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engines, and more especially to two cycle engines 
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Reissued Jan. 26, 1937 Re 20,254 

UNITED STATES PATENT OFFICE 
. 254 

N E NA ??MBUST??N :NGINE 
william E. Robertson, Dayton, ohio 

original application December 13, 1919, serial 
No. 35. Ovied June 14, 1928, Serial No. 
285,414, now Patent No. 1879,910, dated Sep 
tember 27, 1932. Application for reissue Sep 
tember 25, 1934, serial No. 745,480 

13 Claims. 
This invention relates to internal combustion 

of the Diesel type. 
One aim of the invention is to provide an 

engine having the highest possible thermal ef 
ficiency, and, in carrying out this aim, novel 
means are provided for securing an intinate 
mixture of the air for supporting combustion 
and the fuel separately injected into the cylin 
der; novel means are provided for scavenging the 
engine in the most effective manner; and novel 
means are provided for utilizing the energy of 
the exhaust gas. 

I aim to secure high thermal efilciency by 
providing that the air used to support combus 
tion shall be initially compressed by the opera 
tion of the engine and that it shall be caused to 
swirl through the engine cylinder in order more 
thoroughly to mix with the injected fuel. 
air which enters the cylinder after the explosion 
has taken place is likewise caused to rotate as it 
passes through the cylinder so that, by its swirl 
ing action, this air will effectively scavenge the 
cylinder. 

In Order to utilize the energy of the exhaust 
gas, I provide that the exhaust shall pass through 
a turbine, preferably of the De Laval type, be 
fore passing into the atmosphere. 

30 

35 

45 

Another object of the invention is to secure 
as perfect a dynamic balance as possible. One 
manner of accomplishing this result is to provide 
two Oppositely reciprocating pistons in the cyl 
inder, said pistons cooperating with oppositely 
revolving crank shafts which operate oppositely 
revolving flywheels. By making the moving 
parts of equal weight, the vibration which one 
set of parts would tend to set up is offset by the 
equal and opposite effect of the other set of parts 
which Operates contrary wise. 
A further object is to reduce to a minimum 

the weight of the engine per horsepower. This 
object is accomplished in one manner by utilizing 
flywheels of comparatively small mass and gear 
ing them up to the engine crank shafts so that 
the flywheel elements, by their increased speed, 
will be effective to produce a steady flow of power 
from the engine. 

In this connection it is a further object that 
the moving element of the engine operated air 
compressor, shall act as one flywheel element, 
and that the turbine rotor shall act as the other 
flywheel element, thereby reducing the number 
of parts as well as the weight per horsepower. 
Another object of the invention is to provide 

novel means for injecting fuel into the engine 

The 

(C. 123-32) 
in such a manner as to be thoroughly mixed with 
the combustion air charge to insure a uniform 
fuel mixture. 
A further object is to provide a valveless fuel 

pump for injecting fuel into the engine. 
A further object is to provide for the control 

of the engine speed by controlling the Operation 
of the pump by the engine through manual 
means. One manner of accomplishing this ob 
ject is to control the amount of fuel forced into 
the engine cylinder during each cycle of the 
engine operation. 
A further object is to eliminate noise by pro 

viding a muffler of improved construction which 
will relieve the exhaust of a large portion of its 
energy while permitting a rapid escape into the 
outside atmosphere. In carrying out this ob 
ject I provide that the exhaust turbine shall act 
also as the mufder. In accomplishing this ob 
ject, the number of engine parts and the weight 
per horsepower are reduced. 
other and further objects and advantages of 

the present invention will be apparent from 
the following description of a preferred embodi 
ment thereof, reference being made to the ac 
companying drawings. 
In the drawings: 
Fig. 1 is a side elevation of an engine embody 

ing the present invention; 
Fig. 2 is a sectional view taken on line 2 

of Fig. 1; 
Fig. 3. Flg. 4 and Flg. 5 are sectional views 

taken on line 8-3 of Fig. 2 showing the engine 
parts in their relative positions during different 
stages of the engine cycle: 

Fig. 6 is a left end elevation of the fuel pump 
and operating mechanism: - 

Flg. 7 is a sectional view taken om 
Fig. 6; 

Flg. 8 is a right end elevation of the fuel 
punp; 

Fig. 9, Fig. 10 and Fig. 11 are sectional views 
of certaln parts shown in Flg. 7, showing stages 
of operation of the pump when set to deliver a 
relatively large amount of fuel per engine cycle; 

Fig. 12, Fig. 13, Fig. 14 and Fig. 15 are sec 
tional views similar to those shown in Fig. 7, 
Fig. 9, Fig. 10 and Fig.11 showing stages of pump 
operation when the pump is set to deliver a 
relatively small quantity of fuel per engine cycle; 

line 7-7 of 

Fig. 18 is a sectional view taken on line (-f. 
of Fig. 2; . . 

Fig. 17 is a sectional view taken on line 17-7 
of Pig. 2; 
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20,254 
the plungers come together again as shown in 
Fig. 15. 
The fue mozzle designated as a whole by nu 

mera i will now be described. Nozzle 60 com 
prises casting extending through the cylinder 
Wall and provided with a passage 62 connected 
with pipe f3. Passage B2 leads into passage 

arranged axially of cylinder 3; and in pas 
sage 3 is loosely journalled a shaft 64, pro 
vided at each end with a perforated disc 65. 
Gears 2 and 6 mesh with gears 70 and 7 

respectively, carried by shaft 72 which is ro 
tatably mounted upon frame 0 and carries a 
driving pulley 7. Pulley 7.3 may be provided 
with a Crank for starting the engine. . 
The Operation of the engine is as follows: 
Air for combustion and scavenging purposes is 

drawn during the suction stroke, through ports 
and f2 into the crank cases 3 and 32. Dur 

ing the Operation of the engine, the fan 50 draws 
air in through passages. 84 and blows it out 
through air intake pipe 90 and into annular pas 
sage where it is initially compressed. This air 
enters the cylinder 3 at a time to be described 
later and is caused to swirl by reason of the tan 
gential relation of pipe 9 to the passage 9. This 
swirling air is moved toward nozzle IBO during 
the compression stroke and causes discs 65 to 
rotate, 
At low speed valve ports , , 2 are closed 

during the expansion stroke of the pistons and 
Whatever air enters the cylinder after the ex 
pansion stroke is nearly finished and the cylinder 
intake opens, is due mainly to the pump actions 
of the pistons, - 
At high speed, however, these valves are con 

stantly open because the fan blower attains suf 
ficient speed to compress the air before it enters 
the cylinder. Therefore, at this high speed the 
blower furnishes a greater volume of air to the 
cylinder than that furnished, merely by the dis 
placement of the pistons. Hence, the partial 
vacuum which it creates due to sucking air 
through the crank cases faster than the pistons 

70 

s 

could pump it, would create a suficient vacuum 
to keep the valve ports fl, 2 open constantly. 
At the end of the compression stroke fuel is 

ejected through nozzle BD and spreads out over 
the surfaces of the discs is and fills the per 
forations. The swirling air as it passes through 
the perforated discs picks up the fuel drops and 
causes them to be whirled around together with 
the fuel mist which is thrown of the edges of the 
rotating discs. In this manner an intimate mix 
ture of fuel and combustion air is rapidly secured. 
The fuel is preferably ignited by the heat of 

Compression, although the well known forms of 
electrical ignition may be used at the start. The 
combustion space is preferably one-twelfth the 
displacement space so that the air will be raised to 
a temperature suficient for fuel ignition purposes 
by compressing it within the cylinder. s 

During a portion of the combustion stroketh 
fuel continues to burn, and to develop power for 
driving the pistons. The fuel pump is operated 
so that the maximum amount of fuel injected is 
suficient to consume substantially all of the com 
bustion air when the engine operates at full load. 
The engine speed is decreased by adjusting the 
lever Sao that less fuel will be injected. 
As the plastons 8 and 8 are driven outwardly, 

from positions shown in Fig. 2 to positions shown 
in g. 3, this movement being indicated by ar 
rows as and Sia, the exhaust ports will be 
uncovered before the piston BU uncovers ports 

3 
93. The swirling products of combustion Will 
pass out ports into passage 70 in the manner 
indicated by arrows fa in Fig. 18. The exhaust 
will begin to expand as it passes through pipe S4 
to the turbine chamber 54 and will attain a ve 
locity sufficient to drive the turbine rotor 4. 
Some of the energy of the exhaust will be given 
up to the rotor to assist in driving the engine. 
The passing of the exhaust through the rotor and 
the dividing of it by ledge 56 into two streams 
which meet against the ledge 5 is effective in 
preventing the sudden rush of the exhaust into 
the atmosphere. 
By the time pistOn 34 has moved to Outer dead 

center position (see Fig. 4), piston SS will have 
completely uncovered ports 93 in valve 92, per 
mitting the initially compressed air in the cham 
ber 9 to rush in and blow out the dead air at the 
end of the cylinder where nearest piston 5. 
As the rotation of shafts 38 and continues 

0 
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2) 
in the direction of arrows 88a, and 4a, espec 
tively, the pistons 34 and 35 move in direction of 
arrows 34b and 35b respectively. While exhaust 
ports 7 are being covered by the piston 34, valve 
92 is being moved to open position by cams 47 
and 48, so that by the time ports Tf are fully 
covered, valve 92 is in full open position as shown 
in Fig. 5. Before ports T are closed, fresh air, 
which has been initially compressed by the out 
ward movement of the pistons or the centrifugal 
blower depending on the speed of the motor, will 
swirl through the cylinder and completely drive 
out the exhaust. This fresh air by its whirling 
motion tends to maintain its own plane of rota 
tion, and, therefore, the mixing of the fresh air 
with the dead air will be reduced to a minimum. 
After ports T are closed, the slide valve 92 

remains open, permitting additional fresh air to 
pile up whatever pressure the blower may gen 
erate. 
In an ordinary two-cycle engine the intake 

port would have been opened sooner than in the 
present invention, thereby allowing less time for 
'the pressure of the exhaust to drop low enough 
for fresh air to enter. In an ordinary two-cycle 
engine, the intake port would also have been 

lowing less time for fresh air to enter to drive 
out the exhaust, than is the case of the present 
invention. Therefore, the present invention is 
adapted to be operated at a much higher speed 
than the ordinary two-cycle engine. 
A further advantage of the present invention 

over the ordinary two-cycle engine is that the 
pistons displace a volume of air in the crank 
cases equal to a very large percent of the total 
crank case and cylinder volume. The result is 
that the pistons themselves raise the pressure 
of the air higher than in the case of the ordinary 
two-cycle engine where the ratio of piston dis 
placement to crank case volume is relatively 

After piston is closes off communication be 
tween passage 9 and cylinder 8, valve 2 be 
gins moving to closed position which it reached 
by the time piston S has reached inner dead 
center position. 
When the pistons 34 and 35 have reached the 

inner dead-center positions shown in Pig. 2, fue 
is again injected and burned, and the cycle of 
operations which has been described is repeated. 
During the burning of the fuel the mixing of 

the burnt air with fresh air is reduced to a mini 

30 

35 

40 

closed before the exhaust port closed, thereby al- . 
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mum in the present invention. The fresh air is - 
caused to whirl as it enters the cylinder by means 5 

  





20,954 
pistons together to squeeze the fuel out throtigh 
the outlet port, and means for adjusting said 
mechanism to adjust the separating, movement 
of the pistons whereby to vary the quantity of 
fuel injected into the engine cylinder. 

5. In an internal combustion, engine, the com 
bination with a cylinder and a piston recipro 
Catling therein; of a fuel injector pump connect 
ed therewith having a pair of pistons reciprocat 
ing in the pump cylinder; mechanism positively 
connecting the engine and pump pistons for con 
trolling the rate of fuel flow in proportion to the 
rate of movement of said reciprocating piston, 
and manually controlled means for varying the 
quantity of fuel to be injected while maintaining 
the time relation of the diferent novements of 
said pistons in the cyclic operation thereof sub 
stantially constant for all adjustments. 

6. A process of combustion and thermodynamic 
conversion within an engine comprising the con 
finement within a limited space of a gaseous 
working medium consisting substantially entire 
ly of unburnt air, compression of said confined 
air to reduce the volume, the introduction of 
liquid fuel into the compressed air and misting 
thereof within a portion of the space occupied 
by the compressed air, combustion of said fuel 
mist in its said air at the end of the compression 
and continuing simultaneously with the intro 
duction of fuel during the expansion of the prod 
ucts of combustion. 
'... A process of Combustion and thermodynamic 
conversion within an engine comprising the con 
finement within a limited space of a gaseous 
working medium consisting substantially entire 
ly of unburnt air, compression of said confined 
air by reduction of volume of the space wherein 
it is confried, the gradual introduction of a liquid 
fuel at a point in the space occupied by the con 
fined air, misting of the fuel at the end of the 
compression and while being introduced in the 
space occupied by the confined air, combustion - 
of said fuel mist as the confined air passes the 
zone of misting of said fuel during...the expansion 
of the products of combustion. - 

8. In an internal combustion engine, the com 
bination with a cylinder having a combustion 
Zone at the head thereof and a piston reciprocat 
ing therein for compressing air substantially en 
tirely rearward of said combustion zone; of a 
fuel injector pump connected therewith having a 
pair of pistons reciprocating in the pump cyl 
inder; and means cooperating with said engine 
for controlling the rate of movement of said 
pump pistons in proportion to the rate of move 

ment of said engine pistons, said means being 
adapted for manual adjustment to vary, the 
amount of fuel injected. 

9. In an internal combustion engine, the com 
bination with a cylinder having a combustion 
zone at the head thereof and a piston reciprocat 
ing therein for compressing air substantially en 
tirely rearwardly of said zone; of a fuel injector 
pump connected therewith for positively con 
trolling the rate of injection of fuel within said 
cylinder in accordance with the rate of air flow 
past said zone during expansion. 

10. In an internal combustion engine, the con 
bination with a cylinder and a piston reciprocat- . 
ing therein; of a fuel injector pump connected 
there with having a pair of pistons reciprocating 
in a pump cylinder; mechanism positively con 
necting each piston to the engine; and means 

I cooperating with said engine for positively con 
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trolling the rate of movement of said pump pis-eo 
tons in proportion to the rate of movement of 
said engine piston, said means being adapted for 
manual adjustment to vary the amount of fuel 
infected. 

11. A process of combustion and thermody- es. 
namic conversion within an engine comprising 
the confinement within a limited space of a gase 
ous working medium consisting substantially en 
tirely of unburnt air, compression of said con 
fined air reducing the volume, the introduction 
of liquid fuel into the compressed air at a zone 
of combustion at a rate such that the flow of fuel 
entering is approximately proportional to the 
rate of air flow past said zone during expansion. 

12. In an internal combustion engine, the com-sis 
bination with a cylinder having a combustion . 
zone at the head thereof and a piston reciprocat 
ing therein for compressing a gaseous working 
medium substantially entirely rearwardly of said 
zone; of a fuel injector pump connected there 
with for positively controlling the rate of in 
jection of fuel within said cylinder in accordance 
with the rate of flow of the compressed medium 
past said zone during expansion. - 

13. A process of combustion and thermody 
namic conversion within an engine comprising 
the conflnement within a limited space of a gasse 
ous working medium comprisiding unburnt air, 
compression of said confined gaseous medium re 
ducing the volume, the introduction of liquid fuel 
into the compressed gaseous medium at a Zone 
of combustion at a rate such that the flow of fuel 
entering is approximately proportional to the 
rate of flow of said compressed mediurn past said 
zone during expansion. 

. . WILLIAME EL ROBERTSON. 

  


