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57 ABSTRACT 
The present engine includes a heating chamber to pro 
duce relatively high temperature, high pressure gases; 
an intake chamber to provide relatively low tempera 
ture, low pressure gases which initially act as scaveng 
ing gases; an exhaust chamber into which the spent 
hot gases are expelled by the scavenging gases; a com 
pressed cool gas chamber into which the compressed 
cool gases flow with partial expansion; and at least one 
hot gas expansion outlet or duct into which the high 
pressure hot gases expand. In addition the present en 
gine includes a compressor-expander rotor having a 
plurality of rotor chambers, with each of said rotor 
chambers having an inlet opening and a nozzle with an 
outlet opening. The compressor-expander rotor is dis 
posed to rotate adjacent to said intake chamber and 
said heating chamber, to accept into said rotor cham 
bers, cool gases from the former followed by hot gases 
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from the latter. Termination of the flow of cool intake 
gases from each rotor chamber nozzle outlet initiates a 
shock wave at the rotor chamber nozzle outlet. A sec 
ond, normally stronger, shock wave is initiated at the 
inlet of each rotor chamber as it is exposed to the hot 
gases flowing from the heating chamber. Each rotor 
chamber is designed so that before this second shock 
wave (which is set up by the hot gases entering a rotor. 
chamber already filled with cool gas) reaches the end 
of its excursion toward the rotor chamber outlet, the 
shock wave encounters the constricted area, or nozzle, 
of the rotor chamber. As a result this second shock 
wave is reflected from the rotor chamber nozzle 
toward the inlet of the rotor chamber. As a result of 
this reflected shock wave, the final pressure of both 
the cool gases and the hot gases within the rotor 
chamber is very high and is substantially higher than 
the initial pressure of hot gases flowing from the heat 
ing chamber. The rotor housing is designed such that 
ideally as the reflected shock wave reaches the inlet of 
the rotor chamber, this inlet is sealed as a result of ro 
tation of the rotor. This well-timed closure prevents 
expansion of the shock-compressed hot gases back 
into the heating chamber. As indicated above, as the 
reflected shock wave traverses the rotor chamber 
from the constricted section or nozzle, the pressure of 
both the hot and cool gases in the rotor chamber is 
substantially increased as compared with the pressure 
of the hot gases which enter the rotor chambers. The 
high pressure cool gases expand through the nozzles, 
pass through an outlet port and through a duct to the 
heating chamber, Then when the rotor chamber noz 
zle outlet is exposed to a hot gas outlet port in the 
rotor housing, the discharge velocity of the hot gases 
held therein is also very high. Thus by reaction to the 
discharge of both cool and hot gases, the compressor 
expander rotor itself is caused to do work. 
The present engine may further optionally include 
movable sections in the side walls of the rotor housing 
which can be used to adjust the sizes and mean 
positions of the inlet and outlet ports, as illustrated for 
the ports connected with the heating chamber and the 
compressed cool gas chamber. By this means the 
efficiency of the engine can be controlled, when the 
speed or the rate of acceleration or deceleration of the 
compressor-expander rotor is changed. Further, the 
present engine optionally includes a plurality of 
reentry paths through the rotor housing and a plurality 
of recharging-reaction stages through the 
compressor-expander rotor which enable the engine to 
recharge the rotor chambers repeatedly, thereby 
efficiently utilizing the energy of the high pressure hot 
gases in stages to produce useful work. 

30 Claims, 23 Drawing Figures 
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INTEGRALTURBO-COMPRESSORWAVE ENGINE 
DESCRIPTION 

The present invention relates to a rotor-type heaten 
gine, and more particularly to an engine with a com 
pressor-expander rotor which utilizes direct and re 
flected shock waves to effect high compression of gases 
used with the engine. The present invention also pro 
vides a means for utilizing these high pressure gases to 
perform useful work; and all compression and expan 
sion functions can be carried out on a single rotor. 

BACKGROUND 
It is difficult to make a direct comparison between 

the present engine and other engines, in order to give 
the reader some insight into the improvements, be 
cause it is our belief that no other engine works on the 
combination of direct and reflected shock waves. Cer 
tain pressure exchanger devices and supercharger de 
vices employ a direct shock wave principle, such a de 
vice being the Brown Boveri “Comprex." However, 
pressures developed in these prior art devices fall con 
siderably below the pressures developed in the present 
engine. In addition, the Comprex is not an engine in the 
sense that it does not do any useful work other than 
compression. In the Comprex, the hot gases are used to 
produce the final stage of compression, after which the 
hot gases are used to drive downstream turbines. Nei 
ther the Comprex nor its successors utilized rotor 
chamber nozzles in combination with reflected shock 
waves to achieve high compression. 

SUMMARY 
The present engine has a number of advantages over 

the prior art turbine type engines or devices, and it also 
has many advantages over the widely used internal 
combustion engine. Because of the configuration of the 
rotor chambers and the housing encasing the rotor, the 
present engine is able to develop a reflected shock 
wave during the compression phase. This reflected 
shock wave greatly increases the pressure of the gases 
within the rotor chambers and permits efficient opera 
tion at high rotor speeds. This high rotor speed makes 
possible further increases in operating pressures as 
compared with prior art devices. The very high pres 
sures and temperatures developed in the rotor chamber 
gases of the present engine provide the basis for more 
torque and hence higher specific power from a turbine 
type engine than has heretofore been realized. Further, 
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ternal combustion process makes efficient use of sim 
ple fuels without undesirable additives such as lead 
compounds. Furthermore, the fuel may be of low vola 
tility, thereby greatly reducing or eliminating environ 
mental contamination resulting from evaporation of 
fuel during transfer, in storage, or in vehicle fuel tanks. 

In addition the present engine, because of movable 
port control sections of the housing, operates effi 
ciently at different speeds. Achieving efficient variable 
speed operation has been one of the major problems in 
the attempt to use turbine engines in such applications 
as automobiles and other mobile equipment. 
The objects and features of the present invention will 

be better understood by considering the following de 
scription taken in conjunction with the drawings in 

... which: 
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waves developed therein; 
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the configuration of the rotor chambers, with the vari-, 
ous nozzle embodiments, permits the compressor 
expander rotor to do useful work in and of itself, while 
providing the flexibility of using the expanded gases 
therefrom to drive downstream turbines if that be de 
sired. The present engine further provides means for 
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FIG. 1 is a pictorial view, partially sectionalized, 
showing a part of one embodiment of the present en 
gine; 
FIG. 2 is a linearized view of one sector of a simple 

embodiment of the engine having fixed ports, showing, 
a reflected shock wave as it is developed, together with 
other shock waves and gas interfaces relevant to com 
pression; . 
FIG.3 is a linearized schematic view of a device simi 

lar to the one shown in FIG. with more of the overall 
system depicted, and illustrating a preferred embodi 
ment of movable blocks for controlling the sizes and 
mean positions of selected 
in the rotor housing; . . . . - 

FIG. 4 is a linearized view of part of an alternative 
embodiment of the present engine, showing a more 
complete engine in diagramatic form; it also has mov 
able blocks to permit controlled variation of the sizes 
and mean positions of selected inlet and outlet ports in 
the rotor housing; . . " 
FIG. 5 is a linearized view of part of the structure of 

the present engine specifically set forth to depict a 
number of reentry paths used for the purpose of re 
charging the rotor chambers with hot gases, thereby 
providing additional reaction stages from the rotor 
chambers, .' ' 

FIG. 6 is another linearized view of a portion of the 
engine shown for the purpose of depicting a number of 
reentry paths with associated rotor chamber reaction 
stages as well as the graphic display of some expansion 

inlet ports and outlet ports 

FIGS. 7A, 7B, and 7C show three views of a section 
of the rotor wherein the rotor chambers are shaped he lically; . 
FIGS. 8A, 8B, and 8C show three views of a section 

of the rotor wherein the rotor chambers are shaped he licoidally; 
FIGS. 9A,9B, and 9C show three views of a section 

of the rotor wherein the rotor chambers are shaped spi reentry of these high pressure gases into the compres 
sor-expander rotor chambers so that the available en 
ergy of these very high pressure gases can be more 
completely utilized by expansion and reaction through 
the rotor chamber nozzles before the working gases are 
exhausted (open cycle) or recirculated (closed cycle). 

In open-cycle, fuel-burning versions of this engine, 
the combustion process, being external to the rotor, 
can be made so efficient that the exhaust contains vir 
tually no carbon monoxide or unburned fuel. The ex 
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rally; 
FIGS. 10A and 10B depict illustrative alternative em 

bodiments of the nozzle portions of the rotor chambers; 
FIGS. 11A, 11B, 11C, 11 D, 11E, and 11 F depict il 

lustrative arrangements of operating sectors of the 
present engine with respect to the axis of rotation. 

DETAILED DESCRIPTION 
Consider first FIGS. 1 and 4, and in particular FIG. 

4, because more of the details of the system are de 
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picted in FIG. 4. It will be noted that the present engine 
includes an intake chamber 11 which provides rela 
tively low temperature, low pressure input gas through 
cool gas inlet port 12, subdivided by vanes 13 into port 
openings 14. Although various types and mixtures of 5 
input gases may be used, particularly in closed-cycle 
systems, it is anticipated that in open-cycle systems the 
low temperature, low pressure input gas will normally 
be air taken from the surrounding atmosphere. The air 
will be supplied to the intake chamber 11 by the blower 
or compressor, 15. The blower 15 is driven by the shaft 
16, by which it may in one embodiment be connected 
to the compressor-expander rotor 17 either directly or 
by gearing or other means. In alternate embodiments 
the blower may be driven through a variable speed 
drive (step-wise or continuously variable) or by an in 
dependent turbine wheel or by other similar means to 
allow control of the air (or other cool gas) supply inde 
pendently of rotor speed. Blower 15 may be any kind 
of pumping device which draws in air from the atmo 
sphere or which draws in cool recirculated gas in 
closed-cycle embodiments and fills the intake chamber 
11. Guide vanes 13 are included to provide the proper 
amount of pre-rotation in the inflowing cool gases. 
These vanes may be fixed, in the case of constant speed 
applications, or variable, to permit appropriate pre 
rotation angles over a range of operating speeds in the 
case of variable speed applications. 
The low temperature, low pressure input gas in the 

intake chamber 11 passes through port 12, with open 
ings 14 formed by the prerotation vanes 13, to scav 
enge or flush out the spent gases from the rotor cham 
bers 18 through exhaust port 19 into the exhaust cham 
ber 20. This scavenging process occurs as each of the 
rotor chambers has its respective inlet opening, such as 
opening 21, exposed to the intake port 12 and its outlet 
exposed to exhaust port 19. 

It will also be noted in FGS. 1, 2, 3, and 4 that the 
present engine provides a heating chamber 22. The 
heating chamber 22 is shown in more detail in FIG. 4 
with a fuel injector 24 located therein as well as a start 
up ignition system 25. It should be understood that any 
of a number of forms of heat source may be used with 
this engine; for instance the gases in the heating cham 
ber 22 may be heated by combustion, as will be princi 
pally described in connection with this specification, 
but the heat source for heating the working gases may 
also be a nuclear reactor, a radioactive heater, a solar 
heating device, or any of the numerous other means for 
heating gases in a chamber. In the present description 
it is to be understood that the fuel injector 24 is con 
nected to the start-up control device 26 as well as to the 
source of fuel supply. For purposes of discussion we 
will consider that heating occurs as a result of combus 
tion in air and that the fuel supply is an oil such as die 
sel fuel which is atomized or vaporized in the fuel injec 
tor 24 in a fashion similar to that of a conventional gas 
turbine combustor. The torch mechanism, or ignition 
mechanism 25, provides the pilot flame to the fuel 
coming from the fuel injector 24 and hence there is a 
burning of the fuel inside the heating chamber 22 
which contains both the fuel injector 24 and the igni 
tion device 25. The ignition device 25 is shown also to 
be controlled by the start up control 26. It should be 
understood that the ignition system may also optionally 
have an electric heater or other type of heater which 
pre-heats the fuel to facilitate combustion. A typical 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
fuel control system which can be employed is the Gen 
eral Electric T-58 Engine Fuel Control System. 
In FIGS. 1 through9 it will be noted that the rotor 17 

has a plurality of blades 27 or other types of dividers or 
partitions which may have a number of configurations. 
As will be discussed later in connection with FIGS. 
7(A-C), 8(A-C) and 9(A-C) these blades or dividers 
may be formed so that there is created an axial flow, a 
radial flow, or a mixed flow machine. 
The cavities between the rotor blades or dividers are 

referred to hereinafter as rotor chambers. The rotor 
chambers as mentioned earlier are identified as cham 
bers 18 in FIGS. 1 through 10. Each rotor chamber 18 
is bounded by two rotor blades 27 on two sides and by 
a rotor hub 28 on a third side. The rotor hub can best 
be seen in FIGS. 1, 7(A-C), 8(A-C) and 9(A-C) and 
forms the base of each rotor chamber. The hub 28 is 
cylindrical in shape for helically formed chambers, disc 
shaped for spirally formed chambers, and conically 
shaped for helicoidally formed chambers as shown in 
FIGS. 7(A-C), 8(A-C) and 9(A-C). 
As can be determined from an examination of FIGS. 

1-6, the compressor-expander rotor 17 is enclosed 
within a stationary housing generally identified as 29 
whose walls lie adjacent to the paths of the inlet open 
ings and the outlet openings of the rotor chambers. 
Each rotor chamber is bounded on the outside, i.e., on 
the side which lies opposite the rotor hub, by either an 
other wall of the housing 29 or by a rotating shroud 30 
affixed to the blades. This shroud is not shown in FIGS. 
1, 2, 3, or 4, but can be seen in FIGS. 7(A-C), 8(A-C), 
and 9(A-C). For purposes of this description the open 
ings in the stationary housing which connect the vari 
ous stationary gas chambers with the rotor chambers 
will be identified as ports. The port 12, which connects 
the intake chamber 1 1 with the rotor chambers, has 
been previously described. It will also be noted in the 
various FIGS. 1-6 that there is a hot gas port 31 leading 
from the heating chamber 22, an exhaust port 19 lead 
ing to exhaust chamber 20, a cool compressed air port 
32, leading to the cool compressed gas chamber 33, a 
plurality of high-temperature gas expansion ports 34E, 
35E, 36E and 37E, and a plurality of hot gas reentry 
ports 34R, 35R, 3.6R and 37R. It should be understood 
that the clearance between the rotor 17, including 
rotor blades 27 and optional shroud 30, and the station 
ary housing 29 is small enough on all sides to prevent 
any appreciable gas flow between adjacent rotor cham 
bers, or from the rotor chambers radially inward past 
the hub 28, or from the rotor chambers radially out 
ward past the optional shroud 30. Nevertheless, this 
clearance between the rotor 17, and the rotor housing 
29 is sufficient to permit unrestricted rotation of the 
rotor at all operating temperatures. In FIGS. 5 and 6 
the clearance between the rotor and the stationary 
housing is shown as a single line to indicate that the 
clearance is very close. 
Each rotor chamber inlet 21 will in general have ap 

proximately the same cross sectional area as the main 
portion of the rotor chamber. The outlet of each rotor 
chamber is normally constricted to form a converging 
rotor chamber nozzle 38. Alternatively, as depicted in 
FIG. 10B each nozzle may take the shape of a con 
stricted section 39 followed by an expanded section 40 
to form a converging-diverging nozzle 41 which will be 
discussed hereinafter. The minimal cross sectional area 
of the rotor chamber nozzle is less than that of the main 
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portion of the rotor chamber. The ratio of the cross 
sectional area of the nozzle throat to that of the rotor . 
chamber proper is chosen to be small enough to pro 
duce a reflected shock wave as already mentioned and 
as described in more detail hereinafter. The compres 
sor-expander rotor 17 is disposed to rotate adjacent to 
the intake chamber 11, the heating chamber 22, the ex 
haust chamber 20, and the cool compressed gas cham 
ber 33. The rotor chambers of the rotor accept cool 
gases from the intake chamber, acting initially as a 
scavenging gas, followed by hot gases from the heating 
chamber. It should be understood that the engine can 
be equipped with means to accomplish only one such 
cycle per revolution, utilizing all the rotor chambers 
about the periphery of the compressor-expander rotor 
in the course of performing the one cycle. On the other 
hand, there may be means making up the engine which 
will accomplish a plurality of such cycles in one revolu 
tion. In those embodiments in which there is a plurality 
of operating cycles accomplished within one complete 
revolution of the rotor, the means for accomplishing 
each single cycle is defined by an arc configuration op 
erating sector (see FIGS. 1 1A through 11F). Each such 
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range of speeds. Nonetheless, for clarity, wherever pos 
sible the same identification numerals are used in FIG. 
2. that are used in FIGS. 3 and 4. 
Consider for the moment that there is hot gas flowing 

through the last passage 37R of the reentry system (the 
details of which will be considered hereinafter). The 
hot gas flows into the rotor chambers 18 and the expan 
sion therefrom out of the nozzles 38 provides the last 
remaining thrust for the cycle. It should also be under 
stood in this immediate portion of the description that 
the rotor chamber blades 27 actually are located 
around the entire rotor 17 but are left out of the draw 
ing alongside the cold gas intake port 12 and the hot 
gas port 31 in order to leave that area clear for the ex 
planation of the initial and reflected shock wave phe 
nomena. Except for wall friction effects, the progres 
sive, non-instantaneous exposure of the inlets and out 
lets of each rotor chamber to the various inlet and out 
let ports tends to make the gas interfaces, shock waves, 
reflected shock waves, and expansion waves within 
each rotor chamber parallel to the orientations shown 
in FIGS. 2 and 6. - 

arc, within which one complete operating cycle occurs, 
is referred to hereinafter as a sector. The shock wave 
engine may thus have a single sector, or it may have a 
plurality of sectors arranged about the axis of the com 
pressor-expander rotor as will be further discussed in 
connection with FIGS, 11A through 11F. In the case of a plurality of sectors, the various sectors may occupy 30 
either equal or unequal arcs about the periphery of the 
rotor, and they may be arranged symmetrically or 
asymmetrically about the axis. 

OPERATION OF ONE CYCLE 
The steps that occur in one operating cycle, i.e., 

those that occur during the time that a rotor chamber 
of the compressor-expander rotor passes through one 
sector, are described herein at design point operation, 
i.e., at optimum speed for a certain fuel burning rate, 
hot gas temperature and external load. At other speeds 
or temperatures the arrival and departure of the shock 
waves, reflected shock waves and expansion waves may 
vary from the timing as described below. These condi 
tions are termed "intermediate" operations. The result 
ing sequence of events, however, will be substantially 
the same, although flows, pressures, temperatures, and 
power may vary from those characteristic of design 
point operation. There is a multiplicity of shock waves 
(direct and reflected) and expansion waves that occur. 
within the rotor chambers as consequences of port 
openings and closures during the compression process 
and during the subsequent hot gas expansion process. 
However, in the discussion which follows, only the 
most important shock waves and expansion waves, 
which directly determine the operation and timing se 
quences of the inlet and outlet ports and the rotor 
chambers are described. . - 
At design point operation, the sequence of events can 

best be understood by considering FIG. 2. It should be 
understood that FIG. 2 shows a structure which is sim 
pler than those shown in FIGS. 3 and 4 in order to pres 
ent more clearly the phenonmena of the initial and re 
flected shock waves as well as an early expansion wave. 
For this reason the structure shown in FIG. 2 has no 
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Consider then that initially the rotor chambers 18 
contain expanded or residual hot gas which remains 
from the end of the preceding operating cycle. As the 
compressor-expander rotor 17 rotates (or appears to 
move upward as considered in the linearized drawing 
of FIG. 2) the rotor chambers 18 have their inlet open 
ings exposed to the intake chamber 11, through cool 
gas inlet port 12, and as a result the coolgas, air in this 
description, is passed into the rotor chambers 18. It will 
be recalled from the earlier discussion that the cool gas 
in chamber 11 is supplied by the blower 15; hence, it 
is at the same or slightly higher pressure than the resid 
ual hot gas remaining in the rotor chambers. The cool 
air enters the rotor chambers, initiating a scavenging 
process, which drives the residual hot gases through the 
rotor chamber nozzles 38 and out through the exhaust 
port 19 into the exhaust chamber 20. 
The interface between the cool gas entering from the 

intake chamber 11 and the residual hot gases in the 
rotor chambers 18 is shown by the dot-dash line 42 and 
will be referred to hereinafter as the cool gas/hot gas 
interface 42. It will be noted that the interface 42 has 
a change of orientation which commences at the en 
trance to the rotor chamber nozzles 38. The change of 
orientation of the cool gas/hot gas interface 42 at the 
nozzle entrance results from the greater velocity of the 
gases through the nozzles 38 as compared with their ve 
locity through the main portion of rotor chamber 18. 
The interface 42 depicted in FIG. 2 shows the apparent 
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stationary position of the interface from the standpoint 
of an observer on the rotor housing 29. Despite the ap 
parent fixed position of the interface, the gases on both 
sides of the interface and the interface 42 itself are 
moving at high velocity through the rotor chambers 
and the rotor chamber nozzles. Despite the high veloci 
ties of these gases through the rotor chambers and the 
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movable blocks in the inlet and outlet ports which are . 
necessary to enable more efficient operation over a 

rotor chamber nozzles the interface 42 is made to ap 
pear stationary by the rotation of the rotor. 
... At the time when the interface 42 reaches the nozzle 
outlet, or shortly thereafter, the scavenging and intake 
portions of the operating cycle are complete and con 
tinued rotation of the compressor-expander rotor 17 
causes the nozzle outlets to be closed by the wall 43 of 
the housing 29. The closure of the rotor nozzles causes 
the cool gas which entered from intake chamber 11 
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through inlet port 12 to be brought to rest. This stop 
page initiates a shock wave 44 which is propagated up 
stream toward the rotor chamber inlet. The cool gas 
continues to flow from the intake chamber 11 into the 
rotor chambers while within each rotor chamber which 
has been sealed off by the wall 43 there is a shock wave 
approaching the rotor chamber inlet. When the shock 
wave 44 in a rotor chamber reaches the rotor chamber 
inlet, the timing of the rotation of the rotor 17 is such 
that the rotor chamber inlet is sealed by the wall 45. 
This closure prevents the reverse flow of the higher 
pressure cool gas 46 (compressed by the shock wave 
44) back into the intake chamber 11 and also avoids 
having an undesirable expansion wave reflected into 
the rotor chamber. This well-timed closure maximizes 
the amount of cool gas trapped in the rotor chamber. 
At this point of the operation the cool gas in the rotor 
chamber is partially compressed and the pressure of the 
partially compressed cool gas 46 is higher than that of 
the intake gas 47 which is entering from intake cham 
ber 1. 

In the case of an open cycle engine of very simple de 
sign in which both the intake chamber and the exhaust 
ports are at atmospheric pressure, the scavenging and 
intake phases as summarized above could be made to 
occur as a result of the pumping effect of moving heli 
cal, spiral, or helicoidal chambers of a compressor 
expander rotor. This pumping effect can be utilized 
with particular efficiency in conjunction with the con 
verging-diverging nozzle embodiment (to be described 
hereinafter) where the diverging section of the nozzle 
acts as a sub-sonic diffuser during scavenging. In the 
more complex embodiments of the present invention, 
the pressure in the intake chamber 11 may be raised 
appreciably above that in the exhaust port by means of 
a mechanically driven blower 15, as mentioned earlier, 
or by a turbo-supercharger, by a ram or compression 
device, as used in an aircraft, or by combinations of the 
foregoing, or by other suitable means. 
Thus far we have considered the scavenging of the 

residual hot gases as well as the intake and partial com 
pression of the cool gas, i.e., the intake air in the case 
of open-cycle embodiments. Upon completion of the 
scavenging and intake phase of the operating cycle, the 
continued rotation of the compressor-expander rotor 
17 exposes the rotor chamber inlets to the heating 
chamber 22 through hot gas inlet port 31. This expo 
sure creates an interface or boundary surface 48 be 
tween the high temperature high pressure gas 49 from 
the heating chamber 22 and the relatively cool partially 
compressed gas 46 trapped in the rotor chambers. As 
explained above in connection with interface 42, the 
interface 48 is shown as a dot-dash line that depicts a 
stationary spatial relationship in a plurality of rotor 
chambers. This is the position of interface 48 that 
would be observed if the interface could be marked and 
the viewer could be positioned above the housing with 
respect to FIG. 2. The interface 48 remains at the same 
position relative to the housing 29. This interface is ac 
tually moving rapidly through the rotor chambers; how 
ever, the orientation of the interface with respect to the 
housing is determined by the initial direction of the in 
flow of hot gases (axial in this case) through port 31, 
the ratio of pressures of the hot gas 49 and the partially 
compressed gas 46, and the rotor chamber velocity. 
Because of the initial pressure difference across this 

interface 48, corresponding under design point condi 
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tions to the velocity different between the trapped par 
tially compressed cool gas 46 in the rotor chambers and 
the high temperature gas 49 coming through the hot 
gas inlet port 31, a second shock wave 50 is generated 
which is propagated from the rotor chamber inlet 
through the partially compressed cool gas. This shock 
wave 50, moving faster than the hot gas/compressed 
cool gas interface 48, traverses the length of the rotor 
chamber, further raising the pressure of the partially 
compressed cool gas in the rotor chamber. The shock 
wave 50 is depicted in FIG. 2 as a spatial relationship 
as described above. The shock wave 50 is stationary 
with respect to the housing 29, but moving at high ve 
locity with respect to the rotor chambers 18. 
When the shock wave 50 reaches the constricted por 

tion of the rotor chamber which forms the entrance to 
the rotor chamber converging nozzle 38 (or converg 
ing-diverging nozzle 41 in an alternate embodiment), 
there is generated a reflected shock wave 51. The 
strength of the reflected shock wave depends upon the 
reduced cross sectional area of the nozzle throat, as 
compared with the cross sectional area of the rotor 
chamber, the rotor speed, the hot gas temperature, and 
the rotor blade angle. The reflected shock wave 51 
moves rapidly through the now compressed cool gas 52 
and through the incoming hot gases 49 in the upstream 
direction toward the rotor chamber inlet. It should be 
understood, as was true in the descriptions of the other 
waves and interfaces, the reflected shock wave 51 is 
shown in a spatial relationship; i.e., stationary with re 
spect to the rotor housing 29, although it is moving at 
high-velocity through the rotor chambers 18. The rotor 
chamber velocity, when added to the velocity of the 
shock wave through the chamber, rotates the reflected 
shock wave vector to the position shown in FIG. 2 
where it appears as a constant vector with respect to 

40 

45 

50 

55 

60 

65 

the rotor housing. 
In the course of its passage through the rotor cham 

ber, this reflected shock wave 51 further increases the 
pressure of the cool gases 53 and the hot gases 54 that 
lie behind the reflected shock wave. It will be noted 
that there is a change of orientation of the reflected 
shock wave 51 at the hot gas/cool compressed gas in 
terface 48 due to the greater velocity of the reflected 
shock wave in the hot gas 49 as compared with the ve 
locity of the reflected shock wave in the compressed 
cool gas 52. There is also a change in orientation in the 
hot gas/compressed cool gas interface 48 at its intersec 
tion with the reflected shock wave 51. This change in 
orientation is due to the reduced flow velocity of the 
compressed cool gas 53 and the hot gas 54 through the 
rotor chamber following the passage of the reflected 
shock wave 51. It will also be noted that there is an 
other change of orientation of the hot gas/compressed 
cool gas interface 48 at the nozzle entrance due to the 
greater velocity of the gases through the nozzle 38 as 
compared with the velocity through the rotor chamber 
18. 
As a result of the effect of the shock waves 44 and 50, 

and the reflected shock wave 51, the pressure of the 
relatively cool gas 53 in the rotor chamber is raised to 
the maximum pressure attained in the operating cycle 
of the engine. The pressure of the hot gas 54 in the 
rotor chamber, which has also been subjected to the re 
flected shock wave 51, although raised considerably by 
the reflected shock wave, will be somewhat less than 
that of the cool gas 53. because of the decreased 
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strength of this reflected shock wave 51 after it passes 
through the hot gas/compressed cool gas interface 48 
and continues its movement toward the rotor chamber 
intake opening. However, at this point in the operating 
cycle, the pressure of the hot gas. 54 behind the re 
flected shock wave 51 is raised to a level substantially 
higher than that of the hot gas 49 in the heating cham 
ber 22, although it remains below the pressure of the 
compressed cool gas 53 in the rotor chamber. 
At or near the time that the shock wave 50 reaches 

a nozzle 38 of a rotor chamber, continued rotation of 
the compressor-expander rotor 17 aligns each rotor 
chamber nozzle outlet with the compressed cool gas 
outlet port 32 which leads to cool compressed gas 
chamber 33 and thence (via duct 55 around the rotor) 
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to the intake side of the heating chamber 22. This can 
be better appreciated by examining FIG. 4 where port 
32, chamber 33, duct 55, and heating chamber 22 are 
all shown, illustrating the path of the compressed cool 
gas 53 from rotor chamber nozzle 38 to the intake side 
of the heating chamber 22. In one embodiment there 
is an optional heat exchanger 56 arranged to use the 
scavenged or residual hot gas to preheat the highly 
compressed cool gases passing through duct 55 before 
they enter the heating chamber 22. 
As can be further appreciated in FIG. 4, the surplus, 

highly compressed coolgas 53 (or air), which is not re 
quired by the heating chamber 22 to support the opera 
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ing place), that inlet opening will have been moved op 
posite, or adjacent, to the wall 60. Hence the rotor 
chamber inlet opening is sealed by the wall 60 of the 
housing, thus preventing a reduction in the pressure of 
the shock compressed hot gases in the rotor chamber. 
It should be noted that during the time interval that re 
flected shock wave 51 is traversing a rotor chamber 18, 
the hot gases 49 continue to flow through port 3 into 
rotor chamber 18, thereby maximizing the charge of 
hot gases fed into the rotor chamber. At or near the 
time that the hot gas/cool compressed gas interface 48 
reaches the rotor chamber nozzle outlet this nozzle out 
let is sealed by the wall 61, thereby initiating shock 
wave 62. This closure occurs because of the continued 
rotation of the compressor expander rotor 17. FIG. 2 
also depicts an expansion wave (or fan) 63-64 
bounded by the initial wave 63 and the final wave 64. 
There is a continuous drop in gas pressure across the 
expansion fan from wave 63 to wave 64. The expansion 
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tion of the present engine, may be fed through check 
valve 57 and pipe 58 to a high pressure storage tank 59 
for use in connection with a compressed gas (or air) 
supply system, or diverted through suitable pipe and 
hose connections to be used immediately for conven 
tional purposes such as supplying air driven tools and 
equipment, pneumatic starters, air turbines, automo 
tive tires, pneumatic springs, pneumatic brakes, steer 
ing motors, air conditioners, etc. 
One important aspect of the expansion and discharge 

of the high pressure cool gas 53 is the work...done in this 
process. The expansion and discharge of the high pres 
sure cool gas 53 from the rotor chambers 18 through 
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the rotor chamber nozzles 38 is in a direction having a . 
relative velocity component opposite to the direction . . 
of movement of the compressor-expander rotor 17. 
The discharge of the relatively cool, highly compressed 
gas 53 is an efficient work-producing expansion and 
over a wide range of rotor speeds makes a contribution 
to the positive torque generated, with effective use of 
the pressure produced by the reflected shock wave 51 
in the cool gas 53. This contribution is possible because 
of the presence of the rotor chamber nozzles 38 which 
also cause the reflected shock wave 51 and control.the 
flow of the high pressure cool gas 53 from the rotor 
chamber. This reaction effect is produced by the con 
verging nozzles 38 or, as will be discussed hereinafter, 
by a converging-diverging nozzle 41, which acts to in 
crease the velocity of the outflowing high pressure cool 
gas over its velocity in the rotor chamber. 
Reconsider FIG. 2 and it can be determined that the 

rotor housing is further designed so that at or near the 
time the reflected shock wave 51 reaches the rotor 
chamber inlet, the inlet is sealed by the wall 60. The 
foregoing is true because the compressor-expander 
rotor 17 has continuous rotation and the rotation 
thereof, at design point operation, is such that as the 
reflected shock wave 51 reaches the inlet opening 21 
of the rotor chamber (in which the phenomenon is tak 
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fan 63-64 is generated because the gases in the rotor 
chamber are moving at a certain velocity toward the 
rotor chamber nozzle and are suddenly brought to rest 
at the time that the rotor chamber inlet is sealed off. 
Shock wave 62 is generated in the same way that the 
initial shock wave 44 was generated; i.e., by having the 
gas flow out of the nozzle opening cut off, in this case 
by the wall 61. The shock wave 62 tends to offset or 
terminate expansion fan 63-64. The combined effect of 
both expansion fan 63-64 and shock wave 62 is to 
bring the gases in the rotor chamber temporarily to 
rest. 

EXPANSION 
While the expansion or blow down of the highly com 

pressed cool gas 53 from the rotor has already been dis 
cussed above, the process of expansion or blow down 
of the highly compressed hot gases 54 is normally the 
most significant contributor to rotor torque and there 
fore to the work done by the engine. In this connection 
consider FIGS. 5 and 6. In FIGS. 5 and 6 the blades 27 
have been excluded from the greater part of each draw 
ing in order to simplify explanation. It should be under 
stood that the compressor-expander rotor 17 in each of 
the drawings, FIG.5 and FIG. 6, is fully equipped with 
blades 27 about its periphery even though such blades 
are only partially shown. 
Consider FIG. 5 wherein there are shown four stages. 

of reentry and expansion in one sector of the reflected 
shock wave engine. The expansion ports are identified 
with the letter "E" such as 34E and the reentry ports 
are identified with an "R" such as 34R. It should be un 
derstood that the expansion port 34E is connected 
around the outside of the rotor by a duct (not shown) 
to the reentry port 34R as shown in FIG. S. Similarly 
each of the expansion ports is connected by a duct to 
a reentry port which is identified with a corresponding 
identification number. For instance, the expansion port 
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35E is connected to the reentry port 35R, the expan 
sion port 36E is connected to the reentry port 36R 
while the expansion port 37E is connected to the reen 
try port 37R. For the purposes of orienting FIGS. 5 and 
6 with respect to the other figures, it will be noted that 
the bottommost outlet port 32 is the same as the com 
pressed cool gas outlet port 32 shown in FIGS. 1-4, al 
though the dimensions are shown somewhat differ 
ently. Similarly the hot gas inlet port 31 in FIGS. 5 and 
6 is the same as the hot gas inlet port 31 in FIGS. 1-4 
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although again the dimensions are somewhat different. 
It will be noted that there is a progressive increase in 
the sizes of expansion ports 34E, 35E, 36E and 37E. 
The same is true of the corresponding reentry ports 
34R, 35R, 3.6R and 37R. The progressive increase in 
the sizes of the ports in the upward direction (the direc 
tion of rotary motion) in FIGS. 5 and 6 is due to the 
need to accommodate a progressively larger fraction of 
the total hot gas flow as well as the expanded volume 
of the hot gas in each succeeding stage. The expansion 
ports shown are typical of those that can be used effec 
tively for progressive expansion stages on a single rotor. 
of this engine, providing torque and using reentry to re 
charge the rotor chambers, which then use the reaction 
of gases expanding through the rotor chamber nozzles 
to drive the rotor. Final expansion of the hot gas, and 
rotor reaction thereto, occurs with flow through the 
nozzle into the exhaust port 19. This stage is followed 
by a flow of scavenging cool gas which enters the rotor 
chambers through the intake port 12. Exposure of the 
rotor chamber inlet to the cool gas intake chamber 11 
through the cool gas intake port 12 with openings 14 
initiates the next cycle of operations which follows the 
same steps as described above. 
An alternate embodiment illustrating the expansion 

process is depicted with three typical stages of reentry 
as shown in FIG. 6. Again in FIG. 6, in order to have 
continuity between all the drawings, the typical com 
pressed cool gas outlet port 32 and the hot gas inlet 
port 31 are repeated within the linearized view as 
shown before in FIG. 5. In FIG. 6, the dimensions and 
locations of the expansion ports 34E, 35E and 37E as 
well as the reentry ports 34R, 35R and 37R are chosen 
so that at design point operation the timed arrivals of 
the principal expansion waves will contribute to the ef 
ficient flow of the expanding hot gas. Expansion port 
36E and reentry port 3.6R are not present in FIG. 6 be 
cause only three reentry stages are included. As men 
tioned earlier, an expansion wave can be caused either 
by terminating an existing inflow at the source or by ini 
tiating an outflow to a region of lower pressure. The 
first type expansion wave brings the moving gas to rest 
starting at the point of inflow while the second type ex 
pansion wave initiates or accelerates the flow through 
an outlet. It should be noted that a shock wave is a sin 
gle wave of pressure discontinuity, while an expansion 
wave is a region of continuously changing pressures, 
The zone covered by such an expansion wave is some 
times referred to as an expansion fan. No expansion 
fans are shown in FIG. 5. In FIG. 6 the fans are shown 
for simplicity as single lines, because each fan angle is 
very small. 

In FIG. 6, the expansion fan 63-64 (described in con 
nection with FIG. 2) is shown for simplicity as a single 
line 63. It will be recalled that this expansion wave was 
initiated by terminating the existing hot gas inflow 
through port 31 when the rotor chamber was sealed by 
the wall 60. Accordingly, expansion fan 63 is of the first 
type. It should also be understood that the expansion 
fans or waves shown in FIG. 6 are not shown with 
breaks at the nozzles because the drawing is reduced 
although these waves would have a break at the throat 
nozzles similar to that shown in FIG. 2. As can be seen 
in FIG. 2, when the rotor chamber nozzle is closed by 
the wall 61, a shock wave 62 is generated which tends 
to cancel the pressure reduction effect of expansion fan 
63. The combined effect of the two is to bring the hot 
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gases in the rotor chamber to a temporary halt. Imme 
diately afterward the rotor chamber nozzle outlet is ex 
posed to expansion port 34E, thereby initiating an ex 
pansion wave 65 (as shown in FIG. 6) of the second 
type. As a result there is an outflow of hot gases 
through the port 34E into a region of lower pressure. 
As can be seen in FIG. 6 expansion wave 65 travels up 
stream toward the wall 60 to a position somewhere be 
tween the hot gas entry port 31 and the first reentry 
port 34R. Since the hot gases have a velocity toward 
the rotor chamber nozzle, they will continue to flow 
toward the nozzle even after the expansion wave 65 
reaches the wall 60 and produce a reflected expansion 
wave 66. However the gases that are bounded by the 
wall 60, the reflected expansion wave 66 and expansion 
wave 67, must come to rest with respect to the rotor 
chamber, whereas the gases that lie between reflected 
expansion wave 66 and the rotor chamber nozzle con 
tinue to flow out through the nozzle until reflected ex 
pansion wave 66 reaches the nozzle. As the rotor 17 
continues to rotate, the rotor chamber nozzle outlets 
are exposed to expansion port 35E and hence another 
expansion wave 67 is generated. Expansion wave 67 
traverses the rotor chamber and ideally arrives at the 
rotor chamber inlet coincident with the rotor chamber 
inlet exposure to reentry port 34R. The effect of expan 
sion wave 67 is to drop the rotor chamber pressure to 
a lower level. The partially expanded hot gases ducted 
from the port 34E thus flow through the reentry port 
34R and enter the rotor chambers exposed to port 34R. 
The higher pressure (but partially expanded) hot 

gases from the reentry port 34R, as they enter into the 
rotor chambers, may, if there is a mismatch of pressure 
and velocity with the adjacent rotor chamber gases, 
cause a shock wave or expansion wave to propagate 
into the rotor chamber while the flow. continues 
through the rotor chamber toward the second expan 
sion port 35E. Meantime continued rotation of the 
rotor causes the rotor chamber inlet to be closed by the 
wall 68, thereby generating an expansion wave 69, re 
sulting from the sudden stoppage of hot gas inflow. Ex 
pansion wave 69 traverses the rotor chamber, and ar 
rives at the rotor chamber nozzle outlet coincident with 
the rotor chamber nozzle becoming exposed to expan 
sion port 37E. When the rotor chamber nozzle be 
comes exposed to expansion port 37E, a second type 
expansion wave 70 is generated and expansion wave 70 
travels upstream through the rotor chamber as shown. 
Ideally at the time that expansion wave 70 arrives at the 
wall 68, the inlet of the rotor chamber is exposed to re 
entry port 35R which is carrying the twice expanded 
gas ducted from expansion port 35E. The effect of ex 
pansion wave 70 again reduces the rotor chamber pres 
sure and enables the twice expanded hot gases flowing 
in from the reentry port 35R to enter the rotor cham 
bers. These inflowing hot gases may also propagate a 
shock or expansion wave into the rotor chamber as de 
scribed above for the preceding reentry stage. The hot 
gases flow through the rotor chambers into expansion 
port 37E. As a consequence of each expansion and out 
flow of the hot gases from the rotor chamber through 
the rotor chamber nozzles, the reaction produces 
torque on the rotor. The flow of the twice expanded hot 
gases into the rotor chambers for a third expansion into 
expansion port 37E continues. When the rotor 17 
moves to a point where the rotor chamber inlet is 
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sealed by wall 71, another first type expansion wave 72 
is generated which traverses the rotor chamber toward 
the rotor chamber rotor chamber nozzle outlet. Expan 
sion wave 72 arrives at the nozzle outlet at the time that 
the nozzle outlet is exposed to exhaust port 19. Expo 
sure of the rotor chamber nozzle outlet to exhaust port 
19 generates expansion wave 73 in a fashion similar to 
the generation of expansion waves 65, 67 and 70. Ex 
pansion wave 73 traverses the rotor chamber upstream 
and ideally arrives at the tip of the wall 71 coincident 
with the exposure of the rotor chamber inlet to reentry 
port 37R. Expansion wave 73 causes the gases in the 
rotor chamber to undergo another pressure reduction 
so that the gases (which have already been expanded 
three times) from reentry port 37R enter the rotor 
chamber and continue to flow through the rotor cham 
ber. In the course of the final stage of expansion and re 
action, the hot gases flow through the rotor chamber 
nozzles into exhaust port 19. After final expansion of 
the hot gases into exhaust port 19 the cool gas from in 
take chamber 11 enters the rotor chamber through port 
12 with openings 14, thereby initiating the next cycle 
of operations as previously described. Depending upon 
the dimensions of the rotor and the number of reentry 
ports provided, there may be shock waves interspersed 
with the expansion waves. This is due to the pressure 
of the reentering hot gases being different from the 
pressure of those hot gases already in the rotor cham 
ber. It should be understood that the reentered gases 
maintain the charge of the hot gases in the rotor cham 
bers and provide additional torque by repeated reac 
tion of said hot gases on the chamber nozzles at the dif 
ferent reentry exits, as well as from impulse of reenter 
ing flow of said hot gases on said rotor blades. 
The expansion processes just described, using a num 

ber of stages of reentry, make efficient use of a single 
rotor to achieve all phases of operation of the integral 
turbo-compressor wave engine. In certain circum 
stances it may be necessary to limit the overall dimen 
sions of the rotor. In such a case it may be deemed de 
sirable to include only the initial expansion and/or the 
first or the first few stages of reentry on the rotor. The 
remaining stages of expansion of the partially expanded 
hot gas, at this point at a reduced temperature, can be 
easily accomplished on a separate turbine wheel in 
stead of accomplishing the repeated expansions 
through the rotor itself. Such a supplemental turbine 
wheel can be designed with the same type of blading as 
the compressor-expander rotor, to handle the reentry 
and expansion stages in the same manner as described 
above, or alternatively, the supplemental turbine wheel 
can be designed with conventional impulse or reaction 
blading. The separate turbine wheel may be either me 
chanically linked to the compressor-expander rotor by 
a shaft, gears, chain, belt, or other means, or it may be 
free running, subject to the effect of a separate control 
device. An example of the latter would be a turbo 
supercharger for use at a high altitude by turbo-prop or 
turbojet aircraft. Upon completion of the expander by 
any of the means described hereinbefore, exposure of 
the rotor chamber inlet openings to the input cool gas 
chamber 11 through port 12 admits an inflow of cool 
gas for scavenging, thereby initiating the next cycle of 
operations. The repetition of the successive phases of 
the operating cycle, intake and scavenging (exhaust), 
compression, and expansion (power) may occur as a 
result of successive passes of the rotor chambers 
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through the same sector, in the case of a single sector 
engine, or as a result of the passage of the rotor cham 
bers through the corresponding phases of succeeding 
sectors, in the case of a multisector engine. 

IMPORTANT FUNCTIONS OF THE ROTOR 
CHAMBER NOZZLES 

The role played by the rotor chamber nozzles 38 and 
41 in the present engine is of sufficient importance to 
warrant further discussion. The hot gases from the 
heating chamber 22 act as the source of energy which 
effects the rotor compression process described above. 
After initiation of the shock wave 50 (see FIG. 2) at the 
hot gas/cool gas interface 48, the hot gas 49 and the 
cool gas 52 have the same velocity and the same static 
pressure on each side of the interface. Therefore, the 
cool gas has a higher stagnation pressure than the hot 
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gas by virtue of the higher density and higher Mach 
number of the cool gas as compared with the lower 
density and lower Mach number of the hot gas. At the 
high rotation speeds characteristic of this presently de 
scribed engine, the velocity of both the hot gas and the 
cool gas in the rotor chambers is high. The higher the 
velocity of the hot gas and the cool gas, the greater the 
difference between the stagnation pressure of the cool 
gas and the stagnation pressure of the hot gas. Only a 
part of this stagnation pressure difference is needed to 
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cause the flow of the cool gas back around the flow 
loop, including passage through regenerative heat ex 
changer 56 (FIG. 4) and through the heating chamber 
22 which produces the hot gas. The remainder of this 
stagnation pressure difference may be utilized to in 
crease the pressure of the hot gas in the rotor chamber, 
thereby elevating the engine pressure ratio. This is very 
effectively accomplished with the converging nozzles 
38 (or converging-diverging nozzles 41 in an alternate 
embodiment) at the outlet side of the rotor chambers. 
These nozzles act as restrictions which generate a re 
flected shock wave 51 which propagates upstream 
through both the cool gas 52 and the hot gas 49 in the 
rotor chamber. The nozzles 38 (or 41) also accelerate 
the outflowing cool gas and direct the flow in large 
measure opposite to the direction of the rotor rotation, 
causing the rotor to do useful work over a wide range 
of speeds. Even at lower gas exit velocities, relative to 
the rotation of the rotor chamber, the nozzles acceler 
ate the cool gases, thereby producing torque on the ro 
tor. The nozzles also cause, through the reflected shock 
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wave 51, a higher stagnation pressure in the hot gas 54 
(i.e., after the shock wave has passed through the hot 
gas 49) than would occur without the reflected shock, 
i.e., if the cool gas were permitted to expand without 
the restriction provided by the nozzles. The higher 
pressure produced in the hot gases by the action of the 
reflected shock wave 51 results in a greater density of 
the hot gas. Thus a rotor of given size can handle a 
greater weight of gas flow and produce more power for 
a given speed than prior art devices. The rotor chamber 
nozzles also permit higher rotor chamber speeds be 
cause they provide means for directing the flow with a 
greater exit velocity and with a greater tangential com 
ponent, thereby effectively utilizing the high pressure 
developed by the reflected shock wave 51 in both the 
cool gas 53 and the hot gas 54. 

After entering the high pressure cool gas exit port 32 
in the housing, the cool gas has a relatively low absolute 
velocity (relative to the housing) but a pressure still 
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sufficiently high to generate a flow through chamber 
33, through duct 55, through optional regenerative 
heat exchangers 56, and into the heating chamber 22. 
After conversion by the addition of heat from combus 
tion, nuclear reactor, heat exchanger, or other source, 
the resulting hot gas 49 enters the rotor chambers 18 
to complete the operating cycle as described above. 
The rotor chamber nozzles (see FIGS. 10A and 10B) 

used in this reflected shock wave engine may be the 
converging nozzle 38 type or the converging-diverging 
nozzle 41 type. In each case the constricted nozzle 
throat 38A (converging nozzle) or 39 (converging 
diverging nozzle) of either type of nozzle has a smaller 
cross-sectional area than that of the main section of the 
rotor chamber. However, the exit 40 of a converging 
diverging nozzle may have a cross-sectional area 
smaller than, equal to, or greater than that of the rotor 
chamber. In the case of a converging-diverging nozzle, 
the choice of nozzle exit area to rotor chamber area 
ratio depends upon pressure ratios and the desired exit 
velocity for the hot gases, as well as diffuser character 
istics desired in the diverging section during subsonic 
flows. The particular importance of a converging 
diverging nozzle is that this type of nozzle permits effi 
cient supersonic flow of high pressure cool and hot 
gases from the rotor chambers during some portions of 
expansion and blowdown, without seriously handicap 
ping subsonic phases of the operating cycle. Subsonic 
flow of the gas normally will occur during scavenging 
(exhaust), but may also occur during discharge of the 
high pressure cool gas from the rotor chambers into the 
cool compressed air port 32 leading to the heating 
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chamber 22. Subsonic flow may also occur during some 
stages of expansion and blowdown of the hot gases. The 
occurrence of supersonic versus subsonic flow in early, 
intermediate, or final expansion stages depends upon 
the design and operating conditions. Converging 
diverging nozzles have the advantage of behaving as 
diffusers during the scavenging phase of the operating 
cycle, and reducing or even eliminating, in some em 
bodiments, the requirement for pre-compression of the 
cool intake (scavenge) gas. Converging-diverging noz 
zles may be used with turning vanes or blades (not 
shown) in the exhaust port 19 to serve as diffusers to 
increase the static pressure of the exhaust gas, thereby 
providing sufficient pressure for expulsion of the ex 
haust, gas to the atmosphere. 
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During the high pressure phase of the operating cy- . 
cle, converging-diverging nozzles behave as accelera 
tors and restrictors of flow of both the shock 
compressed cool gas 53 (FIG. 2) and the shock 
compressed hot gas 54 and generally perform the same 
function as the converging nozzles 38 discussed above. 
The disadvantage of the converging-diverging nozzle 
41 is that there may be a small loss of stagnation pres 
sure in each rotor nozzle during passage through some 
portion of each operating sector. This loss of stagnation 
pressure occurs in that part of the sector where 
pressure-temperature relationships are such that the 
converging-diverging nozzle does not function as a full 
ly-expanded-flow, supersonic nozzle and the pressure is 
not low enough for the diverging section of the nozzle 
to function completely as a subsonic diffuser. As a re 
sult a shock wave is created in the diverging part of the 
nozzle, because of failure to achieve complete expan 
sion to supersonic speeds at the nozzle exit. The loca 
tions within each operating sector at which this loss of 
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stagnation pressure may occur will vary with rotor 
speed, hot gas temperature, and pressure ratio. The 
total effect of these parasitic shocks, which can occur 
in the diverging portion of the nozzle 41, on the overall 
operating efficiency of the engine can be held to a level 
Solow as to be unimportant in most applications. At the 
lower pressure ratios associated with some expansion 
stages and Scavenging, the diverging portion of the 
rotor chamber nozzle 41 acts as a diffuser, thereby per 
mitting recovery of pressure as required for flow 
through optional regenerative heat exchangers and ex 
haust passages. 
EFFICIENT OPERATION OVER A RANGE OF 

DIFFERENT SPEEDS 

The following discussion illustrates the principle of 
port control as applied to the compression process over 
a range of different speeds and gas temperatures; how 
ever, the same principle is applicable to control of the 
location and the size of any of the inlet or outlet ports 
of the engine. The shock waves 44 and 50, reflected 
shock wave 51, the cool gas/hot gas interface 42, and 
the hot gas/cool gas interface 48 must move, as previ 
ously described with respect to FIG. 2. In other words, 
the shock waves should be ideally contained within the 
rotor chamber and the gas interfaces should move so as 
to avoid excessive outflow of cool low pressure gas 47 
from the rotor chambers to exhaust port 19, in the case 
of interface 42, and so as to minimize the flow of hot 
gas 54 through the high pressure cool gas port 32 or to 
minimize the amount of the cool compressed gas car 
ried into the first expansion port 34E of the engine, in 
the case of interface 48. Thus the purpose of the port 
control arrangement, as illustrated for the compression 
process in FIG. 3 and FIG. 4, is to establish the proper 
spatial relationships among the leading and trailing 
edges of the appropriate ports (hot gasport 31 and cool 
gas port 32 in this case) so that the shock wave 50, re 
flected shock wave 51, the expansion fan 63-64, and 
the hot gas/cool interface 48 will move. in such a way 
as to duplicate as closely as possible the configuration 
as shown in FIG. 2, regardless of rotor speed and the 
temperatures of the operating gases. 

In the discussion which follows, the edge of any inlet 
or outlet port which is first exposed to a rotor chamber 
moving in the normal direction of rotation will be re 
ferred to as the leading edge of the port. Similarly that 
edge of any port which is last exposed to the rotor 
chamber moving in the normal direction of rotation 
will be referred to as the trailing edge of the port. 
The present engine provides in its structure a means 

for achieving efficient operation at various speeds and 
for stable operation during the starting sequence 
through the use of movable port control blocks 75, 76, 
and 77 as shown in a preferred embodiment, FIG. 3, 
and similar movable blocks 78,79, and 80 as shown in 
an alternative embodiment, FIG. 4. In both cases the 
control blocks accomplish the same purpose, but the 
embodiment of FIG.3 is preferred because of practical 
design considerations. If the range of movement and 
the location of the control blocks in FIG. 3 and FIG. 4 
are compared, several differences become apparent, 
some of which are important to note because they in 
fluence the preference for one embodiment over the 
others. For instance, the control block 78 at the trailing 
edge of hot gas port 31 in the case of the embodiment 
shown in FIG. 4 must have a greater excursion for a 
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given range of speeds and temperatures than does its 
counterpart, control block 76, of FIG. 3. This means 
that the guide channels formed by supports 81 in the 
embodiment of FIG. 3 can be shorter than the corre 
sponding ones, guide supports 81, of the alternate em 
bodiment in F.G. 4, with the advantage that these com 
ponents, movable block and guide supports, located as 
they are in a high temperature portion of the engine, 
can be mechanically simpler, lighter, less subject to 
temperature effects and will project less into the expan 
sion and reentry portion of the engine. The complete 
elimination, in the embodiment of FIG. 3, of the con 
trol block at the trailing edge of cool compressed gas 
port 32 results in similar advantages, because once 
again this block would be subjected to the effects of the 
high temperature gas. The foregoing is true because the 
support mechanism must necessarily occupy some 
space between the cool gas port 32 and the first expan 
sion port, and this arrangement would delay the begin 
ning of hot gas expansion through port 34E with conse 
quent increase in leakage from the rotor chamber prior 
to expansion. 
The mechanical movement of these blocks acting to 

gether serves to modify both the sizes and the meanpo 
sitions of the hot gas inlet port 31 and the high pressure 
cool gas outlet port 32. The direct result of the properly 
coordinated movement of these blocks is the balancing 
of the flow of the hot gases through port 31 from the 
hot gas chamber and the flow of cool compressed gases 
through port 32 into the chamber 33 and then into the 
duct 55. The movable blocks also make possible the 
proper positioning of the shock and/or expansion 
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waves relative to the ports at any speed and any hot gas 
temperature within the operating range of the engine. 

The positions of the blocks 75,76, and 77 of the pre 
ferred embodiment of FIG. 3 are mechanically con 
trolled by the cranks 82, 83, and 84, respectively, in 
conjunction with cams, racks and pinions, or other 
mechanisms not shown. In each of the embodiments as 
shown in FIG. 1, FIG. 3, and FIG. 4, the motion of the 
blocks is that of a circular arc. 

It will be apparent to those skilled in the art that the 
positions of the edges of the various ports, for opera 
tions at different speed and gas temperatures, can be 
controlled, alternatively by blocks which are con 
strained to move either circumferentially, axially or ra 
dially into and out of the various port openings. There 
may be either a single movable block associated with 
each edge or there may be a plurality of such blocks to 
perform stepwise adjustment of the position of the edge 
of the port. Any given block of this type may also have 
motion components in more than one direction, for ex 
ample, combined circumferential, axial and radial 
OVenets. 
It will be apparent that some form of automatic con 

trol is desirable in order to coordinate the movements 
of the blocks in the case of an engine to be used in a 
road vehicle, for example, because human responses 
would be too slow in making separate adjustments to 
optimize the port block settings for each of the many 
speed changes which are necessary when maneuvering 
a vehicle in traffic. The principal control input for the 
port blocks is the engine speed so that a servo system 
is required which establishes a fixed basic position for 
each block as a function of the engine speed. Such sys 
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18 
tems are called "followers' or position servos and are 
commonly applied in industrial control systems. 
Deviations from the basic setting may be necessary in 

order to compensate for a broad range of temperatures 
of the hot high pressure gases. For example, it is con 
ceivable that a form of the present engine could be 
used under conditions wherein a range of power output 
is desired at some specific speed setting or settings. The 
change in power output at some constant speed is ob 
tained by either increasing or decreasing the tempera 
ture and the pressure of the hot high pressure gases 49 
that enter the rotor 17 from the heating chamber 22. 
Again the vehicular engine is a good example of such 
a situation. The temperature compensation portion of 
the control system would in such cases further modify 
the position of the blocks 75,76, and 77 as basically de 
termined by the speed control in order to provide the 
maximum torque for a given hot gas temperature. 

It has been determined that the proper positions of 
the blocks 75, 76, and 77 of FIG. 3 and in like fashion 
the proper positions of blocks 78,79, and 80 of FIG. 
4, bear an approximately linear relationship to each 
other as a function of engine speed, consequently, the 
cranks 82, 83, and 84 of FIG. 3, or similar cranks 85, 
86, and 87 of FIG. 4 that move the blocks may in many 
cases be mechanically interconnected with each other 
so that the action of a single control element, such as 
a hydraulic or pneumatic cylinder (not shown), or an 
electric motor (not shown), can actuate all of the 
blocks upon command from the temperature compen 
sated speed control. 
There are applications, of course, where it may be 

feasible to permit manual adjustment of the control 
blocks either in some coordinated fashion or each sepa 
rately in order to optimize the performance of the en 
gine at a particular speed, thus dispensing with auto 
matic controls. 
The positions of the blocks 75, 76, and 77 of FIG. 3 

are set so that for a specified rotor-speed and a speci 
fied hot gas temperature the hot gas/cool gas interface 
48 will reach the outlet of rotor chamber nozzle 38 at 
or near the instant that nozzle 38 comes opposite the 
trailing edge of cool gas port 32. This position of the 
movable blocks prevents the outflow of the hot gas 
through port 32 into chamber 33 and on into duct 55. 
At some combinations of rotor speed and hot gas tem 
perature not all of the cool high pressure gas in the 
rotor flows from the rotor into the high pressure cool 
gas chamber 33, but is carried by the rotor into the ex 
pansion portion of the engine. The situation arises 
whenever the expansion fan 63-64, initiated by the 
closing of port 31 by the edge 88 of control block 76, 
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crosses interface 48 before the latter reaches the cool 
gas port 32. 

In the embodiment shown in FIG. 3 the edge 89 of 
control block 75 serves as the reference edge, thus 
edge 90 of block 77 forms the leading edge of cool gas 
port 32 and must be positioned so as to contain the cool 
gas, previously compressed by the shock wave 44, until 
the shock wave 50 has at least reached the upstream 
end of rotor chamber nozzle 38. Immediately afterward 
the nozzle exit must be exposed to the high pressure 

65 
cool gas port 32 because the reflected shock wave 51 
has now compressed the cool gas to the maximum pres 
sure in the cycle compatible with highest overallengine 
efficiency. The compressed cool gas now expands 
through the rotor chamber nozzle, passes through port 
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32, and enters the cool gas chamber 33 and duct 55 
through which it flows, ultimately reaching the heating 
chamber 22. 

It is now apparent that the function of these illustra 
tive control blocks is to adjust the leading and trailing 
edges of the ports 31 and 32 so that the timing of the 
shock wave 50, reflected shock wave 51, and the hot 
gas/cool gas interface 48 remains substantially the 
same as shown in FIG. 2 for all combinations of rotor 
speeds and hot gas temperatures so that the engine will 
operate at the greatest possible efficiency at all speeds 
and power settings. The proper positioning of the con 
trol blocks assures minimum mixing of the hot and cool 
gases either within the rotor chambers or in the cool 
compressed gas chamber 33. Thus the positioning of 
the blocks makes possible the most efficient operation 
of the engine throughout a wide range of speeds within 
which control of the shock wave 50, reflected shock 
wave 51, and hot gas/cool gas interface 48 can be main 
tained. 
To achieve the maximum efficiency, regardless of 

mechanical complexity, similar movable blocks may be 
placed at the leading and trailing edges of all inlet and 
outlet ports. For example, such a movable block (not 
shown) at the trailing edge of exhaust port 19 or at the 
trailing edge of inlet port 12 (with openings 14), or at 
the trailing edges of both, can be used to adjust the rel 
ative position of shock wave 44 so as to avoid backflow 
into the intake chamber. A similar movable block at 
the leading edge of inlet port 12 (openings 14) will also 
provide flexibility in control of scavenging by permit 
ting the cool gas/hot gas interface 42 to be initiated 
later or earlier in the engine cycle, thereby avoiding 
overscavenging (excess flow of cool gas into exhaust), 
and underscavenging (failure to expel all exhaust gas 
through exhaust port 19). 

Similarly, in those embodiments in which the stator 
dimensions provide sufficient space for their inclusion, 
such movable blocks at the leading and trailing edges 
of hot gas expansion ports 34E, 35E, 36E, and 37E; re 
entry ports 34R,35R, 3.6R, and 37R; and at the leading 
and trailing edges of exhaust port 19 will permit selec 
tive control of hot gas flow during the expansion stages 
in order to optimize the expansion process over a wide 
range of rotor speeds and gas temperatures. The blocks 
in the reentry ports, expansion ports and ports 12 and 
19 are not shown however the fabrication and role is so 
similar to the blocks shown in ports 31 and 32 that no 
further explanation is necessary and the drawings are 
usefully simplified without such blocks being shown. 

In FIG. 3 and FIG. 4 two extreme positions of the 
control blocks are shown, the one in bold lines indicat 
ing the setting for the highest rotor speed and the one 
in dashed lines indicating the setting for the lowest 
speed and idling conditions. In these two embodiments 
utilizing circumferential movement of the blocks, the 
position of each block is continuously variable between 
these extreme positions. In FIG. 3 and FIG. 4 the posi 
tions defined are only approximate but do indicate the 
range of motion necessary with respect to the size of 
the hot gas port 31 and the cool gas port 32. During 
starting, the blocks 75, 76, and 77 of FIG. 3, (or the 
blocks 78, 79 and 80 of FIG. 4), will be in the low 
speed position as defined by the dashed lines. 
The edge 89 of block 75 in the preferred embodi 

ment shown in FIG. 3 may be taken as the reference 
edge for starting the shock wave 50 and the interface 
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48, and correspondingly the fixed leading edge of port 
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31 in the alternate embodiment of FIG. 4 serves the 
same purpose. It should be apparent that in the com 
pression process it is the relative position of the port 
blocks which is important, so that the choice of which, 
if any, of the four edges of ports 31 and 32 is to be fixed 
for any particular engine depends largely upon the me 
chanical design aspects of the engine. 
The control block configuration as shown in FIG. 3 

employs three blocks although one of these, block 76 
at the trailing edge of port 31, moves a very small 
amount in comparison to the movement of the remain 
ing blocks 75 and 77. Consequently, it would be possi 
ble to eliminate block 76 in an engine of simpler design 
but with some sacrifice of performance. In this case the 
trailing edge of port 31 could be taken as the reference 
edge for the positioning of the other control blocks. 

It should not be inferred that a fixed reference port 
edge is necessary to the operation of the engine. It is 
conceivable that four control blocks could be em 
ployed in order to position both the leading and trailing 
edges of ports 31 and 32. In such a situation there is a 
reference position for each of the blocks at some pre 
determined speed and hot gas temperature which 
serves as a point of departure for all subsequent mo 
tions that are demanded by the control system while 
the engine is operating. 

All previous discussion of the engine has been con 
cerned with operation at some specific speed and 
power setting within efficient limits. In all cases it has 
been assumed that equilibrium conditions have been 
attained in the low pressure cool gas chamber 11, the 
heating chamber 22, and the high pressure cool gas 
chamber 33, as well as in the exhaust chamber 20. 
Once equilibrium is attained with respect to pressure 
and temperature of the gases in these chambers and the 
control blocks are properly positioned, the engine op 
erates as previously described. However, there are 
transition states during periods of speed changes or 
power changes (or both simultaneously) in which the 
pressure and temperature of the gases in the chambers 
are not in a steady or equilibrium state. 

If it is assumed that the engine is running at some 
equilibrium speed and power output and heat is sud 
denly added (e.g., fuel flow is increased), several mo 
mentarily unbalanced conditions arise: (1) the gas tem 
perature in heating chamber 22 increases, and com 
pression waves propagate upstream and downstream. 
As a result the pressure level in the recirculating flow 
loop including the heating chamber 22, port 31, cool 
compressed gas port 32 and chamber 33, and within 
the exposed rotor chambers is increased; (2) this pres 
sure increase strengthens shock wave 50 and reflected 
shock wave 51 which compress the cool gas in the rotor 
chambers to a higher pressure and cause the hot gas/- 
cool gas interface 48 to move faster; (3) the pressure 
of the hot gases 49 and 54 and cool gases 52 and 53 in 
exposed rotor chambers 18 of rotor 17 increases, the 
torque increases because of higher velocity outflow of 
gases through nozzles 38, and the rotor speed tends to 
increase until a new equilibrium condition is reached 
with respect to the heat supply and the engine load. 
The conditions in the heating chamber, the cool gas 

chamber, and the exposed rotor chambers can be de 
scribed in analogous fashion for the situation in which 
the engine is running at some fixed speed and power 
output and there is a sudden decrease of heat input 



2 
(e.g., reduction of fuel flow) to heating chamber 22. 
The momentarily unstable conditions which occur 
becuase of the reduced heat input lead to the following 
chain of events: (1) expansion waves in the heating 
chamber propagate upstream and downstream, thus 
decreasing the pressure of the recirculating flow loop, 
including the heating chamber 22, hot gas port 31, cool 
gas port 32 and cool gas chamber 33 duct 55, and ex 
posed rotor chambers 18; (2) this pressure decrease re 
sults in a decrease in strength of shock wave 50 and re 
flected shock wave 51, a lowering of the pressure of 
both the hot gases 49 and 54 and the cool gases 52 and 
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STARTING OF THE SHOCKWAVE ENGINE 
One of the most important reasons for adding op 

tional movable blocks at the leading and trailing edges 
of inlet ports 2, 31, 34R, 35R, 3.6R and 37R, as well 
as the leading and trailing edges of outlet ports 19, 32, 
34E,35E,36E and 37E is to facilitate starting the pres 
ently described engine at a very low speed, substan 
tially below the design point speed. For example, to 
start the shock wave engine the illustrative movable 

10 blocks, 75, 76, and 77 (FIG. 3) and 78,79, and 80 

53 in the rotor chambers, with consequent reduction of 
the speed of interface 48; (3) the reduced pressure and 
temperature of the hot gases results in lower gas exit 
velocities and lower torque. Thus the rotor speed de 

15 

creases until a new equilibrium is reached with respect 
to the heat supply and the engine load. . . . 
Now it should be understood that the present engine 

will operate as described in connection with FIG. 2, 
whether or not the movable blocks are properly set, but 
if they are not properly set the engine will simply not 
operate at its maximum efficiency. For instance if the 
rotor is slowed down because of load and the fuel input 
rate is not increased there is likely to be some hot com 
pressed gas 54 exhausted through port 32 into chamber 
33 which would be an inefficient operation. In a some 
what similar manner if the rotor were speeded up be 
cause of reduction of load and the fuel intake remained 
constant and the blocks were not reset, there is a likeli hood that some cool compressed gases would get 
dumped into expansion port 34E which would be ineffi 
cient. Be that as it may under either set of circum 
stances (or other combinations of temperature and fuel 
rate) above the engine will operate well on the com 
pression and reaction principles described earlier. It 
should also be understood that the specific values of 
the engine parameters are not set forth because there 
can be as many sets of values as there are applications 
or uses of the present engine and the specific dimen 
sions would vary accordingly. One set of values is set. 
out herewith by way of example. 
For a relatively small turbine engine which operates 

in the range of 217 ft/sec to 1,050 ft/sec with a design 
point of 866 ftlsec the speed being measured along the 
pitch line of the rotor blades 27, the following dimen 
sions, considering FIG. 6, can be employed: 

Rotor diameter across mean height of blades 
Blade heights and port heights 

... Cross sectional area of rotor chamber 
Cross sectional area of nozzle 
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(FIG. 4) should be set in the positions suitable for low 
speed operation as described above and as represented 
graphically by dashed lines. The integral starter for this 
type of system uses energy from a storage tank 59 (see 
FIG. 4) which contains the high pressure cool gas 
which has been previously extracted from the cool gas 
duct 55 via check valve 57 and pipe 58, with perhaps 
some additional compression by auxiliary compressor 
97. For an open cycle system, with a combustion type 
heating chamber, or other open cycle systems with a 
non-combustion heat source, the storage tank would 
normally contain compressed air. For closed cycle sys 
tems with non-combustion heat sources, the storage 
tank would contain a supply of the normal circulating. 
gas used in the operation of the engine. In the present 
embodiment the compressed cool gas in the storage 
tank 59 is released by the start valve 98 to flow through 
the duct 99 to the pressure regulator 100 which re 
leases the cool gas at a constant pressure for a short in 
terval of time sufficient to start the engine. An orifice 
may be used for pressure regulation since, for the 
greater part of the starting cycle, the pressure ratio 
across the orifice chokes the flow in such a way as to 
accomplish adequate pressure regulation. The pressure 
regulated flow of cool gas from the tank 59 proceeds 
via the duct 55 to the region between the ignition de 
vice 25 and the fuel input device 24. The flow of start 
ing gas is forced in the normal direction by the check 
valve 101, which is actuated to the blocking position, 

40 shown by dotted lines in FIG.4, by action of controller 
, 26. While it is not shown, it will be assumed that there 
is a supply of fuel provided in accordance with the con 
troller 26 which is injected under pressure through the 
fuel injector 24. The ignition flame 102 is propagated 

45 into the heating chamber in the neighborhood of the 
operating fuelinjector 24. The operating fuel is force 
fully injected under pressure sufficient to cause forma 

14.00 inches 
1.00 inches. 
.30 square inches 

.15 square inches 
Port 12 (pitch line length) 4.32 inches 
Port 31 do. . 1.80 inches (minimum opening .55 inches) 
Wall 60 . do. 2.24 inches .. 
Port 34R do. .66 inches 
Wall 68 do. 1.39 inches 
Port 35R do. 1.56 inches 
Wall 71 do. 1.99 inches 
Port 37R do. 2.76 inches 
Wall 92 do. 1.10 inches 
Port 32 do. 1.32 inches (minimum opening .40 inches) 
Wall 93 do. .25 inches 
Port 34E do. .66 inches 
Wall 94 do. .19. inches 
Port 35E do. 1.56 inches 
Wall.95 do. .19 inches 
Port 37E do. 2.76, inches 
Wall 96 do. .19 inches 
Port 9 do. 7.56 inches 
Entrance angle of blades (rotor chamber) . - 
measured from plane of rotation 40 degrees. 
Exit angle of blades (convergent nozzles) . . 
measured from plane of rotation 20 degrees 
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tion of a spray of small droplets. When the ignition 
flame 102 has spread to the injected fuel from the fuel 
injector 24, mixed with the compressed air from stor 
age tank 59, there will be created by continuous com 
bustion a substantial quantity of high temperature, high 
pressure gas in the heating chamber 22. In the case of 
a non-combustion heat source, no igniter is required 
and the compressed gas flows directly to the heat 
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source of the heating chamber 22 thereby creating a 
substantial quantity of high temperature high pressure 
gas. The high temperature high pressure gas from the 
heating chamber 22 flows through the hot gas port 31 
where it impinges upon the rotor blades 27 to initiate 
rotation of rotor 17. Rotation of the rotor 17 and corre 
sponding action of the blower 15 causes the cool gas 47 
to be brought in through the intake chamber 11, 
through the cool gas port 12, and then into the rotor 
chambers 18, thereby sweeping out any residual ex 
haust gas from the previous operations. The rotation of 
the rotor 17 causes the closure of the nozzle exits 38 
(or 40) bringing the incoming cool gas to rest, thereby 
initiating the shock wave 44 (initially weak but gather 
ing strength during start up procedure) described ear 
lier in connection with the discussion of FIG. 2. Contin 
ued rotation of the rotor exposes the cool gas in the 
rotor chambers to the high temperature gases 49 from 
the heating chamber, thereby creating the hot gas/cool 
gas interface 48 (see FIG. 2). The shock wave 50 is also 
initiated as described earlier and this further com 
presses the cool gas 52. The rotor speed increases due 
to the effect of the flow of hot gas 49 impinging on the 
rotor blades 27 and the reaction to the gas outflow 
through the nozzles 38 and through the cool com 
pressed gas port 32 into chamber 33. Simultaneously 
the reflected shock wave 51 is generated, further in 
creasing the pressure of the shock compressed cool gas 
53 which rapidly reaches a higher pressure than that of 
the gases in the heating chamber 22. These cool com 
pressed gases exit through port 32, travel through the 
chamber 33 and duct 55 (see FIG. 4) and impinge on 
the check valve 101. When the pressure of the com 
pressed cool gas is high enough, the swing type valve 
101 moves from its closed starting position (shown by 
dotted lines) to its open operating position (shown by 
solid lines), which allows free flow of the cool com 
pressed gas 53 from the cool compressed gas outlet 
port 32, through chamber 33 and through the duct 55 
back into the heating chamber 22. The use of the swing 
type check valve 101 is only illustrative, as there are 
many other means of back flow control well known to 
those skilled in the art. When the swing type check 
valve opens to permit normal flow of shock compressed 
cool gas 53 into the heating chamber 22, the starting 
sequence has been completed and the rotor 17 will pro 
ceed to increase its speed, although because of the low 
speed the engine may not be operating at very high effi 
ciency at this time. As the rotor increases its speed, the 
illustrative movable blocks 75, 76, and 77 (FIG. 3) or 
movable blocks 78, 79 and 80 (FIG. 4) are reposi 
tioned, thereby opening the ports 31 and 32 wider. If 
it is the intention to get the speed of the engine up to 
the design point or optimal speed, then these movable 
blocks will be moved into the positions shown by the 
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by passing it through the heating chamber 22. Obvi 
ously during the start up procedure the efficiency of the 
engine is low, but improves, reaching maximum eff 
ciency for the proper settings of the movable blocks in 
the port openings. 
A second sequence of events occurs to replenish the 

supply of compressed cool gas in the tank 59. For com 
pactness the storage tank will normally contain gas at 
a pressure above the maximum operating pressure of 
the reflected shock wave engine. However, in the 
course of starting, the pressure of the stored com 
pressed gas in the tank 59 may drop below the pressure 
of the operating compressed cool gas 53. Check valve 
57 prevents the flow of the stored gas in the tank 59 
into the duct 55. However, when the pressure in the 
duct 55 exceeds that of the storage tank the check 
valve 57 will open to permit a limited flow of com 
pressed cool gas 53 into the storage tank 59 in order to 
replenish the supply of compressed gas which has been 
used in the start up operation. When the pressures of 
the gases in the duct 55 and the storage tank 59 are 
equal, the check valve 57 will close. If it is desired to 
store additional gas at higher pressure than that in the 
cool gas chamber 33 for future starting, an auxiliary 
compressor 97 may be used. The auxiliary compressor 
97 is also provided for use when it is necessary to re 
charge the storage tank 59 at a time when the present 
engine is not operating. 

It should be noted in FIG. 4 that there are vanes 13, 
optionally rotatable. These pre-rotation vanes in the 
inlet port 12 provide the flexibility of entry angle of 
cool gas 47 from chamber 11 required for the most effi 
cient operation at all speeds, including idling and start 
'ing. If the vanes are properly positioned, the cool air 
which enters the rotor chambers does so at an angle 
which is compatible with the speed of the rotor and rel 
ative velocity of the exhaust gases in the rotor chamber. 
If the vanes are positioned as shown in FIG. 4, the en 
tering gases have a component in the direction that the 
rotor is traveling, indicating that the relative velocity of 
the gas in the rotor chamber is somewhat less than the 
rotor speed. The amount of pre-rotation of the gases 
entering from chamber 11 is ideally such as to produce 
a relative velocity in the rotor chambers which just 
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matches that of the hot gases in the rotor, in which case 
there will be no shock waves or expansion fans initiated 
at the gas interface 42. 
Although not illustrated, the engine can also be 

started by direct cranking (or rotation) of the rotor by 
some mechanical means, such as an electric motor, 
provided that the blading arrangement of the rotor is 
such as to produce circulation of the gas through the 
loop consisting of hot gas chamber 22, the rotor 17, the 
cool gas chamber 33, and duct 55. This circulation 
must be in the same direction, of course, as the normal 
operating flow. Such a circulation of the gas can be ob 
tained only if the gas, upon leaving the rotor by way of 
the nozzles 38, has a greater tangential component of 
velocity in the direction of rotation than it had when it 
entered the rotor from the hot gas chamber 22. Unless 
this condition is established, the rotor cannot perform 

solid line in FIG. 4. Hence, the engine is started with 65 positive work upon the circulating gas, and thus no 
the compressed air (or other gas) which has been previ 
ously stored in the tank 59 and then heated for starting 

pressure increase in the cool gas chamber 32 over that 
in the hot gas chamber 22 is possible. 
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The helical type rotor with axial flow, such as illus 
trated by FIG. 1, FIG. 2, FIG. 3, and FIG.4, cannot 
produce the conditions necessary to promote circula 
tion in the aforementioned gas loop; so that it is not 
possible to start an engine with this type of rotor by di 
rect mechanical cranking, whereas an engine having a 
spiral or helicoidal type rotor with radial flow or a sig 
nificant radial flow component in the rotor can be 
started by this means, provided that the tangential gas 
velocity at exit from the rotor is greater than an inlet. 
Thus the helicoidal rotor of FIG. 8 and the spiral rotor 
of FIG. 9, using a radial outward flow, could be used as 
components in an engine to be started by mechanical 
cranking. 

It will be apparent to anyone skilled in the art of de 
signing turbomachines that there are geometric restric 
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tions upon the cross-sectional area ratio of the rotor 
nozzle passage 38 (or throat 39) to the rotor chamber 
inlet in order to yield proper rotor reaction for stable 
circulation. This subject is treated at length in the tech 
nical literature which deals with the design of turboma 
chines. . 

In a mechanically cranked start procedure, once the 
circulation of the gas has been stabilized, the gas can 
be heated in chamber 22, by injection and burning of 
fuel or by other means in the case of an engine with ap 
propriate spiral or helicoidal rotor but with other fea 
tures similar to those illustrated in FIG. 4. At this point 
the hot gases will provide the additional energy neces 
sary to accelerate the rotor to the stable running speed 
and mechanical cranking can be discontinued, because 
the engine rotor will now produce sufficient torque (or 
power) to sustain operation. 

In both of the illustrative embodiments described 
above (FIGS. 3 and 4), the intermediate positions of 
the movable blocks and vanes can be used to achieve 
maximum efficiency at intermediate speeds. For auto 
matic adjustment of the movable blocks and the pre 
rotation vanes, there may be provided hydraulic, pneu 
matic, electrical or other means which can position the 
movable blocks either directly or through a mechanical 
linkage illustrated by crank, shaft and cam devices 82, 
83, and 84 in FIG. 3, or 85, 86, and 87 in FIGS. 1 and 
4. The linkages in the automatic controls of these 
blocks are not shown because any number of ap 
proaches familiar to those skilled in the art can be used 
to automatically move the crank, shaft, and cam de 
vices; thus the automatic movement means therefor are 
not considered part of this invention. However, the 
movable blocks themselves and the results attained 
thereby are considered part of the invention. 

it may be desirable to avoid the overscavenging 
which may occur at low speeds. with the consequent 
wasted work of pumping surplus cool intake gas into 
the rotor chambers, through the rotor chamber nozzles 
38 and out through the exhaust port 19. If the cool gas 
blower 15 is driven mechanically by the rotor 17 or by 
other means at a speed proportional to that of the ro 
tor, the speed of the cool intake gas 47 through the in 
take chamber 11, through the rotor chambers 18, and 
through the rotor chamber nozzles 38 (or 41) will be 
approximately proportional to the rotor speed. The 
speed of the residual hot gas being expelled into the ex 
haust chamber 20 by the advancing cool gas from the 
intake chamber 11 will also be approximately propor 

26 
ple embodiment, with the blower speed proportional to 
the rotor speed, the leading and trailing edges of the ex 
haust port 19 can be fixed (i.e., non-adjustable) with 
out significant loss of operating efficiency at various 
speeds. However, in the case of those types of super 
charged embodiments in which the blower speed is not 
always proportional to the rotor speed, it will be neces 
sary in preferred versions to provide an adjustable trail 
ing edge in the exhaust port 19 by means of a movable 
block similar to those previously described. For any 
given engine (rotor) speed this movable block would 
be advanced for high blower speed settings and re 
tarded for low blower speed settings. 
Consider now FIGS. 7(A-C), 8(A-C), and 9(A-C) 

which show a number of configurations for the geomet 
ric shapes of the rotor blades and the geometric shapes 
of the rotor chambers formed between these blades. In 
FIGS. 7(A-C), the blades are shown helically shaped 
to permit axial flow of the working gas. The blade con 
figurations of FIGS. 1-6 are of this kind. In FIGS. 
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8(A-C) the blades, and hence the rotor chambers, are 
shown helicoidally shaped to permit a flow with both 
axial and radial components. The radial component 
may be inward or outward, depending upon choice of 
design and resulting direction of flow. FIGS. 9(A-C) 
show the blades, and hence the rotor chambers, spirally 
shaped to permit radial flow directly toward the axis of 
rotation or directly away from the axis of rotation, de 
pending upon the choice of design and resulting direc 
tion of flow. These are illustrative alternative rotor em 
bodiments selected to show the applicability of the 
principles described herein to different geometric 
forms. 

Finally, consider FIGS. 11A through 11 F. FIGS. 
11A, 11C and 11E show the inlet ports for various type 
engine arrangements and FIGS. 11B, 11D and 11F are 
the counterpart outlet port arrangements for the inlet 
port arrangements shown respectively in FIGS. 11A, 
11C and 11E. The inlet and outlet ports shown in FIGS. 
11A and 11B are for a single sector engine as described 
earlier using three stages of reentry. The numbered fea 
tures shown in FIGS. 11A and 11B are the same as 
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tional to the speed of the rotor. Therefore, in this sim 

those that were shown for instance in FIGS. 1-6. The 
port arrangements shown in FIGS. 11C and 11 Dare for 
an engine which has three sectors per revolution and 
which uses three reentry channels per section. The 
same number identifications are used, and it should be 
clear what the port arrangement is after a study of the 
number identifications. It will be noted that in FIGS. 
11C and 11D the arrangement of the three operating 
sectors is symmetrical so that there is an even distribu 
tion of operations about the axis of rotation. However, 
the arrangements shown in FIGS. 11A and 11B (single. 
sector) and FIGS. 11E and 11 F are for asymmetrical 
devices. Symmetry of sector arrangement about the 
axis of rotation is feasible for any embodiment having 
two or more sectors. However, deliberate choice of an 
asymmetrical arrangement of the sectors (one or more) 
of an engine may be used to offset in whole or in part 
the asymmetric forces on the engine shaft resulting 
from external mechanical drive connections such as 
gears, chains, discs, or belts. The identification numer 
als for corresponding features in FIGS. 11E and 11 F 
are the same as previous figures and the arrangement 
thereof should be apparent. 
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DISTINCTIVE OPERATIONAL FEATURES 
The operation of the rotor of this integral turbo com 

pressor wave engine described above differs markedly 
from that of a conventional turbine in that each rotor 
chamber 18 of this engine performs a succession of 
complex functions some of which (except combustion) 
are roughly analogous to those of a piston-type internal 
combustion engine. By contrast the interblade cavities 
of a conventional turbine perform a simple steady-state 
control of the flow and expansion of the working gas. 
The present engine differs markedly from piston-type 
internal combustion engines in that it has no recipro 
cating parts, no valves, and no intermittent ignition or 
fuel injection devices. Instead counterpart functions of 
these complex devices are achieved as a consequence 
of timed shutter-like exposure of rotor chambers 18 to 
inlet ports 12, 31, 34R, 35R, 3.6R, 37R and to outlet 
ports 19, 32, 34E, 35E, 36E and 37E. These functions 
are accomplished as a consequence of rotary move 
ment of the rotor 17, with the generation of shock 
waves 44, 50 and reflected shock wave 51, expansion 
waves, reflected expansion waves, inflows and outflows 
in an appropriate sequence to maintain a flow of com 
pressed cool gas to the heating (or combustion) cham 
ber and to generate shaft torque by an efficient expan 
sion of the hot gas from the heating (or combustion) 
chamber. This integral turbo-compressor wave engine 
appears outwardly similar to conventional gas turbines 
in that the rotor chambers, despite their multiple com 
plex internal functions, collectively provide a steady 
flow and efficient expansion of hot gases. This engine 
differs markedly from conventional gas turbines in that 
the rotor utilizes alternating compression and expan 
sion phases to perform both functions, compression 
and expansion, within the same rotor chambers. As a 
result of these alternating phases, this integral turbo 
compressor wave engine, especially in the embodi 
ments with movable blocks as illustrated in FIGS. 3 and 
4, and movable pre-rotation vanes, can operate with 
good efficiency over a wide range of speeds. Where 
burning fuels are used as the heat source, it can main 
tain stable.combustion (without surging) at low speeds 
and with low fuel consumption and it can generate sub 
stantial power (shaft, thrust, or compression) down to. 
relatively low idling speeds. 
Major advantages of the present engine stem from 

the alternating use of the rotor chambers for both cool 
gas compression and hot gas expansion or blowdown. 
Shock compression, using direct shock waves (44,50) 
and the reflected shock wave 51 from the rotor nozzle 
constriction, permits the achievement of high compres 
sion ratios and high thermodynamic efficiencies with 
out the size, weight, cost or complexities of multistage 
axial, centrifugal or other conventional compressors. In 
addition, use of the rotor chambers for shock wave 
compression of the cool intake gas(es) provides for au 
tomatic cooling of the rotor chambers as part of the 
basic operating cycle, without the use of special cooling 
ducts, vents or cavities, and without parasitic cooling 
flow processes in the rotor or rotor blades. The lower 
mean temperature experienced by the rotor and its 
blades, as a result of alternate exposure to cool as well 
as hot gases, permits (l) use of a high peak tempera 
ture for the hot gas, to achieve greater thermodynamic 
efficiency, (2) use of lower cost materials, in conjunc 
tion with conventional peak hot gas temperatures, or 
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(3) an economically efficient compromise or combina 
tion of both higher peak hot gas temperature and lower 
cost materials. 
An advantage of special importance is the resistance 

of this shock wave engine to stalling under rapid 
changes of load and speed. The tendency to stall during 
rapid acceleration, which besets all previous types of 
gas turbines, is effectively suppressed in this engine due 
to the fact that the cool gas 47 flow from the blower 15 
is effectively isolated from the flow of the shock com 
pressed cool gas 53 and the high temperature gas 49 in 
the high pressure loop. Furthermore, the high stagna 
tion pressure available in the high pressure cool gas 53, 
combined with the way in which shock and expansion 
waves are propagated (both upstream and down 
stream), whenever heat is increased or decreased rap 
idly in the heating chamber 22, ensures stable flow in 
the high pressure loop, regardless of rapid variations in 
load and speed conditions. The foregoing is true be 
cause pressure waves developed in the heating cham 
ber 22 as a result of sudden increases in heat input will 
reach the high pressure hot gas port 31 before pressure 
waves propagating upstream into the cool gas reach the 
cool compressed gas port 32, thus insuring the proper 
transient pressure gradients across the rotor. 
A special applications advantage of the present shock 

wave engine stems from the fact that power may be eas 
ily taken off in a variety of ways, depending upon need. 
Much of the foregoing discussion has focused on maxi 
mizing shaft torque through multiple reentry and ex 
pansion stages on the compressor expander rotor. 
However, if direct thrust output (such as for aircraft 
propulsion) is desired, rather than shaft torque, reduc 
tion or elimination of reentry stages will permit the 
rotor torque to be reduced to the minimum required to 
maintain proper compression and adequate flow to the 
heating chamber. As a result a high proportion of the 
high temperature high pressure gas 54 can then be 
routed directly into a suitable duct or tailpipe to pro 
duce maximum thrust. In addition to shaft torque and 
direct thrust, a third method,desirable in certain appli 
cations, is to extract work in the form of compressed air 
or other compressed gas. The simplicity of the shock 
compression process and the high pressures attainable 
thereby cause this reflected shock wave engine to be 
particularly attractive in such applications. The heating 
chamber 22 of such an embodiment would be relatively 
smaller, because only a portion of the compressed gas 
(air) 53 would be circulated to the heating chamber to 
drive the rotor and to cause the shock compression of 
the cool gas. 
The novel features of this integral turbo-compressor 

wave engine are generally applicable to heatenergy ex 
traction processes, including all feasible sources of 
heat, such as combustion, nuclear reactor, or solar fur 
nace. These novel features are generally applicable to 
open cycle engines in which the working gas may be an 
ambient gas, such as air, taken in from and returned to 
the environment. It should also be understood that the 
present engine can operate as an open cycle engine 
wherein there is an unlimited source of heat, such as a 
by product at a refinery, and where the cool gas and hot 
gas are used only once and separated thereafter. They 
are also generally applicable to closed-cycle engines, in 
which the working gas is recirculated, from exhaust to 
intake, passing enroute through heat exchangers for 
cooling as necessary. 
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In the preferred embodiment, the engine stator is 
made of stainless steel to withstand the high tempera 
tures which are constantly present. It should be under 
stood that other materials, such as Inconel, could be 
used provided such materials can withstand high tem 
peratures. The rotor in the preferred embodiment can 
be fabricated from stainless steel with 5 percent chro 
mium or even some alloys of aluminum, because the 
mean temperature of the rotor is not as high as that of 
the stator. 
We claim: 
1. In a turbo-compressor engine having a rotor with 

at least one chamber therein, said chamber having an 
inlet and an outlet, a method of compressing gasses in 
and expanding gasses from said chamber in order to 
drive said rotor comprising the steps of: 

a. rotating said rotor; 
b. introducing cool gas which initially has a relatively 
low pressure into said inlet of said chamber; 

c. creating a first shock wave at said outlet of said 
chamber, which shock wave is directed toward said 
inlet to compress said cool gas in said chamber a 
first time; 

d. introducing hot gas having a relatively high pres 
sure into said inlet of said chamber to create a sec 
ond shock wave which is directed toward said out 
let to further compress said cool gas; 

e, creating a third shock wave at a given location 
within said chamber, which location leaves a suffi 
cient distance in said chamber to said outlet to per 
mit directing gas flow from said location and which 
third shock wave is directed toward said inlet of 
said chamber to further compress said cool gas and 
compress said hot gas; and 

f. removing said compressed gasses from said loca 
tion, through said sufficient distance to said outlet, 
in a direction having a component which is oppo 
site to the direction said rotor is rotating to thereby 
drive said rotor. 

2. In a turbo-compressor engine having a rotor with 
at least one chamber therein, said chamber having an 
inlet and an outlet, a method of compressing gases in 
and expanding gases from said chamber in order to 
drive said rotor comprising the steps of 

a. rotating said rotor; 
b. introducing a first gas into said chamber which ini 

tially has a relatively low pressure; 
c. introducing a second gas, having a relatively high 

pressure, into said inlet of said chamber to create 
a shock wave which is directed toward said outlet 
to compress the gas in said chamber; 

d. creating a reflected shock wave at a given location 
within said chamber, which location leaves suffi 
cient distance in said chamber to said outlet to per 
mit directing gas flow from said location and which 
reflected shock wave is directed toward said inlet 
of said chamber to further compress said gas in said 
chamber; and 

e. removing said compressed gases from said location 
through said sufficient distance to said outlet, in a 
direction having a component which is opposite to 
the direction said rotor is rotating to thereby drive 
said rotor. 

3. An integral turbo-compressor wave engine having 
a rotor means and a stator means, which employs inci 
dent and reflected shock waves to compress gases 
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which are later directed in expansion to provide torque, 
comprising in combination: 

a. rotor means including a plurality of rotor chambers 
formed integral therewith and formed to hold gases 
therein; each of said rotor chambers having an inlet 
opening and an outlet opening; 

b. stator means having first, second and third gas han 
dling means, said stator means formed to support 
said rotor means for rotation about its axis; 

c. said first gas handling means formed and disposed 
to introduce first gases into said rotor chambers; 

d. Said second gas handling means formed and dis 
posed to introduce Second gases, having a higher 
pressure than said first gases, through said inlet 
openings into each of said rotor chambers whereby 
an incident shock wave will be generated, in re 
sponse to the difference of pressure between said 
second and first gases, in each of said rotor cham 
bers with the presence of said first gases therein, to 
compress gases disposed behind said incident 
shock wave; 

e. each of said rotor chambers further including re 
flected shock wave generating means disposed at a 
location with said chamber whereby, with the pres 
ence of gases within said rotor chamber, a reflected 
shock wave will be generated in response to said 
incident shock wave impinging said reflected shock 
wave generating means thereby compressing the 
gases disposed behind said reflected shock wave; 

f. each of said rotor chambers further including di 
recting means, connected between said reflected 
shock wave generating means and said outlet open 
ing, to direct said last-mentioned compressed gases 
from said location through said outlet opening to 
provide torque to said rotor means; and 

g, said third gas handling means formed to receive 
said gases from each of said rotor chambers 
through said outlet openings in response to said di 
recting of said compressed gas to provide torque. 

4. An integral turbo-compressor wave engine accord 
ing to claim 1 wherein said third gas handling means 
has wall means disposed adjacent said outlet openings 
and wherein said first gas handling means is formed to 
introduce first gases through said inlet openings into 
each of said rotor chambers and wherein said third gas 
handling means has exhaust gas handling means, 
whereby any gases being carried by said rotor cham 
bers will be substantially scavenged into said exhaust 
gas handling means and whereby as each of said rotor 
chambers rotates past said wall means an incident 
shock wave will be generated which will be directed 
toward the inlet opening of said rotor chamber. 
5. An integral turbo-compressor wave engine accord 

ing to claim 4 wherein said second gas handling means 
includes a hot gas inlet port means disposed adjacent 
to said inlet opening of each of said rotor chambers as 
it rotates thereby and wherein said first gas handling 
means includes a cool gas inlet port means, disposed 
adjacent to said inlet opening of each of said rotor 
chambers as it rotates thereby and further disposed to 
introduce said first gas into said rotor chambers before 
said second gas handling means introduces said second 
gas, and wherein said first gas is relatively cool gas, and 
wherein said third gas handling means includes at least 
cool compressed gas outlet port means to receive said 
first gases which have been compressed by said inci 
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dent shock waves and said reflected shock wave and 
hot compressed gas expansion port means to receive 
said second gases which have been compressed by said 
reflected shock wave and wherein each of said last 
mentioned means is disposed adjacent to said outlet 
opening of each of said rotor chambers as it rotates 
thereby. 

6. An integral turbo-compressor wave engine accord 
ing to claim 5 wherein there is further included start-up 
means connected to said hot gas inlet port. 

7. An integral turbo-compressor wave engine accord 
ing to claim 6 wherein said start-up means includes a 
compressed gas reservoir connected to said com 
pressed cool gas outlet port. 

8. An integral turbo-compressor wave engine accord 
ing to claim 3 wherein said second gas handling means 
includes a hot gas inlet port means to introduce said 
second gas and further includes hot gas re-entry port 
means and wherein said third gas handling means in 
cludes hot gas expansion port means and wherein said 
second gas is relatively hot gas and wherein there is fur 
ther included hot gas re-entry means coupling both of 
said last-mentioned port means and wherein said hot 
gas expansion port means is disposed to receive hot 
gases from said outlet openings of said rotor chambers 
and further wherein said hot gas re-entry port means is 
disposed to direct any hot gases passing through said 
hot gas re-entry means into each of said inlet openings 
of said rotor chambers after said rotor chambers have 
been rotated past said hot gas inlet port means, 
whereby the charge of the hot gas is maintained to pro 
vide additional torque on said rotor means. 

9. An integral turbo-compressor wave engine accord 
ing to claim 3 wherein said second gas is relatively hot 
gas and wherein said second gas handling means in 
cludes hot gas inlet port means and further includes 
means to provide hot gases connected to said hot gas 
inlet port means. 

10. An integral turbo-compressor wave engine ac 
cording to claim 9 wherein said first gas is relatively 
cool gas and wherein said third gas handling means in 
cludes cool gas circulating means having an inlet open 
ing and an outlet opening and wherein said inlet open 
ing of said cool gas circulating means is disposed to re 
ceive gases from said outlet openings of said rotor 
chambers and further wherein said outlet opening of 
said cool gas circulating means is disposed to direct 
cool compressed gas passing therethrough to said 
means to provide hot gases to said hot gas inlet port, 

11. An integral turbo-compressor wave engine ac 
cording to claim 9 wherein said second gas handling 
means includes first movable wall means movably 
mounted and disposed therein to enable said first mov 
able wall means to variably define the size and location 
of said hot gas inlet port means. 

12. An integral turbo-compressor wave engine ac 
cording to claim 3 wherein said first gas handling 
means includes a cool gas inlet port means and wherein 
said cool gas inlet port means includes pre-rotation 
blades which enable cool gas passing through said cool 
gas inlet port to enter said rotor chambers at an angle 
which is compatible with the speed of said rotor means. 

13. An integral turbo-compressor wave engine ac 
cording to claim 3 wherein said first gas is relatively 
cool gas and wherein said first gas handling means in 
cludes cool gas inlet port means and wherein said cool 
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gas inlet port means further includes movable wall 
means movably mounted and disposed therein to vari 
ably define the size and location of said cool gas inlet 
port means. 

14. An integral turbo-compressor according to claim 
3 wherein said first gas is relatively cool gas and 
wherein said third gas handling means includes a com 
pressed cool gas outlet port means and wherein said 
compressed cool gas outlet port means includes mov 
able wall means movably mounted and disposed 
therein to variably define the size and location of said 
compressed cool gas outlet port means. 

15. An integral turbo-compressor wave engine ac 
cording to claim 3 wherein said first gas is relatively 
cool gas and wherein said second gas is relatively hot 
gas and wherein said first gas handling means includes 
a cool gas inlet port means and wherein said second gas 
handling means includes a hot gas inlet port means and 
wherein said third gas handling means includes a cool 
compressed gas outlet port means and wherein there is 
further included first, second and third movable wall 
means respectively mounted in said cool gas inlet port 
means, said hot gas inlet port means, and said cool 
compressed gas outlet port means to respectively vary 
the size and location of said three last-mentioned port 
eaS. 

16. An integral turbo-compressor wave engine ac 
cording to claim 3 wherein said first gas is relatively 
cool gas and said second gas is relatively hot gas and 
wherein there is further included a plurality of hot gas 
re-entry means each having a hot gas expansion port 
means and a hot gas re-entry port means, each of said 
hot gas expansion port means disposed in said third gas 
handling means and each of said hot gas re-entry port 
means disposed in said second gas handling means, 
each of said hot gas expansion port means further dis 
posed at a different location with respect to the periph 
ery of said rotor means than every other hot gas expan 
sion port means, and each of said hot gas re-entry port 
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means further disposed at a different location with re 
spect to the periphery of said rotor means than every 
other hot gas re-entry port means. 

17. An integral turbo-compressor wave engine ac 
cording to claim 16 wherein each hot gas expansion 
port means and each hot gas reentry port means further 
includes movable wall means movably mounted therein 
whereby each of said last mentioned movable wall 
means is disposed to variably define the size and loca 
tion of its associated hot gas expansion port means or 
its hot gas reentry port means. 

18. An integral turbo-compressor wave engine ac 
cording to claim 16 wherein each succeeding one of 
said plurality of hot gas reentry means has a larger cross 
Section than a preceding hot gas reentry means wherein 
preceding is considered in the direction contrary to the 
rotation of said rotor means. 

19. An integral turbo-compressor wave engine ac 
cording to claim3 wherein each of said directing means 
is a convergent-divergent nozzle. 
20. An integral turbo-compressor wave engine ac 

cording to claim 3 wherein each of said directing means 
is a convergent nozzle. 
21. An integral turbo-compressor wave engine ac 

cording to claim 3 wherein each of said rotor chambers 
is helicoidally shaped. 
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22. An integral turbo-compressor wave engine ac 
cording to claim 3 wherein each of said rotor chambers 
is spirally shaped. - 
23. An integral turbo-compressor wave engine ac 

cording to claim 3 wherein each of said rotor chambers 
is helically shaped. 
24. An integral turbo-compressor wave engine ac 

cording to claim 3 wherein each of said rotor chambers 
is shaped with substantially straight sides and oriented 
substantially radially. 
25. An integral turbo-compressor wave engine ac 

cording to claim 3 wherein each of said rotor chambers 
is shaped with substantially straight sides and oriented 
substantially parallel to the axis of rotation of said ro 
tor. 
26. An integral turbo-compressor wave engine ac 
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cording to claim 3 wherein said first gas handling 
means includes a cool gas inlet port means and wherein 
said second gas handling means includes a hot gas inlet 

34 
gas outlet port means and a hot compressed gas outlet 
port means and wherein the disposition of said last 
mentioned five port means around said stator means 
with respect to the periphery of said rotor means con 
stitute one sector of said stator means. 
27. An integral turbo-compressor wave engine ac 

cording to claim 26 wherein said single sector is 
non-symmetrically located in said stator means with re 
spect to said rotor means. 
28. An integral turbo-compressor wave engine in ac 

cordance with claim 26 wherein there is a plurality of 
said sectors disposed in said stator means. 
29. An integral turbo-compressor wave engine in ac 

cordance with claim 28 wherein said sectors are sym 
metrically located within said stator means with respect 
to said rotor means. 
30. An integral turbo-compressor wave engine ac 

cording to claim 28 wherein said sectors are non-sym 
metrically located in said stator means with respect to port means and wherein said third gas handling means. 20 said rotor means. 

includes an exhaust gas port means, a cool compressed 
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