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7 Claims.

This invention relates to “airless” or “solid”
injection means or apparatus for spontaneous
ignition constant pressure internal -combustion
engines, of the type comprising a fuel pump and
motive means directly coupled with the . fuel
pump and operable by compression pressure in
an engine cylinder to actuate the fuel pump
for injecting fuel in a regulatable “solid” charge
or volume into the engine cylinder.

In accordance with established practice, an
engine fitted with injection apparatus of the
type specified, is governed by varying the volume
of fuel injected. The volume of fuel injected
upon each operation of the fuel may be con-
trolled by variation of the point or position in
the operative stroke of the ram or plunger at
which fuel ceases to be injected or alternative-
1y, commences to be injected.

In order to thus regulate the quantity inject-
ed, the ram may be arranged for rotation rela-
tively to the piston of the motive means and
provided with a port or groove having an in-
clined face or edge which registers earlier or
later, according to the rotated position of the
ram, with a fuel release port or the fuel supply
or charging port.

Alternatively, the volume of fuel injected may
be regulated by adjustably shutting off com-
munication between the cylinder of the motive
means and the engine cylinder, so that opera-
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‘ be dismantled for inspection, cleaning and re-
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tion of the former terminates earlier or later

and the volume of fuel injected is accordingly
less or greater.

The volume injected may also be varied by
changing the effective capacity of the fuel pump
chamber, so that more or less fuel is dis-
charged while the stroke of pump plunger re-
mains substantially constant.

In thus controlling the volume of injection,
the fuel pump may be fitted with two plungers
one of which comprises a control plunger and is
movable by hand or governor so as to approach
or recede from the other which comprises the
operative plunger and is actuated by the motive
means.

Now the principal objective of this invention
is the provision of injection means or apparatus
of the ftype specified, which is of generally sim-
plified construction and easier to assemble and
dismantle than the forms hitherto developed,
and is, moreover, efficient in operation, and ad-
justably controllable for fuel injection respon-
sive to variations of engine load.

The facility with which the injection means
or apparatus according to this invention may
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pair, and readily reassembled is of material im-
portance in the general maintenance and run-
ning of engines.

In achieving the above-stated prinecipal ob-
jective and in the broadest concept of the in-
vention, -there is provided an injection means
or apparatus of the type speciflied, having in the
fuel pump ‘a control plunger opposed to and
separated from the operative plunger by a
space comprising the fuel chamber, the opera-
tive plunger responsive to action of the motive
means controlling the filling or charging with
and ejection of fuel from the fuel chamber for
injection, and the control plunger being adjust-
ably movable relatively to the operative plunger
to vary the volume of injection and comprise a
stop variably limiting the stroke of the opera-
tive plunger.

The initial volume of fuel in the fuel cham-
ber, i. e. the volume.at the commencement of
each stroke of the operative plunger, is con-
stant, but the stroke of the latter is terminated
earlier or later by engagement with the adjust-
able control plunger, so that the quantity of fuel
displaced and injected by successive- strokes of
the operative plunger comprises a greater or
less proportion of the constant initial volume
responsive to changes of engine load.

Further objects of the invention are to pro-
vide free movement for the control plunger un-
opposed by pressure, so that a governor may
adjust the control plunger to vary the quantity
of fuel injected in response to changes of engine
load, to provide means for absorbing shock upon
completion of injection, and to incorporate in
the motive means a device to facilitate engine
starting and slow running.

In order that the control plunger may be freely
moved by a governor, the former is contained in
the pump bore or cylinder and is pressure-bal-
anced i. e. the pressures upon the opposite ends
are equalized by the provision of a passage inter-
connecting the fuel chamber at one end of the
control plunger with the portion of the pump
cylinder at the opposite end of said plunger.

An important function achieved by the oper-
ation of the motive piston, is the increase in
clearance volume space which lowers the com-
pression pressure, i. e. decreases the compression
ratio. . Such decrease in compression ratio lowers
the temperature of compression below the neces-
sary ignition temperature, but this lowering of
temperature is compensated by heating of the
fuel arising from sudden impact of the pump
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plunger thereon and the friction resulting from
the high velocity of the fuel through the nozzle
jets and through the dense compressed air.
The heating thus produced and the heat of

compression raises the temperature to the ignition -,

point, notwithstanding the reduction in compres-
sion pressure.

The. injection. apparatus according to. the in-
vention, may therefore be used effectivély on en-
gines of small size operating at relatively low

sultantly operated on a spontaneous ignition con-
stant pressure cycle.

0.
compression pressures, and such engines are re-

The. invention will be better understood from .

the description of the exemplary practical injec-
tion apparatus. illustrated in the accompanying
drawings, wherein:

Pig. 1 is a longitudinal section of the mJectmn
apparatus.

Fig. 2 is a plan view. on the line II—1T of Pig. 1,

Fig. 3 is a longitudinal section on the line
ITT—TII of Fig. 2.

" Fig. 4is a fragmentary sectional ‘detail on a
larger scale. - |

In these drawmgs, the numeral 5. des1gnates a
cyhndrmal casing, of which the exterior portion,
mdlcated by |6, is’ appropriately dimensioned to
fit within & fuel supply. apérture 1 in the com-
pustion head 8 of a eylinder 9 of an infernal
combustlon englne .

The cyhndrlcal casing 5 is formed with ' an en-
'largement 10 and is axially step-bored. The bore
is of maximum diameter at | { within the enlarge-
ment 10 and. of least diameter at 2 within the
portmn 6 with 1ntermed1ate bore diameters at
13 and 4.

At the termmatmn of the minimuim Lore 12,
there is an internal flange 15, which is axially
bored and recessed at 16 to form a seatmg i1 for
an externally flanged bushmg {8 having an. axial

orifice {9 which is ﬂared or tapered at each end;:
the taper indicated by 20 coniprisiig a valve seat

as-presently explamed

" ‘Formied obliqiiely in the bushing 18 is a port
or passage 21 of relatively small dlameter which
forms a by-pass between the 1nter1or of the en-
gine cyhnder 9 and theé intetrior of the ‘bore 12
of the casing 5 for-a purpose héreinafter de-
scribed.

Slidably ﬁttmg the rmmmum boie -bortion 2
is 8 ‘piston 22 formed with 4 éentral projéction
or boss 23 which is tapered at 24 to form a valve
Tor erigagement with the coriespondingly tapered
valve seat 20, see Fig. 3

PrOJectmg from the boss 23 is an ax1al exten-
&ion 25 which extends through the orifice 19 and
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member 27 are provided with apertures 32 oppo-
sitely located at equal distances from the common
axis of the casing 5 and kody member, and studs

_or bolts (not shown) passed through the aper-

tures 32 and fixed in the combustion head 8,
firmly secure the casing § and body member to
the latter.

Formed mtegrally with the body member 27 is
an extension 23 which extends axially within the
bore portion 14 and is internally bored at 34 to
réceive an axial extension 35 of the piston 22.

The extensions 33 and 35 comprise respectively
the barrel and plunger of the fuel injection pump
hereinafter more fully described.

Slidably fitting the bore portion [4 is a cylin-

‘drical sleeve 36 having an internal flange 37 upon
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which is seated one end of a helical spring 38,
the opposite end of which bears upon the piston
22 and urges the valve 24 thereon into engage-
ment with the valve seat 28 to shut off communi-
cation between the cylinder 9 and the interior of
thie bore 2.

Extending coaxially from the bore 24 to the
end of the body member 21, is a bore 39 of some-
what greater diameter in which is-fitted & liner
40 which comprises an extension of the pump
bariel 83 and projects from the end of the body
meimber and is threaded for engagement by a
manually adjustable nut 81. An integral flange
48a snd screws 44D secure the liner 46 o the body
nmiember 27. L

In contac with the nut 41 is-a colldr 22 axially -
movable upon the liner 48 and secured to thrust

_ rods 43 which extend through longitudinal holes
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partially closes the latter, so that an annular pas- :

sage indicated by 26, is formed between the ex-~

terision 25 -and the mtermr of -the bushing 18.

-The annular passage 25 connects the. interior
of ihe eylinder 9 ard bore 12 upon the -valve
24 being displaced froin the seat 20, see Fig. 1,
it is closed.by the valve 24 Upon engagement
with the seat 20 as shown in Fig, 3.

The bore 1i of the ‘casing B .is- internally
. threaded to receive a correspondingly screwed
closure: or body member 27, the outer surface of
which has the same external diameter: as the
~enlargement 10, so that the former has 4 shoulder
28.-which abuts upon the end of the latter.

_'The body membér -27:has dn unthréaded or
plain ‘portion 29 which fits within the bore por-
tion 13 and thereby disposes the body tember
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aceurately i in coaxial alisnmerit with the ¢asing 5. .

Tiligs 30 and 31 formed intezrally with the body 7:

44 in the body member 27 into contact with the
sleeve 36.

It will be apparent that by adjustment of ‘the
nut 41, the thrust rods 43 - may be slidably moved
in the holes 44 to adjuist the compression or nor-
mal energising of the spring 38 to thereby vary
the closihg pressiire of the valve 24 on the valve
seat 20, and resultantly determine the compres-
sion pressure in thie engine cylinder at which the
valve 24 will opén, as hereinafter described. Lock-
ing of the nut 41 upon adjustment, is effected by
a pin 45 engageable with one or miore raip slots
46 in the collar 42, -

~Through the plunger 25, piston 22 and exten-
sion 25 is an axial bore 41 which terminates at
the closed end 48 of the extension 25, and in the
bore 471 is closely fitted a capillary. tube 49 havmg
a fine bore 50.

The end of the capillary tube 49 is reduced in
diaeter at 54 to form an ahnulay space 52 and
the ihner side of the ¢losed end 48 is sepalated
from the end of the capillary tube by a sbace or
gap indicated by 53.

The extension 25 is tapered at 5% and through
this tapered part is drilléd -a multiple number
of small spray apertures 55 through which fuel is
sprayed into the engitie cylinder 8, the extenswn
25 accordingly, comprsmg the fueliinjection rog-
zle.

Slidably fitted in the 11ner %0 is a control
plunger 56 which is reciprocal in the former ‘and
has an axial bore 57 extending between the op-
1osite ends thereof.

In ‘order that the control plunger 56 may be
adjustably reciprocated in the linér 40, the former
has at or about the mid-length, a peripheral slot
58, with which is engaged a tongue 59 on a cross-
head 80 secured by screw 61 to a slide bar 62 slid-
able in g guide aperture 63 inthe body. member 21

The crosshead 69 is accommodated ‘and mov-

able in & slot €4 formed in the body member 27,
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and a link §5 controlled manually or by a gover-
nor is connected to the screw 61, so as to actu-
ate the crosshead 60 and thereby move the con-
trol plunger §8 in the liner 498 in response to vari-
ations ‘of load, as hereinafter described.

The space between the ends of the pump
plunger 35 and the control plunger 56 comprises
a fuel chamber 66 into which extends a cushion-
ing block 67 carried by the control plunger 56.

The cushioning block 61 has a shank 68 which
slidably fits an enlargement 69 of the axial bore
57 and is retained therein by a transverse pin 70
which extends through a slot T{1 in the shank
68. Bearing upon the end of the shank 68 and
seated upon the end of the enlarged bore 69 is a
spring 72 which normally retains the inner end
of the slot Tl in engagement with the pin 70 and
the cushioning block extended from the control
plunger 86. In the shank 68 are ports 73—T14
whereby communication is established between
the axial bore 87 and the fuel chamber 66.

The end of the pump plunger 35 is bored and
threaded to receive a plug 15 having a central
aperture 76 which' is closable by a spring-in-
fluenced check valve 17 positioned in-a passage
78 continuous with the capillary bore 59.

Extending through a vertically disposed aper-
ture 19 in the lug 31 is a filtering device com-
prising a cylindrical plug 80 having a threaded
head 81 to which is connected a fuel supply tube
(not shown). The plug 80 projects from the op-
posite side of the lug 31 and is threaded to receive
a removable cap 82 which by a sealing pad 83
closes a bore 84 extending through the plug to a

constriction 85 forming a shoulder 86 against 3

which a filtering sleeve 81 is normally main-
tained by a spring 88.

The sleeve 87 has ends 89 fitting the bore 84,
and between the ends 89 there is a reduced por-
tion 99 forming with the surrounding bore 84 an
annular space 9f. In the opposite ends of the
sleeve 87 are axially drilled holes 92 which by
small radial apertures 93 are connected with the
annular-space 81. In passing through the filter-
ing sleeve 81, impurities and any contained water
are extracted from the fuel and gravitate to
the lower end of the plug 80 for removal upon
withdrawal of the cap 82.

A hole 94 in the plug 80 is aligned with a port
85 in the lug 31 which connects with a longitu-
dinal passage 86 in the body member 21. The
passage 96 has a. terminal port €1 which con-
nects with the bore 34 of the pump barrel 33 and
is opened by the plunger 35 as the valve 24 moves
into contact with the valve seat 28, see Fig 3.

Upon the terminal port 97 being thus opened,
fuel from the fuel line which is maintained at
a required charging pressure, passes through the
sleeve valve 87 by way of the axial holes 92, radial
apertures 93, annular space 91, hole 94, port 95
and passage 96 to and through the terminal port
97 into the fuel chamber 66 which is accordingly
charged with liquid fuel.

Furthermore, the liquid fuel passes through
the ports 13—74 in the shank 68 into and
through the bore 57 and fills the portion of the
liner 40 or extension of the pump harrel above
the control plunger 56, the liner 40 being closed
by a screw §8 and packing washer 99.

In operation, and assuming the fuel chamber
66, bore 57, and said portion of the liner 40 -to
‘be thus filled with liquid fuel, and the valve 24
to be closing the annular passage 26, the engine
is initially rotated to impel the piston inwardly
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into the eylinder on the compression stroke: of
the cycle.of operations:

During the compression stroke and in accord-
ance with the operative cycle of spontaneous
ignition constant pressure engines, air is ‘com-
pressed in the engine cylinder, and as the pres-
sure rises, compressed air passages through the
by-pass port 21 into the cylinder 12, so that the
pressure therein increases but at a relatively slow
rate consequent upon the small area of the hy-
pass 2f.

The compression pressure in rising hears upon
an area of the piston 22 equivalent to the full
cross-sectional area of the axial orifice 19 of the
bushing {8, and as the engine piston approaches
the end of the compression stroke, the - com-
pression pressure acting upon this area, together
with the pressure in the cylinder 12 acting upon
the annular part of the piston 22 surrounding
the boss 23, is sufficient to displace the valve 24
from the seat 20 against the resistance of the
spring 38.

Thereupon the compression pressure acts upon
the full area of the piston 22 which together with
the pump plunger 35 is rapidly moved and thrust
against the spring-38 which is accordingly com-~
pressed and further energized.

In the rapid movement in the pump barrel 22,
the plunger 35 firstly, closes the fuel inlet 91
and then ejects the fuel charge in the fuel cham-
ber 66 through aperture 16 past the valve 17 into
the- capillary bore 50 -and thence into the in-
jection nozzle 25 from which the fuel is sprayed
through the apertures 55 into the engine cylinder,
wherein the fuel is spontaneously ignited and
burnt in the compressed air to impart the initiai
impulse to the engine.

The brief injection period terminates upon en-
gagement of the marginal edge of the aperture
176 with the cushioning block 67, whereuvon the
delivery of fuel into the engine cylinder ceases.

Upon injection of fuel ceasing as described,
the piston 22 and plunger 35 are brought to rest
without shock by the back pressure generated
in the.fuel remaining in the fuel chamber 686,
bore 57 and the upper portion of liner 48. When
the marginal edge-of the aperture 16 of the out-
wardly rising plunger 35 engages with ~the
cushioning block 67 the latter is impelled in an
upward direction under restraint by the trans-
verse pin 710 in the slot 71 of the shank 68, the
spring 712 and the pressure of the fuel remain-
ing in the ports 713 and 74, the bore 571 of the
control plunger 56 and the upper portion of the
liner 40. The bhack pressure of the fuel.thus
arising at the termination of injection and which
the cushioning block 67 and its related -mem-
bers are designed to induce, has the effect of
bringing piston 22 and plunger 35 to rest with-
out shock, due:in the applicant’s belief, to the
slight compressibility of the fuel, dilation of the
metal parts and the increased fuel pressure which
balance out the compression pressure.

In the starting of the engine as sbove de-
scribed, and to some extent in slow running, a
portion of the air undergoing compression pdsses
through: the by-pass port 21 and the compres-
sion pressure in increasing acts upon the whole

-area. of the piston 22 which is accordingly op-

erated earlier during the compression stroke than
would be the case if the by-pass port were omit-
ted and the compression pressure acted only upon
the area of the piston equivalent to the cross-
sectional area of the axial orifice 19 of the bush-
ing 18.
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Accordingly, it will be apprec1ated that. .in
starting or running at much reduced speeds, the
by-pass port 24 by adxmttmg compressed a1r to
the annular space surroundmg the boss 23 ob,
viates the factors which reduce comp1 ession pres-
sure and arising from heat losses consequent
upon the lower rate .of compressmn ‘and ‘the
longer -period of time for plston blow by, and
“leakages through inlet and exhaust vaives, all
of ‘which by simultaneous- actlon Would rende1
the operation of the motive means tco late or
-suspend ‘the operation altogether, if the. ares be-
low the valve 24-alone was exnosed to 1ncreas1ng
compression pressure.

As the engine accelerates, the by-pass port 21,
resultantly of -its restricted cross—sectlonal .area,
becomes . decreasingly effective unt11 upon the
engine -attaining .the normal runnmer speed the
- by-pass port becomes almost 1neﬁ?ect1ve and
the-compression pressure acts only upon the -aresa,
of the piston 22 equlvalent 10 the area of the
" orifice 19.

‘The area or diameter of the.by-pass .port-21-

whereby optimum starting and slow running are
achieved is:ascertained by trial.

Governing of the engine: speed in response. to
load variations is effected by .the control plunger
56 which by the link 65, serew 61 and. crosshead
60 is axially-moved in the liner 40-by the engine
governor to-vary the stroke of the pump. plunger
35, so that:a greater or:less.quantity. of fuel.is
injected -in accordance with load Tequirements.

The total capacity of the fuel injection pump,
i.e. the volume comprised of the fuel in-the cham-

ber 66, the bore 57 of the control plunger-56.and 3:

the portion of -the bore of:the liner 40 above-the
control plunger, is constant at-the -commence-
-‘ment of each -stroke. of -the pump-plunger, not-
‘withstanding " the: axial - position of - the .control
plunger 58, as it will:be evident- that-a: reduction
in capacity of-the: fuel:chamber 66 is. compen-
sated by an equal:increase in -capacity -of:the
portion. of the bore above the control: plunger-56.

The stroke of the pump plunger-35 is:limited
by contact with-the control plunger :56 -and: the

latter resultantly of .the-action of -the:governor
in response to changes.of load. is positioned nearer
to or:further from: the initial position:of the: for~
‘mer at the commencement. of each: stroke.

Consequently: the stroke -of: the. pump- plunger
:357is: varied- and at each: injection: expels;a-pro-
-portionally. greater: or less.volume of the constant
.total pump capacity. from-the fuel chamber-66.

As the pressures.on the:ends of control plunger

56~ are-balanced, as a consequence. of the axial
‘kore. 57.through which- fuel is free:to: flow-in
either direction, fhe resistance opposing the gov-
ernor is slight:so. that sensitive governing .of. the
-engine is:achieved.

Upon the. piston: 22 being operated during.the
-compression: stroke :of the engine. as .described,
~the voilume of the’ clearance space of:.the engine

cylinder .is ‘increased:by connection with:the in-
-terior-of the motive cylinder 12.

Resultantly, the compression ratio is decreased
-and the compression pressure is;accordingly;low-
-ered, so that the.temperature of the compressed
‘air.in the engine cylinder:would.be.less:than:the

minimum required for ignition; i. e. 1000° Fahren-
heit, were it not for.other:factors which counter~
act the fall of temperature.

Factors: which -contribute. to.increase :the tem-
perature . to the:ignition:point. are the-sudden
impact-of :the pump. plunger. upon the fuel ' which
in the applicant’s belief generates heat -in :the
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latter, and the frlctmn arising from the high
velocity of the fuel in passing’ through the’ Jet
orifices and through the dense compressed air,
Whlch it is. believed generates heat in “the fuel.

"The accumulat1ve ‘heating effects from those
causes and éngine compression have been found
to raise the temperature to the jgnition . pomt SO
that the apparatus descr1bed lierein may be used
efﬁc1ently on engmes wof small size operatlng ab
relatively low ‘compression” pressures,  both at
starting. and innormial; runmng, and permits.such
engines to be. operated on.a Spontaneous 1gmt1on
constant pressure cycle. T

Although the improved injection apparatus has
been descrlbed Wlth partlcular reference to0"con-
stant .pressure - engines operatmg on relatlvely :
heavy fuels, such ‘as diesel oil,"it will be .appre-
clated that the apparatus may be utlhzed W1th
like advantages for constant volume engmes oper-

tmg on l1ght and vyolatile l1qu1d fuels or. sp1r1ts.
such as petrol benzme, alcohol kerosene and the
like.

Inorder to overcome the lubucatmn difficulties
apt to be’ encountered in mJectmn apparatus
when. such hght fuels.are used, the liner 40 may
be made of mater1al havmg self-lubrlcatlng char-
acterlst1cs such as.a sultable plastic, 011 or graph-
ite. 1moregnated metals, powdered metals, or. the
hke and operatlve parts such a8 the pump
plunge1 and;barrel, and.-the control plunger ma.y
be sleeved or lined. w1th such materlals

L claxm

1. In a pressure operated. liquid injection appa~
ratus,.a pump cylinder, a plunger rec1pr0cab1e in
the . pump cylinder, an ax1ally adjustable 'stop
member in.the pump cyhnder to var1ab1y lnmt

. the stroke of the plunger, an ax1ally disposed
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,opposme ends of sa1d plunger, and

discharge duct in the plunger means for: hydrau-
hcally balancmg the stop member agamst liquid
pressure, and valvular means carried. by the stop
member-to ‘engage, the plunger and. obturate ther

Aax1ally d1sposed dlscharge duct.

2. Ing pressure operated llqmd injection appa-
ratus a: pump cyhnder a bump plunger Tl p-
rocable in.the cylinder, an axially adJustable con-
trol pluiiger in the pump. cylinder 6 varlably litnit
the stroke of the pump plunger, an axial. dlscharge
duct in the pump plunger, means for equahzmg
the liquid pressures.on oppos1te .ends-of . the con-
trol plunger, and a valve carrled by ‘the ‘control

,}plunger to engage the pump plunger and obturate
‘the axial d1scharge duct.”

3..In a pressure operated l1qu1d 1nJect1on appa-

‘to and ax1ally adJustable to 11m1t the, stio e of
,the pump plunger an ax1al dlscharge duct 1n the

hydraullcally balance the hquld press

the axial discharge duct.”

-4, In g pressure operated 11qu1d 1n3ectlcn appa-
ratus, a pump cyhnder a pvwel cylinder in’"¢o-
axial alignment with the pump cylinder, a plston

-In the power cylinder oper able by increasing’ “fluid
‘pressure. in said-cylindet, a plunger.in the. puiiip

cylinder operatively. connected. with the piston, .
a control plunger in the pump.cylinder opposed
to the pump:plunger, means for axially adjustirig

‘the control plungér to variably limit the.stroke
.cf.the ;pump- plunger; and. piston, g longitudinal

discharge .durc‘t,in_the_.control plunger, and a. valve
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resiliently mounted on the conirol plunger to
engage the pump plunger and obturate the longi-
tudinal discharge duct.

5. A pressure operated liquid injection appa-
ratus comprising a pump cylinder, a power cylin-
der, a piston in the power cylinder operable by
increasing fluid pressure in said cylinder, a
plunger in the pump cylinder operatively con-
nected with the piston, an admission port in the
end of the power cylinder closable by a portion
of the piston having a primary area exposed to
the increasing fluid pressure through said port,
a secondary area of the piston to which the fluid
pressure is additionally applied upon initial move-
ment of the piston responsive to action of the
increasing fluid pressure on the primary area,
a chamber between the secondary area of the
piston ang the end of the cylinder, and a by-pass
through which the fluid is fed at reduced rate to
the chamber to eifect 5 gradual increase of pres-
sure on the secondary area simultaneously with
the direct increase of pressure on the primary
area through the admission port.

6. A pressure operated liquid injection appa-
ratus, comprising a pump eylinder, a power cylin-
der in coaxial alignment with the pump cylinder,
a piston in the power cylinder operable by in-
creasing fluid pressure in said cylinder, a plunger
in the pump cylinder operatively connected with
the piston, an admission port for fluid under in-
creasing pressure in the end of the power cylin-~
der, an extension of the piston, a valve seating
disposed about the admission port, a valve on the
extension of the piston engageable with the seat-
ing, an annular chamber disposed about said ex-
tension, resilient means urging said valve upon
the seating and opposing operative stroke move-
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ment of the piston and plunger, a control plunger
in the pump cylinder opposed to the pump
plunger, means for axially adjusting the control
plunger to variably limit the operative stroke of
the plunger and piston, a longitudinal discharge
duct  for liguid extending axially through the
plunger, the piston and said extension of the
piston, a pressure equalizing duct extending ax~
ially through the pump plunger. means for equal-
izing the liquid pressures on oppeosite ends of the
control plunger, and valvular means carried by
the control plunger to engage the pump plunger
and obturate the longitudinal discharge duect.

7. A pressure operated liquid injection appa-
ratus as claimed in claim 6, wherein the fluid
under increasing pressure is.applied through the
admission port directly to a primary area of the
piston and through a by-pass pori at reduced
rate into the annular chamber to act at a dimin-
ished pressure. upon a secondary area of the
piston.

RICHARD STANLEY BLAKEWAY.
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