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(57) ABSTRACT 
A rotary closed Rankine cycle engine including rotary 
closed housing containing a boiler and an expander, 
and a condenser connected to the housing, all rotatable 
as a unit about a common axis. The boiler is of annular 
construction and the housing and boiler are rotation 
ally driven at a predetermined speed to maintain in the 
boiler an annular body of liquid having a liquid/vapor 
interface spaced a predetermined distance radially out 
ward from the engine axis. The condenser is mounted 
coaxially adjacent the housing to rotate therewith as a 
unit about the engine axis. The expander actuates a co 
axial driving member in the rotary housing and an oc 
cluded fixed ratio gear train mounted coaxially within 
the rotatable housing is driven by the expander driving 
member and connected to and communicating with 
the rotary housing-boiler-condenser unit to rotationally 
drive the latter at said predetermined speed. An exter 
nal drive member is connected to the rotary housing 
and rotationally driven thereby, and means is provided 
opposing the reaction torque generated by the internal 
gear train so that the power output of the expander is 
transmitted directly to the rotary housing and the exter 
nal drive member. 

26 Claims, 16 Drawing Figures 
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ROTARY HEAT ENGINES 
This invention relates to rotary heat engines, and 

more particularly to rotary heat engines of the closed 
Rankine cycle type especially adapted for use with high 
molecular weight power fluids. 
Rotary heat engines of the type set forth comprising 

a rotatable closed housing, containing an annular boiler 
with attached internal condenser unit and an expander 
are known in the art. An example of such an engine is 
disclosed in U.S. Pat. No. 3,613,368 issued Oct. 19, 
1971. Prior to the present invention, and as shown in 
the aforesaid patent, it has been the practice to rota 
tionally drive the rotary boiler-condenser unit indepen 
dently of the primary power output of the engine, for 
example, by means of a rotary power source that is en 
tirely separate and apart from the Rankine engine. 
Such an arrangement is comparatively complex and re 
quires the provision of an independent rotary power 
source for continuously driving the boiler-condenser 
unit that is in addition to and indirectly split from the 
total power developed by the Rankine engine. More 
over, in such an arrangement, particularly when the ex 
pander is a turbine operating substantially below opti 
mum speed, the provision of some means, such as a 
brake, is required to absorb or use the excess power de 
livered to the rotary boiler-condenser unit over that re 
quired to rotationally drive said unit. Furthermore, 
control systems for such an arrangement are complex. 
According to the present invention, the rotary hous 

ing boiler-condenser unit of the Rankine engine is in 
ternally coupled mechanically to the internal expander 
driving member so that, except at start-up of the en 
gine, the housing-boiler-condenser unit is rotationally 
driven continuously by the primary power output gen 
erated by the engine. The principal advantage of the 
present invention lies in its simplicity and the fact that 
the proportion of the total power generated required to 
rotationally drive the housing-boiler-condenser unit is 
automatically split-off from the total power developed 
by the engine and the balance of the power is applied 
directly to the external load on the engine. 
More particularly, the present invention contem 

plates the internal mechanical coupling of the rotary 
housing-boiler-condenser unit to the internal expander 
driving members through an internal fixed-ratio gear 
train so that the boiler-condenser unit is rotationally 
driven at a constant ratio to the speed of the expander. 
An advantage of this is that when the expander is a full 
admission nozzle turbine, the turbine can operate at 
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down high speed expanders, such as turbines, exteriorly 
of the engine. 
With the foregoing in mind, an object of the inven 

tion is to provide a rotary heat engine of the type de 
scribed comprising a closed rotary housing and boiler 
having an internal expander and an internal mechanical 
coupling between the expander driving member and 
housing to rotationally drive the latter, together with 
means cooperable with the mechanical coupling oppos 
ing the generated reaction torque so that the power 
output of the internal expander is transmitted directly 
to the rotary housing. 
Another object of the invention is to provide a rotary 

heat engine embodying the foregoing features wherein 
the mechanical coupling between the expander driving 
member and rotary housing-boiler-condenser unit is a 
fixed-ratio gear train constructed and arranged to rota 
tionally drive the engine at a predetermined constant 
speed. 

Still another object of the invention is to provide a 
rotary heat engine in accordance with the foregoing 
wherein the fixed-ratio gear train coupling the internal 
expander driving member and rotary housing-boiler 
condenser unit comprises a coaxial first gear driven by 
said driving member, a second gear carried by said boil 
er-condenser unit for rotationally driving the latter, and 
at least one intermediate gear. 
A further object of the invention is to provide a ro 

tary heat engine as set forth having novel means coop 
erable with at least one gear of the occluded gear train 
to generate a counter torque force opposing or anchor 
ing the reaction torque generated by said occluded fix 
ed-ratio gear train. 
A still further object of the invention is to provide a 

rotary heat engine as set forth having means selectively 
operable to eliminate the counter torque force oppos 
ing the reaction torque of the gear train during start-up 
of the engine and to selectively control such counter 
torque force during operation after start-up to provide 
slip or rotation relative to the reaction torque and 
thereby vary the speed of rotation of the rotary 
housing-boiler-condenser unit below the designed pre 
determined constant speed normally provided by the 
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substantially constant speed with the power output of 
the engine controlled by regulation of the rate that fuel 
is supplied to the combustion chamber to heat the 
boiler liquid. Thus, the expander will operate at peak 
efficiency at all power levels. Moreover, engine acces 
sories are driven at constant speed independent of the 
engine power level. The efficient coupling of the me 
chanical power developed between the internal expan 
der and rotary housing-boiler-condenser unit to the 
load provided by the present invention solves one of 
the major difficulties in adapting a rotary closed Ran 
kine cycle engine to vehicular and other mobile propul 
sion applications. Furthermore, the invention provides 
for power take-off at reasonable speeds, eliminates the 
necessity for high speed shaft seals through the closed 
rotary housing, and substantially reduces windage 
losses and noise customarily associated with gearing 
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fixed-ratio gear train as desired. 
These and other objects of the invention and the vari 

ous features and details of construction and operation 
thereof are hereinafter set forth and described with ref 
erence to the accompanying drawings, in which: 
FIG. 1 is a vertical sectional view diametrically 

through a rotary heat engine embodying the present in 
vention; 
FIG. 2 is a transverse sectional view on line 2-2, 

FIG. 1; . 
FIG. 3 is an end elevational view in reduced scale, 

from the right hand end of the engine as viewed in FIG. 
1; 
FIG. 4 is a detached fragmentary sectional view dia 

metrically through the engine; 
FIG. 5 is a fragmentary sectional view diametrically 

through the engine showing a second arrangement of 
fixed-ratio gear train; 
FIG. 6 is a schematic view from line 6-6, FIG. 5; 
FIG. 7 is a fragmentary sectional view similar to FIG. 

5 showing a third arrangement of fixed-ratio gear train; 
FIG. 8 is a schematic view from line 8-8, FIG. 7; 
FIG. 9 is a vertical sectional view diametrically 

through a rotary engine employing magnetic means for 
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counteracting the reaction torque generated by the en 
glne; 
FIG. 10 is a sectional view, in reduced scale, on line 

10-10, FIG. 9; 
FIG. 11 is a fragmentary sectional view diametrically 

through the engine of FIG. 9 showing an alternate cou 
pling arrangement employing electromagnets; 
FIG. 12 is a sectional view taken on line 12-12, FIG. 

11; 
FIG. 13 is a schematic diagram of an electric circuit 

for the electromagnets of FIGS. 11 and 12, 
FIG. 14 is a fragmentary vertical sectional view dia 

metrically through the rotary engine of FIG. 9 illustrat 
ing a modification thereof for counteracting the reac 
tion torque generated by the engine; 
FIG. 15 is a transverse section on line 15-15, FIG. 

14; and 
FIG. 16 is a fragmentary vertical sectional view dia 

metrically through the engine of FIG. 1 illustrating the 
adaptation of a flywheel to the turbine drive shaft. 

Referring now to the drawings, and more particularly 
to FIG. 1 thereof, a rotary engine in the form of a 
closed Rankine cycle power system embodying the 
present invention comprises a rotary housing and boiler 
B, a suitable internal expander such as, for example, a 
turbine T, a rotary condenser C coupled to the rotary, 
housing-and boiler for rotation therewith as a unit, and 
an internal occluded fixed-ratio gear train driven by the 
expander and connected to the rotary housing-boiler 
condenser unit to rotationally drive the latter at a pre 
determined speed, as hereinafter set forth and de 
scribed. 

In the embodiment of the invention shown in FIG. 1 
of the drawings, the rotary boiler B comprises a cylin 
drical chamber 1 defined by an outer continuous cir 
cumferentially extending wall 2, side walls 3 and 4, and 
an inner cylindrical wall 5. Preferably, the outer cir 
cumferential wall 2 of the boiler chamber is configu 
rated or contoured, for example as shown, to provide 
an expanded or extended thermal conductive surface 
area in accordance with the invention disclosed in the 
copending application of Philip J. Rennolds, Ser. No. 
128,076 filed Mar. 25, 1971, now U.S. Pat. No. 
3,690,302 
The boiler chamber wall 3 extends radially inward 

beyond the wall 5 and is connected at its inner end, as 
by bolts 3a, to an annular hub structure 6 disposed co 
axially with respect to and internally of the boiler B. 
The hub 6 houses the turbine T as described hereinaf 
ter. The hub 6 has a central bore 7 extending axially 
therethrough and mounted coaxially in the outer end 
thereof is a shaft 8 that is secured in the hub 6 for rota 
tion therewith. The shaft 8 is rotatably journalled in a 
bearing 9 that is mounted in a fixed standard or support 
O. 
The inner cylindrical wall 5 of the boiler extends axi 

ally beyond the boiler chamber wall 4 as shown, and is 
fixedly secured, as by bolts 11, to the peripheral por 
tion of the adjacent surface of a radially extending co 
axial circular plate or disk 12 that projects outwardly 
from the inner end of a coaxially extending tubular 
shaft 13. The tubular shaft 13 and plate 12 are rotat 
ably mounted by means of bearings 14 and 15 upon a 
coaxially extending stationary shaft 16 that has its outer 
end mounted in a spherical bearing 17 housed in a hub 
structure 18 supported coaxially of the engine by 
means of radial spokes 19 from a fixed support 20. The 
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4 
shaft 16 is secured against rotation by means of a radial 
pin 17a. 
From the foregoing description and the drawings, it 

will be apparent that the cylindrical rotary housing 
boiler B and internal hub structure 6 together with the 
tubular shaft 13 and plate 12 constitute a unitary closed 
housing structure that is rotatably mounted by means 
of the bearings 9, 14 and 15 for coaxial rotation as a 
unit about the engine axis. 
The rotary housing-boiler is adapted to be driven 

about its axis at a predetermined speed of rotation cal 
culated to create the centrifugal force necessary to dis 
pose and maintain the selected boiler liquid therein 
uniformly distributed circumferentially about and in 
contact with the inner surface of the outer peripheral 
wall 2 of the boiler with a liquid/vapor interface, desig 
nated x in FIG. 1, that is highly stable and essentially 
cylindrical and concentric with the axis of rotation with 
the boiler. Essentially the liquid/vapor interface x is dis 
posed at a predetermined radius from the rotation axis 
of the boiler to provide high boiling heat fluxes in ex 
cess of those obtainable at ambient gravity. 
The annular body of liquid in the boiler may be 

heated to the required boiling temperature to vaporize 
the same, for example, by the combustion of a suitable 
fuel-air mixture in a stationary combustion box 21 that 
circumscribes the rotatable boiling chamber 1. Fuel for 
combustion is discharged into the combustion box 21 
from a nozzle 22 at the required rate and pressure, and 
air for mixture with the fuel is discharged into the com 
bustion box through a plurality of ports 23 in the pe 
ripheral wall 24. A hood structure 25 defines a plenum 
chamber 26 into which the air is supplied through a 
duct 27 at the pressure and volume required for effi 
cient combustion of the fuel to heat the liquid in the 
boiler casing to the desired temperature. The residual 
combustion gases are discharged through an exhaust 
duct 28,and a stationary transverse baffle 29, configu 
rated for complementary interfitting cooperation with 
the configuration of the boiler peripheral wall 2, is 
mounted intermediate the fuel nozzle 22 and outlet 
duct 28 to control recirculation of the combustion 
gases. . . . 

In the illustrated embodiment of the invention, the 
internal expander, in the form of a turbine T, is of the 
single stage type comprising a rotor 30 having a series 
of turbine blades 31 arranged peripherally thereabout. 
The turbine rotor 30 is received within an annular re 
cess 32 provided in the hub structure 6 and is mounted 
for coaxial rotation independently of the boiler B on a 
shaft 33 that is rotationally supported within bore 7 of 
the hub 6 by means of bearings 34. An annular series 
of nozzles 35 is provided in the hub 6 coaxially adjacent 
the turbine rotor 30 and in confronting relation to the 
blades 31 thereof. An annular high pressure vapor 
manifold 36 is provided in the hub structure 6 and leads 
to the nozzles 35. High pressure vapor is supplied from 
the boiler chamber 1 to the manifold 36 by a plurality 
of vapor tubes 37 arranged in equally spaced relation 
circumferentially of the axis to insure rotational bal 
ance in the boiler. The high pressure vapor is dis 
charged from the manifold 36 through the nozzles 35 
and impinges upon the blades 31 to drive the turbine 
rotor 30 and its shaft 33 at the desired speed of rota 
tion. A seal 34a is provided on the shaft 33 inwardly ad 
jacent the turbine rotor 30 to minimize migration of the 
pressure vapor from the turbine along shaft 33. 



5 
An annular diffuser 38 is provided in the hub 6 to re 

ceive the exhaust vapor from the expander, such as tur 
bine T, and the inlet opening thereto is disposed in con 
fronting relation to the turbine blades 31 at the oppo 
site side thereof from the nozzles 35. Exhaust vapor en 
tering the diffuser 38 is discharged into an annular ex 
haust chamber 39 in closed rotary housing from which . 
it passes into the condenser C. A plurality of axially ex 
tending radial partitions or baffles 39a is provided in 
the exhaust chamber 39 and arranged in equally spaced 
relation circumferentially about the engine axis. These 
baffles 39a function to maintain the angular velocity of 
the exhaust vapor at that of the rotating boiler 
condenser unit and to direct the vapor toward and into 
the heat exchange tubes 41 of the condenser C. 

In the illustrated embodiment of the invention the 
condenser C comprises a coaxial array of annular radial 
fins 40 and axial heat exchange tubes 41 mounted at 
the opposite side of the plate 12 from the boiler for ro 
tation with boiler B, plate 12 and shaft 13 as a unit. The 
fins 40 consist of separate or independent annular disk 
elements supported and secured in predetermined 
equally spaced parallel relation with respect to one an 
other by means of the plurality of heat exchange tubes 
or pipes 41 that extend longitudinally through the fins 
40 parallel with respect to the rotational axis thereof. 
The fins 40 and tubes 41 are fabricated of metal having 
high thermal conductivity such as, for example, copper 
or aluminum, and said fins preferably are bonded to 
said heat exchange tubes 41 by brazing, soldering or 
the like, to provide maximum thermal conductivity 
therebetween. 
The tubes or pipes 41 are arranged in rotationally 

balanced spaced relation circumferentially of the fins 
40 and the inner ends of the tubes 41 are mounted and 
secured in corresponding openings 42 provided 
through the plate 12 so that the interiors of the tubes 
41 are in communication with the interior of the vapor 
chamber 39. The outer ends of the tubes 41 are 
mounted and secured in recesses 43 provided in an an 
nular end ring 44 that is disposed coaxially adjacent the 
outermost of the fins 40 and supported from the tubu 
lar shaft 13 by circumferentially spaced radial spokes 
45. Thus, the condenser C and boiler B are rotatable as 
a unit about their common axis. 
The inner peripheral edges of the fins 40 define inter 

nally thereof a coaxial inlet chamber 46 for the cooling 
fluid to be discharged outwardly by and between the 
plurality of rotating fins 40 as hereinafter set forth. The 
inner diameter of the ring 44 is substantially the same 
as the inner diameter of the adjacent group of fins 40 
so as not to restrict the flow of fluid into the chamber 
46, and an outwardly flared or bell-shaped fluid intake 
member 47 is fixedly supported by the spokes 19 from 
the stationary support 20 in coaxial relation outwardly 
adjacent the end ring 44 as shown in FIG. 1. 
The axial spacing or distance between the adjacent 

fins 40 is determined with relation to the rotational 
speed at which the boiler-condenser unit is driven and 
to the inner and outer radii of said fins so as to utilize 
the viscous properties of the cooling fluid and the shear 
forces exerted thereon by the rotating fins 40 to convey 
and accelerate the fluid radially outward between said 
fins in accordance with the invention set forth and de 
scribed in the copending application for U. S. Pat, of 
William A. Doerner, filed Jan. 28, 1971, Ser. No. 
110,478, now abandoned in favor of continuation-in 
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part application Ser. No. 307,612, filed Nov. 17, 1972. 
The outer radius of both the plate 12 and the ring 44 
is the same and is such that the plate 12 and ring 44 ex 
tend radially outward beyond the fins 40 a distance to 
provide radial flange portions F and F operable to aug 
ment fluid flow outwardly between the fins 40 as de 
scribed in the copending application of Stanley B. 
Levy, Ser. No. 180,733 filed Sept. 15, 1971. Also, fluid 
flow augmentation blades of the type and construction 
shown and described in said Levy application S. N. 
180,733 can be provided when desired in any particu 
lar engine installation. 
The turbine exhaust vapor discharged to the chamber 

39 passes into the heat exchange tubes 41 where the 
vapor is condensed by heat exchange with a cooling 
fluid, such as ambient air, discharged outwardly be 
tween the array of fins 40 as previously described. The 
condensate thus formed in the tubes 41 flows into an 
annular collector 48 from which it is discharged radi 
ally by centrifugal force generated by rotation of the 
condenser C, through a plurality of conduits 49 and re 
turned to the boiler chamber 1. - 
As previously stated, the particular feature of the 

present invention resides in the provision of a novel 
mechanical coupling between the internal expander 
and rotary housing boiler-condenser unit so that during 
operation of the engine, after start-up, the 
housing-boiler-condenser unit is rotationally driven 
continuously by the primary power output generated 
by the engine. According to the present invention this 
is accomplished by means of an internal occluded fix 
ed-ratio gear train arranged coaxially of the engine axis 
and interiorly of the rotary housing-boiler-condenser 
unit. The term fixed-ratio gear train used in this specifi 
cation and the appended claims is not limited to a gear 
train embodying intermeshing toothed gear elements 
and is intended to include other gear trains of fixed 
ratio wherein the driving connection between the ele 
ments of the train, for example, is by frictional engage 
ment between said elements, or otherwise, so long as 
there is provided the desired fixed-ratio of speed reduc 
tion between the turbine shaft 33 and the rotary 
housing-boiler-condenser unit. . . 

In the embodiment of the invention shown in FIGS. 
1 and 2, the gear train is in the form of a planetary-gear 
system comprising a sun gear 50 fixedly mounted on 
and driven by the turbine shaft 33. Meshed with the sun 
gray50 is a plurality of planetary gears 51 that are also 
meshed with a circumscribing annular ring gear 52. 
The ring gear 52 is fixedly mounted on and carried by 
an annular flange 12a that is formed integral with and 
projects axially from the adjacent face of the plate 12. 
In the present embodiment, as shown in FIG. 2, three 
planetary gears 51 are provided and arranged in 
equally spaced relation circumferentially about the en 
gine axis. Each of the planetary gears 51 is rotatably 
mounted on a stub shaft 54 by means of a bearing 55 
and each stub shaft 54 is fixedly mounted in a station 
ary spider portion 56 provided at the inner end of the 
stationary shaft 16. By this construction the axes of the 
planetary gears 51 are fixedly positioned so that they 
do not rotate or move circumferentially relative to or 
about the engine axis. Thus the full power output of the 
engine expander is transmitted from the driving sun 
gear 50 through the planetary gears 51 directly to the 
driven ring gear. 52 on the rotary housing-boiler 
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condenser unit at the fixed-speed ratio of the particular 
gear train. 

Lubrication of gears, bearings and other moving 
parts in the foregoing embodiment of the invention, as 
well as in the several embodiments hereinafter de 
scribed, can be provided as desired or necessary in ac 
cordance with practices well known in the art. 

In operation of the engine, it will be apparent at start 
up that there will be no pressure vapor generated by the 
rotary housing-boiler to drive the internal expander 
and in turn the boiler-condenser unit. Consequently, at 
start-up it is necessary to independently drive the boil 
er-condenser unit at the designed predetermined speed 
of rotation to establish and maintain the liquid/vapor 
interface r in the boiler chamber 1 until the annular 
body of liquid in the boiler is heated to the temperature 
to produce the desired pressure vapor to drive the tur 
bine T. This may be accomplished for example, by 
means of a starter motor M driving a pulley 57 fixed on 
shaft 8 through a belt or chain 58. Means such as a 
clutch (not shown), can be provided for breaking the 
drive between motor M and pulley 57 when the engine 
attains normal operation, or the motor can continue to 
be driven by the rotating boiler-condenser unit and 
shaft 8 and function as a generator operable, for exam 
ple, for charging a battery that powers accessories such 
as the starter motor, lights and the like. A power take 
off 59 or other suitable driving connection is provided 
at the outer end of the output shaft 8 which may be 
used to drive any selected equipment or machinery 
such as, for example, a wheeled vehicle, boat, or other 
wise, as desired. 

In normal operation of the rotary engine, with the an 
nular body of liquid in the boiler chamber 1 heated to 
the required temperature and pressure by combustion 
of the fuel-air mixture in chamber 21, the pressure 
vapor generated in the boiler is discharged inwardly 
through the tubes 37 to manifold 36 and thence 
through the nozzles 35 into impinging contact against 
the turbine blades 31 thereby driving the turbine rotor 
30 and shaft 33 at the desired predetermined speed of 
rotation. The shaft 33 through the occluded gear train 
previously described drives the rotary housing-boiler 
condenser unit and the shaft 8 at a predetermined 
speed of rotation relative to the speed of shaft 33 deter 

10 

15 

20 

25 

30 

35 

40 

45 

mined by the fixed ratio of the gear train. In the em 
bodiment of the invention shown in FIGS. 1 and 2 the 
direction of rotation of the housing-boiler-condenser 
unit and its shaft 8 is opposite the direction of rotation 
of the drive shaft 33. 
The exhaust vapor from the turbine enters the dif 

fuser numeral 38 and is discharged therefrom through 
housing chamber 39 into the heat exchange tubes 41 
where it is condensed by the cooling fluid discharged 
outwardly between the fins 40 as previously described. 
The condensate flows outwardly from the tubes 41 into 
the collector 48 from which it is returned to the boiler 
chamber 1 through tubes 49 at a controlled rate equal 
to the rate of vaporization of the boiler liquid. 
A plenum chamber may be provided for the heat ex 

change fluid discharged outwardly through the array of 
fins 40. Such a plenum chamber may comprise a sta 
tionary cylindrical wall 60 circumscribing the array of 
fins and enclosed by spaced apart end wall portions 61 
and 62 that closely interfit with the outer edge portions 
of the rotating plate 12 and ring 44, respectively. The 
plenum chamber preferably is provided with a pair of 

SO 
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8 
diametrically disposed tangentially extending fluid out 
lets 63 and 64, respectively, as shown in FIG.3 of the 
drawings. 
As shown in FIG. 4 of the drawings, a U-shaped tube 

65 having a threaded cap closure 66 may be provided 
circumferentially of the boiler B and arranged as shown 
for use either as a fill tube for charging the boiler with 
working liquid or for periodically evacuating the boiler 
condenser system to remove small percentages of air or 
other non-condensable vapors that may become en 
trained in the working fluid of the boiler-condenser sys 
ten. 

The invention, of course, is not limited to the precise 
fixed ratio gear train shown in FIGS. 1 and 2, and other 
gear arrangements may be employed as desired. For ex 
ample, and referring to FIGS. 5 and 6 of the drawings, 
there is shown a fixed-ratio gear train comprising a ro 
tationally driven sun gear 50a on the shaft 33a driven 
by the turbine rotor 30a. A stationary sun gear 67 is 
mounted coaxially at the inner end of the stationary 
shaft 16a and driving connection to the rotary 
housing-boiler-condenser unit is provided by a plurality 
of pairs of gears 68 and 69 that are meshed, respec 
tively, with the driven sun gear 50a and the stationary 
sun gear 67. Each pair of gears 68 and 69 is fixedly 
mounted coaxially upon a stub shaft 70 and each of the 
latter has its opposite ends rotationally journalled, by 
means of bearings 71 and 72, in the adjacent face of 
plate portion 12a of the rotatable shaft 13a and the ro 
tatable hub structure 6a of the boiler B, respectively. In 
operation, the driven sun gear 50a drives the gears 68 
on stub shaft 70 thereby rotationally driving the latter 
and the gears 69 thereon rotationally about the fixed 
gear 67 so that the housing-boiler-condenser unit is ro 
tationally driven about the engine axis at the desired 
speed in the direction opposite the direction of rotation 
of the turbine rotor 30a and its shaft 33a. 
Another gear arrangement is shown in FIGS. 7 and 

8 which may be employed for driving the housing-boil 
er-condenser unit in the same direction of rotation as 
the turbine 30b and its shaft 33b. In this arrangement, 
the driven sun gear 50b drives a plurality of compound 
gears 71 each rotationally mounted by means of a bear 
ing 72 on a stub shaft 73 that is fixedly mounted in the 
stationary spider 56b at the inner end of the non 
rotatable shaft 16b. As shown, the sun gear .50b is 
meshed with and rotationally drives the larger diameter 
gear 74 of each compound gear 71, and the smaller di 
ameter gear 75 thereof drives a gear 76 rotationally 
mounted by a bearing 77 on a stub shaft 78 that is also 
fixedly mounted in the stationary spider 56b radially 
outward from the corresponding stub shaft 73. The 
gear 76 in turn is meshed with and rotationally drives 
a ring gear 76a that is mounted on an inwardly extend 
ing flange portion of the plate 12b at the inner end of 
the rotatable shaft 13b thereby rotationally driving the 
latter and the boiler-condenser unit at the desired 
speed in the same direction of rotation as the turbine 
shaft 33b. 
As in the embodiment of the invention shown in FIG. 

1, in the embodiments shown in FIGS. 5 and 7 of the 
drawings, the gear train is housed within a closed cham 
ber having a plug located peripherally therein for peri 
odically draining any vapor condensate therefrom. 

In the several embodiments of the invention previ 
ously described, the reaction torque of the gear train is 
mechanically opposed or resisted by a fixedly posi 
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tioned member at the inner end of the non-rotatable 
shaft 16, 16a or 16b, as the case may be. The invention, 
however, is not limited to such arrangements and other 
means may be provided for holding or resisting the re 
action torque of the gear train. 
For example, the reaction torque of the gear train 

may be opposed or resisted by magnetic means and 
such an arrangement may be employed to advantage in 
medium power rotary engines and particularly in instal 
lations where it may be desirable to enclose the engine 
in an hermetically sealed casing or housing. One em 
bodiment of a rotary engine wherein the reaction 
torque is opposed by means of magnets is shown in 
FIGS. 9 and 10 of the drawings. 
Referring to FIG.9, the annular cylindrical housing 

and boiler B' has a coaxial central hub structure 79 
similar to that previously described and this hub struc 
ture includes axially off-set wall portions 80 defining an 
enclosed gear chamber 81 at the opposite side of the 
hub 79 from the condenser C". The wall portions 80 
terminate inwardly in a projecting coaxial tubular shaft 
portion 82 that is rotatably mounted by means of a 
bearing 83 in a fixed standard or support 84. The con 
denser C', constructed substantially as previously de 
scribed, includes an array of spaced parallel annular 
fins 85 supported coaxially of the engine by a shaft 86 
that has its outer end rotatably mounted by a bearing 
87 in a fixed standard or support structure 88. The 
inner end of the shaft 86 is fixedly connected to the ad 
jacent member 89 of the housing-boiler-condenser hub 
structure. Thus the boiler-condenser is rotatably 
mounted by the bearings 83 and 87 for coaxial rotation 
as a unit about the engine axis. 
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A turbine rotor 90 having a series of turbine blades 
91 is received within a recess provided in the hub 79 
and is mounted for coaxial rotation independently of 
the housing-boiler-condenser unit on a shaft 92 that is 
rotationally supported by bearings 93 in the bore 79a 
of the hub 79. A seal 93a is provided on the shaft 92 
adjacent the turbine rotor 90 to minimize migration of 
pressure vapor along the shaft 92 to the gear chamber 
81 where it would condense, and a drain plug 81a is 
provided in the peripheral wall of chamber 81 for peri 
odic removal of vapor condensate therefrom. 

In the embodiment illustrated in FIG. 9, the internal 
occluded gear train comprises a sun gear 94 fixedly 
mounted on and driven by the turbine shaft 92. The sun 
gear 94 drives a plurality of planetary gears 95 that in 
turn drive a circumscribing ring gear 96 mounted on 
and carried by the boiler hub structure 79. In the pres 
ent embodiment, as in the engine first described, three 
planetary gears 95 are provided and arranged in 
equally spaced relation circumferentially about the en 
gine axis. Each planetary gear 95 is rotatably mounted 
on a stub shaft 97 by means of a bearing 98 and each 
stub shaft 97 is fixedly mounted in a spider portion 99 
provided at the inner end of a coaxial shaft 100 that is 
rotationally journalled by means of bearings 101,102 
within the rotatably mounted tubular shaft 82 of the 
boiler-condenser unit. 

In accordance with this particular embodiment of the 
invention, the reaction torque of the gear train is op 
posed and the shaft 100 and spider 99 are restrained 
against rotation about the engine axis by means of co 
operating pairs of magnets. Mounted on the outer end 
of the shaft 100 is the hub 103 of a wheel-like member 
104 having a coaxial cylindrical flange or rim 105 of 
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predetermined diameter. The hub 103 is keyed or oth 
erwise secured against rotation relative to the shaft 
100. Fixedly mounted in predetermined equally spaced 
relation circumferentially about the outer surface of 
the flange 105 is a plurality of magnets 106 (see FIG. 
10) adapted for magnetic coupling with a correspond 
ing plurality of magnets 107 disposed in radially spaced 
concentric relation circumferentially about the mag 
nets 106 and mounted on the interior surface of a fixed 
cylindrical support structure 108. The members 104 
and 108 or the portions thereof in which the magnets 
106 and 107 are mounted must be of non-magnetic ma 
terial. 
By this construction, axes of the stub shafts 97 are 

held in position so that the planetary gears 95 do not 
rotate or move circumferentially about the engine axis. 
Thus, the full power output of the expander is transmit 
ted from the driving sun gear 95 directly to the driven 
ring gear 96 on the rotary housing-boiler-condenser 
unit thereby rotationally driving the latter at a fixed 
speed ratio of the gear train. 
As previously stated, at start-up of the engine it is 

necessary to independently drive the housing-boiler 
condenser unit until generation of the boiler pressure 
vapor required to drive the turbine rotor 90 at the de 
sired speed of rotation. This may be accomplished by 
a motor M" driving a belt 109 that in turn drives a pull 
ley 100 keyed or otherwise secured upon a drive shaft 
111 which is rotatably mounted by bearings 112,113 in 
a fixed or stationary support 114. A driving connection 
between the shaft 111 and the tubular shaft 82 of the 
rotary housing-boiler-condenser unit is provided by a 
chain 115 from a sprocket 116 secured on the shaft 111 
and a sprocket 117 keyed on the said shaft 82. A power 
take-off 118 or other suitable driving connection is pro 
vided at the opposite end of the shaft 111. 
The wheel member 104 and the magnets 106 are en 

closed within a lightweight vapor-proof housing or cas 
ing 119 that is rotatable with the housing-boiler 
condenser unit and provided for the purpose of pre 
venting leakage of pressure vapor from the turbine to 
the ambient atmosphere along shaft 100 thereby elimi 
nating the necessity for providing elaborate and costly 
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pressure vapor seals about the shaft 100. As shown in 
FIG.9, the housing 119 comprises an inner wall portion 
120 secured as at 121 to a flange 122 on the pulley 117 
on shaft 82, a peripheral wall portion 123 extending ax 
ially between the series of magnets 106 and 107 and an 
outer wall portion 124. An annular sump is provided at 
the junction of the inner and peripheral wall portions 
120 and 123 of the housing 119 for collecting the con 
densate of any pressure vapor that may migrate past the 
seal 93a and find its way along the shaft 100 into said 
housing 119 and a threaded plug is provided in the 
sump for periodically draining off condensate that may 
be collected therein. The housing or casing 119 is fabri 
cated of non-magnetic material of high electrical resis 
tance such as, for example, fibre reinforced plastic ma 
terialso as to minimize eddy current losses and also not 
affect the magnetic field between cooperating pairs of 
magnets 106 and 107. 
As a typical example of the operation of the magnets 

in the embodiment of the invention shown in FIGS. 9 
and 10, the sixteen cooperatively disposed pairs of 
magnets 106 and 107 each composed of barium ferrite 
having dimensions of 1X3X11 centimeters and circu 
larly arranged on a 13 inch diameter provide a counter 
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torque force sufficient to oppose or anchor a reaction 
torque of 50 ft.lbs. at a fixed-speed gear train ratio of 
11.5 to 1, which is the rated torque output of a 20 hp 
engine made in accordance with the present invention. 

In certain engines it may be desirable to provide 
means selectively operable for eliminating or discon 
necting the countertorque force that anchors or op 
poses the reaction torque of the gear train during start 
up of the engine in order substantially to reduce the 
load on the starting motor and enable the use of lower 
powered starting motors than otherwise would be re 
quired. Also, it may be desirable to provide for selec 
tive control of the counter torque force during normal 
engine operation to provide slip or rotation relative to 
the reaction torque of the engine and thereby variably 
reduce the speed at which the housing-boiler 
condenser unit is rotationally driven with respect to the 
designed predetermined constant speed normally pro 
vided by the fixed-ratio gear train. 

In the embodiment of the invention shown in FIGS. 
9 and 10, these results may be accomplished, for exam 
ple, by providing electromagnets 107a in the fixed sup 
port structure 108a in lieu of the magnets 107 for coop 
eration with core members 106a of suitable ferrous ma 
terial, as shown in FIGS. 11 and 12 of the drawings. As 
shown in FIG. 13, the electromagnets 107a are con 
nected in parallel relation between the conductors 125 
and 126 of an electric circuit that are connected 
through a double pole single throw switch 127 to a suit 
able source of electrical energy 128. A rheostat or 
other suitable infinite control switch 129 is connected 
in the conductor 125 between the switch 127 and mag 
nets 107a. 
By this arrangement, with switch 127 open, the elec 

tromagnets 107a are deenergized so that there is zero 
counter torque force opposing the reaction torque of 
the engine and, with the switch 127 closed, the control 
129 can be selectively operated to vary the magnetic 
field intensity in the magnets 107a to provide the de 
sired relative slip or fixation of the planetary gears 95 
about the engine axis under the influence of the reac 
tion torque generated by the engine. 
Similar operation and results can be obtained in the 

embodiments of the invention shown in FIGS. 1, 5 and 
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7 of the drawings by providing a suitable clutch mecha- 45 
nism (not shown), for example, between the shaft 16 
and spider 56 (FIG. 1), the shaft 16a and gear 67 (FIG. 
5) and shaft 16b and spider 56b (FIG. 7). 

Still other arrangements may be provided for gener 
ating a counter torque force in opposition to the reac 
tion torque generated by the engine. For example, in 
engines in the lower power ranges a pendulum of pre 
determined density, dimensions and location may be 

50 

employed for generating an effective counter torque 55 
force. This may be accomplished, for example, in a ro 
tary engine of the construction shown in FIG. 9, simply 
by substituting a suitable pendulum for the wheel mem 
ber 104 on the shaft 100 and the magnets 106 and 107, 
as shown in FIGS. 14 and 15 of the drawings. 
Referring to FIGS. 14 and 15, the reaction torque of 

the engine gear train is opposed and the gear shaft 100a 
that is journalled in the tubular shaft portion 82 of the 
rotary boiler-condenser unit of the engine may be ef 
fectively restrained against rotation about the engine 
axis by means of a pendulum 130 fixedly mounted on 
the outer end portion of said shaft 100a by means of 
bolts 131. The pendulum is of predetermined density, 
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dimensions and location to generate the desired hold 
ing force against the engine reaction torque and, as a 
typical example, a lead pendulum 130 in the configura 
tion of a 60 triangle as shown, having a radius of 8 
inches, an axial length of 8.5 inches and weighing 1 17 
lbs. will provide a counter torque force sufficient to op 
pose or anchor a reaction torque of 50 ft. lbs. at a fixed 
speed gear train ratio of 11.5 to 1, which is the rated 
torque output of a 20 hp engine of the present inven 
tion. 
For the reasons previously described, the pendulum 

130 is enclosed within a vapor-proof housing 119a that 
is rotatable with the housing-boiler-condenser unit. As 
shown in FIG. 14 the housing 119a comprises an inner 
wall 120a secured at 121a to a flange 122a on the pull 
ley 117a on the shaft 82, a peripheral wall portion 123a 
and an outer wall portion 124a. As previously de 
scribed, a vapor condensate sump with drain is pro 
vided at the juncture of the inner and peripheral wall 
portions 120a and 123a of the housing 119a. 

In the several embodiments of rotary engines shown 
and described, the rotationally driven components 
(turbine and housing-boiler-condenser unit) provide an 
inherent rotational kinetic energy storage system that 
is highly useful to the performance of the engine, and 
the energy storage capacity or capability of the engine 
can be materially increased by the addition of a suitable 
flywheel on the high-speed turbine shaft of the engine. 
This may be accomplished, for example, as illustrated 

in FIG. 16 of the drawings, which is a fragmentary sec 
tional view of an engine of the construction and ar 
rangement shown in FIG. 1. Referring to FIG. 16, the 
turbine driven shaft 33, having the sun gear 50 thereon, 
is extended axially in the opposite direction as indi 
cated at 33a and journalled in the bore 7 of hub struc 
ture 6 by bearings 132 and 133. A flywheel 134 of pre 
determined dimensions and weight is keyed upon the 
outer end of the shaft extension 33a and secured 
thereon by a nut 135 so that the flywheel 134 is rota 
tionally driven by the turbine 30 at the designed speed 
of rotation. 
The flywheel 134 is enclosed within a housing 136 

secured coaxially endwise of the rotary housing-boiler 
condenser unit and rotatable therewith. A seal 133a is 
provided on the shaft 33a to minimize migration of 
pressure vapor from the turbine to the flywheel housing 
136 where it would condense, and a threaded plug 
136a is provided in the peripheral wall of the housing 
for periodically draining collected condensate there 
from. A drive shaft portion 8a is formed on the housing 
136 coaxially endwise thereof and is journalled by 
bearing 9a in a fixed standard or support 10a. A drive 
pulley 57a for the start-up motor is keyed on the outer 
end of said shaft 8a and power take-off connection 59a 
is provided at the extremity of the shaft. 
As previously stated, the addition of the flywheel on 

the high speed turbine shaft further increases the en 
ergy storage capability of the engine. For example, a . 
turbine speed flywheel weighing 0.692 lb./hp (that is, 
a 69.2 lb. flywheel for a 100 hp engine) will increase 
the rotational kinetic energy storage capability of the 
engine by a factor of 3. 
With the foregoing flywheel, the rotating engine is 

capable of bringing a 3,500 lb. vehicle travelling at 45 
mph to a stop without braking and storing all of the ve 
hicular energy if the engine is permitted to overspeed 
by 15 percent. This ability to efficiently store kinetic 
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energy by dynamic braking increases the system effi 
ciency. 
Conversely, an increase of 25 hp is available from the 

engine for 10 seconds with the foregoing flywheel with 
a drop in engine speed of only 10 percent. This increase 
in power is independent of any changes in fuel setting, 
and such capability of the engine makes essentially in 
stantaneous response available. The stored kinetic en 
ergy of the engine supplies instantaneously the power 
demand while the engine system adjusts to the new 
power level and reestablishes the engine speed. 
For a typical example of the construction and opera 

tion of a closed Rankine cycle rotary engine embodying 
the present invention, an engine constructed as shown 
and described having an output of 20 hp at the turbine 
shaft 33 comprises a boiler having a mean internal di 
ameter of 19.375 inches and an axial internal length of 
3.625 inches. The diameter of the turbine rotor 30 at 
mid-height of the blades 31 is 4.301 inches, and the fins 
40 of the condenser Chave an outer diameter of 14.00 
inches and an inner diameter of 10.50 inches. The axial 
length of the series of fins 40 is 10.50 inches and the 
spacing between adjacent fins 40 is 0.032 inches. The 
housing-boiler-condenser assembly is rotationally 
driven at a speed in the fixed ratio of 1 to 11.50 with 
respect to the turbine rotor speed through the occluded 
gear train and the latter is constructed and arranged in 
the embodiment of FIG. 1 to rotationally drive the 
housing-boiler-condenser assembly in the direction op 
posite the direction of rotation of the turbine rotor 30 
and shaft 33. . 
Using as the boiler power fluid a high molecular 

weight fluid, such as trichlorotrifluorobenzene de 
scribed and claimed in my U.S. Pat. No. 3,702,534, is 
sued Nov. 14, 1972. the specifications for a typical op 
eration of the described engine are as follows: 

Boiler temperature (F.) 620.00 
Boiler pressure (psia) 150.00 
Turbine speed (rpm) 30000.00 

' (relative to nozzles) 
Boiler-Condenser speed (rpm) . . . . 2400.00 
Condenser temperature (F.) 303.00 
Condenser pressure (psia) 3.30 
Power Fluid flow rate, lb/sec. 0.638 
Rankine cycle efficiency 0,196 
(no regeneration) 

From the foregoing it will be apparent that the pres 
ent invention provides a novel rotary heat engine of the 
closed Rankine cycle type wherein the rotary 
housing-boiler-condenser unit is internally coupled me 
chanically to the internal expander driving member so 
that the housing-boiler-condenser unit is rotationally 
driven continuously by the primary power output gen 
erated by the engine with the proportion of the power 
required to drive the boiler-condenser unit being auto 
matically split-off from the total power developed and 
the balance of the power applied directly to the exter 
nal load on the engine. Also, by utilizing a fixed-ratio 
gear train for mechanically coupling the rotary 
housing-boiler-condenser unit to the expander driving 
members, the housing-boiler -condenser unit is rota 
tionally driven at a constant ratio to the speed of the ex 
pander, and engine accessories likewise are driven at a 
constant speed independent of the engine power level. 
Furthermore, a rotary engine according to the present 
invention permits power take-off at reasonable speeds, 
eliminates the necessity for high speed shaft seals, and 
substantially reduces windage losses and noise. 
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Thus, the engine of the present invention is especially 

useful for driving constant speed devices. and equip 
ment such as, for example, electric generators and simi 
lar equipment and, in combination with power trans 
mission mechanisms such as, for example of the hydro 
mechanical, toroidal disk, variable pitch pulley and like 
types that receive power at constant speed and variable 
torque and provide power output of variable torque 
and speed, is ideally suited for driving vehicles such as 
automobiles and the like. 
While certain embodiments of rotary engines made 

according to the present invention have been shown 
and described, it is not intended to limit the invention 
to such disclosures and it is contemplated that changes 
and modifications may be made and incorporated as 
desired or required, within the scope of the following 
claims. . . . . . ' 

I claim: 
1. A rotary closed Rankine cycle engine comprising: 
a closed cylindrical housing rotatable about its axis 
and containing an annular boiler, said housing and 
boiler adapted to be rotated at a predetermined 
speed to maintain an annular liquid body about the 
inner peripheral surface of said boiler with a li 
quid/vapor interface spaced a predetermined dis 
tance radially outward from said axis, 

means to heat the liquid body in the boiler to gener 
ate pressure vapor therein, 

an expander coaxially within said closed housing for 
extracting work from said pressure vapor and in 
cluding a coaxially rotatable driving member actu 
ated thereby, s 

a condenser for the exhaust vapor from the expander 
mounted coaxially adjacent and communicating 
with the closed housing forming a sealed chamber 
and rotatable therewith as a unit, 

means for returning vapor condensate from the con 
denser to the boiler, w 

an occluded fixed ratio gear train mounted coaxially 
within the rotary closed housing and intercon 
nected between the expander driving member and 
said closed housing operable to rotationally drive. 
the latter and said boiler about said axis at said pre 
determined speed, . 

an external drive member fixedly carried by and ro 
tatable with the rotary closed housing coaxially 
thereof for driving equipment connected thereto, 

and means cooperable with the occluded gear train 
opposing the reaction torque generated thereby so 
that the full power output of the expander is trans 
mitted directly to the rotary housing and said exter 
nal drive member. 

2. A rotary engine as claimed in claim 1 wherein the 
means cooperable with the gear train for generating the 
counter torque force comprises means for anchoring at 
least one of the gears in the gear train against relative 
rotation circumferentially about the engine axis. 

3. A rotary engine as claimed in claim 2 wherein the 
gear anchoring means comprises stationary non 
rotatable means fixedly positioning the gear circumfer 
entially with respect to the engine axis. 
4. A rotary engine as claimed in claim 2 wherein the 

gear anchoring means comprises a magnetic coupling 
between the gear and a stationary non-rotatable mem 
ber operable to anchor said gear circumferentially with 
respect to the engine axis. 
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5. A rotary engine as claimed in claim 2 wherein the 
gear anchoring means comprises a pendulum member 
connected to the gear and having predetermined den 
sity and dimensions operable to anchor said gear cir 
cumferentially with respect to the engine axis. 

6. A rotary engine as claimed in claim 1 comprising 
means variably controlling the generated counter 
torque force in relation to the generated engine reac 
tion torque. . . . 

7. A rotary engine as claimed in claim 2 comprising 
means for variably controlling the gear anchoring 
means to provide relative rotation of the gear circum 
ferentially about the engine axis. 

8. A rotary engine as claimed in claim 1 wherein the 
gear train includes a first gear coaxially of the engine 

axis driven by the expander driving member, 
a second gear fixedly mounted on the boiler 
condenser unit to rotationally drive the latter, 

and a third gear anchored against rotation circumfer 
entially of the engine axis. 

9. A rotary engine as claimed in claim 8 wherein the 
means anchoring the third gear comprises a stationary 
member on which said third gear is rotatably mounted. 

10. A rotary engine as claimed in claim 8 wherein the 
means anchoring the third gear comprises rotatable 
means mounting said third gear and magnetic coupling 
means between said mounting means and a stationary 
non-rotatable member operable to anchor the gear 
against rotation about the engine axis. 

11. A rotary engine as claimed in claim 8 wherein the 
means anchoring the third gear comprises coaxial ro 
tatable means mounting said third gear and a pendulum 
member of predetermined density, dimensions and lo 
cation mounted on said rotable member. 

12. A rotary engine as claimed in claim 1 comprising 
a flywheel fixedly mounted on the coaxially rotatable 
driving member of the expander and having predeter 
mined dimensions and weight operable to materially 
increase the energy storage capacity of the engine. 

13. An engine as claimed in claim 1 wherein the ex 
pander comprises a turbine having a series of nozzles 
rotatable with the boiler-condenser unit, and a driven 
rotor and shaft mounted for rotation coaxially of the 
engine axis. w 

14. A rotary engine as claimed in claim 4 comprising 
means for selectively varying the magnetic field inten 
sity of the magnetic coupling between the gear and sta 
tionary member to variably control the counter torque 
anchoring force in relation to the reaction torque of the 
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engine and provide predetermined relative rotation of 50 
the gear about the engine axis. 

15. A rotary engine as claimed in claim 4 wherein the 
magnetic coupling includes electromagnetic means and 
means for selectively controlling the current to said 
electromagnetic means for varying the magnetic field 
intensity of said coupling and thereby the counter 
torque anchoring force in relation to the engine reac 
tion torque thereby effecting predetermined relative 
rotation of the gear about the engine axis. 

16. A rotary engine as claimed in claim 13 wherein 
the gear train includes a first gear mounted coaxially on 
the turbine rotor shaft, a circumscribing ring gear 
mounted on the boiler-condenser unit, a plurality of in 
termediate gears providing driving connection from 
said first gear to said second gear, means rotationally 
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16 
mounting each of said intermediate, gears, and means 
anchoring said intermediate gear mounting means 
against rotation about the engine axis. 

17. A rotary engine as claimed in claim 16 wherein 
the means anchoring the intermediate gear, mounting 
means comprises a stationary non-rotatable means 
fixedly positioning said gear mounting means circum 
ferentially with respect to the engine axis. . 

18. A rotary engine as claimed in claim 16 wherein 
the anchoring means for the intermediate gear mount 
ing means comprises a magnetic coupling between the 
latter and a stationary non-rotatable member. 

19. A rotary engine as claimed in claim 16 wherein 
the anchoring means for the intermediate gear mount 
ing means comprises a pendulum member connected to 
said mounting means and having predetermined den 
sity, dimensions and location operable to anchor the 
mounting means circumferentially with respect to the 
engine axis. 
20. A rotary engine as claimed in claim 16 compris 

ing a flywheel fixedly mounted coaxially on the turbine 
rotor shaft and having predetermined dimensions and 
weight operable to materially increase the energy stor 
age capacity of the engine. 

21. A rotary engine as claimed in claim 16 compris 
ing means for variably controlling the anchoring means 
for said intermediate gear mounting means to provide 
relative rotation of the latter about the engine axis. 
22. A rotary engine as claimed in claim 18 compris 

ing means for selectively varying the magnetic field in 
tensity of the magnetic coupling between the gear 
mounting and stationary member to variably control 
the anchoring force in relation to the reaction torque 
of the engine and provide predetermined relative rota 
tion of the mounting means and gears about the engine 
axis. 

23. A rotary engine as claimed in claim 18 wherein 
the magnetic coupling includes electromagnetic means 
and means for selectively controlling the current to said 
electromagnetic means for varying the magnetic field 
intensity of said coupling and thereby the anchoring 
force in relation to the engine reaction torque to pro 
vide predetermined relative rotation of the mounting 
means and gears about the engine axis. 
24. A rotary engine as claimed in claim 10 compris 

ing means for selectively varying the magnetic field in 
tensity of the magnetic coupling between the gear and 
stationary member to variably control the counter 
torque anchoring force in relation to the reaction 
torque of the engine and provide predetermined rela 
tive rotation of the gear about the engine axis. 
25. A rotary engine as claimed in claim 10 wherein 

the magnetic coupling includes electromagnetic means 
and means for selectively controlling the current to said 
electromagnetic means for varying the magnetic field 
intensity of said coupling and thereby the counter 
torque anchoring force in relation to the engine reac 
tion torque thereby effecting predetermined relative 
rotation of the gear about the engine axis. 

26. An engine as claimed in claim 10 wherein the ex 
pander comprises a turbine having a series of nozzles 
rotatable with the boiler-condenser unit, and a driven 
rotor and shaft mounted for rotation coaxially of the 
engine axis on which the said first gear is mounted. 

k 


