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A compound engine type power plant with high thermal efficiency and high power output including a compressor
(10), a positive displacement combustor (12) for adding heat to a compressed working fluid at constant volume, and an ex-
pander (14, 16). The expander is a two stage expander employing a positive displacement expander (14) as the first stage
and a turbine (16) as the second stage. Heat may be added to increase the temperature of the working medium at the com-
bustor (12) to a level well in excess of that which could be tolerated by a turbine type expander alone to thereby increase

operational efficiency and power output.
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Description

Compound Power Plant'With"Effiéieﬁf'ﬁéaf‘Cycle

Technical Fiéld
This invention relates to a highly efficient power
plant which operates on what is basically an Atkinson

cycle.

Background Art

Modern day engines or power plants generally oper-
ate under conditions approximating one of. three major
thermodynamic cycles. Most spark ignition, positive dis-
placement engines, operate on the so-called "Otto" cycle

while most compression ignition, positive displacement

engines operate on the so-called "Diesel" cycle.

Turbine engines operate on the "Brayton" cycle
in which heat is added to the working fluid at constant
pressure.

Each of these cycles has a certain theoretical
efficiency which is dependent upon design parameters asso-
ciated with the particular mechanism involved. Each of
the foregoing cycles also has points of inefficiency which
may arise out of either theoretical or practical considéra-
tions. '

For example, in the case of the Otto or Diesel
cycles, isentropic expansion, during which useful work
is recovered from the working fluid, is halted in both of
these cycles before the lowest cycle pressure is attained.
Additional work could be harnessed from each such cycle if
the gases were permitted to isentropically expand to the
lowest cycle pressure, and thus increase overall efficiency.

In all three cycles the ideal thermal efficiency
is mathematically related to the ratio of the temperature
of the working fluid at the time isentropic compression
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begins to. the temperature of the working fluid at the
time heat addition begins. The smaller this fatiq,»the
greater the cycle efficiency. Thus, it is desirable

that the working fluid be at the highest possible tempera-

- ture when heat addition begins. -

Unfortunately, most Brayton cycle machines such as
conventional turbines, require the flow of the working
fluid through the machine at substantially steady state
conditions. Thus, the physical characteristics of the
material utilized in constructing various parts of a Bray-
ton cycle machine such as a turbine becomes a limiting
aspect on the maximum temperature that may be employed
during the cycle. Giﬁen current state of the art metal-
lurgy, without resort to exotic cooling methods, maximum
temperatures allowable in turbines are on the order of
1700°F. At temperatures appreciably in excess of 1700°F.,
growth due to centrifugal force may cause interference
between the turbine blades and the casing and result in
the destruction of the machine.

Nonetheless, Brayton cycle machines haVe the
ability to isentropically expand the working fluid sub-
stantially down to the lowest cycle pressure and there-
fore provide increased efficiency in this area. )

As a result of the limitations of the Otto, Diesel
and Brayton cycles, proposals have been made whereby ef-

‘ficiencies not obtainable with any of the above-mentioned

cycles can be obtained by selected use of the best char-
acteristics of the Brayton cycle and of the Otto or Diesel
cycles. Many such proposals operate on the so-called
"Atkinson" cycle wherein gas expansion before exhaust _
occurs over a larger pressure ratio than that of the com-
pression process.
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Disclosure of ‘the Invention
The present invention is directed to overcoming

one or more of the.above problems.
According to the present invention there is pro-

-vided a power plant which includes a compressor for com-

pressing an oxygen containing medium. A positive dis-
placement combustor receives. the compressed medium f£rom
the compressor.and.adds_heat thereto under substantially
constant. volume conditions by the burning of fuel. Ex-
panding meané,having at least first and second stages re-
ceive the heated compressed medium from the combustor
and expand the medium to. recover useful work therefrom
and to dri&e.the compressor and the combustor. The first
stage of the expanding means is a positi&é displacement
expander.

Other objects and ad%antages will become apparent
from the following specification taken in connection with

- the accompanying drawings.

Description of the Drawings

Fig. 1 is a schematic &iew of a power plant made
according to one embodiment of the invention; and

Fig. 2 is a pressure versus percent volume plot

of the operational dycle of the power plant.

Best Mode for Carrying Out the Invention

An exemplary embodiment of the subject power plant
is illustrated in Fig. 1 and is seen to include as basic
components a compressor.l0, a positive displacement com-
bustor 12, a positive displacement expander 14, and a
turbine 16. The expander 14 and the turbine 16 form a
multiple stage expanding means. '

Useful work is obtained from the power plant(gff
o;\a shaft 18 interconnecting the turbine 16 and the ex-
pander 14. Both the expander 14 and the turbine 16 extract
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useful work from the working medium. A shaft shown

schematically at 20 interconnects the compressor 10 and .
the conbustor 12 with the shaft 18. The compressor 10 and
the combustor 12 are driﬁen by the expanding means.

The basic components, as well as other components
will now be addressed in detail The compressor 10 in-
cludes an inlet 22 for receiving a working fluld Typ—-
ically, the medium will be an oxygen containing medlum
such as air. While not shown in Fig. 1, typically the
compressor 10 will be pro&ided with interstage cooling of
a conventional nature but in any e&ent, it is desirable
that the same have a compression exponent below the the-
oretical isentropic value which is 1.4 for air. ‘

The compressed working fluid exits the compressor
10 via an outlet 24 to enter a heat exchanger or recu-
perator 26. The recuperator 26 includes one flow path 28
recei&ing the compressed air'from the compressor 10 and
a second flow path 30 which recelves expanded gas from

,the turbine 16 and discharges the same to atmosphere. As

is well known, while the turbine 16 will typically expand
the working fluid down to atmospheric pressure (or to a

pressure slightly in excess of atmospheric due to ensuing

flow losses in the exhaust stream), it will still be at
an elevated temperature: So long as the elevated tempera-

- ture is above that of the compressed air exiting the com-

pressor 10, heat exchange will take place within the recu~
perator 26 with the exhaust gas heating the incoming gas
to return heat. to the system that would otherwise be lost.
Such heat exchange is facilitated by the use of a com-
pressor,ha&ing the characteristics mentioned earlier in
that the compressed air at the outlet 24 will be at rela-

=3

ti&ely_low.temperature compared to the temperature of the
exhaust gas.

The flow path 28 of the recuperator 26 extends to
& receiver or surge tank 32 which may be optionally
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.employed in the system. When employed, it need not. be

separate from other components but could be combined with
the recuperator 26 if desired. The purpose of the surge
tank 32, as will be seen, is to smooth out pressure fluc-
tuations that would occur due to operation of the com-
bustor 12.

The combustor 12 is a positive displacement
mechanism and is shown in Fig. 1 as a trochoidal rotary
mechanism. Howe&er, it could be in the form of a slant
axis rotary mechanism or a reciprocating mechanism.

In any event, it will be formed generally like any
one of the mechanisms selected as the two stroke form of
such mechanism as its sole purpose is to add heat to the
compressed working medium under constant volume conditions.
As shown in Fig. 1, heat is added by a fuel injector 36
to a working volume defined by one side 38 of a two apexed
rotor 40 and that side of the housing wall 42 opposite
from the single lobe 44 on the housing wall 42. At this
time, the apexes of the rotor 40 preclude fluid communica-
tion with the working volume thus defined and an inlet port
46 as well as an outlet port 48.

The rotor 40 rotates and translatés in the direc-
tion of an arrow 50 during operation of the combustor 12
by reason of the drive connection to the shaft 18. As
shown, fuel injeétion and combustion is occurring at maxi-
mum volume, as opposed to minimum volume, to minimize the
size of the combustor 12 required. The burning of fuel
under constant volume conditions causes a pressure in-
Crease in the working medium as well as a temperature
increase therein. As the rotor 40 continues to rotate,
the outlet port 48 will open allowing the heated, high
pressure working medium to exit the combustor 42 to flow
to the positive displacement expander 14. At the same
time, compressed air from the compressor 10 and the re-
cuperator 26 will be entering the combustor 12 on the side
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.52 of. the rotor opposite the side 38. . The operation is s

repeated in a cyclic fashion.

The positiﬁe displacement expander l4rmay be a
mechanism substantially identical to the combustor 12
except that no heat addition occurs therein and the
force of the expanding gas applied to the rotor 60 of the
expander 14 as the gas expands is harnessed and applied
to the shaft 18 as work. Again, it is not necessary
that the expander 14 be a trochoidal mechanism as illus-
trated. It could be a slant axis rotary mechanism or a
val&ed, two stroke reciprocating mechanism.

The purpose of the expander 14 is to recover work
from the system while at the same time lowering the tem-
perature of the working medium, through expansion, to a
temperature at which the turbine 16 can safely operate.
This enables considerable heat addition in the combustor
to the point where the gas exiting the combustor 12 is
well aboﬁe the maximum operating temperature of the tur-
bine 16 to thereby increase efficiency and power output.
Generally, some form of cooling such as liquid cooling
will be necessary at the inlet 62 of the expander 14 to
enable the expander to function properly at the high tem-
peratures to which the inlet 62 is continually subject.

Partially expanded gas exits the expander 14 at
a port 64 and is conveyed to a receiver or surge tank 66.
The purpose of the surge tank 66 again is to smooth out
pressure fluctuations in gas flow which will occur by
reason of the intermittent opening and closing of the
port 64 by the rotor 60. s

From the surge tank 66, the partially expanded -
gas is conveyed to the turbine 16 which may have one or
more stages as desired. Preferably, in order to avoid
blow down losses, the turbine 16 is proﬁided with variable
geoﬁé%ry to assure that its inlet pressure is equal to
the pressure of the gas in the surge tank 66. For example,

[» ]
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by utilizing variable nozzles in the turbine 16 which

are controlled, fqr example,. by the means disclosed in
the commonly assigned U. 'S. Patent Application Ser. No.
941,485, filed September 11, 1978, in the name of Alex-
ander Goloff and entitled "Method and Apparatus Avoiding
Blow Down Losses in Compourid Engines", this may be
accomplished.

In the turbine 16, working fluid is substantially
fully expanded and then exhausted on a line 70 extending
to the flow path 30 in the recuperator 26.

Industrial Applicability

Fig. 2 illustrates the operational cycle of the
power plant for the condition wherein the positive dis-
placement expander 14 has a 3:1 Qolume ratio.and wherein
the turbine operates on a 3:1 pressure ratio. Initial
compression~ occurring in the compressor 10 occurs over
the line AB while heat reco&ery in the recuperator 26
occurs over the line BC. Heat addition at constant volume
occurring within the combustor 12 is shown at line CD and
the temperature of the gas at peak pressure, point D,
may be on the order of 2800°F., for example.

Initial expansion occurring in the expander 14
occurs from point D to point E., at which time the gas
temperature will be on the order of 1700°F. Complete
expansion within the turbine 16 occurs from point E to
point F while heat rejection occurs from point F to

point G. '
Thus it can be appreciated that the power plant

of the invention operates basically on the highly effi-
cient Atkinson cycle with the further addition of recu-
peration to increase efficiency even more. Substantial

power and improved operating efficiency are achieved in

" a practical application by utilizing a positive dis-

placement expander such as the expander 14 which may be
cooled much more readily than a turbine to enable high
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peak pressures to exist in the system. This can be F

readily appreciated when one considers. that if a power
plant operating strictly on the Brayton cycle were

sy

employed, the cycle diagram would be represented by

5 points ABHFA showing considerably lesser area than the
cycle illustrated for the power plant defining area
ABCDEFA. |
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1. A power plant comprising:

a compressor (10) for compressing an oxygen
containing gaseous medium;

a positi&e displacement combustor (12) for
receiving the compressed medium from the compressor and
for adding heat thereto under substantially constant .
volume conditions by the burning of fuel; and

expanding means (14,16) having at least first
and second stages for receiving the heated compressed
medium from the combustor and for expanding the medium
to recover useful work therefrom and to drive said com-
pressor and said combustor, said first stage being a

positi&e displacement expander (14).

2. The power plant of claim 1 wherein said
second stage is a turbine (16) and wherein said first
stage (14) expands. the medium sufficiently to lower
the temperature of. the mediun to a level not in excess
of the maximum operating temperature of said turbine.

3. The power plant of claim 2 wherein said
combustor (12) adds heat to said medium when said com-
bustor (12) is at or about its maximum volume position
and thereafter displaces the medium to said expanding

means.

4. The power plant of claim 3 wherein a recu-

perator (26) interconnects said compressor (10) and

said combustor (12) and means for conveying the expanded

medium from said expanding means (14,16) to said recu-

perator (26).
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