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This invention relates to a new pressurized rotary 
Stirling cycle engine, including both axial and radial gas 
flow types. 

Various types of pressurized reciprocating Stirling en 
gines are well known in the field and while most are 
efficient, all are hampered by the requirements of con 
necting rods and the sealing of these rods in addition to 
linkage and the wear inherent in these connections. 
The rotary type of engine is designed to achieve the 

efficiency and silence of the Stirling cycle in a simpler, 
easily produced engine arrangement, while gaining the in 
herent benefits of a rotary machine. 
The classic Stirling closed cycle is basically an external 

ly heated engine in which the constant volume of gas is 
alternately heated and cooled to produce the half power 
stroke and half pull stroke, on the power piston. The con 
ventional reciprocating Stirling engine currently in use con 
sists of dual coaxial pistons, one displacer and one power 
piston reciprocating within a common cylinder. The ap 
proximate 90 degree phase angle at the crankdisc keys 
the cycle so that the displacer piston follows the power 
piston downward for the half power stroke, thereby allow 
ing the expanding gases to push effectively on the power 
piston. The two pistons are in-line and connected in phase 
to a common crankdisc and shaft. In a similar manner the 
displacer piston follows the power piston on the upward 
half pull stroke. 

Since the conventional Stirling engine combines the cold 
clearance volume with the power piston volume, a cer 
tain amount of thermal loss occurs when the hot expand 
ing gases contact the cold wall areas, with a correspond 
ing loss of efficiency. 
A further unavoidable deficiency in the common cylin 

der diameter design is that the compression ratio is in 
herently set at a low value of about 2.5 to 1. 

This low compression ratio leads to the application of 
undesirably high internal pressure in order to produce 
competitive power-to-displacement ratios of approximately 
2 horsepower per cu. in. 

In the rotary design a rotary displacer takes the place 
of the displacer piston and the power rotor and vanes 
take the place of the power piston. 

In the axial flow or tandem arrangement the alternate 
ly expanding and contracting gas is impelled by the flow 
blades to enter and leave the respective ports of the power 
section. 
These ports are staggered radially to match the pitch 

direction of the flow blades which produce a zone and 
torroidal flow effect within the displacer cylinder. This is 
not an ideal system since the cold zone is compromised, 
by being the "inner' zone, in favor of the hot outer zone 
expansion efficiency. 
The hot expanding gases enter the hot port and expand 

against the power rotor and vanes to cause rotation 
during the hot expansion phase of approximately one 
half rotation. The cooled gas contracts to cause a partial 
vacuum within the displacer cylinder and thereby cause 
evacuation within the varying chamber of the power sec 
tion. This evacuation causes a "pull' on the rotor vane, 
for approximately one-half rotation. 
The alternate heating and cooling of the gas caused 

by the rotary displacer "flat' nearly duplicates the action 
of the displacer piston in a reciprocating engine and the 
rotation of the power rotor assembly nearly duplicates 
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the resultant motion of the power piston of the recipro 
cating engine. 

In the radial flow or parallel cylinder arrangement the 
hot expanding gases are forced centrifugally, by the ro 
tation of the rotor flat, into the hot duct and into the 
power section where they act on and rotate the power 
rotor and vanes. During the cold half-cycle the contract 
ing gases cause a "vacuuming” effect in the cold duct and 
thereby create a pull on the power rotor assembly. 

This system is somewhat more efficient than the axial 
flow arrangement, since there is no intermingling of ther 
mal zones within the displacer cylinder, due to the sepa 
ration of the hot and cold ports across the diameter of 
the cylinder. 
The same displacer rotor and "flat” arrangement are 

utilized in this radial flow type of engine. The two cylin 
ders, displacer and power are connected together with a 
chain drive or equivalent drive. The drive ratio will be 
approximately one-to-one. The relative volumes of the 
two section cylinders should be at a ratio of about ten 
to-one, displacer-to-power, in order to operate properly. 
The problem of thermal regeneration in the rotary en 

gine is difficult and at best not as efficient as would be 
desired. 

Since external regeneration is complex, circular regen 
erator bores within the displacer rotor seem the most rea 
sonable and feasible to construct. These multiple circular 
bores would be filled with a regenerative filament for 
thermal storage. In operation the filament would store 
heat during the rotor passage through the hot side of the 
displacer cylinder, retain it, and expel it when the rotor 
flat reenters the hot side of the cylinder. 

It is an object of the invention to create a simpler 
Stirling cycle engine while maintaining all the Superior 
characteristics of the cycle. 

It is an object of the invention to create an improved 
Stirling cycle engine by utilizing the advantages of pure 
rotational elements. 

It is an object of the invention to achieve maximum 
operating efficiency in a rotary engine by the adoption 
of new regeneration and thermal saturation techniques. 

It is an object of the invention to produce long-lived, 
trouble free, and relatively inexpensive rotational seals 
and elements. 

It is an object, in view of the aforementioned objects, 
to produce a rotary Stirling engine that is relatively in 
expensive and easy to manufacture. 

Other features and objects will become apparent from 
the following description of the engine design. 

It should be understood that variations may be made in 
the detail design without departing from the spirit and 
scope of the invention. 

Referring to the drawings: 
FIG. 1 is a front section through the displacer cylinder. 
FIG. 2 is a side section through the engine. 
FIG. 3 is a front section of an alternate two parallel 

cylinder arrangement. 
FIG. 4 is a side view of the first power vane. 
FIG. 5 is an end view of a power vane. 
FIG. 6 is a side view of the second power vane. 
Referring to the drawings in detail: the cylindrical dis 

placer housing 1 is fitted with the front plate 2 and the 
rear plate 3. The screws 27 hold both plates in place on 
the displacer housing. The displacer rotor 4 closely fits 
and revolves in the displacer housing 1 and rotates with 
the main shaft 5. The two rotor bearings 6 support dis 
placer rotor and main shaft within the displacer housing. 
The front flange 7 carries the shaft seal 8, which pressure 
seals the main shaft 5 in the housing. The front flange 7 
is secured to the front plate 2, by the screws 26. Liquid 
sealant is used to make a pressure tight seal between the 
front flange and the front plate 2. 
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The displacer rotor 4 has a fiat 21 that is approximately 
located at one-quarter the radius of the displacer rotor 
from its outside diameter. This flat forms the basic gas 
working volume of the engine. Multiple guide rings 22 
support the flow blades 23, 24, 25, and are secured to the 
rotor flat. The flow blades 24 are the symmetrical center 
blades which match the number of guide rings and are 
secured to them. The side blades 23 and 25 are of oppo 
site hand to each other and are secured to the guide rings 
22, as indicated. 

. The displacer rotor is built up to be solid and pres 
sure tight and may have internal counterbalancing to 
simplify the final dynamic balancing of the rotor 
assembly. 
The power cylinder 9 is secured to the end plate 10 

and 11 by the screws 28 and 29. The screws 29 also 
secure the end plate 10 to the rear plate 3, which serve 
to tie the two engine sections together. The gasket 20 
seals both end plates to the power cylinder. 
The slotted power rotor 12, is supported by the main 

shaft and bearing 19, and eccentrically fits and revolves 
in the power cylinder 9. The main shaft 5 protrudes into 
the power rotor about one-third the rotors full width in 
order to provide working space for the two power vanes. 
The power rotor is held in place on the main shaft by the 
key 8. 
The power rotor vanes 13 and 14 fit into their respec 

tive slots of the power rotor at right angles to each other. 
Due to their shape they interfit and have independent 
radial motion within their own slots. - 
The seals 15 and 16 and their loading springs 38, fit 

into their respective slots of the rotor vanes. 3 and i4. 
The loading springs provide a small preload to the rotor 
Seals to assure adequate contact and pressure sealing at 
the inside walls of the power cylinder. 
The top and side seais overlap each other by lap joints 

in order to provide continuity of sealing within the power 
cylinder. . 
The hot twin ports 31, and cold twin ports 30, allow 

the alternate hot and cold gas fiow from the displacer 
cylinder to enter and leave the power cylinder. These 
ports are lined up within the crescent-shaped cavity pro 
duced by the eccentricity of the power rotor within the 
power cylinder, and the ports sets, hot and cold are about 
150 degrees apart. 
The mating surfaces of the two engine cylinders is 

Sealed by liquid sealant made pressure tight by tightening 
the connecting screws 29. 
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The inside surfaces of the power cylinder are lined 
with a dry film lubricant such as moly-disulphide or 
similar lubricant for dry lubrication operation. If neces 
sary an oil lubrication system may be provided to increase 
the life of the rotor vane seals which may be made of 
filled-Teflon or other equivalent seal material. 
The displacer cylinder 1, must be fitted with a pressure 

filler receptacle 36, a pressure gauge 37, a pressure relief 
valve 34 and a temperature gauge 35. 

Multiple regenerator bores 39 are located in the dis 
placer rotor 4 which are filled with the regenerative fila 
ment 40. The bore openings start and end on the rotor 
flat and the bores are concentric with the displacer rotor 
center. In operation, when the rotor revolves and the fiat 
is at the hot side, some of the hot expanding gas enters 
the regenerator bores and is stored during the half revolu 
tion thru the cooled side. As the rotor flat just revolves 
into the hot side the stored hot gas is expelled into the 
hot volume to boost and preheat the hot gas volume. 

Conversely, part of the cooled, contracting gas enters 
the regenerator bores during the rotor half revolution 
thru the cold side and is stored during the half revolution 
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70 thru the hot side. It is expelled into the cold volume to 
precool the cooling gas volume. 
The heat source 44 is located at one side of the dis 

placer cylinder and the cold source 45 is located at the 
Opposite side of the displacer cylinder-180 degrees from 75 

4. 
the hot source. The heat source 44, would consist of a 
conventional fuel burner arrangement for the combustion 
of kerosene, fuel oil or other low grade liquid fuels. 
The burner system must be draft and gust proof and 

provided with a pilot light system. The system must also 
be capable of operation at four or five different heat 
levels for engine power control. 
The cold source 45, must consist of cold water tubing 

which criss-cross the cylinder surface and are closely 
spaced and in direct contact with the surface. Other cool 
ing means may be utilized providing they are equally as 
efficient as the liquid cooled System. 
Thin metal strips 41, are secured to the inside diameter 

of the displacer cylinder, which flex partly into and out 
of the gas volumes. The strips are closely spaced and 
must clear the flow blades and rings. 
The purpose of the flex strips is to further conduct and 

more rapidly transfer heat and cold to the gas volume, 
providing a heat in depth. The strips must not protrude 
too deeply into the rotor arc, since their flexural displace 
ment must be kept low for reasonable life. 
The engine assembly is provided with a variable pres 

sure system for speed/power control, since varying the 
pressure level quickly provides speed response. 

In the radial flow, parallel cylinder arrangement all of 
the basic elements and arrangement are the same as in 
the axial flow type except for the external connections and 
orientation. 
The hot transfer duct 32 at the top connects the hot 

ports 31, in the displacer cylinder with the hot ports of 
the power cylinder. 
The cold transfer duct 33 at the bottom connect the 

cold ports 30, in the displacer cylinder with the cold 
ports of the power cylinder. 
The only difference within the displacer cylinder 1 is 

that all the flow blades, 23, 24, 25 have no pitch so that 
the gas flow is directed radially into the hot and cold 
ports in the circumference of the displacer cylinder. 

It should be observed that there is a similarity in the 
rotary Stirling cycle engine to that of the closed cycle 
gas turbine in that the displacer rotor functions as the 
compresser stage and the power rotor functions as the 
turbine, power stage. The basic difference is in the oper 
ating medium and alternate hot and cold cycling. 
What is claimed is: 
1. A dense gas rotary Stirling cycle engine comprising 

a first cylinder, a truncated rotor within said cylinder, 
multiple rings mounted on said truncation, multiple im 
peller blades mounted on said rings, a shaft to support 
said truncated rotor, two end plates to enclose said first 
cylinder, multiple ports within one of said end plates, and 
bearings within said end plates to support said shaft, 

a second cylinder in line with said first cylinder, a 
slotted rotor within said second cylinder having a 
short blind hole for said shaft, two movable vanes at 
right angles within said retor, sealing means in said 
movable vanes, two end plates to enclose said sec 
ond cylinder, multiple ports within one of said end 
plates which freely communicate with the multiple 
ports within one of the said end plates of said first 
cylinder, bearing means for said first and second 
cylinders, means for sealing said shaft where it pro 
jects from the said first cylinder. 

2. A dense gas rotary Stirling cycle engine, according 
to claim 1, in which said truncated rotor contains multi 
ple circular regenerator bores filled with fine filament, 
internal counterbalancing means. 

3. A dense gas rotary Stirling cycle engine, accord 
ing to claim 1, in which the said truncated rotor is of 
irregular shape, 
shaped. 

4. A dense gas rotary Stirling cycle engine comprising 
a first cylinder, a truncated rotor within said first cylinder, 
multiple rings mounted on said truncation, multiple im 
peller blades mounted on said rings, a shaft Support 

said truncation is wave or helically 
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said truncated rotor, two end plates to enclose said first 
cylinder, multiple ports within the walls of said first cylin 
der, and bearings within said end plates to support said 
shaft, 

a second cylinder located parallel with said first cylin 
der, a slotted rotor within said second cylinder hav 
ing a short blind hole for said shaft, two movable 
vanes at right angles within said rotor, sealing means 
in said movable vanes, two end plates to enclose said 
second cylinder, multiple ports within the walls of 
said second cylinder which freely communicate with 
the multiple ports within the walls of said first cylin 
der, sealing means for said first and second cylinder, 
means for sealing said shaft where it projects from 
said first cylinder, 

an exterior duct connecting said first cylinder ports with 
the second cylinder ports at the top of each, an 
exterior duct connecting said first cylinder ports at 
the bottom and disposed diagonally upward and 
connecting to said second cylinder ports, 

external connecting and drive means from said first 
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cylinder shaft to a second shaft within said second 
cylinder. 

5. A dense gas rotary Stirling cycle engine according 
to claim 4 in which said movable vanes are increased in 
number and are independently spring controlled. 

6. A dense gas rotary Stirling cycle engine, according 
to claim 4 in which the said first cylinder is fitted with a 
plurality of thin flexible metal strips on the inside walls, 
external regeneration ducts are placed around the said 
first cylinder between the hot and cold areas, heating and 
cooling means for said first cylinder. 

7. A dense gas rotary Stirling cycle engine according 
to claim 4, in which the said first and second cylinders 
are in line, an exterior duct connecting said first cylinder 
top ports with the said second cylinder top ports, an 
exterior duct connecting said first cylinder bottom ports 
with the said second cylinder bottom ports. 

No references cited. 

WENDELLE. BURNS, Primary Examiner. 


