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This invenition relates and pertains to internal 
combustion engines of the type or class in which 
ignition of the fuel is by the temperature of the 
compressed air in the cylinder, that is, no hot 
surfaces nor any other ignition means other than 
the heat of compression, is depended upon for the 
ignition of the fuel charge. The engine is also of 
the type or class known conventionally as “two 
cycle' and is of the constant compression type. 
One object of the invention is to impart better 

acceleration characteristics to this type of en 
gine in order to adapt it to various services in 
which variable speed is required. Heretofore, 
the acceleration of internal combustion engines 
in such services has been slower than it should 
be, this being especially true of "two-cycle' engine 
Operation. The reason for this inadequate accel 
eration resulted, according to my analysis, from 
inadequate cooperation between the air com 
preSSOr used on Such engines, and the engine. By 
this I mean that the compressors were of types 
having poorly chosen characteristics whereby if 
the compressor furnished sufficient air at suff 
cient pressure to meet the engine's demands for 
acceleration, the compressor also consumed too 
much power. If the compressors were of the type 
that consumed a reasonable amount of power, the 
engine was starved for air. Further, the mani 
folds and ports of such engines were not, ar 
ranged to handle the air stream in a minimum 
time and with a minimum of air stream fric 
tion. 
The essence of my invention lies in adapting a 

compressor of peculiar and desirable speed volume 
characteristics, and an engine having excellent 
internal air handling characteristics to make a 
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combination which has the desired acceleration 
characteristics. 

In usual engines of the 'two-cycle' or “four 
cycle' type, the volumetric efficiency of the engine 
decreases as the engine speed increases, due to 
the gas stream friction which limits the maximum 
Speed of the engine. An object of the present in 
vention is to provide an engine in which the 
maximum speed and power, together with the ac 
celeration of the unit throughout its entire range, 
will be maintained, due to a construction which 
produces an increasing instead of a decreasing 
volumetric efficiency as the R. P. M. increases 
throughout the entire range of the engine. 

Briefly stated, my combination comprises a 
"two-cycle' oil engine having its ports and in 
take manifolds arranged for the shortest possible 
path and the minimum friction of air for com 

M 

(C. 123-65) 
bustion and scavenging, and its air compressor of 
a multi-stage centrifugal type. 
My air supplying unit is of such characteris 

tics that it will Supply air with all of the posi 
tiveness of the displacement blower, yet the 
pressure of air supplied to the metered require 
ments of the engine will increase in the ratio 
given by the following: 

Peripheral velocity of impeller in feet per sec 

s 

Ond, Squared, divided by two times gravity which 0 
equals 64.32, multiplied by the number of stages 
in the compressor, and multiplied by the speed 
ratio between the engine and the compressor, 
Will give the resultant air pressure in feet head 
of air column. Expressed as a formula, this re- 5 
lation is 

H=(X stages)x gear ratio. 
Another object of the invention is to produce 

an internal combustion engine in which through- 0 
out the entire operating range of the engine an 
exact balance is maintained between two ele 
ments-(i. e. compressor capacity and combus 
tion volume) and at no point in the entire op 
erating range of the unit can there be a deficiency 
Or an excess of air either in pressure or volume 
except that at all points in the operating range, 
there is sufficient excess air pressure to cause 
rapid acceleration of the engine even after the 
momentary slip of the torque limiting device is 30 
deducted from the acceleration factor. Fur 
ther, at no point in the operating range of the 
unit can the compressor element use or require 
more power to drive. it than is required to fur 
nish the volume and pressure of air required by 
the combustion element at that particular speed 
power or Operating point. 
Another object of the invention is the provision 

of means to drive the air supplying device at a 
Speed metered by the air need of the engine, but 4 
which Speed is maintained through a torque lim 
iting device, thereby reducing the inertia shocks 
to safe values. . . . . . 
Another object of the invention is to provide 

O 

air passages and air ports within the engine 
which will conduct the air stream created by the 
compressor through the entire unit with a mini 
mum of friction, and with a maximum of scav 
enging effect. 
A further object of this invention is to provide 30 

efficient means to remove foreigr, particles from 
the air stream, before the air enters the engine. 
cylinders. 
Another object of my invention is the provision 

of a "two-cycle' internal combustion engine SS 
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2 
Which will deliver maximum speed and power for 
the piston displacement and the fuel consumed, 
which will maintain torques throughout its Op 
erating range, and which will have substantially 
constant acceleration throughout its Operating 
range. 
Other objects and advantages of my invention 

will be apparent during the course of the follow 
ing descriptions, which with the accompanying 
drawings form a part of this specification, where 
in like characters of reference denote like parts 
throughout the same: 

Fig. 1 is a vertical, transverse, sectional view 
through a two-cycle engine embodying my in 
Wention. 

Fig. 2 is a longitudinal sectional view taken on 
the line 2-2 of Fig. 1, and showing the air Sup 
plying unit and two cylinders of a multiple-cylin 
der engine. 

Fig. 3 is a horizontal sectional view through 
one cylinder and its inlet and exhaust portS. 

Fig. 4 is a longitudinal sectional view of the 
air supplying impeller removed from its casing. 

Fig. 5 is the view at right angles to Fig. 4, show 
ing the upper half of the impeller in elevation 
and the lower half of the impeller in Section as 
indicated by the line 5-5 in Fig. 4. 

Fig. 6 is a rear elevation of One of the stage 
diaphragms of the air Supplying unit. 

Fig. 7 is a transverse sectional view thereof 
taken on the line - of Fig. 6. 

Fig. 8 is a front elevation of the planetary gear 
Set which connects the engine crank Shaft to the 
rotary impeller of the air Supplying unit. 

Fig. 9 is a central longitudinal sectional view 
thereof, taken on line 9-9 of Fig. 8. 

Fig. 10 is a detail sectional view of the torque 
limiting driving connection between the planet 
ary gear set and the impeller. . 

Fig. 11 is a horizontal sectional view looking 
downward upon the bottom of the casing of the 
air supplying unit. 

Fig. 12 is a partial vertical Section there 
through and taken on the line 2-2 of Fig. 1i. 

Fig. 13 is a detail sectional view on the line 
3-3 of Fig. 11 showing the air cleaning means. 
Fig. 14 is a side elevation showing my invention 

applied to a six cylinder vertical engine; and, 
Fig. 15 is a chart. Showing the characteristic 

pressure-volume curves of the air stream Supplied 
to the engine. 

Discussing Fig. 15, first, the horizontal con 
ponent of the graph represents revolutions per 
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minute in terms of percentage of engine speed; 
100% Speed meaning that the engine is turning 
Over at its maximum normal Speed. The vertical 
component is measured in percentages of pres 
Sure; 100% preSSure meaning that the compreSSOr 
is at that point delivering air at its maximum 
normal rated capacity and pressure. 
The curve 'A' indicates the characteristic pres 

Sure curve of the multi-stage centrifugal com 
pressor shown in the drawings under shut-off 
conditions; that is, with the discharge passage 
from the compressor closed, the pressures and 
R. P. M. being ShOWn in percentages. Curve 
A-2, shows the pressure actually supplied to 
the combustion portion of the engine with the 
discharge passages from the air compressor open, 
and the air being metered from the air com 
pressor by the inlet ports and pistons of the 
engine. 1a W 

Curve 'C' shows the minus pressures or pres 
sure drops in the manifold of a four-cycle engine 
at the engine R. P. M. percentages ShOWn, An 

2,010,296 
engine of the two-cycle type of equal displace 
ment and having intake and exhaust portS Con 
trolled by the pistrin if correctly designed, has 
the pressure drop through passages intake mani 
fold cylinder and intake ports as shown by curve 
'B'. Curve 'C', however, shows minus pressures, 
that is, pressures below atmospheric, whereas 
curve 'B' illustrates plus pressures or pressures 
above atmospheric pressure. 
As illustrating the varying demands of the 

engine, the following will be helpful: 
In the two-cycle engine starting at 800 R. P. M. 

combustion plus Scavenging air must be Supplied 
in volume to fill the engine at that speed, 
and all of this air must be supplied at 35/100ths 
of a pound (.35 lb.) per Square inch pres 
sure. If the air pressure drops below this 
figure, the engine Speed will automatically de 
crease. At 2000 R.P. M. combustion plus Scaveng 
ing air must be Supplied at 1-40/100 of a pound 
(1.40 lb.) per square inch pressure. If the air 
pressure drops below this figure, the engine speed 
Will decrease automatically. The operation of 
any two-cycle engine, therefore, as to Speed and 
acceleration float.S on the air Stream. Supplied to 
the engine, and the volume and pressure of this 
air Stream must equal the demands of the engine 
at all Speeds to insure efficient operation of the 
engine, and at each Speed point in the operation 
of a Variable Speed engine there must be a suf 
ficient excess of air pressure to provide for ac 
celeration of the engine, and the speed of such 
acceleration Will be dependent upon the rise of 
the air pressure at the increased Volume as the 
engine Speed increases. 
In Order to use Fig. 15 to determine engine 

demands and reserves of potential power at any 
Speed, the following directions can be followed: 
The only other item of knowledge necessary 

to its understanding being that there is a torque 
limiting device between the compressor and the 
engine, and this device slips momentarily when 
the impeller torque becomes so high as to ap 
proach. What Would be the breaking points of the 
gears, bearings, etc., forming the planetary gear 
drive. 
Checking curve B at 80%. R. P. M. start at 

point where curve B crosses 80%. R. P. M. line, 
then go Vertical On the 80% R. P. M. line to the 
30% pressure line, and then horizontally on 30% 
pressure line to the right to the point where 
curve B intercepts the 30% pressure line, and this 
interception occurs very close to the 90%. R. P. M. 
line. This shows that at 80% R. P. M. the com 
preSSOris Supplying air pressure Sufficient for 90% 
R. P. M. Operation. 
With the engine running at 80%. R. P. M. a. 

Sudden acceleration causes torque limiting device 
to slip momentarily. However, there is sufficient 
air pressure available to run the engine at 90% 
R. P. M. and the surplus is sufficient to result 
in rapid acceleration after the effect of the mo 
mentary slip of the torque limiting device has 
been deducted. 
The vertical distance between curve A-2, and 

curve B therefore, shows at any R. P. M. per 
centage point that the provision for the momen 
tary slip of the torque limiting device, plus an 
acceleration factor necessary that the engine 
respond to acceleration at substantially the same 
acceleration rate in R. P. M. percentage, whether 
such change is from 80% R. P. M. to 90%. R. P. M., 
or if such change is from 20% R. P. M. to 
130% R. P. M. The acceleration rate to be main 
tained Substantially constant, in revolutions per 
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2,010,296 
Second, requires a constantly, increasing spread 
or distance between curve A-2, and curve B, as 
the Speed of the unit increases. 
The frictional value at which the torque limit 

ing device is set to slip is such that it will operate 
when strong acceleration of engine speed takes 
place, rather than at the highest speeds of the 
engine. In order, therefore, to have enough air 
available for further acceleration when the torque 
limiting device is slipping, and to have such air 
at the pressure demanded by curve B, Fig. 15, it 
is necessary that a sufficient volume of air be in 
reserve either in the air passages to the engine, 
or as a potential added volume and pressure of 
air to be in storage in the form of energy in the 
compressor impeller which has a fly-wheel effect 
to furnish a Supply sufficient to take care of such 
demands when the impeller drive is momentarily 
slipping. In this invention this effect is attained 
by the characteristic of the multi-stage centrif 
ugal compressor and the inertial effect of the 
impeller, although the manifold air storage 
capacity is a slightly favorable factor. 
The action is approximately as follows: 
Assuming that the engine is running steadily 

at 1000 R. P. M., the pressure volume capacity 
of the compressor is such that the engine de 
mands are met and a slight but definite excess of 
air at a slight but definite excess of pressure is 
maintained. If the engine speed is now quickly 
raised to 1200 R. P. M., the torque limiting device 
momentarily slips, but nevertheless the compres 
SOr is being driven at a steadily mounting speed 
resultant from the acceleration of the engine and 
the fixed torque of the torque limiting device. 
The air output of the compressor is just sufficient 
during its acceleration to furnish the air needed 
for the increasing engine R. P. M. yet the com 
pressor can under this condition furnish no slight 
excess as when the engine speed is steady. 
A ratio, Such as described between engine and 

compressor R. P. M. can be provided to fit any 
properly designed engine and any proparly de 
signed compressor by a skilled designer when 
the desirability of such cooperative design and 
the means of execution of such design have once 
been demonstrated to him. 

In the practical application of my invention, I 
designed the characteristics of the multi-stage 
centrifugal compressor to the demands of the 
engine, so that the pressure drop of the air en 
tering the space created by the downward stroke 
of the piston in the cylinder and whatever higher 
than atmospheric pressure existing in the air 
passages to the cylinder, cancel each other, so 
that the net results are a constant or uniform 
air pressure within the cylinder at the point where 
the piston is just closing the exhaust port. The 
air pressure at the start of compression being 
constant or uniform, the final compression pres 
sure at the end of the compression stroke must 
necessarily be a constant or uniform pressure 
irrespective of the speed at which the engine may 
be running. 
The preferred design contemplates air at ap 

proximately 15 lbs. per square inch absolute pres 
sure at the point where the piston is just closing 
the exhaust port, although I do not limit myself 
thereto, since the invention is equally applicable 
to the providing of much higher pressures at the 
start of compression and a consequent change of 
the compression ratio of the engine. 
My centrifugal air compressor furnishes an air 

stream which when its velocity is reduced or in 
terrupted, as by the shutting of a valve, trans 

3 
forms the velocity into pressure, without ap 
preciable time loss and the action is reversed 
when the valve is opened, and this conversion is 
effected at an efficiency of approximately 80%. 
These preliminary considerations having been 

digested, the reasons for the structure as pre 
sented in the following pages will now be under 
StOOd. 

In the drawings wherein for the purpose of 
illustration is shown a preferred embodiment of 
ny invention the numeral 6 designates the crank 
case of a two-cycle engine embodying my in 
vention, upon which cylinders 7 are mounted. 
Single acting pistons 8 reciprocate in cylinders 
7 and are connected to the crank shaft 20 by 

means of the usual connecting rods 9. For con 
venience of illustration, I have shown my inven 
tion as applied to an engine having vertical single 
acting cylinders but I contemplate using my in 
vention in connection with other types of engines 
such for example, as engines having one or more 
double acting cylinders or opposed pistons work 
ing in a straight line cylinder, or opposed pistons 
Operating in cylinder bores arranged at an angle 
to each other. 
The usual flywheel 2 is arranged at the rear 

ward end of the crank shaft, and the air sup 
plying unit 22 is arranged at the forward end of 
the crank case and connected to the forward end 
of the crank shaft. The air supplying unit 22 
consists of a centrifugal multi-stage compressor, 
and in the drawings is shown as having three 
stages, although any desired number of stages 
may obviously be used. The compressor impeller 
23 is provided with tapered radial vanes 24 shown 
as six in number for such stage, and the vanes 
of each stage are arranged in axial alignment. 
Preferably the vanes of the first stage extend 
nearer to the center of the impeller than do the 
Vanes of the Second and third stages which re 
Sults in a greater effective length of the vanes 
of the first stage as seen in Figures 4 and 5. 
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Stage diaphragms 25 are arranged between the 
stages of the impeller and are shown in Figures 
6 and 7. The forward face of each diaphragm 
is provided with suitable inlet openings 26 ex 
tending around its periphery, and an annular 
discharge opening 27 extends about the hub 28 
of Cach diaphragm. Suitable curved guide vanes 
29 are Spaced around the diaphragm between the 
walls thereof and are shown as corresponding in 
number to the impeller vanes. 
The stage diaphragms in a three stage com 

pressor are two in number, and are rigidly se 
cured to the stationary compressor casing, ex 
tending between the vanes of adjacent stages of 
the impeller. A central opening 30 is arranged 
in the forward face of the compressor casing and 
Servas as an inlet for the air drawn into the 
compressor by the rotating impeller. 
An air passage 3 extends longitudinally of the 

crank case in an upper corner thereof and com 
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municates with the last stage of the multi-stage 
centrifugal compressor by means of opening 32. 
Air inlet ports 33 connect the air passage 3 with 
the various cylinders through openings 34 in the 
top of the crank case. Exhaust ports 35 are ar 
ranged opposite the intake ports and connect the 
cylinders with a longitudinally extending exhaust 
manifold 36. 
Both the exhaust and inlet ports are tangen 

tially arranged with respect to the cylinder, and 
this effect is heightened by the webs 3 which 
guide the gases in a direction Substantially tan 
gentially to the cylinder. By reason of this tan 

f0. 
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4. 
gential arrangement of the ports the incoming 
air will take a circular or swirling path through 
the cylinder as indicated by the arrows in Fig 
ures 1 and 3, thereby effectually SWeeping the ex 
haust gases from the cylinder in a helix. This 
spiral turbulence is maintained until the piston 
has reached and passed the dead center point. 
This helical air stream tends to SWeep the cyl 
inder clear of all the products of combustion and 
utilizes the velocity of the exhaust gases leav 
ing the cylinder through the tangential exhaust 
ports. 
The intake and exhaust ports are opened and 

closed by the piston, the exhaust port being the 
first to be uncovered and the last to be closed. 
A longitudinal water passage 38 extends along 

the upper portion of the crank case on the op 
posite side thereof from the air passage 3d, and 
communicates with the water jackets 39 of each 
cylinder through ports 40. The water may be 
removed from the jackets 39 by any Suitable 
means, such as the manifold 4 shown at the 
top of the cylinders to one side of the fuel in 
jectors in Figure 14. 
The fuel injectors 42 are shown as extending 

into a precombustion chamber 43 above and com 
municating with each cylinder but if desired they 
may communicate directly with the cylinders. A 
suitable fuel pump 44 pumps the fuel through 
conduit 65 to the injectors which spray it into 
the precombustion spaces or cylinders to be ig 
nited by the heat of compression. 
Air from the multi-stage centrifugal com 

pressor, under the desired pressure and in Suit 
able volume, passes through air passage 3 f to 
the intake ports and thence into the cylinder, 
sweeping out the exhaust gases and charging 
the cylinders with combustion air. The piston 
rises, closing the intake ports and exhaust ports, 
and then highly compresses the fresh charge 
of air. Near the top dead center of the piston 
travel, fuel is sprayed into the cylinder Or Space 
43 and is ignited by the highly heated Com 
pressed air, thereby forcing the piston downward 
in the cylinder. The exhaust port is first uncov 
ered, permitting the escape of Sufficient pres 
sure to bring the pressure of the gases in the 
cylinder below the pressure of the air entering 
the intake port. A portion of the incoming air 
serves to scavenge the cylinder, and then the 
piston again rises with a new charge of air in 
the cylinder to repeat the cycle. 
Any form of fuel injection mechanism, such as 

the Solid injection devices shown may be used 
to feed fuel to the cylinders, no air pressure 
being necessary to feed the fuel. Air pressure 
may be used if desired however, and if Such 
pressure is used, it is preferable to Supply the 
desired high pressure by means of a multi-stage 
compressor suitably driven. 
In oil engines of the prior art difficulty has 

been experienced in supplying the desired volume 
and pressure of air to meet the varying demands 
of the engine, especially at higher speeds, and as 
a consequence no very high Speeds were avail 
able in this type of engine. Especially has this 
been true of engines using the displacement type 
of air compressor or the simple centrifugal blow 
ers of the prior art. I have discovered that a 
multi-stage centrifugal compressor of the de 
sign shown in the drawings, when suitably driven 
in a constant ratio. with the engine crank shaft 
speed, will supply the pressure and volume of 
air demanded by the engine at any speed within 
the Speed range of the engine, notwithstanding 

2,010,296 
the pressure drop caused by air stream friction 
through the ports and passages at high engine 
speeds. While any suitable driving connection 
may be used to produce the desired constant speed 
ratio, I prefer to use the planetary gear-set 
shown in Figures 2, 8 and 9 to connect the crank 
shaft to the compressor impeller. 
The rear portion 46 of the planet gear hous 

ing is rigidly secured to the forward end of the 
crank Shaft 20 to rotate therewith and the for 
Ward portion 3 of the housing is bolted to the 
portion 46. The planet gear housing comprising 
the Spaced members 46 and 4 rotatably support 
the three planet gears 48 arranged in mesh With 
the central sun gear 49 to which the impeller 
supporting shaft 50 is secured and extends 
through the forward portion 47 of the planet 
gear housing, a roller bearing 5 being arranged 
between shaft 50 and housing member 47. 
A Stationary ring gear is in mesh with the teeth 

of planet gears 48 and is provided with an an 
nular oil pocket 53 into which an oil slinger ring 
54 on the impeller 23 extends. The gears are 
lubricated by oil under pressure from oil duct 
55 in the center of crank shaft passing through 
ducts in Sun gear 49 to the face of the sun gear. 
The oil is sprayed from the meshing gears to the 
various bearings in the gear set, and is finally 
caught by the oil slinger ring 54 on the impeller 
and thrown into annular oil pocket 53, on ring 
gear 52 and escapes through opening 56 into the 
crank case of the engine. 
The gearSet is so designed that the impeller, 

due to its Speed ratio, has its natural critical 
Speeds of vibration points in opposition to the 
critical Speeds of the crank shaft, thereby acting 
as an effective vibration dampener and relieving 
the Crank shaft from the usual strains incident 
to the use of a single flywheel arranged at the 
rear of the crank shaft. 
Because of natural laws, if the compressor im 

peller were connected directly to the sun gear 
shaft 50 the pressures and shocks due to inertia, 
of the parts would be destructive to gears and 
bearings, With any reasonable and practical size 
and Space limitations on said gears and bearings. 
I, therefore, prefer to interpose a torque limiting 
drive between the impeller and shaft to protect 
the gears and bearings from the pressures and 
strains due to the inertia of the parts during 
acceleration and deceleration. I also provide a 
hardened steel bushing 57 formed as a tightly 
wound helical coil having its Outer and inner 
surfaces accurately ground to size, and fastened 
on the shaft 50. A plain cylindrical, bushing 58 
is secured to the central bore of the impeller and 
is accurately machined to closely fit over the 
helical bushing 57, as seen in Figure 10. Helical 
bushing 57 is accurately fitted into plain bushing 
in Such manner as to produce a predetermined 
unit pressure Value, and consequently a prede 
termined friction value for the surfaces in con 
tact. The contacting surfaces of the two bush 
ings may be lubricated in any suitable manner, 
as by means of a Wick of Woolen material as in 
dicated at 59 in Figure 10 and the contacting 
Surfaces consequently have always the same co 
efficient of friction. 

O 

5 

20 

25 

30 

35 

40 

45 

50 

5 5 

60 

65 

The torque at the impeller is thereby limited 
to a predetermined maximum value, and under 
any operating conditions whereby this maximum 
torque is exceeded, bushing 58 will slip on bush 
ing 57 until the excess inertia effect of the moving 
parts is absorbed by the friction between bush 
ings 57 and 58, 
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The shaft 50 may be round and secured to 

bushing 57 by any suitable manner, as by means 
of a key Or it may have its Surface flattened to fit 
into a correspondingly shaped bore in the bush 
ing, as indicated in Figure 10. 
By centrifugal force, any dirt or foreign par 

ticles in the air, is thrown into the concentric 
laminations of air revolving within the discharge 
chambers of the compressor, moving outward 
until it is swept around the inner periphery of 
the discharge chamber. In order to remove this 
foreign material from the air, I provide accumu 
lator Vanes or pockets 60 in the lowest portion 
of each of the three discharge chambers, and the 
Walls of these pockets converge to Small inclined 
discharge openings 6 drilled in the peripheral 
wall of the discharge chambers, as indicated in 
Figures 11, 12, and 13. These accumulator pock 
ets and drilled ports are designed so that although 
they have ample capacity, to remove the dirt or 
foreign matter in the air Supply the air vented 
through the drilled openings is not in excess of 
about is of one percent of the total air stream. 
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the discharge chambers. 

The multi-stage centrifugal compressor shown 
in the drawings discharges air at a radial velocity 
of about one-fifth or one-sixth of the radial 
velocity of the air discharged from the impellers 
of the usual commercial compressor units. The 
shape, extent and disposition of the surfaces of 
my centrifugal compressor are Such that the 
kinetic energy of the air leaving the impeller is 
converted into static head or pressure without 
the use of discharge vanes or a parallel flat ring 
diffuser. My compressor converts kinetic energy 
of the air into static head in annular chambers of 
uniform cross-sectional area throughout by rea 
son of the disposition of the internal surfaces of 

This results in a free 
dom from pressure surge and shriek, and pro 
motes quiet operation producing static head in 
accordance with the speed at which the compres 
sor may be operating. This conversion of kinetic 
energy into static head in the compressor is ef 
fected by the skin friction of the interior surface 
areas of the discharge chambers, and the internal 
friction of the air as it moves in concentric cir 
cular laminations between the outer diameter of 
the impeller and the inner diameter of the dis 
charge chamber. 
The above described action is in direct con 

trast to the action of conventional discharge 
chambers of a volute or modified volute form in 
which static head is produced by eddies or tur 
bulence in the discharge chamber, and to the 
action of discharge chambers of conventional 
staged compressor design having stream lined Or 
velocity curved vanes or passages, or compressor 
discharge chambers using parallel flat diffuser 

60 

rings. 
Considering atmospheric pressure as zero pres 

sure, it will be seen that the air stream leaving 
the final stage of the centrifugal compressor is 
under plus pressure in accordance with the curve 

. A-2, on the chart shown in Figure 15 and that 
65 
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it also has a velocity produced, maintained and 
controlled by the centrifugal compressor working 
in conjunction with the combustion portion of 
the engine, which meters the air it requires from 
the volume and pressure of air produced by the 
centrifugal compressor. 
While I have shown and described the pre 

ferred embodiment of my invention for use in 
present day motor vehicles, it is to be under 
stood that the design can be changed to meet 
the requirements of diversified uses, the essence 

S 
and Spirit of my invention being an engine in 
which, the rotative, the piston speed, and the ac 
celeration, have no maximum values due to insuf 
ficient volume and pressure of the air stream. 

Having thus described my invention, what I de 
sire to claim and protect by Letters Patent is:- 

1. A Diesel engine comprising a multi-stage 
centrifugal air compressor section and a two 
cycle displacement combustion section, said air 
compressor section being arranged to Supply in 
ternal air to the combustion section, a torque 
limiting device connecting the two operatively 
and constituting a positive drive except at ab 
normal torque values, the capacity and charac 
teristirs of said compressor section being sucín 
that the requirements of the combustion Section 
for internal air and the compressor sections out 
put of such air keep in substantially fixed ratio 
at all speeds within the operating range of the 
Diesel engine even during the time elements when 
the torque limiting device may act to limit the 
torque applied to the compressor section. 

2. A Diesel engine comprising a multi-stage 
centrifugal air compressor section and a two 
cycle displacement combustion section, Said air 
compressor section being arranged to supply in 
ternal air to the combustion section, and means 
to drive the air compressor section by the com 
bustion section, said means including a torque 
limiting device, the compressor having Such air 
supplying characteristics, when so driven by the 
combustion, section as will keep in a fixed ratio 
with the ability of the combustion Section to use 
said air efficiently, and when the torque limit 
ing device is actually limiting the torque applied 
to the compressor section, said engine section 
having a co-operative combination of an air man 
ifold as a part of said combustion Section and 
tangential air inlet ports to the cylinders of Said 
combustion section, said manifold passage and 
said tangential air inlet ports being adapted to 
transmit the air stream from Said compreSSOr Sec 
tion to the interior of the cylinders of the Com 
bustion section, with a minimum of air stream 
friction and pressure drop and in a minimum time 
element. - 

3. A Diesel engine of the two-cycle type hav 
ing piston controlled intake and exhaust ports, 
and a centrifugal multi-stage air CompreSSOr aS 
a part of said Diesel engine, the air compressor 
section having its outlet connected directly to 
the intake ports of the cylinders of said en 
gine, and means to operate said compressor 
section to maintain pressures above atmospheric 
pressure thruout the air ports, and at least at 
mospheric air pressure in the cylinder of Said 
engine at the start of displacement compression. 
at all operating points within the speed range 
Of the engine. 

4. A Diesel engine of the two-cycle type hav 
ing piston controlled ports, the intake ports be 
ing inclined to the bore of the cylinder and tan 
gentially disposed to direct the air stream in a 
definite path and exhaust ports at ninety de 
grees to the centerline of cylinder and tangen 
tially disposed in the opposite direction to the 
intake ports, and a high speed centrifugal multi 
stage air compressor driven in fixed speed ratio, 
except at abnormal torque values, by the crank 

- shaft of the engine and means to convey the air 
stream from said compressor section to and with 
in the cylinder of said engine. with a mininium 
of loss of head or pressure due to friction. : 

5. A Diesel engine, of the two-cycle type having 
a cylinder with tangentially disposed ports for 
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intake and exhaust, a piston Operating in said 
cylinder, and a high Speed centrifugal multi-stage 
air , compressor, driven in fixed speed ratio by 
said engine except at abnormal torque values and 
means to convey an air stream from Said multi 
stage air compressor to the tangential intake 
ports of said engine, said compressor Supplying 
an air stream the varying pressure of Which bal 
ances the air friction losses in the ports and 
passages of said engine, added to the demands 
of said engine for combustion and scavenging air, 
at all speeds. Within the operating range of Said 
engine. 

6. A Diesel engine having a multiple of tWO 
cycle cylinders having piston controlled tangen 
tial intake and exhaust ports and a single crank 
shaft to which all of the engine pistons are con 
nected, having a flywheel at one end of Said 
crankshaft, and a multi-stage centrifugal air 
compressor connected to the opposite end of Said 
Crankshaft and driven thereby in a fixed Speed 
ratio thereto, except at abnormal torque values, 
and means to convey the air stream from the Cen 
trifugal air compressor to and into the cyline 
ders of Said engine With a minimum of friction. 
and pressure drop. 

. A Diesel engine having multiple cylinders 
of the two cycle type said cylinders having up 
Wardly inclined intake and tangential exhaust 
ports in the cylinders, and a single crankshaft to 
which all of the engine pistons are connected, 
having a flywheel at one end of said crankshaft, 
and a nulti-stage centrifugal air compressor Con 
nected to the opposite end of said crankshaft to 
be operated thereby, and a torque limiting de 
vice connection between the crankshaft and the 
air compressor and means to convey the air 
stream from the air compressor to the intake 
ports of Said engine. 

8. A Diesel engine of the two-cycie type, hav 
ing piston controlled intake and exhaust ports, 
and a multi-stage centrifugal compreSSOr Op 
erated as a part of said engine and adapted to 
Supply conoustion and Scavenging air thereto, 
and neans Within Said compressor to remove for 
eign particles from the air passing through said 
congreSSOE. 

9. A Diesel engine having a cylinder with tan 
gential inclined intake and exhaust ports, a pis 
to operating therein, a crankshaft connected to 
said piston, a planetary gearset operatively con 
rected to said Crankshaft, a multi-stage cen 
trifugal compressor to Supply internal air to the 
Cylinder of Said engine, and a torque imiting 
drive connecting said planetary gearset and the 
multi-stage centrifugal air compressor. 

G. A. Diesel engine of the two-cycle type, hay 
ing pistor controlled tangentia inclined intake 
and exhaust ports, and a crankshaft, said engine 
having a flywheel at One end of said crankshaft, 
and 8, planetary gearset at the other end of said 
Cranksinaft and operatively connected thereto, 
and a multi-stage centrifugal air compressor to 
Slapply internal air to the cylinder of said en 
gine, and a torque limiting device connection be 
Ween said planetary gearse, and the multi-stage 
centrifugal air compressor, said torque limiting 
device being operative only at abnormal torque 
Wales, cause by inertia. 

li. A Diesel engine of the two-cycle type, hay 
ing pisto controlled intake and exhaust ports 
with a crankshaft, having a flywheei at one end 
of Said crankshaft, a planetary gearset at the 
other end of said crankshaft and operatively con 
nected thereto, a multi-stage centrifugal air com 

2,010,296 
pressor to supply internal air to the intake ports 
of said engine, a torque limiting driving con 
nection between said planetary gearset and the 
multi-stage centrifugal air compressor, and 
means comprising accumulator vanes provided in 
Said air compressor to remove foreign particles 
from the air passing therethrough. 

2. A Diesel engine of the two-cycle multi 
cylinder high speed type having tarigentially dis 
posed piston controlled intake and exhaust ports, 
a high Speed multi-stage centrifugal air con 
pressor operated by said engine to Supply com 
bustion and scavenging air, to said engine in di 
rect proportion, to the needs of Said engine at 
various engine Speeds, and a means to inject fuel 
into the cylinder of Said engine. 

13. A Diesel engine of the two-cycle type hav 
ing tangentially disposed piston controlled in 
take and exhaust ports, and a multi-stage cen 
trifugal air compressor driven by said engine in 
a fixed Speed ratio to the Speed of the engine, 
except at abnormal torque values caused by in 
ertia, Said multi-stage air compressor being con 
nected to the intake ports of said engine to sup 
ply a Strean of combustion and scavenging air 
thereto, the Volume velocity and pressure of the 
air stream from Said compressor balancing and 
meeting the needs of the engine including air 
friction loSSes at all speeds within the operating 
range of the engine, the tangentially disposed 
intake and exhaust ports setting up a helical tur 
bulence of the incoming air, which helical tur 
bulence is maintained during the entire com 
preSSion Stroke of the piston, and means to in 
ject fuel into the air compressed by the piston. 

14. A Diesel engine of the two-cycle type, hav 
ing piston controlled intake and exhaust ports 
and a multi-stage centrifugal air compressor 
having its discharge outlet connected to the in 
take ports of the engine cylinders, said multi 
Stage centrifugal air compressor comprising a 
casing, a multi-stage impeller or impellers, ro 
tatably mounted in said casing, said impeller 
having vanes on each of its stages, the vanes 
of the first stage being longer than the vanes of 
the Succeeding stages, and a stage diaphragm 
mounted in the case between each two stages of 
the compressor, 

15. A Diesei engine of the two-cycle type hav 
ing piston controlled intake and exhaust ports, 
having a multi-stage centrifugal air compressor 
as a part thereof, Said air compressor having its 
discharge out-let connected to the intake ports of 
the engine, said compressor comprising a Casing, 
a multi-stage impeller rotatably mounted in said 
casing, said impeller having radial vanes on each 
of its stages, the vanes of the first stage being 
longer than the Vanes of the second stage, a 
Stage diaphragm connected to the casing and ex 
tending between the stages of the impeller and 
means in the compressor casing to remove for 
eign particles from the air passing through the 
Compressos. 

16. A Diesel engine of the two-cycle type, hav. 
ing piston controlled intake and exhaust ports, 
and having a multi-stage centrifugal air com 
preSSOr as a part thereof, said compressor hav 
ing its discharge outlet connected to the intake 
ports of the engine, said compressor comprising 
a casing, a multi-stage impeller rotatably mount 
ed in Said casing, said impeller having radia 
Vanes on each of its stages, a stage diaphragm 
connected to the casing and extending between 
the stages of the impeller, said casing having an 
opening in its periphery, and an accumulator 
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vane arranged interiorly in the casing in prox 
imity to the peripheral opening therein to guide 
foreign particles carried by the air in the com 
preSSOr to the peripheral opening in the casing. 

17. A Diesel engine of the two-cycle type hav 
ing piston controlled intake and exhaust ports 
and a multi-stage centrifugal compressor hav 
ing its discharge outlet connected to the intake 
ports of the engine, said centrifugal compressor 
comprising a casing, a multiple stage impeller 
rotatably mounted in said casing, said impeller 
having radial vanes on each of its stages, a stage 
diaphragm connacted to the casing and extend 
ing between the stages of the impeller, and ac 
cumulator pockets arranged interiorly in the cas 
ing at the lower portion thereof in line with the 
impeller stages, there being relatively small 
openings leading from said pockets through the 
compressor casing to remove foreign particles 
from the air within the compressor. 

18. A Diesel engine of the two-cycle type hav 
ing piston controlled intake and exhaust ports, 
and a multi-stage centrifugal compressor having 
its discharge outlet connected to the intake ports 
of the engine, said multi-stage centrifugal com 
pressor comprising a multi-stage impeller rota 
tively mounted in said casing, said impeller hav 
ing radial vanes on each of its stages, a staged 
diaphragm connected to the casing and extend 
ing between the stages of the impeller, a driving 
shaft for said impeller and operatively connected 
to said engine to be rotated thereby, and a torque 
limiting friction driving connection between said 
shaft and the impeller. 

19. A Diesel engine of the two-cycle type hav 
ing piston controlled intake and exhaust ports 
and a multi-stage centrifugal compressor having 
its discharge outlet connected to the intake ports 
of the engine and said multi-stage centrifugal 
compressor comprising a casing, a multi-stage 
impeller rotatably mounted in said casing, said 
impeller having radial vanes on each of its 
stages, the vanes of its first stage being longer 
than the vanes of the succeeding stages, and 
stage diaphragms connected to the casing and 
extending between the stages of the impeller, 
each of said diaphragms comprising spaced walls 
connected by vanes extending from the hub of 
the diaphragm. to a point adjacent its periphery, 
and the rearward wall of Said diaphragm having 
an annular discharge opening adjacent its hub. 

20. A Diesel engine of the two-cycle type hav 
ing piston controlled intake and fxhaust ports 
and having a multi-stage centrifugal compressor 
with its discharge outlet connected to the intake 
ports of the engine, said multi-stage centrifugal 
compressor comprising a casing, a multi-stage 
impeller rotatably mounted in Said casing, said 
impeller having radial vanes on each of its 
stages, the vanes of its first stage being longer 
than the vanes of the succeeding stages, and 
stage diaphragms connected to the casing and 
extending between the stages of the impeller, 
each of said diaphragms comprising spaced walls 
connected by vanes extending from the hub of 
the diaphragm to a point adjacent its periphery, 
the forward wall of the diaphragm having an 
inlet opening adjacent its periphery and the rear 
ward wall of Said diaphragm having an annular 
discharge opening adjacent to its hub and means 
in the compressor casing to remove foreign par 
ticles from the air in the compressor. 

21. A Diesel engine of the two-cycle type hav 
ing piston controlled intake and exhaust ports 
and having a multi-stage centrifugal air com 
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pressor with its discharge outlet connected to the 
intake ports of the engine, said multi-stage cen 
trifugal compressor comprising a casing, a multi 
stage impeller rotatably mounted in said casing, 
said impeller having radial vanes on each of its 
Stages, the vanes of its first stage being longer 
than the wanes of the succeeding stages, and 
stage diaphragms, connected to the casing and 
extending between the stages of the impeller, 
each of Said diaphragms comprising spaced walls 
connected by vanes extending from the hub of 
the diaphragms to a point adjacent its periphery, 
the forward wall of the diaphragm having an in 
let opening adjacent to its periphery and the 
rearward wall of said diaphragm having an an 
nular discharge Opening adjacent its hub, a driv 
ing shaft for said impeller and operatively con 
nected to said engine to be rotated thereby, and 
a torque limiting friction driving connection be 
tween said shaft and the impeller. 

22. A Diesel engine of the two-cycle type hav 
ing piston controlled intake and exhaust ports 
comprising a crank case, a plurality of cylinders 
Secured to Said crank case, pistons in said cylin 
ders being connected to the crank shaft in said 
crank case, a flywheel arranged at one end of said 
crank shaft, an air passage extending longitudi 
nally along the upper portion of said crank case, 
said air passage communicating with the intake 
ports of the cylinders, a multi-stage centrifugal 
air compressor having its casing secured to the 
end of the crank case opposite the flywheel end 
of the Crank case and having its Outlet com 
municating with the air passage in the crank 
case, a driving connection between the crank 
shaft and multi-stage centrifugal compressor, 
and means to inject fuel into the engine cylin 
ders, the intake and exhaust ports of said cylin 
ders being tangentially disposed with respect to 
the cylinders whereby the incoming air will set 
up spiral turbulence within the cylinders which 
will be maintained during the compression stroke 
of the pistons. 

23. A Diesel engine having operatively con 
nected together any number of power generating 
cylinders, and an internal air furnishing multi 
stage centrifugal air compressor, said compressor 
being adapted to furnish at all engine speeds, 
sufficient air both in volume and pressure to en 
able the engine to accelerate rapidly, said air be 
ing furnished in a stream the velocity of which 
is almost instantaneously convertible to pressure 
at high efficiency, said cylinders having ports 
arranged and stream-lined to accomplish con 
version from air speed to air pressure and vice 
versa at an efficiency of about eighty per cent. 

24. A Diesel engine having operatively con 

5 

O 

5 

20 

30 

35 

40 

45 

50 

55 

nected together any number of power generating 
cylinders, and a scavenging plus combustion air 
furnishing multi-stage centrifugal compressor, 
said compressor being adapted to furnish at any 
engine speed sufficient air to enable the engine 
to accelerate rapidly, said air being furnished in 
a stream the velocity of which is directly con 
vertible into pressure at high efficiency, said cyl 
inder having intake ports tangentially disposed 
to diffuse the air into a hollow helical cylinder of 
air within the combustion cylinder bore the cen 
ter of said helical cylinder of air forcing the 
spent gases of combustion to and through ex 
haust ports which are tangentially disposed in a 
cumulative direction, the structure thereby util 
izing the high velocity of the exhaust gases to 
accellerate the air and exhaust gas streams. 
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combustion section and an air supplying section, 
said combustion section comprising a plurality of 
cylinders having tangentially arranged upwardly 
inclined inlet ports and stream-lined cumulative 
ly arranged exhaust ports, said air supplying Sec 

- tion comprising a centrifugal multi-stage Com 
pressor, means for positively driving said com 
preSSOr except at abnormal torque values, where 
by in consequence of the characteristics of said 
compreSSOr and ports, the air-using capacity of 
the engine and the air-furnishing capacity of the 
Compressor approximately parallel each other as 
the speed of the engine increases, the diversity 
between the two being Such that air-furnishing 
capacity is slightly in excess at the higher speed 
algeS. 
26. A two-cycle Diesel engine comprising a plu 

rality of combustion cylinders arranged in line, a 
crank shaft, a multi-stage centrifugal air com 
pressor mounted upon one end of said crank 
shaft, a gearset and a friction controlled torque 
limiting device, the impeller of said compressor be 
ing driven thereby, a crankcase, an inlet air mani 
fold extending through said crankcase and adapt 
ed to receive and conduct an air stream from 
Said centrifugal compressor and a plurality of air 
intake ports, one for each cylinder extending up 
ward into each cylinder at such angle as to point 
to the upper end of cylinder bore and also tan 
gentially disposed to diffuse the air into a hollow 
helical cylinder bore, the incoming air displacing 
the exhaust gases as the wall thickness of the 
hollow helical cylinder of air increases the ex 
haust gases are thereby forced down to and 
through the exhaust ports which are tangential 
ly disposed in a cumulative direction, the struc 
ture thereby utilizing the high velocity of both 
the incoming air stream and the higher velocity 
of the exhaust gases, to change the Contents of, 
the combustion cylinder fron spent gases to apa 
proximately pure air at over atmospheric pres 
sure in a minimum time element. 

27. A two-cycle Diesel engine comprising a plu 
rality of combustion cylinders arranged in line, 
a crank case under Said cylinders, Said crank 
case having as a part thereof a housing for the 
front-end accessory drive, a crank shaft, the for 
ward end of which carries a gearset at the for 
ward line of front end drive housing, a multi 
stage impeller as the rotor of a centrifugal air 
compressor, mounted on an extension of said 
gearSet, an Outwardy cylindrical casing fitting 
over said impeller, and fastened to the cover of 
front end drive housing, an inlet air manifold ex 
tending through said Crank case along said cylin 
ders to communicate with said compressor, and 
one inlet port for each cylinder, extending up. 
Wardly at Such an angle as to point to the upper 
end and Opposite Sidie of Said cylinder, and also 
tangentially disposed to diffuse the air into a hol 
low helical cylinder of air within the combustion 
cylinder bore the inconing air displacing the ex 
haust gases with a cyclonic revolution of the cyl 
inder contents, the exhaust gases being thereby 
forced down to and through the exhaust ports, 
which are tangentially disposed in a cumulative 
direction, the entire structure thereby utilizing 
the velocity of both the incoming air stream and 
the higher Velocity of the exhaust gases, to change 
the contents of the combustion cylinder from 
spent gases to pure air at any predetermined 
pressure Over atmospheric pressure, in a mini 
mum time element, and with a minimum of mix 
ing pure air and exhaust gases. 

28. A balanced combination in which air fur 
nishing capacity keeps step with air using capaca 
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ity at all speeds, comprising a two-cycle, multi 
cylinder Diesel engine, a crank case therefor, and 
a multi-stage centrifugal air CompreSSOr driven 
by the crankshaft of said engine, an inlet mani 
fold within the crank case connecting said com 
pressor and the inlet ports of said engine to con 
duct internal air thereinto, said inlet ports being 
disposed tangentially to the cylinder and pointing 
upward to swirl the inlet air upwardly and in a 
spiral as great as the internal cylinder diameter, 
Outlet ports in Said cylinders Strean-lined in re 
lation to said inlet ports to empty said cylinder of 
gas in the shortest possible time. 

29. The method of operating a two-cycle Diesel 
internal combustion engine which comprises Sup 
plying thereto internal air for scavenging and 
combustion in Such volume and at such pressure, 
So that there is a definite slight excess of air al 
Ways available for acceleration of the engine, said 
exceSS values growing gradually greater as the 
engine speed increases. 

30. A Diesel engine comprising a multistage 
centrifugal air compressor and a two-cycle dis 
placement combustion Section and means for 
Said air compressor, to Supply combustion-plus 
Scavenging air to the engine, in fixed relation 
to its capacity at all speeds to use said air and 
means to drive the centrifugal air compressor 
positively, except at abnormal torque values 
caused by inertia, and tangential air inlet ports 
in Said engine arranged for maximum scaveng 
ing effect while using a minimum excess air 
Volume. 

31. A Diesel engine comprising a multi-stage 
centrifugal air compressor arranged to supply 
internal air into thc engine, means for positively 
driving the air compressor, said means being 
adapted to limit abnormal torque values, means 
to Supply air in the Sane volume ratio and at 
a constantly increasing pressure ratio during 
acceleration and adapted to develop a pressure 
ratio to engine speed such that the air pres 
sure, within the cylinder, at the time when the 
piston is just closing the exhaust port, is at a, 
Constant value at all points in the operating 
range of the engine. 

32. A Diesel engine comprising a multi-stage 
centrifugal air compressor, and a two-cycle disa 
placement combustion section, Said air compres 
sor being arranged to supply internal air to the 
engine, means to positively drive the compressor 
except at abnormal torque values, means includ 
ing a torque limiting device for operatively con 
necting said compressor to Said combustion. Sec 
tion, a plurality of rotary impellers within Said 
compressor section, each impeller capabie' of 
supplying the total volume of air required, and 
each impeller capable of supplying its prog0'- 
tional fraction of the total head oš air required, 
the capacity of said compressor section, in both 
volume and head, being such as to keep step Wit. 
the capacity of the combustion Section to use 
said air efficiently. 

33. A Diesel engine comprising a multi-stage 
centrifugal air compressor section and a two-cycle 
displacement combustion section, said air con 
pressor section being arranged to supply internal 
air to the combustion section, means for posi 
tively driving the compressor section, exce2t at 
abnormal torque values, means by which Said 
combustion section volume constantly equals the 
volume of the compressor discharge, said means 
also providing a pressure increase within the 
compressor having a constantly increasing ex 
cess over the friction loss caused by air Stream 
velocity, within the engine at all points in the 
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acceleration range at which the compressor is 
positively driven, the equality between volumes 
being measured at the same temperature and 
preSSure. 

34. A Diesel engine comprising a multi-stage 
centrifugal air compressor section and a two 
cycle displacement combustion Section, said air 
compressor section being arranged to supply in 
ternal air to the combustion section, a torque 

9 
limiting device connecting the two operatively 
and constituting a positive drive except at ab 
normal torque values, means to maintain an air 
volume increasing in direct ratio and an air 
pressure increasing in a much larger ratio, as 
engine speed increases, even during the times 
when the torque limiting device may act to limit 
the torque applied to the compressor section. 
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