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To all whom vt may concern:

Be 1t known that I, Grorar C. MclAr-
L.ANE, & citizen of the United States, resid-
ing at Saginaw, in the county of Saginaw
and State of Michigan, have invented cer-
tain new and useful Improvementsin Spiral-
Jet Injectors; and I do hereby declare the

following to be a full, clear, and exact de-

scription of the invention, such as will en-
able others skilled in the art to which 1t
appertains to make and use the same.

My invention relates to injectors and 1s
more particularly directed to what 1 may
term a constricting spural jet injector.

One object of my invention is the provi-
sion of an injector which increases the efli-
ciency of this class of jet pumps at least one
hundred per cent.

The invention relates to that class of 1n-
jectors known as lift 1hjectors, wherein a
jet of fluid under pressure i1s employed to
lift or raise a body of fluid, the invention
being capable of use as an air compressor,
a water pump, and a condenser, as well as
being adapted for employment 1 other arts.

Heretofore; so far as I am aware, the
pressure jet has been caused to issue from
a restricted or conical nozzle 1 a single
column, and 1t 18 well known that such 1n-
jectors, except where used for feeding water
to steam boilers through the action of a jet
of steam, are far from economical and pos-
sess an efliciency of but from 209% to 30%.
My invention is designed primarily to m-
crease this efficiency to at least 609, or
more and I have ascertained that by divid-
ing the single jet 1nto a plurality of smalier
jets arranged annularly and adapted to dis-
charge what might be termed an annular
column under pressure, I attain thig 1in-
creased efficiency. This annular series of
jets may be arranged to discharge 1 a di-
rection parallel to the longitudinal axis of
the combining chamber, or spirally relative
thereto and in the present immstance 1 have
shown such jets arranged to discharge a
hollow spiral column.

The term “ annular” or “ hollow column”
will be used to indicate a series of jets
spaced apart from each other.

While the cross-sectional configuration of
the individual jets may be of any desired
contour, I prefer that such jets shall each
issue from nozzles having a substantially
trapezoidal shape with rounded corners, as
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being that shape best adapted to give the
most eflicient results.

Another object of my invention 1s the
provision of means located within the com-
bining or suction tube and extending pref-
erably into the forcing tube, such means
being arranged within and concentric rela-
tive to the annular jet column and adapted
to convert the area of the combining tube
into an annular chamber, constricted as 1t
nears the juncture of the combining and
forcing tube members. In the simplest
form this means as a plug or cone may be
formed integral with the nozzle member
and remain fixed. In a more advanced con-
struction, the plug or cone will be adapted
for adjustment to vary the size of the annu-
lar opening between the combining and
forcing tube members to increase or de-
crease the load carried 1inversely as the pres-
sure against which such load moves 1n-
creases or decreases.

Another object of my imvention 1s the
provision of an injector alr compressor of

simple design and much more compact and

portable than the present style.

To these and other ends, therefore, my
invention consists 1n certain novel features
and combinations of parts such as will be
more fully described hereinafter and par-
ticularly pointed out in the claims.

In the accompanying drawings, Ifigure 1
1s a longitudinal cross-sectional view through
an injector embodying one form of my 1n-
vention, Ifie. 2 1s a cross-seetional view on
line x—w of IF1ge. 1, and Ifig. 3 1s a side view
of the nozzle construction disassembled from
the device.

This invention broadly consists of a series
of eircularly arranged passages, preferably
restricted at their discharge ends and con-
veniently rifled. These passages separate the
pressure fluid into a plurality of jets dis-
charging into an annular combining or suc-
tion chamber, such chamber being formed by
a constricted tube and an axially disposed
spindle, the chamber being provided with a
lateral communication to a source of gas or
liquid. The chamber at its point of great-
est constriction opposite the pressure inlet
merges into a flaring forcing tube.

The fluid to be mmjected 1s sucked 1n
through the space between the mouth of the

combining chamber and the discharge ends

of the passages, and passes through the
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17 between the ribs, to adjustably receive the

interstices between the jets into the space

between the annular jet column and the axial | cylindrical rear end 18 of a conoidal Spmdle
spindle, the fluid traveling in such space | 19 provided with a kerf 19" at its apex to re-
toward the forcing tube antil it is gripped | ceive a screw driver. A rod 20 extends rear-

5 between the streams or jets as they spread | wardly from the end 18 and is received in 7g
and converge into the throat or point of | the hollow stem 12, a portion of the rod
oreatest constriction of the combining tube | being threaded to engage an iInternally
chamber. The commingled fluids are caused, threaded portion 21 of the stem. The outer
to pass through the throat 1into the forcing | end of the rod projects beyond the stem and

10 tube which itself constitutes an expanding | may be squared to receive a wrench. 75
chamber wherein the velocity head 1s con- In operation, the fluid under pressure is
verted 1nto a pressure head. admitted to the receiving chamber 3 through

Referring to the drawings, A indicates a | inlet 1, whence 1t passes through the circu-
tubular casing provided with an inlet 1 for | larly arranﬂ'ed series of nozzles in a number

15 the propelling fluid, and an inlet 2 for the | of fine jets, “which discharge 1nto the flaring go
inducted fluid, which inlets are preferably | mouth of the combining tube. Tt will be ob-
offset from each other. The inlet 1 may, 1n | served that the spindle Ties in the combining
some instances, be located at one end of the | and forcing tube and converts the area there-
casing, as In the usual form of injectors. | of into a hollow frusto-conical combining

20 The inlet 1 communicates with a chamber 3 | chamber 22 which merges into a similarly g3
in the casing, such casing having an inte- | shaped forcing chamber 23. The discharge
riorly projecting threaded ring 4 located be- | of the fluid under pressure into the larger
tween the inlet and the outlet. One end of a | end of the combining chamber operates in
nipple 5 1s removably screwed into the inter- | the usual manner common to injectors, to

25 nal ring and projects preferably over the in- | suck in fluid through the inlet 2, such fluid go
et 2. 'The ring 4 and nipple 5 divide the | being drawn into the combining chamber,
casing Into a pressure recelving chamber 3 | commingled with the motive fluid and dis-
and a suction chamber 7, the mpple project- | charged into the forcing chamber through
ing into the suction chamber. A combining i the throat 9.

30 and forcing tube 8 1s removably received in In the adjustment of parts shown in the 95
the outer end of the casing, the inner flared | drawing, the spindle 1s approximately at its
end of the combining tube projecting into | farthest limit in one direction, the line of
the suction chamber in longltudmal aline- | juncture of the cylindrical portion 18 with
ment with the free end of the nipple 5. The | the conoidal portion 19 lying concentric rel-

35 combining and forcing tube 1s prov:tded with | ative to the vena coniéracta 9. When in this 100
a bore ﬂarmg at 0pp051te ends and gradually | position, the injector discharges the com-
constricting as 1t approaches the median | bined ﬂu1d at the highest velocity, against a
portion of the tube, the construction of the | high pressure by IE‘tI'ElCtll’lG' the spmdle 30
bore of the combmmo end of the tube merg- that the tapered face lies Within the wvena

40 Ing into the constriction of the bore of the contracta, a greater amount of imnducted fluid 105
forcing tube and forming at that point the | will be discharged into the expanding or
throat or wena contracta 9. The inner end forcing chamber, at a lower velocity.
or mouth of the combining and forcing tube More 1n detail, the operation is as follows:
1s preferably outwardly ﬂdneed as shown at | The channels formed between the ribs 6 con-

45 10, such flange being spaced apart trom the | stitute a circular series of nozzles slightly 1n- 110
free end of the 111pple to permit access of the | clined or reduced at their d1schf1r~:>e ends
inducted fluid to the combining tube. A fill- | and arranged spirally of the head 1. The
g member is received in the nipple 5, such | outer faces of these channels or grooves are
ﬁllmﬁ member comprising a penphemlly closed by the mner periphery of the ni pple

50 slotted head 11 and a stem 12. By slotting | 5 whose contracted portion 13 follows the in- 115
the head, a series of ribs 6 are formed which | cline or restriction of the nozzles. The chan-
are preferably oradually reduced in height | neled or rifled head 1s received and fits
toward the free end of the nipple, the bore of closely 1n the bore of the nipple. The pro-
which nipple 1s contracted as at 13, to con- | vision of these channels converts the solid

55 form to the channeled periphery of the head. | stream usually employed 1n an injector, into 120
Preferably the ribs extend substantially spi- | a plurality of smaller jets which discharge
rally of the head. The stem of the filling | into the flaring mouth of the constricted
member, which stem in the present instance | combining chamber, the opening into which

18 hollow extends rearwardly through a cap | is larger than the diameter of the hollow

60 14. This cap closes the rear end of the casing | column defined by the jets, it being so ar- 125
A, and 1ts inner face surrounding the stem ranged that the jets impinge on the tapered
is countersunk to receive packmg material | wall of the combining tube at a point part-
held 1n place by an annular flange 15 on the | way between the ﬂarmo mouth and the vena
stem. The head 1s recessed as at 16, concen- | coniracta.

66 tric with the annularly arranged channels | The jets are approximately rectangular or 13v
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trapezordal 1 cross-section, with rounded | center of the column of fluid entering the

corners, the longitudinal axes of the jets be-
me 11101111ed later: ally relative to the longitu-
dinal axis of the combining tube and forcer
The jets emerging form a slightly ﬂf.ul_nn
circular grating ot fluid and as they impil'lge
against the tapering wall of the combining
tube, they spread laterally and unite into a
%11101e spirally moving gradually constricted
hollow stream.

The fluud to be injected 1s sucked 1n
through the space between the mouth of the
combining tube and the nipple or nozzle ring
and passes through the interstices between
the jets 1into the annular space between the
circular erid of jets and the centrally dis-
posed spindle. This inducted fluid 1s gripped
between the jets as they spread and converge
in the throat and 1s carried thereby into the
forcing or expanding chamber formed by
the t.:ll)(,l(ﬂ outer portion of the tube 8 and
the oppositely tapered spindle 19. In this
chamber the velocity head 1s converted into
1 pressure head.

The efficiency of this injector is 1ncreased
beeause, as the inducted fluld rushes through
the interstices between the jets, a portion of
such fluid forms a filim or skin, completely
surrounding each jJet, which film attaches
1tselt 1115tantly, owing to molecular adhe-
sion. Furthermore, a comparatively small
portion of the inducted fluid is drawn in
between the wall of the combining tube
and the grid of jets, but by far the larger
portion passes through the 111’&,1 stices of the
orid of Jets as d lescribed.

As the jets spread out and converge 1nto
the throat, two sets of currents are gener-
ated, one, a longitudinally forwardly travel-
ing %plI‘ELl current and the other, a series of
oddv currents, set up by the wedging action
of the motive 'fluid in the throat. The eddy
currents are in the minority and the waves

thoroughly commingle the motive and mn-

ducted fluids.

The great increase in efliciency of this
form of injector over former constructions,
jet pumps, or elevators, ejectors and the hlm
15 due to the fact, ﬁLbL that the motive fluid
is subdivided into a pllll“tlltV of jJets prefer-
ably arranged to form a circular grid of
fluid. Secondly, 1n the provision of & gpPIn-
dle, projecting into and reducing the area of
the combining tube. As a result the motive
jets are caused to pass through and then sur-
round and constrict the induced fluid and in
the final stages, when the partially commin-
oled fluids ‘tpprom,h the throat, the motive
]et% roll against the contracting walls of the
c,ombmm(r tube, forming eddics which roll
forwar dly breﬂlxmn ‘110110' the cylindrical
portion of the c:.pmdle and forcing the 1n-
ducted liquid into the throat.

In the common type of injector with a
solid motive stream discharging in the axial

I

throat, the eddies generated, set up a 5110115
vack suction of pull along the walls of the
throat.

My injector may be used with any motive
fluid such as air, steanm, water and the like,
and may be emploved to inject either 11q1[1d
or gas. It creates a very high vacuum and
its eﬂlueucy when usimg w ater as a motive
fluid to inject water, is (ﬂf/; as agamst 3094
tor the best types of lar o¢ jet (.,10 '1’[01 s used
i placer mining and m the mines of the
Comstock lode.

It will Dbe observed that the cylindrieal
p ortion of the spindle 1s smaller m diame-
ter than the diametler of the erid of jets,
in ovder to afford a space for the reception
of the mducted hqud and the ellicieney of
the mjector may be increased by fluting the
center spindle by means of shallow short
arooves 25 pwlvmbl arranged under and
in line with the jets, and being deepest at
a point divectly under the orifice of the
nozzle, the grooves gradually becoming shal-
lower .;111(1 hlmlly nww'nn mto the ('3]111-
drical surface of the spu wdle. dy virtue of
these grooves, the streams of indueted fluid
passing between the jets, strike the grooves
and arve shunted up mto the motive {luid,
commingling therewith ad being carried
thereby into the expanding chamber.

The cross-sectional area of the annular
space 1nclosed between the orid of jets and
the cylindrical portion of the spindle should
equal about one-halt the area of the throat,
or even more, in case the injector is used to
force fluid Hmm%i very high pressures. The
rifling of the head 11 (‘()ll%(ltlltll]ﬂ the noz-
zles, should be such that the inner wall of
the uﬂilln it prolonged, would 1ntersect the
wall of the combining tube at a pomt 1

rear of the wena contracta. This insures
that each jet will spread or be rolled down
to the centrally disposed spindle before the
stream passes the vena contracta, otherwise
the mjector would not create a luuh SATAITINY

When steam or air under hwh pressure
1s used as the motive fluid, thie discharoe
orifice of each nozzle Hll()%l](l be shuhth
flared and 1n such case the grooves or nﬂmg
should be deepened  tow: ard the discharge
orifice so as to give the ortfices an area of
from, say, 1.3 to 1.7 oreater than the throat
of the 110//510 This flare will permit a great
increase in the veloeity head during its pas-
suge from the choke of the nozzle to the dis-
(,11.:111’)(, orifice and at the same tine the
fluid has sufficient expansive force left to
permit it to expand laterally atter emerg-
ing and grip the inducted luid. With a
non-expansive fluid as water, the nozzles can
have a straight or a choke ovifice.

Owing to Cits high efliciency, this injector
may be used as an air COMPressor, using
steam as the motive fluid or water under
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inlets for the motive
ducted fluid respectively, a combining tube

a2

pressure. In case steam 1s used, 1t 1s neces-
sary to direct a jet of water under good
pressure into the suction inlet or chamber:.
such jet being arranged to impinge agalnst
a wall and break into spray, which is sucked
in with the air and operates to condense the
steam before the latter reaches the throat of
the combining and forcing tube. To attain

this end, I have shown the suction inlet 2

as equipped with a nozzle 24, adapted_to
discharge a stream of water across the inlet,

the stream impinging against the flange 10

which breaks 1t into spray. By this means,
the steam 1s condensed without any appre-
ciable loss of its velocity head and the in-
ducted air is more thoroughly commingled
with the condensed steam, thereby efiecting
a greater efliciency. |

It is evident that changes might be made

in the form and arrangement of the several

parts described without departing from the
spirit and scope of my invention. '
Having thus fully disclosed my 1nven-
tion, what I claim as new 1s—
1. An injector comprising a casing pro-
vided with inlets for the motive and for the

inducted fluids respectively, a combining

tube 1n communication with the inducted

fluid 1nlet, a nozzle member provided with a

seat surrounded by a series of nozzles, and a

‘spindle adjustably received in the seat and

projecting into the combining tube.
9. An injector comprising a casing having

contracted intermediate 1ts ends, the 1nner
end being in communication with the inlet
for the inducted fluid, a nozzle member com-

prising a suitably supported recessed head

adapted to discharge a series of jets of mo-

tive fluid arranged annularly, into the com-

bining tube, a spindle seated in the recess 1n

uid and for the in-

f ]
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the head and projecting into the combining

tube, the spindle inclosed within the annular
series of jets which are spaced apart there-
from, and an adjustably supported rod con-
nected to the spindle, the juncture of the ta-
pered and cylindrical portions of the spin-
dle adapted to cooperate with the contracted
portion of the tube.

3. An Injector comprising a casing having
inlets for the motive fluid and for the 1n-
ducted fluid respectively, a nipple connected

with the casing intermediate the inlets and

dividing the casing into recelving and suc-
tion chambers respectively, a combining
tube, a filling member, the head of which 1s
received in the nipple, the filling member
being apertured to discharge a series of jets
into the combining tube, a hollow stem ex-
tending rearwardly from the head across the
receiving chamber, a cap closing the rear
end of the casing, the stem passing through
the cap, a spindle projecting forwardly
from the head into the combining tube, and
a rod adjustably received 1n the stem and
connected to the spindle.

4. In an injector, the combination with a
casing having inlets for the motive and in-
ducted fluids respectively, an apertured
head suitably received in the casing between
the inlets, the head provided with a hollow
stem, a spindle movable relative to the head,
a rod on the spindle receivable in the hollow
stem, the rod projecting beyond the casing,
the apertures in the head surrounding the
spindle and spaced apart therefrom.

In testimony whereof, I aflix my signa-

ture in presence of two witnesses.
GEORGE C. McFARLANK.

Witnesses: |
RALPH . WARFIELD,
Caristing A. BRAIDEL.
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