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METHOD AND SYSTEM FOR THE CARNOTIZA-
TION OF STEAM CYCLIC PROCESSES

Georg Sonnefeld, Karishader Strasse 16,
Frankfurt am Main, Germany

Filed Apr. 11, 1957, Ser. No. 652,186
Claims priority, application Germany Apr. 13, 1956
8 Claims. (Cl. 66—67)

The present invention relates to a method and a system
for the carnotization of steam cyclic processes.

It is the general object of my invention to provide
for a method and a system of rendering steam cycles
more efficient by making an actual cycle process ap-
proach the ideal conditions of the “Carnot” cycle to a
higher degree than with the known carnotization
methods.

It is another object of the invention to provide for
an improved method and a system of carnotizing in a
multi-stage steam cycle the stages of preheating, evap-
oration and at least a portion of superheating.

It is a further object of the present invention to provide
for a method and a system for equalizing pressures in a
steam cycle by bringing gases of different pressures to a
common, intermediate pressure level while maintaining
the entropy of these stages substantially constant.

It is still another object of the present invention to
provide for a method and a system of the nature just
indicated, which are simple, inexpensive and more effi-
cient than the known methods and systems.

It is a final object of the present invention to provide
for a2 method and a system of the nature just indicated
in which shock losses and oscillations of the working
medium are avoided, thereby maintaining the entropy
.of the corresponding process stages substantially constant.

It is well known that steam cycle processes are ren-
dered more efficient if the steam cycle is “carnotized,”
ie. if the conditions prevailing in the particular cycle
are caused to more closely approach the conditions of
the well known “Carnot” cycle.

If the heat taken in, for instance, by a steam boiler,
is designated by Qy, and the heat given out, for example
by the condenser is Q, and if, furthermore, Ty, is the
highest and T, the lowest temperature in the entire
process, then the degree of efficiency (7.) of the ideal
“Carnot” process can be expressed by the equation

(A) 7c=(Q1—02)/Q1
and also
B ne=(T1—T3) /Ty

In actual steam cycles, the lowest temperature T,
depends upon the temperature of the coolant for. the
condenser. The actual value of temperature T is more
difficult to ascertain because the total heat taken in
during the process is in most cases not supplied at a
single cycle step but rather, this heat is supplied to the
steam cycle in various stages, for instance as heat of
evaporation, by super-heating the steam and by pre-
heating the feed water. For that reasom, the highest
temperature T; in the above Equation B must be re-
placed by a medium temperature Ty, which is of course
smaller than Ty and comprises the various temperatures
corresponding to the various amounts of heat supplied
to the steam cycle. In an actual steam cycle process
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the efficiency » can be computed on the basis of the
equation:

<) "l=(Tm""T2)/Tm

The ratio Tp/T, indicates the degree of carnotization
of the process. Only if carnotization is complete, i.e.
if the efficiency ot an actual process is identical with
the efficiency of the corresponding “Carnot” process, the
Tx=T; and the above equation reads

(D) 1=(T1—T3) /Ty

In the circulation of the “Carnot” process the working
medium (such as, for instance, steam) must be brought
cyclically from the temperature T; to temperature Tp
and back from the temperature T, to temperature Ty,
In an actual process, however, which is to approach
the efficiency of the ideal “Carnot” process to the highest
degree possible, these changes in temperature of the
working medium must be brought about exclusively by
changes in the inner energy of the system without any
addition of energy to the system from an external energy
source or dissipation of energy from the system to the
outside. If the inner heat energy, or “enthalpy,” is in-
sufficient to assure the completion of the cycle process
from T to T, and back to T; and accordingly additional
heat must be supplied to the system from the outside,
then the degree of carnotization is necessarily smaller
than the value one, i.e. Equation C reads

- Tl"" Tz
1= <1

The cycle of an actual carnotized process involves a
mechanical transformation of energy. Enthalpy is first
transformed into work which process is accompanied by
an “isentropic” expansion, i.e. entropy remains constant.
This work can actuate mechanical transformation means,
such as for example, means for compressing the working
medium (e.g. steam) whereby the work is re-converted
to enthalpy.

According to the Ericson and Stirling cycles the inner
heat circulation is performed by circulating air which
absorbs and releases heat as the case may be so that
there is no mechanical conversion but an exclusive
exchange of heat. The adiabatics of the Carnot cycle
are thus replaced by constant volume curves in the
Stirling cycle, and by constant pressure curves in the
FEricson cycle. The efficiency of both cycles is identical
with that of the “Carnot” cycle.

A greater degree of efficiency of the steam cycle can
thus be accomplished in various manners: the energy
cycle may be carried out with the aid of mechanical
means or with heat exchange means. It is, of course,
also possible to combine both systems and to have the
inner circulation performed partly by mechanical recon-
version means and partly by heat circulation and heat
exchange means. It is quite evident that in multi-stage
processes the efficiency of the entire process depends on
the number of individual stages that have been sub-
jected to a carnotization. In the case of the steam cycle,
the carnotization may be near to perfect or quite imper-
fect depending on which and how many of the various
phases such as, for instance, pre-heating, evaporation
and super-heating have been carnotized.

A limited carnotization is known in the art, which
carnotization is particularly applied to the pre-heating
stage or stages of the process, and which is known as
a multi-stage regenerative or bleeding cycle. In the
bleeding cycle, steam is drawn from the turbine at one
or more pressure stages of the latter and used to heat
the feed water (see Marks’ “Mechanical Engineers’ Hand-
book,” 5th ed., page 326).

In steam cyclic processes, in which the stage of evapo-
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ration is carnotized, only a portion of the working me-
dium is made to change its state of aggregation from the
llquxd to the gaseous state and vice versa, while the re-
maining portion of the working medium retains-ifs state
of aggregation as a stecam or gas. One of the main prob-
lems accompanying the Carnotization of this stage of
evaporation now is to accomplish the recompression of
that portion of working medium which remains in the
gaseous state of aggregation without supplying additional
energy from the outside to the system, because such sup-
ply causes the loss of some or all of the efficiency gained
by the carnotization.

This problem has not béen satisfactorily solved in the
art. The attempt has been made to carnotize the pre-
heatmg and the evaporatlon state of the stéam cycle.
But in all these known processes of the regenerating or
bleeding cycle type the steam tdpped from the turbine
must be recompressed, and this compression is carried
out in the ari, for instance, by a compressor whose energy
is supplied by the main turbine.

All these known methods are, however, unsatisfactory
and do not-accomplish a sufficient degree of carnotization
of the steam cycle process. Thus, the ratio between the
recompressing work and the output is relatively high and
may be up to 100%, which requires in the entire known
systems, for instance the Field System, very expensive
and complicated machinery and tends to make this known
method uneconomical. Attempts to employ less expen-
sive pressure adjusting machinery have failed in the
past.

The efficiency of the known, actual steam cyclic sys-
tems is further reduced by the fact, that the working
medium is conventionally introduiced into the turbine
at the highest temperature occurring in the cycle. There-
fore, for the conversion of this heat corresponding to
the highest temperature of the cycle (T;) into kinetic
energy, a high pressure turbine must be provided. 1t is,
however, also well known that the initial, high pressure
turbine is less efficient than the subsequently arranged
medium and low pressure turbines. The higher the en-
trance pressure, the more pronounced is this relative in-

efficiency of the high-pressure turbine. Consequently, due
1o the necessity of using the high pressure turbine for
the aforesaid conversion, the ‘efficiency ‘'of the known sys-
téms is unsatisfactory. »

‘The above-statéd objects ‘are achieved and the -effi-
ciency of carnotized cyclic systems is substantially im-
proved for the above-mentioned known systems by the
method and system of the present invention which com-
prises the steps and means, respectively, for the carnoti-
zation of a cyclic process composed "of a primary cycle
and at least one secondary cycle of a working medium,
preferably steam, which secondary cycle contdins steps
of expansmn and compressxon and is superimproved on
the primary cycle in such a manner that, firstly, the heat
given off from the secondary cycle ‘does not only pre-
heat and evaporate, but also addltlonally superheats ‘the
condensate of the working mediurh in ‘the primary cycle;
that, secondly, the combined pre-heatmg, ‘gvaporating
and superheating “effects ‘of the heat “given 'off by the
secondary cycle are caused fo occur ‘at pressures in the
primary cycle, which are always higher than the corre-
sponding ‘maximum pressure in the secondary cycle, and
that, ‘thirdly, the lowest pressure occurring in the sec-
ondary cycle is always higher than the lowest pressure
occurring in the primary ¢ycle.

Tt is an important feature of the invention that the
steam or other vapor generated from a condensate of the
Workmg medium in the priniary cycle is further super-
heated, for mstance, by means of the heat of waste or
ﬂue gases, and-is thén expanded to decreaSe its pressure
10, “the levél of the hlghest pressure of - the’ secondary
cycle, whereby the energy released is at least sufficient
to,do the compression work required in the secondary
cycle.
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1t is another feature of my invention, that the amounts
of steam or other vapor in the primary and secondary
cycles are expanded and/or compressed separately and
are then brought together, whereupon they are jointly
further superheated, for instance in the aforesaid man-
ner, and are then expanded, in mixture with each other,
to do mechanical work, whereafter the working medium
is again separated into portions passing through the pri-
mary and secondary cycle, respectively.

According to yet another feature of my invention, the
regenerative pre-heating of the cyclic process to be carno-
tized is supplied at least partially by the already ex-
panded working medium in the secondary cycle, part
of which expanded medium is divided from the secondary
cycle prior to the compression stage in the latter; the
output of which divided part of the expanded medium is
additionally used for the aforesaid compression in the
secondary cycle.

The method and system according to my invention are-
further characterized by the step of controlling the out-
put of the cyclic process by changing the output of the
cyclic process by changing the pressures in both the
primary and secondary cycles at constant temperatures,
while maintaining the ratio of pressure in the primary
cycle to pressure in the secondary cycle at a given load
substantially constant.

The system according to my invention ¢omprises a
primary cycle for the flow of the working medium in
which cycle there is provided a machine for expanding
the working medium to thereby obtain mechanical work.
This machine may be of any conventional type, such as
for instanice a piston steam engine, but is preferably a
steam turbine. The primary. cycle may further contain
the conventional condensing and pumping means for cir-.
culating the working medium as well as pre-heating means
and means for carnotizing the pre-heating stage of the
primary cycle. Finally, the primary cycle passes through
the system according to the invention for pre-heating,
evaporating and superheating the working medium on
the pressure side of the primary cycle feed pump, i.e.
substantially at maximum pressure and before the working
medium in the primary cycle enters the expanding, com-
pressing and combining means at the juncture of the
primary and secondary cycles. The system according to
the invention further comprises the necessary heat ex-
change means between ‘the secondary cycle and the pri-
mary cycle for pre-heating, evaporating and superheat-
ing the latter with the aid of heat derived from the sec-
ondary cycle. The system according to the invention
comprises further additional superheating means for super-
heating the primary cycle working medium after its super-
heating by heat from the secondary cycle, and superheat-
ing the combined working media from the primary and
secondary cycle after their combination in the aforesaid
expanding, compressing and combining means forming
the juncture of the primary and ‘secondary cycles.

These latter means may be a combined turbo com-
pressor, or, preferably, a pressure equalizing jet nozzle of
the kind described in my copending patent application
Serial No. 652,187 filed of even date.

The invention will be better understood by the following

-detailed -description ‘of ‘the accompanying -drawings,

wherein

‘Figure 1 is‘a diagram . illustrating the functional inter-
relation of ‘temperature, entropy-and pressure in the car-
notized cyclic' process of the-invention at subcritical pres-
sures; ’

Figure 2 is a diagram illustrating the functional inter-
relation of temperature, entropy and pressure in the car-
niotized cyclic process of ‘the invention at supercritical
pressures;

Figure 3'shows in-a schematic'view one:embodiment of
the system “according to-the invention applied to-a.con-
ventional turbine arrangement in ‘which:embodiment- the
expanding, -compréssing “and <combining: means at!the
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juncture of the primary and secondary cycle consist of
a turbine compressor;

Figure 4 illustrates schematically another embodiment
of the system according to the invention similar to that
shown in Figure 3;

Figure 5 illustrates schematically a preferred embodi-
ment of the system according to the invention, in which
the expanding, compressing and combining means at the
juncture of the primary and secondary cycle consist of a
pressure equalizing jet nozzle; and

Figure 6 illustrates yet another embodiment of the
system according to the invention similar to that shown
in Figure 5.

Referring now to the drawings more in detail and
turning first to Figure 1, T represents the temperature
and s the entropy axis. The first steam cycle (I) which
is to be carnotized according to the method of the present
invention, is indicated by the curve a—d—e—g—h—
i—l—n—a.

If an intermediary super-heating step is to be applied
during the flow of the working medium through the work-
ing turbine T, such super-heating must take place outside
the combined flow and exclusively in the primary cycle
flow of the working medium through the low pressure
part of the work turbine means. In this case the primary
cycle is indicated by curve g—d—e—g—h—i—I—m—
n'—a.

If the preheating stage a—o’ of this primary cycle is
carnotized by a bleeding and regenerative preheating cycle
(B and RP in Figure 3), the process is then defined by:
@' —0"—d—e—g—h—i—l—m—n. Without the above
mentioned final intermediate superheating the process is
defined by ¢’—0'—d—e—g—h—i—]—n’. In addition,
the secondary steam cycle is defined by o—p—i—k. This
cycle is confined to the area of super-heated working
medium above the saturation limit curve g¢—y~—g, indi-
cated by a heavy line and, accordingly, no change in the
state of aggregation of the working medium occurs dur-
ing this secondary cycle. Along the lines ~—i and i—k
all values and changes occur simultaneously in the pri-
mary and secondary cycles, and both cycles can therefore
be conducted together in the same path.

The heat released by the secondary steam cycle is used
in order to effect the pre-heating of the working medium
in the primary cycle from o’ till 4, the evaporation, at a
pressure py, from d to e, and the super-heating from e to 7.
For this purpose, the amount of steam Gy passing through
the primary steam cycle and the amount of steam Gy in
the secondary steam cycle must have a ratio G:Gr,
equal to the ratio of entropy differences (which correspond
to the amount of steam) (sy—ss):(55—s¢).

When thanging correspondingly the scale of entropy by
dividing (s;—s3) by (s3—sg), but maintaining the same
temperature scale, the secondary cycle o——p—i—+& is
changed to o'—p’—i’—k’. As can now be easily seen
from Figure 1, heat is transferred from the latter cycle to
the primary cycle to effect the pre-heating of the working
medium up to the temperature. of evaporation at the
pressure p;’ along curve piece o'—d. The flow of the work-
ing medium in the first cycle is countercurrently to that in
the second cycle during this exchange of heat along curve
o’'—d. The transfer of the amount of heat characterized
in Figure 1 by the area 3—d—%k’—4 from the secondary
cycle to the primary cycle results in an increase of entropy
As=s53—s5,, because the amount of heat of evaporation and
super-heating represented by area 3—d—e—f—25 is equal
to the amount of heat represented by area 3—d—k'—4.
From f to g and from [ to m the heat for super-heating the
working medium in the primary cycle is supplied through
a special super-heating device SH, whereds the super-
heating of the working media in both the primary and
the secondary cycle from p’ to # and from 4 to i can be
effected in a common super-heater, because. the steam
pressures of both media are identical and these two stages
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of both cycles are conducted together along the same
path. L

The primary cycle has its highest pressure at p; and
its lowest pressure at py, at which latter pressure the
working medium, for instance steam, condenses. The
secondary cycle has a pressure range between p, and ps.
The expansion i to &’ and the compression o’ to p’ have
the pressure ratio ps/p;.

As has been stated hereinbefore in accordance with the
invention, the pressure p; of the primary cycle, at which
the combined pre-heating, evaporating and superheating
effects of the heat released from the secondary cycle along
o’—d are realized in the primary cycle, is always greater
than the maximum pressure p, of the secondary cycle.
Furthermore, the lowest pressure p; of the secondary
cycle is always higher than the lowest pressure p, of the
primary cycle. ’

Whereas Figure 1 illustrates the carnotization according
to the invention for subcritical pressures, Figure 2 illus-
trates the same for pressures which exceed the critical
pressure. The primary cycle is defined by ¢’—m'-d—e—
f—g—i—k—I. The secondary cycle m—n—g—h is
changed to m’—n'—g’—h’ corresponding to the ratio of
the circulating amounts of steam

G:Gr= (S,;—Sz) H (Sg-Ss)

with a corresponding change of the entropy scale. Be-
tween A’ and m’ of the secondary cycle, the amount of
heat expressed by area 2—m'——h'-—4 is countercurrently
transferred to the primary cycle, wherein this heat appears
as the amount represented by area 2—m’—d—5. The
increase in entropy is again designated by As. The-actual
amount of As is smaller in Figure 2 than in the example
illustrated by Figure 1. This means that the efficiency of
heat transfer from the secondary cycle to the primary
cycle is increased, i.e. more favorable, when increasing
the pressure p; so as to operate in the supercritical.
instead of the subcritical pressure range. By super-
critical and subcritical pressures I mean pressures above .
and below, respectively, the pressure of the working me-
dium at the critical point.

The heat supply from the outside, for instance from
fuel or waste gases, is taken in by the secondary cycle
along curve n'—g’, and by the primary cycle along d—e,
f—g and i—k. Again, during the stages n’~—g’ and f—g,
the working media in the primary and secondary cycles
can be conducted together along the same path, since
their pressures are identical. The heat is dissipated
during the stage of condensation from [ to a’. The
primary cycle has a pressure range from p; to pg, and
the secondary cycle has a pressure range from p, to ps.
Consequently, both the expansion g’—A4’ and the compres-
sion m’—n’ have again a pressure ratio of ps:ps.

If the final intermediate super-heating is dispensed with,
the last stage of the cycle illustrated in Figure 1 will be
i—n’ (expansion) and n’—a’ (condensation). The last
stage of the cycle illustrated in Figure 2 is from g—1I'
(expansion) to I'—a’ (condensation). .

According to the invention, the pressure p; is so chosen
that the expansion down to the pressure py produces an
amount of energy which is sufficient to cover the com-
pression of the working medium of the secondary cycle,
for instance steam which has given off its heat, which
steam is again compressed from pressure p; up to pres-
sure ps. The recompressed working medium thereby
attains again the pressure p, which is the entrance pres-
sure at the turbine,

In Figures 3 to 6 a number of embodiments of the
system according to the.-invention are illistrated, by.
way of example. - . ’

The system shown schematically in Figure 3 of the
drawings comprises a conventional turbine arrangement
in which T designates the main work performing turbine:
Ty indicates the low pressure stage or stages of the
main turbine. From the low pressure stage T, of the
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main turbine, a line 10 conveys exhausted working
medium of the primary cycle at minimum pressure pp
through condenser 11 to a feed pump 12 and from there
at maximum pressure p, through the regenerative multi-
stage pre-heater RP to the carnotization system CS
according to the invention. The chambers 13 of the re-
generative pre-heater RP receive, as heating agent, steam
through bleeding lines 14 from the low pressure stage T
of the main turbine.

The carnotization system according to the invention
comprises in successive arrangement a pre-heating device
15, an evaporating device 16 and a super-heating device
17. ‘Through a line 18 the working medium passes. from
the regenerative pre-heater RP through devices 15, 16
and 17, while through a line 19, the working medium of
the secondary cycle is conducted from an outlet at the
end of the main turbine T where the latter opens inio
the low pressure stage T, thereof, through devices 17,
16 and 15 countercurrently to the flow of working
medium of the primary cycle through these devices and
onward to the compressor side 20 of a turbo compressor
TC.

From the super-heating device 17 the working medium
of the primary cycle is conducted through a line 21 via
an external super-heater 22 to the expansion side 23 of
the aforesaid turbo compressor TC. In the turbo com-
pressor TC, pressure of the working medium is decreased
by expansion from pressure p; to a medium pressure pm,
while on the compressor side 20 of turbo compressor TC,
the working medium of the secondary cycle is compressed
50 as to raise its pressure from p3 to py.

This medium pressure py which is common to the
working media of both cycles at their juncture in outlet
24 of the turbo compressor TC, is equal to the maximum
pressure p, of the secondary cycle.

From outlet 24 a line 25 conducts the combined work-
ing media of both cycles at the common pressure
DPm=Ds to another external super-heater 26 and from
there to the inlet of main turbine T.

It is therefore a characteristic feature of the method
according to my invention that the working medium is
fed to the main work performing turbine T at a medium
pressure pn,, which is below a maximum pressure p; of
the primary cycle.

External super-heaters 23 and 26 are heated by means
of a waste gas or hot fuel gas line 27.

It is a further advantageous feature of the method
according to my invention that, as will be easily under-
stood from the above description of the system shown
in Figure 3, the working medium is at maximum pres-
sure p; outside the work performing turbine means, and
that only that portion of the working medium passing
through the primary cycle must be brought to this max-
imum pressure,

In contrast thereto, all known methods requlre that
the entire working medlum be brought to maximum
pressure and introduced in this state into the work per-
forming turbine.

A further important advantage of the method accord-
ing to my invention resides in the fact that, in the sec-
ondary cycle, the portion of the working medium derived
from the main turbine T is maintained at a substantially
constant pressure ps, and that only this portion of the
working ‘medium passing through the secondary cycle
must be brought from this pressure p; to a medium pres-
sure py, by means of an equalizing device such as a turbo
compressor or a pressure equalizing jet nozzle. This
fact distinguishes the method and system common to my
invention from those known in the art, in which a part
of: the workmg medium .of the primary cycle is evap-

orated in the secondary cycle, thereby requiring com-.

pressor means-of a much larger value,

The embodiment of my invention shown in Figure 4
is- similar to that shown in Figure. 3.
numerals in this figure designate like parts.

Like reference.
(6]
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Furthermore, the regenerative pre-heating device. RP
is supplied with heating agent through bleéding lines 14
from the-low pressure stage Tn of main turbine T, but
also comprises pre-heating stages 30 which receive their
heating agent in the form of a portion of the working
medium passmg through line 19 of the secondary, cycle
which portion is divided from the secondary cycle prior
to the entrance to the turbo compressor TC. This di-
vided portion is introduced into a pre-heater turbine T,
in which it is expanded and at intermediary stages of
which bleeding lines 31 lead to pre-heating chambers 30.
The work gained by the expansion of the divided por-
tion of the working medium in turbine T, can be used
for operating the compressor side 20 of turbo com-
pressor TC. Consequently, the turbine side 23 of the
turbo compressor can be built smaller.

The condensed working medium acting as heating
agent in the regenerative pre-heater RP is conducted
through a line 32 to a condensate pump 33 which re-
introduces the divided portion of the working medium
from the secondary cycle into the primary cycle prior
to the regenerative pre-heater RP.

This has the advantage that less working medium has
to be compressed in the compressor side 20 of the turbo
compressor TC, so that the required compressor output
is smaller.

Moreover, while in the bleeding lines 14 from the
left side of the low pressure stage T, in Figure 3, the
working medium conducted to the regenerative pre-heater
RP is still substantially super-heated which represents a
waste of energy, in the embodiment shown in Figure 4,
these lines 14 on the left side are replaced by the pre-
heater turbine T;, which is supplied with a working me-
dinm whose heat content has already been largely ex-
changed in devices 17, 16 and 15 so that the working
medium is approximately just above the saturation limit.
Thus, the pre-heater turbine is loaded substantially with
saturated steam which is more favorable for the re-
generative pre-heating leading only to a minimum in-
crease of entropy, and generally raises the degree of
efficiency of the entire process. Consequently, the sys-
tem as illustrated in Figure 4 does not require special
cooling devices which are necessary in the conventional
regenerative pre-heating methods.

Yet another embodiment of the invention is illus-
trated in Figure 5 of the drawings. Also in this figure
like reference numerals designate the same parts as in
the preceding Figures 3 and 4. However, the pressure
equalizing device in this embodiment is constituted by a
pressure equalizing jet nozzle J of the type described in
my co-pending patent application Serial No. 652 187,
filed April 11, 1957,

In this jet nozzle, the pressure p; of the working me-
dium of the primary cycle and the pressure p; of the
working medium of the secondary cycle are equalized to
attain a common medium pressure pp, equal to the max-
imum pressure py of the secondary cycle.

When a turbo compressor is used as the pressure equal-
izing device.in the system according to my invention, it
is permissible and of advantage to use supercritical pres-
sures as the maximum pressure p; of the working me-
dium in the primary cycle between the feed pump 12
and the entrance to the turbine compressor TC. = Since
this turbine compressor is an mdependent unit, it can
be laid out for very high speeds in the order of 18,000
20,000 r.p.m. and more. It is often desirable to oper-
ate with large volume turbines, and in this case a large
volume turbo compressor can be operated at a higher
degree of efficiency if fed with a working medium of
supercritical pressure.

On the other hand, the degree of efficiency of the.
pressure equalizing device and therewith of the entire
process is. further increased, in particular at higher out-
puts in the order of 50,000-100,000 kilowatts and more,
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if the above-mienticned equalizing jet nozzle is used. in-
stead of the turbo compressor. :

Finally, Figure 6 illustrates an embodiment of the
system according to the invention similar to that shown
in Figure 5 in which there is further provided an inter-
mediary super-heating device 40 which is disposed in
the low pressure stage T, of the work performing tur-
bine, i.e. subsequent to and outside of the main turbine
T through which the working media of both the primary
and the secondary cycle flow. This intermediary pre-
heating device thus serves only for superheating the
working medium in the primary cycle passing through
the low pressure stage prior to being bled through the
lines 14. Furthermore, and also exclusively in the pri-
mary cycle there is provided an evaporator 41 which
is heated externally by heating means 42 and is con-
nected in parallel to devices 15, 16 and 17 in the primary
cycle, by means of a by-pass line 43 leading from the
discharge end of the regenerative pre-heater RP to a point
intermediate the discharge end of super-heating device
17 and the entrance to super-heating device 22.

This evaporator 41 is of particular advantage for
starting operation of the entire system. Also it may
serve for balancing fluctuations in the load of the process.

It is a further important advantage of the system ac-
cording to my invention that no coatrol devices are
required between the exit of the pressure equalizing
device and the entrance to the work performing turbine.
Pressure losses are thereby avoided.

The medium pressure turbine Ty, used in the method
of the invention just described produces the same amount
of work as the combined high pressure and medium
pressure turbines used in the methods known in the
art.

The method according to the invention just described
is suitable for both very high and very low pressure
ranges, i.e. for high pressures of about p;=300 atmos-
pheres corresponding to pn=120 atmospheres; and, on
the other hand p;=10 atmospheres and pyp=4 to §
atmospheres or even less. It is also suitable for steam
engines of small capacity but relatively high efficiency
and of a simp'e and inexpensive construction, as for
example for the propulsion of vessels etc.

It is to be understood that the examples shown in
Figures 3 to 6 are but a few of many arrangements,
which can be based on the method of the invention.

By employing the method of the invention, these cyclic
processes yield a much higher degree of efficiency than
the known processes, such as, for instance, the Clausius-
Rankine steam cycle process. Although the highest
pressure is the same as in the known processes, the
main turbine is operated at a lower pressure and a greater
enfrance volume of the steam. This results in a higher
efficiency of the turbine. At the same time, the entire
construction of the steam cycle system of the invention
is less expensive, because the expensive high pressure
turbine is replaced by the far more economical medium
pressure turbine.

The relatively low entrance pressure at the work per-
forming turbine permits an easier control of high tem-
peratures, for instance in the order of 600 to 650° C.,
and makes it possible to better exploit the advantages
offered by these high temperatures. Due to the carnoti-
zation of the new method, every increase in temperature
applied in the system according to the invention shows
the same favorable influence on the degree of efficiency
as, for instance, the gas turbine.

In the known processes, an increase in temperature,
when all other conditions remain unchanged, leads to
a smaller increase in the degree of efficiency. The new
method leads to a better degree of efficiency because,
at given maximum temperatures of the primary cycle,
the main work performing machine can be operated at
a considerably lower pressure, and, on the other hand
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with a substantially larger loading volume of the work-
ing medium than the conventional machines.

The overall construction of the system becomes less
expensive since the high pressure turbine can be re-
placed, in the preferred embodiment of the system ac-
cording to my invention, by the much cheaper pressure
equalizing jet nozzle, while the increase of the loading
capacity of the main turbine in no way consumes the
savings achieved by the use of the jet nozzle.

The low pressure stage of the turbine requires fewer
bleeding lines, thus permitting a simpler construction
and more favorable conditions of flow in the turbine
stage. Toward the discharge end of the low pressure
stage a few bleeding lines are preferably retained to
provide for withdrawal of condensed water in this part
of the turbine.

Finally, the system according to the invention can be
controlled most favorably by changing the maximum
pressure p; in the primary cycle. This can be achieved
by changing the pressure of the feed pump 12. In
order to maintain the degree of efficiency of the sec-
ondary cycle constant, the pressure ratio py:p; is pref-
erably not changed, even though the pressure in the
primary cycle and together therewith the amount .of
working medium passing through a given cross sectional
area during the time unit is changed.

If pressure in the primary cycle is changed, the rate
of super-heating in external super-heaters 22 and 26
must be correspondingly adjusted. This is achieved, for
instance, by control means 5@ provided in the heat
supply line 27 for these super-heaters.

Once a desired maximum pressure p, in the primary
cycle has been attained by these measures just mentioned,
it is very important that all cycles of the system operate
with full cross sectional areas of their conduits, i.e.
without any throttling effects.

If the load in the entire process is, for instance, to be
decreased from full load to half load, this can be achieved
by a corresponding change in the speed of the feed pump
without any throttling. Consequently, the change in the
degree of efficiency proportioned to the load shows no
abrupt, but only a very gradual decrease as would be
the case if control would be effected by throttling.

The method according to my invention is generally suit-
able for all outputs, pressures and temperatures, and
even small arrangements of, for instance, 5,000 kilo-
watts and less can be operated with a relatively high de-
gree of efficiency of above 30% and more, which has
hitherto been possible only when using gas turbines.
Other turbine arrangements of known type and the same
output only permit to achieve efficiency degrees of 22
10 26%.

On the other hand, if very high outputs of 50,000 to
100,000 kilowatts and more are desired, ail known meth-
ods with the best carnotization thus far achieved and
considering all losses from the combustion of the fuel,
to current delivering terminals of the generator, do not
attain a degree of efficiency above 30 to 40%.

In contrast thereto the method and system according
to my invention permit to achieve, if all conditions are
similar, a degree of efficiency of 44 to 45% while sav-
ing considerably machinery and material compared with
the known methods.

It will be understood that this invention is susceptible
to modification in order to adapt it to different usages
and conditions, and, accordingly, it is desired to compre-
hend such modifications within this invention as may fall
within the scope of the appended claims.

What 1 claim is:

1. A power plant operated by a working medium in a
thermoedynamic cycle process and comprising a work per-
forming machine having a high pressure stage entrance
for the admission of a heated working medium in a vapor
state, a condenser for the working medium exhausted
from said work performing machine, a regenerative pre-
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heating device for preheating the condensate from said
condenser, means for heating said preheated condensate
to the vapor state, means for bleeding said working
medium in a vapor state at an intermediate pressure stage
of said work performing machine and circulating said
bled working medium through a portion of said heating
means for partially heating said preheated condensate,
and a pressure equalizer device comnected to said en-
trance of said work performing machine for increasing
the pressure of the bled medium after circulation through
a portion of the heating means and for decreasing the
pressure of the vapor state of the heated working medium
to a common medium pressure at which both working
media are admitted concurrently into said entrance of
said work performing machine.

2. A power plant, as claimed in claim 1, wherein said
portion of the heating means comprises heat exchanger
means traversed countercurrently by the preheated con-
densate and by the bled working medium, said heat ex-
changer means transmitting heat from the bled working
medium to the preheated condensate and constituting
means for successively preheating, evaporating and super-
heating the preheated condensate prior to the introduc-
tion of said preheated condensate into said pressure
equalizer device.

3. A power plant, as claimed in claim 2, and further
comprising superheater means for superheating the pre-
heated condensate after said preheated condensate
emerges from said heat exchanger means and before en-
tering said pressure equalizer device.

4. A power plant, as claimed in claim 2, with said
pressure equalizer device comprising a turbo compressor
having an expansion side and a compression side, first
conduit means connecting said superheater of said heat
exchanger means to said expansion side, and second
conduit means for connecting that portion of the heat
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exchanger means through which said bled working me-
dium moves to the compression side of said turbo com-
Dressor.

5. A power plant, as claimed in claim 4, and further
comprising a preheating turbine having an inlet and a
plurality of bleeding outlets, said inlet being connected
to the path of said bled working medium intermediate
said heat exchanger means and said pressure equalizer
device, said bleeding outlets being connected to said re-
generative preheating device so as to conduct a portion
of the bled working medium prior to its introduction into
said pressure equalizing device, into said regenerative
preheating device as a heating agent.

6. A power plant, as claimed in claim 5, wherein said
preheating turbine is coupled with said turbo compressor
s0 as to drive the compression side of the said turbo com-
pressor jointly with the expansion side thereof.

7. A power plant, as claimed in claim 2, and further
comprising super-heater means for the combined working
media of the bled working medium and the preheated
condensate as said combined working media flows from
said pressure equalizer device to the high pressure en-
trance of said work performing machine.

8. A power plant, as claimed in claim 2, and further
comprising an evaporator connected in parallel to said
heat exchanger means intermediate said regenerative pre-
heater device and said pressure equalizing device for the
flow of the pre-heated condensate therethrough.
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