square inch cannot be fed by an
injector worked with low pressure or exhaust
steam. Suchaninjectoristherefore not avail-
able for feeding locomotive boilers, and to

‘make such m;]eetng avatlable provision has
been made fortheuseot high pressureorlive.
steam In conjunction with “the low pressure
or exhaust steam, provision having also been
made whereby s&ud 1ngeet01m are made to work

antomatically.
Our invention has for itsobject certain im-

provement% 1n this class of automatm&]lyop- |

erating injectors, and more particularly in
the drmnﬂ‘ement and the means for eontrol-

ling the m*erﬂow valves of the high pressure
or lwe steam injector, or of both the latter and

the low pressure or exhaust steam injector. .

Our invention has forits further object the |
‘provision of means Wheleby the velocity and
‘| consequently the penetrating power of a jet

of fluid may be still further increased by ad-
mitting live steam at different points to the
passage through which the jet of fluid pro-

1 daced by 10W pressure or exhaust steam or

by the latter and live steam, is propelled.
Our invention has for its turther object an

improved construction of live steam nozzle or

cone, when such a cone is combined with a

' low pressure or exhaust steam cone.
Ourinvention has for its furtherobjeet the |

provision of means whereby the overflow

valves for both low pressure and high press-

ure 1n;}eet0rs are controlled by the 1 pressure
arising from a ;]_et of fiatd produced by low
pressure or by low and high pressure steam

to close the overflow passage; but that our

invention may be fully undemtoad we will de-
seribe the same in detail, reference being had
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Figure 1 is an axial section of an injector, | tion or for removal of obstructions.

embodyingsome of ourimprovements, Figs.2
and 3 are similar views 1llustrating modifica-
tionsinthe meansforcontrolling the overflow.
Fig. 4 is an axial section illustrating a plural-
ity of live steam injectors combined with an
exhauststeam injector. Iig.5isalike viewof
an injector similar to that shown in Kig. 4
illustrating a different arrangement of the
live steam injectors relativelyto the exhaust
steam injector, and I'igs.6,7,8, and 9 are sec-
tional details 1llustrating modifications in the
construction of thelive steam cone when com-
bined with the exhaust steam cone.

Referring more particularly to Fig. 1, «
indicates the exhaust steam injector casing;
a?, the water branch; 6% and 0% the overflow
branches; d, the exhaust steam cone; E, the
combining cone, and f the receiving and dis-
charging cone.

To the receiving end of casing ¢ is secured

the live steam injector casing a® adapted to-

besecured to the source of exhanststeam sup-

ply, a suitable valve, as a throttle valve d* be- !

ing provided for controlling the passage of
the exhaust steam. In casing afis formed a
live steam passage b* whose outlet lies in the
axial plane of said casing and of the exhaust
steam injector, said outlet being screw-
threaded interiorly for the reception of the
live steamm nozzle or cone 7 that projects

through said exhaust steam nozzle d into the

combining cone H. The last named cone is
what we term an expansion cone of the same
construction as that shown in Letters Patent
of the United States No. 240,101, of April 12,

1881, (granted to Edward Davies, one of the

parties hereto.)

The object of using an expansible or two-
part combining cone 1s to facilitate the start-
ing of the injector allowing a free passage of
the fluid into the overflow chamber and out
through the overflow branch. In said Fig. 1,
e indicates the fixed part of the combining
cone, ¢’ the movable part hinged to said fixed
part at ¢°, and at ¢’ is a boss or projection on
said movable part ¢’ by means of which and
an annular abutment 6 formed on casing ¢
the lateral movement of said movable part ¢’
of cone E, and consequently the degree of ex-
pansion of 1ts steam passage Is limited.

The receiving and diseharging cone £, as
shown, is screwed into a casing 12 or formed
integral therewith,said casing being provided
with a tubular extension 12* having formed
in its end a supplementary short receiving
nozzle %, and being provided with overflow
ports f° communicating with an overflow
chamber f° encompassing said tubular exten-
sion, there being an overflow space or gap be-
tween the intermediate short receiving and
discharging nozzle or cone ™ and the receiv-
ing and discharging nozzle 7, proper.

The casing 12 is screwed into casing a and
has an opening in 1ts outer end normally
closed by ascrew-plug 7% by means of which

535,358

Dy con-
necting casing 12 detachably with the ex-
haust injector casing «a, the combining and
discharging cones together with the interme-
diate short receiving and discharging cone f*
can be bodily removed, and also adjusted
within certain limits relatively to the exhaust
and live steam cones, the two-part combining
cone I being provided with an arm 7 that
terminates in an interiorly screw-threaded
ring bearing 81into which the extension 12* of
casing 12 isserewed. The casing 12 has ports
f? leading into a delivery chamber 14 formed
in casing a about sald casing 12 below cone
7, and said chamber has a delivery branch @’
for connection with a steam boiler, for in-
stance. The overflow from chamer f° passes
intoand out of an overflow branch 4° in which
is formed a valve port and seat for a loaded
valve V’ guided in its movements in a tubu-
lar branch 07 of the overflow branch 5% said
branch 07 being closed by means of a screw
plug m’. The load for the valve consists of
a spring m* having bearing on a piston or cir-
cular head m? on the stem m?3 of valve V’ and
on the aforesaid plug m’. There is also an
overflow gap or space between the combin-
ing cone E and theintermediateshort receiv-
ing and discharging cone f~, the overflow
passing into an overflow chamber 10 and
thence to overflow branch. 6. In this branch
is also formed a valve port and seat for a
valve V, held normally open by means of a
spring m!, and the stem m° of said valve also
has a piston or circular head m?> that works
in a piston eylinder 15, which also contains
the spring m'. Between said cylinder and
its head m”* is secured a diaphragm m, and in
said eylinder head is formed a passage lead-
ing to the back of the said diaphragm, said
passage being connected with the delivery
chamber 14 by a snitable passage or pipe m’.

In starting the injector either by exhaust
steam or by exhaust and live steam, the two
overflow chambers are in communication
through theshortintermediate receiving cone
£*, such fluid as flows over into chamber 10
passing freely out of overflow branchesb® and
b%, valve V in overflow branch 6° being open
under theaction of itsspring, while the press-
ure of the overflow causes valve V’ to open
also, said valves remaining open until the jet
is established, when the pressure in branch
0% will be reduced below that exerted upon
valve V' by the load or spring m?, whereby
said valve will close. At the sametime, press-
ure arising from the jet of fluid produced by
exhaust steam or by combined exhaust and
live steam in the delivery chamber 14 will
also be exerted through pipem’” upon the dia-
phragm m, and through the latter upon the
valve piston, causing valve V to close, the jet
being first established in the expansible cone.
The valve V'’ then closes, and lastly the vaive
V, when the jet will be fully established. It
is obvious that so long as thereis asupply of

access may be had to the cones for inspec- | water and steam the injector will continue to
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“be dispensed with while the spring m' can be
‘dispensed with, since it will require but a com-
‘paratively small pressure to move the valve

IO

15

20

~ inlet and discharge.
25
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wmk or it will automatlcallv re-start, should

the Jet be interrupted.

The spring m* may under some condltmns

off 1ts seat, especially as it is not necessary
that the valve piston m* should fit fluid tight
1n its piston cylinder.

The modeof controliing the OVE‘:IﬂO“ as de- -
seribed in reference to Fl’ﬂ" 1 may be modi--

fied with a view to 51m]g11fy1110* the construc-
tion of the injector, by controlling both valves
V and V’ by pressure arising from 2 jet of
fluid produced by exhaust steam, or by com-
bined exhaust and live steam. Such an in-

jector we have shown in Fig. 2, in which the

overflow branches b8 and bﬁ are formed or ar-.
ranged on

'braneh b3

the same side of casing aq,

through a valve port 2 controlled by valve V,
and said branch bS having also a valve port
and seat for its valve V’ inter mediate of its

are mounted on the sa,me stem 7° that is pro-
vided with a piston head 7® working in a piston

eylinder1s. ThevalveVisa eylmdueal valve

and has wings 4* that guide the same, while

the valve V'is slightly conical so as to grad-
It will be seen that the-

nally close its port.
valves are normally open, or that they will

- readily open under the pressure of the over-

35

BT

50

6o

flow, but whenever the pressure In the deliv-
ery chamber becomes. greater than the over-
flow pressure, or When the jet is fully estab-

lished, at which time the pressure in overflow
chambers 10 and 79is practically nil, the press-
ure arising from said Jets will be exerted upon

the dmphmwm m.the fluid passing tothe back

thereof through a passage a° formed in casing
a,instead of passing through a pipe, as in.t-he

constructionshownin Figs. 1 and 3, said press-
are being exerted through the diaphragm

upon the piston head or stem 7° of the valves

V!, V, causing the same to close their respect-

ive pmt% The valves V and V’ are so ar-
ranged that the former valve will close first
and then the valve V’, which, as stated, is
slightly conical, will Uladually close its polt

Should the jet fml the pressure acting upon.
the valves V and V’ to open the same, in-

creases, while the force upon the diaphragm
m to close valve V decreases, thus allowing
the said valves to open until the Jet 1s again
established. |

Parts of the mgeetm not referred to speclﬁ
cally are similar tocorr esponding parts shown
in Iig. 1, and are indicated by llhe lefewnee
symbols

We have found that the efficiency of the
live steam nozzle » may be greatly increased
by contracting its bore at a point some dis-
tance from its delwmy end,and by gradually

increasing the diameter of bald bore flom said

contracted portion to its said delivery end, as
shown at 17,18, respectively of Fig. 2; and in

the
communicating with blaneh be

Both valves V and V’/

ing and guide casing 5 in the delivery branch
@’ for the usual back pressure valve V=

The means for controlling the overflow as
described in reference to Figs. 1 and 2 may be
further modified, and the coristruction of the
injector materially simplified by dispensing
with the shortintermediate receiving and dis-
charging cone f*, Figs. 1 and 2, and hencethe
overflow branch 0% “Suchan 1n;]ect0r we have
shown in Fig. 3, the receiving and discharg-
ing cone f bemﬂ‘ formed integ oral with casing
19" screwed toring bearing 8 ot‘ the combininﬂ'

cone H. To prevent aemdental unscrewing
of said cone ffrom combining cone E, we lock

the former or casing 12 to the ring bearmﬂ' 3
by means of alock secrew 2. In thisconstruec-

70

30

tion the spring m! for valve V may also be

dispensed with, Other parts of the injector
not particularly referred to are the same in

-construction as the corresponding parts of the
| injector described in reference to Figs. 1 and

2 and bear mmﬂar_symbol% of 1eference
In the Injectors above deseribed we have

shown the live steam nozzle or cone 7 com-

bined with the exhaust steam cone d for the

purpose of increasing the velocity and conse-
quently the penetratm o powerof a jetof fluid.

We have discovered that the velocity of a jet:

of fluid produced by combined exhaunst and
live steam may be materially increased by
means of steam admitted into the steam pas-
sage at one or more points before the jet is-
sues from the injector.
of injectors we have shown in Fig. 4,in which
live steam is admitted to the exhaunst and live
steam passage, that is tosay,in which the pro-
pelling power of the combined exhanst and

live steam 1is reinforced by an additional

(uantity of live steam.

The compound injector comprising .an ex-
haust and live steam injector may be of the
general construction of those shown in Figs.
1 and 2, the one illustrated in Fig. 4 bemn' of

Oneformof this class

90
05 -
100
105

110

substdntlallv the same constr uotwn as 1he one

illustrated in Big. 3, with the exception of the

| overflow branch b?, ‘which is of a well-known

construction and need not be described in de-
tail. There are further structural modifica-

| tions due and necessary to the altered condi-

tion of .the injector. FKor instance, the live
steam passage 0® ecommunicates with a pas-
sage 3 in casing a, and the latter passage with
a live steam branch or passage 0% formed on
the casing b of what we will hereinafter refer
to as the supplementmy live steam injector,

said passage 0% also extending axially into
the supplementary live steam 1113e0t01 casing
b, and having secured thereto the supplemeﬂ-
tary ltve Steam nozzleor cone ¢’ that projeets
into the supplementary combining cone E’

screwed into an axial bearing b6* formed in
casing b, said cone having ov erflow. passages

16 fmmﬂd therein, K mdlcdtmﬂ“ the supple-
mentary receiving cmd dlseharﬂmw cone, and

between said cones E and I theie 1S an over-
The

flow gap leading tooverflow chamber &,

II5

120

125-.

130

said Fig. 2 we ha,ve albo shown a Valve seat- | overflow chamber b*isconnected with an over-
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flow branch b®in which is formed a valve pors
and seat for the controlling valve V3, which
in construction and operation 1s in every re-
spect similar to the valve V' shown and de-
seribed in reference to Fig. 1; m* indicating
the spring, m?** the valve stem head, 07 the

fubular guide bearing for said spring and pis-

ton head, and m' the plug that closes said
bearing. V<*indicatestheback pressurevalve
in the delivery branch 6* of the supplemen-
tary live steam injector.

The operation of theinjector described in
reference to Iig. 4 is substantially the same
as that described in reference to Kigs. 1, 2,
and 3, except that the velocity of the jet of
fluid produced by the combined exhaust and
live steam injectors is farther increased un-
der the action of the supplementary live
steam. Not only 1s the velocity and conse-
quently the penetrating power of the jet of
fluid produced by the combined exhaust and
live steam materially increased by the action
of the supplementary live steam admitted
into the fluid or steam passage of the injector,
but an Increment of heat is also added to the
jet which iscomparatively hot when it reaches
the boiler.

If desired, the load of the exhaust valve V3,
1. e., the spring m*, may be dispensed with by
substituting a valve controlled by a dia-
phragm similar to that for valve V Fig. 1.

Instead of combining one of the live steam
nozzles or cones with the exhaust steam cone
to produce a compound injector, as deseribed
in reference to Fige. 1, 2, and 3, and 1instead
of combining with such an injector a supple-
mentary live steam injector, as described in
reference to Iig. 4, the several injectors may
be arranged one after another, as shown in
Fig. 5. In the injector shown insaid Fig.5 a
back pressure valve ¢ 18 Interposed between

the exhaust and primary live steam injector,

and a similar valve g’ between the last named
injector and the supplementary injector, live
steam being admitted to both live steam in-
jectors through branch 6* and a passage 5%
communicating by ports 23 and 24 respect-
ively with the casingof said primary and sup-
plementary live steam injectors and with the
combining cones E? and K’ thereof. These
live steam injectors are constructed substan-
tially like the supplementary live steam in-
jector deseribed in reference to Ifig. 4, except
that the combining cones K* and E’ are de-
void of overflow ports 16, Fig. 4, F*indicating
the recelving and discharging cone for fluids
from the exhaust steam injector, ¥’ the like
cone for the primary live steam injector, I'*?
the receiving and discharging cone of the sup-
plementarylive steam injector for fluids from
the primary live steam injector, and K the
final receiving and discharging cone of said
supplementary live steam injector. It will
further e seen that the combining cones E?
E’ are constructed to perform the function of
live steam cones, the receiving and discharg-

535,
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projecting into thelivesteam cone end of the
combining cone E? of the primary live steam
injector, while the receiving and discharging
cone K* projects into the like end of the com-
bining cone E’ of the supplementary live
steam injector, such a construction of com-
bining cone being also shown in Kig. 4, s0 that
the live steam 1nstead of being introduced
through a live steam cone extending into the
combining cone in the form of an axial jet,
passes around the receiving and discharging
cone and into the combining cone in the form
of an annular jet, The exhaust steam in-
jector is of the same construction as the one
shown in Flig. 4, except that a solid centering
spindle d’ is employed in the exhaust steam
cone. |

The parts not specifically described in ref-
erence to the injector shown in Fig. 5, are of
the same construction as the corresponding
parts of the injector described in reference
to Fig. 4, and are indicated by the same ref-
erence symbols. Inasmuch as the primary
and supplementary live steam injectors are
siinilar in construction to the supplementary
live steam injector described in reference to
sald IFig. 4, with the exceptions noted above,
we have indicated the corresponding parts
thereof with the same reference symbols, ex-
cept that different affixes are used for such
corresponding parts of the primary injector
shown in Fig. 5.

In some cases elther the primary or the sup-
plementary live steam injector may be sup-
plied with a part of the steam which has ex-
hausted from the cylinder or cvlinders of a
compound steam engine as it passes fromone

c¢ylinder to another.
Wehave hereinbefore stated that we prefer
to use a live steam cone or nozzle whose bore

70
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or interior area is contracted at a point some

distance from its delivery end and gradually
enlarged from said point to said delivery end.
This may be effected in a cone of the usual

L1O

taper form by means of a solid spindle d? -

made tapering in opposite directions from a
given point some distance from the delivery
end of the nozzle, as shown in Kig. 6. The
same results may be obtained by combmmﬂ'
two live steam nozzles of the construetion of
that shown in Fig. 4 arranged one within the
other, as shown in Fig. 7, such a nozzle being
adapted for use with an exhaust steam cone
with or without a loaded overflow valve, both
nozzleszand d* extending into the combining
cone K of the exhaust steam injector.
Another very effective arrangement of live
steam nozzles or cones is shown in Kig. S, the
live steam cone ¢ being short and pI‘OJeCtll’lﬂ‘
axially into a cone 4* provided at its upper
end with ports 2°, so that some of the exhaust
steam can enter the cone * and combine with
the live steam passing therethrough. In this
arrangement the bore of the combining cone
* is of uniform diameter for a portion of its
length from its discharging end. The action

ing cone F? for the exhaust steam mJector | of the small central live steam jet is to draw
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in a part of the exhaust steam and the result | duced toward the delivery end and thence
gradually enlarged to said delivery end the

is a more efficient compound mgeetor which

will deliver ifs jet against a greater boiler

pressure than is the case Wlth a single cone
4 in the exhaust steam cone.
In Kig

bination of live steam nozzles, in which the

live steam cone % is made very long and with

XoO

20

& flaring or trumpet shaped delivery end,and

said cone has steam ports b° in its upperend
to allow live steam to pass through to a small
peripheral space formed between cone i and
an encompassing small cone b® serewed onto
said cone 2. The live steam entering the an-
nular space referred to passes between cone 4
and the encompassing cone 7* and mingles
with and assists in drawing exhaust steam
through the ports #°, said encompassing cone
' having its delivery end for a portion of the
length of the cone of the same diameter to
a,dmlt of the passage of the increased volume

- of exhaust steam.

- steam passage, and means for admitting live
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Having thus described our mventmn, what

we clatm as new therein,and desire to secure

by Letters Patent, is—

1. An injector compnsing a low pressure or
exhaust steam passage, a high pressureorlive

steam to the last named passage at dlfferent
points, for the purposes set forth,
2. An injector comprising a steam passage,

an overflow passage communicating with said
- steam passage, a valve controlling the over-
flow passage, and means whereby pressure

arising from a jet of fluid produced by steam
will cause said valve to close.
3. A compound low pressure or exhaust

steam and high pressure or live steam in-

jector, comprising a high pressure or live
steam passage, an overflow passage commu-
nicating with said live steam passage,a valve
controlhnw the overflow passage, and means
whereby pressure arising from a_ jet of fluid
produced by low pressure or exhaust steam
will cause said valve to close.

4, A compound low pressure or exhaust
steam and high pressure or live steam in-
jector, comprising low and high pressure
steam passages, an overflow passage commu-
nicating with each of said passages, valves
controlling said overflow passages,and means
whereby pressure arising from a jet of ﬂmd
produced by steam w1ll cause both overflow
valves to close.

5. In a ecompound low pressure or exhaust
steam and high pressure or live steam in-
jector, the combination with the steam and
combining cones of the exhaust steam in-
jector, of a live steam nozzle or eone arranged
axially within said exhaust steam cone, said
live steam cone having its bore gradually re- |

o, 9 we have illustrated another ecom-

latter end extending into the combining cone.

6. In a compound low pressure or exhaust
steam and high pressure or live steam in-
jector, the combination with the combining
and steam cones of the exhaust steam  in-
jector, of a live steam cone adapted to inject
steam axially into said combining cone, and

‘means for combining a portion of the exnaust

L

steam with the live steam before the latter

reaches the combining cone.

7. In a compound Tow pressure or exhaust
steam and high pressuire or live steam 1in-
jector, the eombinati_on with the combining
and steam cones of the exhaunst steam 1iu-
jector, of a live steam cone adapted to inject

75

steam axially into said combining cone, and

an auxiliary cone provided with ports in com-

85

munication with the exhaust steam passage

whereby a portion of the exhaust steam is
drawn into the live steam cone and caused to
combine with the jet of live steam, for the
purpose set forth.

8. In an m;;ectar a combining cone and an
open ended receiving and dlSGhELI‘D‘IIlD" cone
detachably connected together,said reeeiving
and discharging cone provided with delivery
ports, in combination with the injector casing
in the end of which said recelving and dis-
charging cone is detachably seated, sald cas-
ing provided with a delivery branch in com-

90

munication with the aforesaid delivery ports,

and means for closing the outer open end of

95 .

the receiving and dlSOh&l“D‘lIlﬂ' cone, substan-

tially as and for the purpose set forth.

9. In an injector, the combination with the

casing interiorly serew-threaded at one end,
and a combining cone movable 1n sald casing,

of a delivery casing provided with delivery

ports and adapted to be secrewed in theend of

the injector casing and a receiving and dis-

charging cone detachably secured to the com-
bining cone, for the purpose set forth.

10. In an injector,the combination with the
casing interiorly scrow-threaded at one end,
and a combining cone movablein said casing,
of a delivery casing as 12, open at one end,
and a screw plug closing sald open end, sald
delivery casing prowded with delivery ports
and adapted to be screwed in the end of the

Y19

injector casing, and a receiving and discharg--

ing cone defachably secured to the combin-

ing cone, for the purpose set forth.
In witness whereof we have hereto signed
our naines in the presence of two witnesses.
EDWARD DAVIES.
JAMES METCALYE.
Witnesses: ' |
PETER J. LIVSEY,
WILLIAM FAULKNER.
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