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[57] AIES'I‘IIKAICT 

A fuel injection system for Diesel cycle or compression 
ignition internal combustion engines wherein fuel in 
jection remains volumetrically constant and potency of 
the fuel is varied dependent upon the required power 
application. A constant stroke and constant volume in 
jector pump is operated in timed relation to the engine 
crankshaft rotation, with a fuel mixing and displace 

_ ment unit for each engine cylinder involved. The struc 
tural functions are: low pressure metering and homoge 
nous mixing together of at least two liquid fuels, one of 
maximum potency and one of lesser or minimum po 
tency such as a dilutant and/or other additives as may 
be required; the averaging of power throughout multi 
ple power strokes or revolutions; and the constant vol 
ume injection which results in full stroke fuel injection 
and reduced peak pressure and smoothness of opera 
tion in Iighter weight engine structures; all of which is 
due to the controllahiiity of the injection process. 

2% tCIninns, 9 Drawing Figures 
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The primary object of this invention is to provide 
means whereby fuel can be delivered into Diesel engine 
cylinders at constant volume with variable heat or 
power potential; and involves improvements related to 
my US. Pat. No. 2,319,953 entitled METHOD AND 
MEANS FOR CONTROLLlNG COMBUSTlON EN 
GlNES dated May 25, 1943. it is the constant volume 
injection principle which is utilized and to the end that 
the pressure volume curve of the engine is improved 
and uncontrolled pressure changes therein eliminated, 
and as a consequence ‘malting it"possible to deliver 
smoother power at higher rates in engines of lighter 
construction. However, the constant volume solid in 
jection herein disclosed is to be distinguished from the 
constant volume cycle of the Otto cycle engines 
wherein a mixture of air and combustible fuel is drawn 
into a cylinder and compressed therein before ignition. 
i am herein concerned with the compression ignition 
engine, improved so as to more closely approach theo 
retical perfection. in practicing this invention, the in 
jected fuel is a homogenous mixture of at least two liq 
uids, one such as oil or fossil fuel with its full compli 
ment of constituents and properties which afford a 
maximum power potential commonly rated in British 
thermal units (Btu), and one such as water (preferably 
treated, for example, modi?ed or pure or distilled wa 
ter) with its lesser potency or inert or partially inert 
properites insofar as combustibility is concerned. Ac 
cordingly, an improvement herein disclosed is the ad— 
vantageous utilization of a maximum or peak perfor 
mance fuel as the one liquid to be admixed or used to 
tally when so required, and of a minimum or low per 
formance fuel as the other liquid to be admixed or used 
totally when so required. As is recognized as a quality 
of Diesel engines, this invention does not in any way ad 
versely affect the advantages of the surplus of combus 
tion air (oxygen) and the resultant thorough combus 
tion characteristic thereof. 
An object of this invention is to provide an injection 

system for Diesel cycle engines which charges each cyl 
inder during its power stroke with an equal volume of 
variable Btu (power) liquid. The system is controllable 
(Btu value) so that the charges can be varied from 
stroke to stroke. 

Another object of this invention is to provide a Diesel 
injection system of the character referred to that mixes 
a liquid fuel such as oil into'a liquid dilutant such as wa 
ter, to establish a homogenous solution which is then 
injected as a constant volume charge into the engine 
cylinder. With the present'invention, the mixing is per 
formed .at lower pressures while ?lling the pump fol 
lowed by high pressure injection ascircumstances re 
quire. 

it is another object of this invention toprovide a Die 
sel injection system of the character referred to that av 
erages the charge potency from injection to injection, 
whereby sudden change is made impossible. in carrying 
out this invention a unique dual chamber cylinder and 
piston-ram pump is provided and the admixture of fuel 
and dilutant is transferred openly between said dual 
chambers, for mixture and/or homogenization, storage, 
and subsequent displacement for injection by said ram. 

it is still another object of this invention to provide 
a Diesel injection system of the character referred to 
that is adapted to receive proportionate charges of fuel 
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and dilutant, for example maximum Btu fuel and mini 
mum Btu fuel, the singular or plural use of which makes 
up a full constant volume charge for subsequent injec 
tion throughout a consistently optimum arc of injec 
tion. ‘With this inventive concept the two liquids can be 
administered in various ways without adverse e?‘ect 
upon engine power, since the above mentioned averag 
ing compensates for momentary discrepancies (for ex 
ample in metering). Therefore, momentary inaccuracy 
in metering can be tolerated, and the proportionating 
timing can be applied simultaneously or sequentially 
and without high tolerances, as may be desired. 
An adjunct of the foregoing objects is that sudden 

changes in fuel-dilutant cannot occur with consequent 
smoothness of operation, the constant volume injection 
eliminates the usually accepted peak pressures result 
ing from the explosive characteristics of fuel injection 
accompanied by ignition lag, and all to the end that 
pealr pressures are reduced so that lighter weight en 
gine structures become permissible, while increasing 
the potential power output through all speed ranges 
due to the closer realization of a true constant pressure 
Diesel cycle. 
The various objects and features of this invention will 

be fully understood from the following detailed de 
scription of the typical preferred forms and applica 
tions thereof, throughout which description reference 
is made to the accompanying drawings, in which: 

lFlGS. ll, 2 and 3 are pressure-volume diagrams as 
shown by indicator cards, FIG. 1i being a composite dia 
gram of the Carnot, Diesel and Otto cycles, FIG. 2 
being variations of ‘the normally injected Diesel cycle 
and HO. 3 being variations of the Diesel cycle affected 
by the constant volume injection of the present inven 
tion. 
FlG. 4 is a cross sectional elevation of the fundamen 

tals involved in a Diesel engine embodying the injector 
of the present invention. 
FIG. 5 is a schematic diagram illustrating the com 

bined mechanical fluid and electrical systems that are 
involved. 
FIGS. 6, ‘7, ii and 9 are detailed sectional views of the 

various forms of the invention respectively. 
This disclosure requires an understanding of various 

internal combustion cycles and the pressure-volume 
diagrams thereof as depicted graphically on the indica 
tor cards developed for that purpose. Three such card 
diagrams are shown in FKGS. i1, 2 and 3 of the drawings; 
FlG. J1 illustrating the theoretical envelope curves em~ 
bracing the Carnot, Diesel and Otto cycles; FIG. 2 illus 
trating the variations that occur in the normally in 
jected Diesel cycle; and MG. 3 showing the improve 
ments realized by the constant volume variable potency 
injection of the present invention. - 
Referring to HO. )1, a two cycle envelope is shown 

and which is much the same for all internal combustion 
engines. The point of ignition a indicates the start of the 
combustion process that adds heat-to the working fluid. 
if the theoretical Carnot cycle could be achieved by 
adding heat isothermically, the lowermost constant 
temperature line a-b would have bounded the top of 
the pressure volume curve. The other extreme is the 
Otto cycle which is quite successful but with recog 
nized disadvantages which need not be discussed 
herein, and the uppermost constant volume line a—c 
bounding the top of the pressure-volume curve. The 
Diesel cycle is shown as a compromising constant pres 
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sure line a-d which theoretically bounds the top of the 
pressure-volume curve but which in practicality does 
not, for various reasons that will now be pointed out. 
The a-d constant pressure curve of FIG. ll leads us to 

believe that the Diesel engine operates on constant 
pressure during fuel injection, but this ideal is not real 
ized in practice since indicator cards show ignition lag 
followed by sharply rising peak pressures resulting from 
the explosive characteristics of the said ignition. Refer 
ring now to FIG. 2, a typical four cycle Diesel envelope 
is illustrated with its characteristic pressure peak fol 
lowing ignition as a result of ignition lag. The theoreti 
cal constant pressure curve a —d is represented by sev 
eral dimensional distances along said curve, namely in 
degrees of rotation 1, 2 and 3 which represent the de~ 
grees of crank rotation during conventional fuel injec 
tion, for full load condition (I) and two partial load 
conditions (2 and 3). The dimension ll represents the 
practical maximum degree of rotation for constant 
pressure (volume) fuel injection, while dimension 2 
represents a lesser degree of rotation from point a 
where cut-off of the injection occurs; and while dimen 
sion 3 represents the minimum degree of rotation for 
idle speed. It will be apparent that speed and load con 
trol is provided for, but at great costs and resulting in 
rough engine operation; due to loss of the constant 
pressure characteristics and all of which requires heavy 
engine structures in order to cope with peak loads as 
they are imposed by over injection at insufficient en 
gine speeds. 
Referring now to FIG. 3 and the present invention, a 

typical four cycle Diesel envelope is illustrated but with 
a reduced pressure peak following ignition and charac 
terized by a continued elevation of the top curve of the 
envelope terminating at the one cut-off line d’ (a verti 
cal line on the chart). The distance 1 remains the same 
for all power settings, while the pressure drops between 
points a and d’, dependent upon the potency of the 
fuel-dilutant which is injected at a constant rate. For 
example, line 4 corresponds to previously described 
line 2, representing a diluted injection for a lesser load 
than the maximum load line extending between a and 
d’; while line 5 represents a fully diluted idle speed in 
jection corresponding to previously described line 3. 
Note that fluid injection at a constant rate or volume 
occurs between point a and cut-off line d’. 

In accordance with the present invention, I have pro~ 
vided a new fuel injector adapted to be located close to 
the engine cylinder to be injected, for accomplishing 
the constant volume variable potency charging of said 
engine cylinder operating on the Diesel cycle wherein 
constant pressure operation is sought as a theoretical 
goal. I now disclose a practical fuel mixing and pump 
device which involves for one and each engine cylin 
der, a pump cylinder A, a partition B separating the cyl 
inder into dual chambers X and Y, a ram C entering the 
cylinder and positioning the piston therein, means D 
reciprocating the same in timed relation to rotation of 
the engine, a metered fuel supply means E, a metered 
fuel dilutant supply means F, and a valved injector 
means G opening into the engine cylinder. The idea of 
means embodied in the physical elements of the device 
involves the dual chambers X and Y, a transfer cham 
ber in which the fuel and fuel dilutant are mixed, and 
a storage chamber in which fuel mixture not injected is 
remixed and stored. This remixing and storage concept 
provides for an averaging of a fuel-dilutant potency 
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6 
over a number of engine cycles dependent upon the 
swept volumes of the said chambers. In practice, the‘ 
transfer chamber which receives and delivers ?uids can 
have a substantially complete swept volume, whereas 
the storage chamber which stores previously metered 
fuel and fuel dilutant has a remaining unsw'ept volume 
thereby holding consecutively metered charges of fuel 
dilutant mixture or portions thereof and mixing and av 
eraging them over a number of engine cycles. 
The Diesel engine can vary widely and in each in 

stance involves a frame 10 journaling a crankshaft 11 
and carrying a cylinder 12 closed by a head 13 and in 
which a piston 14 reciprocates according to the angular 
displacements of the crank connected to the piston by 
a rod M’. Whether two or four cycle, there is a maxi 
mum number of degrees following the ignition point 
(a) through which fuel injection can occur (a-d’), and 
it is this number of degrees which is the constant em 
ployed by the means D hereinafter described. 
The pump cylinder A has an inner diameter wall 15 

accurately turned about a central axis, the cylinder 
opening having substantial length and closed at oppo 
site ends by heads 16 and 17, at least one of which is 
removable for disassembly. In the case illustrated, the 
lower head 17 incorporates the various ?uid passages 
therein that are involved with the means E, F and G, 
while the upper head 16 incorporates a guide bore 18 
therein which reciprocally carries the ram C. Except 
for certain features of the aforementioned means E, F 
and G the cylinder A is closed by entry therein of the 
ram C. 

The partition B is preferably a piston that is operable 
in the cylinder A and has an outer diameter wall 19 ac 
curately turned about the central axis and of substan 
tially lesser length than the distance between the heads 
of the cylinder. In practice, the partition-piston B is a 
disc-shaped element with ?at spaced and parallel top 
and bottom faces 20 and 21 disposed in planes normal 
to said axis. As is preferred (excepting the form of FIG. 
6) and conducive to ?uid induction and mixing, the pis 
ton B is attached to the ram C, and is preferably inte 
gral therewith. The piston faces 20 and 21 remain 
spaced from the heads 16 and I7 respectively thereby 
establishing'the dual chambers in the cylinder A, the 
storage chamber X and the transfer chamber Y. Refer 
ring speci?cally to FIG. 6 of the drawings, the partition 
B is a ?xed element which separates the two chambers 
X and Y; transfer, mixing and injection of liquid being 
dependent entirely upon movement of the ram C. It is 
the transfer chamber Y which receives metered 
amounts of fuel-dilutant for comingling, and it is the 
storage chamber X which averages the changes in me 
ter. The capacity for averaging by the chamber X is de 
pendent upon its remaining unswept volume and ac 
cordingly the said chamber is sizeable. As shown, the 
ram C enters the chamber X. 
The ram C that enters the cylinder A is effective in 

its movements upon the ?uids in both chambers X and 
Y. Although it is feasible to ?x the piston B immovably 
in the cylinder A as disclosed in FIG. 6, it is preferred 
to attach the piston to the ram C so that the volumetric 
displacement varies alternately between the two cham 
bers X and Y, the total volume being alternately in 
creased and decreased by reciprocal movement of the 
ram C. That is, withdrawal with the ram from the cylin 
der chambers increases the total volumetric displace 
ment, while re-entry therein decreases the same. How 
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ever, the ?uid flow is unobvious and in accordance with 
the invention involves open ?uid communication be 
tween the chambers X and Y. The open fluid communi 
cation can take various forms, for example a passage 
via the exterior of the cylinder wall 13 and extended 
between the chambers X and Y as shown in FIG. 9, or 
for example a loose fit between the cylinder wall 15 and 
the outer diameter 19 of the piston as shown in FIG. 7, 
and preferably a port 22 extending through the parti 
tion or piston B between the faces 20 and 21 thereof as 
shown in FIGS. 5, 6 and 8. It is the free passage of ?uid 
between chambers X and .Y which is provided, and a 
feature of the combination of parts is the entry of the 
ram C into the upper chamber X, the ram being of sub 
stantial diameter 23 to slide through the guide bore 18 
and except in the FIG. 6 disclosure of lesser diameter 
than cylinder wall 15 so as to form an annulus de?ning 
the chamber X. The chamber Y remains a full diameter 
cylinder-shaped cavity. 
The means D reciprocating the ram C in timed rela 

tion to rotation of the engine can vary in form and con 
struction and it is shown as a cam and tappet drive 
means. Thus, the ram has a tappet 25 that extends from 
the cylinder guide bore 18 to engage and follow a cam 
26 that revolves withv a shaft 27 driven at half engine 
speed (four cycle timing) through timing gears (not 
shown), the latter being driven by the crankshaft 11. It 
will be apparent how the lobe of the cam 26 shifts the 
tappet 26 so as to project the ram C into the chamber 
X and move the piston B thereby to augment the cham~ 
ber X while diminishing the chamber Y. A return 
spring 29 can be employed to return the tappet, the 
characteristic feature being the uniformity of stroke. 
The metered fuel supply means E and metered fuel 

dilutant supply means F operate cooperatively to sup 
ply' or replenish a full injection charge to the chamber 
X following each constant volume injection therefrom. 
To this end, the means E involves a valve 30 adapted 
to‘ intermittently admit fuel, and the means F involves 
a valve 31 adapted to intermittently admit fuel-dilutant. 
Essentially, the valves 30 and 31 are alike and are 
opened in inversely balanced degree or for variably bal 
anced time intervals; all for the purpose of completely 
replenishing the augmenting chamber Y. Accordingly, 
the means E supplies fuel, for example, oil from a cons 
tant pressure supply 32; while the means F supplies 
dilutant for example water, from a constant pressure 
supply 33. Depending upon the liquid viscosities in 
volved, the said constant pressures are set at suitable 
levels and/or the liquids are supplied through ori?ces 
of suitable diameter. Therefore, the chamber Y aug 
mentation draws the fuel-dilutant mixture into it, the 
two liquids being pressurized so as to ?ow thereinto. 
Referring to the metering valves 30 and 31 and the 

constant pressure supplies 32'and 33, constant pressure 
is established by means of pumps 34 and 35 that deliver 
the liquids through pressure regulators 36 and'37 re 
spectively. In practice, the discharge apertures remain 
constant as does the regulated pressure. In one form 
(not shown) the amount of delivered liquid in each in 
stance varies according to the time during which the 
valves 30 and 31 are fully opened, for example, a se 
quential opening of one valve 30 at the beginning'of the 
intake‘ stroke followed by opening of the other valve 31 
which closes at the end of the intake stroke. In another 
form (not shown) the pressures to the valves 30 and 31 
are inversely varied by the regulators 36 and 37, in 
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which case the valves 30 and 31 are simultaneously and 
fully opened during the entire inlet stroke of the ram 
and piston. , . . . 

The preferred coordination between means E and F 
involves the variable ori?ce metering valves 30 and 31, 
as they are shown in FIG. 3, in which case the electrical 
potential applied to retract the needle $0 from the 
valve seat and against a return spring 62 opens the 
valves inversely varied amounts. The said electrical po 
tential is controllably determined by a rheostat 43 
wherein the opposite terminals 43 and M of the resis 
tance are connected to valve opening solenoids 45 and ' 
46 respectively, and wherein‘the moving contact 67 
thereof operates between the said terminals. A contac 
tor 50 revolves with the shaft 2'7 and cam 26 and which 
conducts current during the intake stroke of the ram C 
and piston B. 
The valved injector means G involves a nozzle that 

opens into the engine cylinder 12 at the combustion 
chamber thereof, and has a check valve 55 that pre 
vents the return of fuel-dilutant mixture into chamber 
Y. Consequently, the delivery is forward at all times 
through a tube or the like which delivers a suitably po 
tent charge into the engine cylinder for burning. 
From the foregoing, it will be seen that fossil fuel 

such as oil is admixed into a dilutant such as water or 
a partially inert fuel, as for example mineral oil or a 
specially prepared liquid such as a silicone based mate 
rial which does not fully vaporize and which is recover~ 
able in an exhaust scrubber (not shown) and reused. 
Referring to FIGS. 5 through 9 and the general propor 
tions of the injector unit, it is signi?cant that the cham 
ber Y is of greater cross sectional area than the effec 
tive cross sectional area of chamber X. The differential 
in area is due to the entry of the ram C into the cham 
ber X and carrying the piston B as a reciprocating parti 
tion separating the interconnected chambers. There 
fore, there is no displacement through movement of 
piston B, and a greater displacement of fluid occurs at 
chamber X than at chamber Y through movement of 
the ram C, there being a lesser discharge from chamber ' 
X through port 22 and into chamber Y than intake into 
chamber Y when the latter chamber is augmenting. 
And, there is a subsequent charging of chamber X 
through port 22 equal to the preceding discharge from 
chamber Y when the latter chamber is diminishing. 
Thus, the chamber X breathes from and into chamber 
Y receiving therefrom the prevailing admixture of fuel 
dilutant. During augmentation of chamber Y the two 
diverse liquids are introduced by pressured means E 
and F, and the liquids are impinged one against the 
other by disposing restricted ori?ces of the several 
streams in opposition to each other as shown. For ex 
ample, the port 22 is diagonally disposed and thereby 
swirls the liquid into the chambers X and Y respecively, 
thereby intimately agitating the liquids together,.Also, 
the two streams, fuel and dilutant, are disposed so that 
one intersects the other, thereby forcefully bringing the 
two streams together into colliding engagement. The 
impingement and consequent cavitation results in a 
thorough mixing and/or homogenization at relatively 
low pressure within the augmenting chamber Y, fol 
lowed by transfer and further comingling of the admix 
ture with precedent mixed charges in the augmenting 
chamber X. 
The valves 30 and 31 are also check valves which 

stop reverse flow of liquid, while the valve 35 does the 
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same. Consequently, isolation of the pump unit from 
the relatively high injection pressures and/or combus 
tion chamber pressures is inherent, and with the result 
that the controlled admixing of the two or more fuels 
is at lower pressures. When the chamber Y is augment 
ing it is isolated from the engine cylinder 12 by the 
check valve 55, during which time the valves 30 and 31 
are opened so as to meter fuel-dilutant into chamber Y 
while previously averaged admixture are transfered 
into chamber Y from the storage chamber X. During 
this augmentation of the transfer chamber Y the pre 
vailing pressures are established solely by the fuel sup 
ply means E and F, at relatively low pressures as com 
pared with injection pressures. Conversely, when the 
chamber Y is diminishing it is isolated from said supply 
means E and F by virtue of the check valves 30 and 31, 
during which time the check valve 55 passes the pre 
vailing averaged and admixed fuel-dilutant into the 
combustion chamber of the cylinder 12. Thus, preci 
sion high pressure fueldistribution is virtually elimi 
nated and is replaced by “direct averaging injection” 
into the engine cylinder, thereby eliminating the high 
costs of the usual injector system, the cost of which 
have equaled and/or exceeded the costs of the prime 
mover engines serviced thereby. 
Having described only typical preferred forms and 

applications of my invention, I do not wish to be limited 
or restricted to the speci?c details herein set forth, but 
wish to reserve to myself any modi?cations or varia 
tions that may appear to those skilled in the art. 
Having described my invention, I claim: 
1. Full stroke fuel pump injection for a compression 

ignition engine having a combustion chamber, and in 
cluding: a pump body having closed dualvchambers 
therein, a transfer chamber and a storage chamber, 
there being restricted ?uid communication between 
the transfer chamber and the storage chamber; ?uid 
displacement means entering into the said storage 
chamber to change the volumetric displacement 
thereof; meansjreciprocating the said ?uid displace 
ment means into said storage chamber in timed relation 
to cycling of the engine; a metered fuel supply means 
and a metered fuel dilutant supply means both opening 
into the said transfer chamber and charging the same 
with fuel and fuel dilutant respectively in proportionate 
quantities and in timed relation to cycling of the en 
gine; and nozzle means opening from the said transfer 
chamber and into the combustion chamber of the en 
gme. - 

2. The fuel pump injection for engines as set forth in 
claim 1 and wherein the said transfer chamber is of sub 
stantially lesser volumetric displacement than the said 
storage chamber. 

3. The fuel pump injection for engines as set forth in 
claim 1 and wherein the restricted ?uid communication 
between the said transfer chamber and the said storage 
chamber is by means of a passage opening diagonally 
into at least one of said chambers for mixing the ?uids 
therein. 

4. The fuel pump injection for engines as set forth in 
claim 1, wherein the said storage chamber has an inner 
diameter wall, and wherein the ?uid displacement 
means is a ram slideably projecting into said storage 
chamber to change the volumetric displacement 

5. The fuel pump injection for engines as set forth in 
claim 1, wherein the said pump body has an inner diam 
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8 
eter wall common to said dual chambers and has a 
guide opening into said storage chamber, and wherein 
the fluid displacement means is a ram slideably project 
ing through said guide opening and carrying a piston 
separating said dual chambers. 

6. The fuel pump injection for engines as set forth in 
claim 1, wherein the said pump body has inner diame 
ter wall common to said dual chambers and has a guide 
opening into said storage chamber, and wherein the 
fluid displacement means is a ram slideably projecting 
through said guide opening and carrying a piston hav— 
ing an outer diameter wall of smaller diameter than said 
inner diameter wall for said restricted ?uid communi 
cation between the transfer chamber and storage 
chamber. 

7. The fuel pump injection for engines as set forth in 
claim 1, wherein the said pump body has an inner diam 
eter wall common to said dual chambers and has a 
guide opening into said storage chamber, and wherein 
the ?uid displacement means is a ram slideably project 
ing through said guide opening and carrying a piston 
having a passage therein extending between said trans 
fer chamber. 

8. The fuel pump injection for engines as set forth in 
claim 1, wherein the said pump body has an inner diam 
eter wall common to said dual chambers and has a 
guide opening into said storage chamber, and wherein 
the ?uid displacement means is a ram slideably project 
ing through said guide opening and carrying a piston, 
and wherein the open ?uid communication between 
the said transfer chamber and the said storage chamber 
is by means of a passage opening diagonally through 
the piston and into said dual chambers respectively for 
mixing the ?uids therein. 

9. The fuel pump injection for engines as set forth in 
claim 1, wherein the said pump body has an inner diam 
eter wall common to said dual chambers and has a 
guide opening into said storage chamber, wherein the 
?uid displacement means is a ram slideably projecting 
through said guide opening and carrying a piston, and 
wherein the open ?uid communication between the 
transfer chamber and the said storage chamber is by 
means of a passage through the pump body and open 
ing laterally into said dual chambers respectively for 
mixing the ?uids therein. 

10. The fuel pump injection for engines as set forth 
in claim 1, wherein the said transfer chamber is of sub 
stantially lesser volumetric displacement than the said 
storage chamber, wherein the said pump body has an 
inner diameter wall common to said dual chambers and 
has a guide opening into said storage chamber, wherein 
the ?uid displacement means is a ram slideably project 
ing through said guide opening and carrying a piston 
separating said dual chambers, and wherein the open 
?uid communication between the said dual chambers 
is by means of a restricted passage in the piston. 

11. Full stroke fuel pump injection for a compression 
ignition engine having a combustion chamber, and in 
cluding: a pump body having closed dual chambers 
therein, a transfer chamber and a storage chamber, 
there being restricted ?uid communication between 
the transfer chamber and the storage chamber; ?uid 
displacement means entering into the said storage 
chamber to change the volumetric displacement 
thereof; means reciprocating the said ?uid displace 
ment means into said storage chamber in timed relation 
to cycling of the engine; a pressured fuel supply means 
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and a pressured fuel dilutant supply means and each 
having valves opened inversely with respect to each 
other and charging their respective ?uids into the trans 
fer chamber in proportionate quantities and in timed 
relation to cycling of the engine; and nozzle means 
opening from the said transfer chamber and into the 
combustion chamber of the engine. 

12. The pressured fuel pump injection for engines as 
set forth in claim 11 and wherein the fuel supply means 
and fuel dilutant supply means are pressure regulated. 

13. The pressured fuel pump injection for engines as 
set forth in claim 1 1, wherein the fuel. supply means and 
fuel dilutant supply'means are pressure regulated and 
the said respective valves thereof sequentially opened 
for variable time intervals by means responsive to cy 
cling of the engine. 

14. The pressured fuel pump injection for engines as 
set forth in claim 1 1, wherein the fuel supply means and 
fuel dilutant supply means are pressure regulated and 
the said respective valves thereof opened inversely bal 
anced degrees by means responsive to cycling of the 
engine. 

15. The pressured fuel pump injection for engines as 
set forth in claim 11, wherein the nozzle means are 
?xed ori?ces opening into said combustion chamber, 
and wherein the fuel supply means and fuel dilutant 
supply means are pressure regulated and the said re 
spective valves thereof sequentially opened for variable 
time intervals by means responsive to cycling of the en 
gme. 

16. The pressured fuel pump injection for engines as 
set forth in claim 11, wherein the nozzle means has 
fixed ori?ces opening into said combustion chamber, 
and wherein the fuel supply means and fuel dilutant 
supply means are pressure regulated and the said re 
spective valves thereof opened in inversely balanced 
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degree by means responsive to cycling of the engine. 

17. The pressured fuel pump injection for engines as 
set forth in claim 11, wherein the nozzle means has 
valve means restricting flow of mixed ?uids into the 
combustion chamber of the engine, and wherein the 
fuel supply means and fuel dilutant supply means are 
pressure regulated and the said respective valves 
thereof sequentially opened for variable time intervals 
by means responsive to cycling of the engine. , 

18. The pressured fuel pump injection for engines as 
set forth in claim 11, wherein the nozzle means has 
valve means restricting ?ow of mixed fluids into the 
combustion chamber of the engine, and wherein the 
fuel supply means and fuel dilutant supply means are 
pressure regulated and the said respective valves 
thereof opened in inversely balanced degree by means 
responsive to cycling of the engine. 

19. The pressured fuel pump injection for engines as 
set forth in claim 11, wherein the nozzle means has 
valve means restricting flow of mixed fluids through 
?xed orifices opening into said combustion chamber of 
the engine, and wherein the fuel supply means and fuel 
dilutant supply means are pressure regulated and the 
said respective valves thereof sequentially opened for 
variable time intervals by means responsive to cycling 
of the engine. ' 

20. The pressured fuel pump injection for engines as. 
set forth in claim 11, wherein the nozzle means has 
valve means restricting flow of mixed ?uids through 
?xed ori?ces opening into said combustion chamber of 
the engine, and wherein the fuel supply means and fuel 
dilutant supply means are pressure regulated and the 
said respective valves thereof opened in inversely bal 
anced degree by means responsive to cycling of the en 
gine. , 
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