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(57) Abrege(suite)/Abstract(continued):

machine (5), a condenser (6) and a fluid pump (8). The invention also relates to a method for operating said thermodynamic
machine. According to the invention, In the flow line of the fluid pump (8) a partial pressure increasing the system pressure Is
applied to the liguid working fluid (10) by adding a non-condensing auxiliary gas (20). Compact ORC machines can be
iImplemented, preventing cavitation in the liquid working fluid (10).
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(57) Abstract: The mvention relates to a thermodyna-
mic machine (1), comprising a circulation system (2) in
which a working fluid (10), in particular a low-boiling
working fluid (10), circulates alternately in a gaseous
and a liquid phase, a heat exchanger (3), an expansion
machine (5), a condenser (6) and a fluid pump (8). The
invention also relates to a method for operating said
thermodynamic machine. According to the invention,

/ /ﬂf in the flow line of the tluid pump (8) a partial pressure

increasing the system pressure 1s applied to the liquid
working fluid (10) by adding a non-condensing auxilia-
ry gas (20). Compact ORC machines can be implemen-
ted, preventing cavitation in the liquid working fluid

(10).

(57) Zusammenfassung: Es werden eine thermodyna-
mische Maschine (1) mit emem Kreislaut-System (2),
in dem ein insbesondere niedrig-siedendes Arbeitsiluid
(10) abwechselnd mm Gas- und Fliissigphase zirkuliert,
mit einem Warmelibertrager (3), mit einer Entspan-
nungsmaschine (5), mit einem Kondensator (6) und mit
einer Fliissigkeitspumpe (8) sowie ein Verfahren zu de-
ren Betrieb angegeben. Dabel 1st vorgesehen, dass dem
fliissigen Arbeitsfluid (10) im Vorlauf der Fliissigkeits-
pumpe (8) durch Zugabe eines nicht-kondensierenden
Hilfsgases (20) em den Systemdruck erhéhender Parti-
aldruck autgepragt ist. Unter Vermeidung von Kavitati-

on 1m fliissigen Arbeitstluid (10) kénnen kompakte, kleinbauende ORC-Maschinen realisiert werden.
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Description

Thermodynamic machine and method for the operation
thereof

The invention relates to a thermodynamic machine with a
cyclic system, 1in which a particularly low-boiling
working fluid circulates alternately in a gas phase and
a liquid phase. In this case, the machine comprises a
heat exchanger, an expansion machine, a condenser and a
ligquid pump. The invention additionally relates to a

method for the operation of such a thermodynamic

machine, wherein 1in a <cycle the working fluid 1s

heated, expanded, condensed and delivered by means of

pumps of the liquid working fluid.

Particularly a machine which operates 1n accordance
with the thermodynamic Rankine cyclic process 15
understood by such a thermodynamic machine. The
Rankine cyclic process in this case is characterized Dby
pumping the liquid operating medium, by evaporating the

operating medium at high pressure, by expanding the

gaseous working fluid - performing mechanical work -
and by condensing the gaseous working fluid at low
pressure. Modern conventional steam power plants, for
example, operate in accordance with the Rankine cyclic

process. In fossil-heated steam power plants steam 1s

typically produced with temperatures of over 500°C at a

pressure of over 200 bar. Condensing of the expanded

steam takes place at about 25°C and a pressure of about
30 mbar.

A thermodynamic machine operating in accordance with
the Rankine cyclic process and also a method for the

operation thereof is known from WO 2005/021936 AZ, for

example. Water serves as working fluid in this case.

If heat sources, which for the heat sink have only a

relatively small temperature difference, are to be used
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for evaporating the working fluid, then the efficilency

which can be achieved with the working fluid 1in the

form of water is no longer sufficient for an economical

mode of operation. Such heat sources, however, can be

exploited with the aid of so-called ORC machines, 1in

which instead of the working fluid in the form of water
a low-boiling, especially organic fluid 1s used. From
the point of view that such a fluid boils at lower
pressures compared with water or has a higher wvapor
pressure 1in comparison to water, 1is understood by the
term “low-boiling”. An ORC machine operates 1n
accordance with the so-called organic Rankine cyclic

process (ORC), 1i.e. Dbasically with an especially

organic, low-boiling working fluid which differs from

water. As working fluids for an ORC machine, for
example hydrocarbons, aromatic hydrocarbons,
fluorinated hydrocarbons, carbon compounds - especially
alkanes, fluoro ethers, fluoroethane - or even

synthesized silicone o01ls are known.

By means of ORC machines or ORC plants, the heat
sources available in geothermal or solar power plants,
for example, can be economically wused <for power
generation. Also, with an ORC machine it has been
possible up to now for non-utilized waste heat of an
internal combustion engine from exhaust air, cooling
circuit, exhaust gas, etc., to be used for performing

work or for power generation.

If the vapor pressure of a liquid which 1is associated

with a respective temperature is fallen short of, this
liquid evaporates. The falling short of the vapor
pressure can take place in static or in moving liquids.

For example, in the case of a flowing liquid the vapor

pressure can be locally fallen short of on account of a
sharp deflection or acceleration of the flow so that a
local evaporation takes place. The locally resulting

vapor bubbles condense again at points of higher
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pressure and break down. The overall process 1s

referred to as cavitation.

In a thermodynamic machine of the type referred to 1in

the introduction, a cavitation which occurs 1n the

liguid phase of the working fluid constitutes a not

insignificant problem. On account of the small size of

the vapor bubbles, the condensing of these takes place

very quickly 1n fact. As a result of a sudden

implosion of the vapor bubbles, a microjet 1s possibly

formed in the process. If this 1s directed onto a
surrounding wall, then pressure peaks of up to 10 000
bar can be locally achieved. In addition, as a resuilt

r—

of the high pressures local temperatures of way above

1000°C can be achieved, which can lead to melting
processes 1in the wall material. Damage effects as a

result of cavitations can occur within hours.

In a pump, the occurrence of cavitation, moreover,

gl

undesirably reduces the throughput of fluid. Since the

vapor bubbles in their density as a rule differ

considerably from the liquid, the deliverable mass flow
is reduced even in the case of a low mass proportion of
the working fluid as vapor at a given volumetric flow.
In the event of a heavy build-up of vapor, the mass
filow possibly even breaks down. If the working machilne
is used as a pump in an ORC plant, for example, then
the entire c¢yclic process may possibly come tTo a

standstill. As a result of the deficient pump output,

a backing-up of the 1liquid working fluid 1n the

condenser occurs, as a result of which its action 1is

significantly reduced. As a result of this, the
dissipation of heat comes to a halt. The overall
system cannot easily be left in this state. A waiting

period must be observed until the working fluid cools

down by cooling of its own accord. In addition, the
throughflow in the evaporator breaks down so that no

heat can be dissipated any longer either. The working



10

15

20

23

30

35

CA 02780791 2012-05-11

fluid which is used can then possibly be damaged as a

result of exceeding its stability limit.

For a machine operating in accordance with the Rankine

cyclic process, the problem of cavitation occurring 1is

described in EP 1 624 269 A2, for example. There, a

~—

cavitation in the working fluid in the form or water

inside the condenser and also inside the subsequent
pump is to be prevented by a specific pressure and
temperature control being provided at the condenser.
Corresponding pressure and temperature sensors are
included for this. In particular, the water level 1in
the condenser 1s maintained at a predetermined level.
This 1is assisted by means of a drain valve which

discharges water or non-condensing gases to the

outside.

Also, the significance of a constant water level in the
condenser for a machine operating in accordance with
the Rankine cyclic process is described in US 7,131,290

—
p—

B2. Disclosed in particular 1s the effect of a

variable water level upon the cooling surfaces 1n the
condenser which come 1into effect. If non-condensing

gas, such as air, penetrates into the cyclic system of

the working fluid on account of the negative pressure
conditions which prevail in the condenser, then this
collects especially in the condenser. In order to

prevent a loss of cooling capacity resulting therefrom,

Us 7,131,290 B2 proposes a corresponding separation and

drain device.

A complex fluid machine, which operates 1n accordance
with the Clausius-Rankine cyclic process, 1is known from
DE 10 2006 013 190 Al. The fluid machine has a pump

for applying a pressure and for pumping out a liquid-

phase working fluid, and an expansion device, connected
in series to the pump, for creating a driving force by

means of expansion of the working fluid which 1s heated
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1n order to become a gas-phase working fluid. It 1s

provided 1n this case to transfer the heat of the

working fluid on an outlet side of the expansion device

to the working fluid on an outlet side of the fluid
pump .

A transportable driaive unit for the conversion of heat,

which 1s designed as a thermodynamic machine of the
type referred to 1n the introduction and operates 1in
accordance with the Rankine cyclic process, 1s known

from DE 3¢ 41 122 ATl.

A steam power plant 1s known <from DE 7 225 314 U,
wherein an organic working medium 1s used 1in the

Rankine cyclic process.

Also, a thermodynamic machine of the type referred to
1in the introduction 1s known from US 4,291,232. In
this case, a gas/ligquid solution, especially an
ammonla/water solution, circulates as working fluid.

By dissolution of the gas in the liguid, the pressure

of the gas and liguid 1is lowered. By separating the
gas under a temperature 1ncrease, the pressure 1s

lncreased.

It 1s the object of +the invention to develop a

thermodynamic machine of the type referred to 1n the
introduction to the effect that the occurrence of
cavitation 1n the liguid or in the liquid working fluid
1s avolded as far as possible. It 1s furthermore an
opbject of the inventlion to disclose a correspondlng
method for the operation of such a thermodynamic

machine, wherein cavitation in the liguid i1s avoided as

far as possible.

With regard to the machine, the set object 1s achieved

according to the invention by means of the

combination disclosed herein. According to this,
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for a thermodynamic machine of the type referred to in
the introduction it is ©provided that a @partial

pressure, which 1ncreases the system pressure, 1S

applied to the liquid working fluid in the head of the

P
o

liguid pump by the addition of a non-condensing

auxililary gas.

The invention is based in this case upon the knowledge
that particularly in the conception of an ORC machine,
the possibility of an occurrence of cavitation 1n the
liquid phase 1is underestimated. Tt therefore happens
that in the overall conception a head height specified
for a pump, for example, is not observed. Such a head
height, as a result of the fluid column at the suction
connector, brings about a necessary pressure 1ncrease

there. On account of the wupstream condenser, the

-

fluid, without observing the head height, 1S
particularly applied to the pump at the saturation
vapor pressure or condensation vapor pressure 1f 1t 1s
assumed therefrom that no subcooling takes place. When
the pump is engaged, without observing the head height,
the saturation vapor pressure can then be fallen short
of as a result of the ensuing suction power.

Cavitation occurs.

The head height for a pump is typically given Dby the

so—called NPSH wvalue. In this case, the necessary
minimum feed height above the saturation vapor pressure
is understood by the NPSH value (Net Positive Suction
Head wvalue). In other words, the necessary NPSH value
expresses the suction power of the pump. The NPSH value
1s specified 1n meters. For a pump which 1s suiltable
here, 1t 1s typically several meters. If for a given
pump the NPSH value is therefore not observed in the
head, then not insignificant cavitation problems occur
during operation. An undesirable development of vapor

bubbles occurs.



10

15

20

25

30

35

CA 02780791 2012-05-11

-

In this respect, even in the conception of a small and

compact ORC machine, the pump has to be
disadvantageously arranged at a lowered level with

regard to the level of the plant, which leads to an

undesirable increase of installation space.

Alternatives to avoiding cavitation in the liquid phase

of the working fluid, such as a subcooling of the

working fluid for lowering the vapor pressure, are

expensive on account of the additional cost. An
additional surface area requirement also results.

Moreover, more energy for heating the subcooled working

fluid has to be applied. Equally, the use of a booster
pump for creating an additional pressure at the suction
connector 1s not economical. Apart from that,
additional installation space 1is also required as a

result of an additional pumnmp.

Surprisingly, the invention now recognizes that the

problem of the creation of cavitations 1in a
thermodynamic machine can be solved by the use of a
non-condensing gJgas. Whereas previously 1in machines
operating in accordance with the Rankine cyclic process
non-condensing gas located in the cycle was expensively
removed as being undesirable because 1t lowered the

P
—

efficiency, the invention now provides a deliberate

introduction thereof.

The invention particularly recognizes that in the case
of a non-condensing gas being in the cycle 1its partial
pressure in the gas phase is added to the condensation
pressure. The system pressure resulting therefrom,
which is increased in the desired manner, 1is applied to
the liquid working fluid especially in the head of the
ligquid pump. The disadvantages which are assoclated
with the addition of a non-condensing gas 1into the
cycle, such as particularly an increase of the Dback-

pressure for the expansion machine, 1is offset by the
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advantages of an avoidance of cavitation in the case of

a low-boiling working fluid. In the case of a low-
boiling working fluid, it condenses at higher pressures
compared with water. It can typically be condensed
above atmospheric pressure at room temperature. The
partial pressure which is necessarily created by means

F

of the auxiliary gas has a lesser - and in the sense of

the overall concept - negligible effect wupon the

overall efficiency in this respect.

In detail, the invention allows the added substance

quantity of the auxiliary gas to be selected so that

the head height for the pump can be correspondingly
reduced in the sense of the available installation
space. At the same time, consideration can be given
in this case to the fact that the backpressure which 1s
impedimental for the expansion machine remains at an

altogether acceptable level.

The invention offers the distinct advantage 1n this
respect that a compact thermodynamic machine for the
utilization of low-temperature heat sources can be
concelved. The installation space in this case 1s no
longer necessarily predetermined by the necessary head

height of the pump. Since basically the non-condensing

auxiliary gas can be introduced on a one-off basls when
filling the system, possibly even no constructional
additional measures at all are required. In this
respect, the invention offers an exceptionally
inexpensive possibility for a further compacting of a
thermodynamic machine. The invention 1s extremely
suitable in this respect for the conception of small
mobile machines which are used for example on motor
vehicles for the wutilization of the engine heat,

cooling medium heat or exhaust gas heat.

In an advantageous development, the partial pressure

which results by the addition of the auxiliary gas 1s
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sufficiently high so that the saturation vapor pressure
is not fallen short of in the head during operation of
the liquid pump. As 1s explained in the following
text, this, with certain simplifying assumptions (no
additional subcooling of the liquid), 1s the case, for

example, when the resulting partial pressure

corresponds at least to the NPSH value of the liquid

pump . A head height of the pump can possibly even be
completely dispensed with. Under actual conditions,
the volume of the added auxiliary gas must Dbe

proportioned so that the resulting partial pressure

exceeds the suction pressure or the converted NPSH

value.

The invention 1is not necessarily restricted to a

thermodynamic machine which operates in accordance with

the Rankine cyclic process. Also covered, for example,

can be a machine which comprises no evaporation of the

working fluid upstream of the expansion machine but 1in
which a flash evaporation of the working fluid 1s
carried out in the expansion machine as a result of a
continuously 1ncreasing working space. In particular,

continuous phase changes can be undertaken.

In the sense of an ORC machine, mixtures of different
working media can also be used as working fluid 1in
order to thus achieve an ideal mode of operation of the

machine which is adapted to the given conditions.

With reference to Fig. 2, to the sub-figure on the

left, in a thermodynamic machine of the prior art the

P

saturation vapor pressure ps of the working fluid 1s

established in the condenser corresponding to the given

temperature. If the pump for drawing off the 1liquid
phase of the working fluid is engaged, then a suction
pressure according to the given NPSH value 1s created
at the suction <connector. The saturation wvapor

pressure ps 1s reduced by this suction pressure DPuess-
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As a consequence, an inlet pressure pg, which 1s lower

than the saturation vapor pressure ps, results at the

pump . Consequently, the forming of vapor bubbles

occurs, so cavitation occurs.

.

By means of an added non-condensing auxiliary gas

yure.

(right-hand sub-figure of Figure 2), a system pressure,

which is the sum of the saturation vapor pressure ps and

the partial pressure ppart 0f the auxiliary gas, results

at the pump. After engaging the pump, this system
pressure 1s agaln reduced by the suction pressure DupsH
which 1s predetermined by the NPSH value. If the
partial pressure ppart ©of this non-condensing gas, which
results on account of the introduced auxiliary gas, 1S
greater than or at least equal to the suction pressure
Pwesy at the suction connector of the pump, then the
inlet pressure pg 1s now, however, at least equal to or
greater than the saturation vapor pressure Ps -

Cavitation 1s therefore prevented.

For a desired pressure difference Ap between the system

pressure and the saturation wvapor pressure, which 1s to

be applied by means of the auxiliary gas, this 1s
advantageously at least pPxpsur the necessary substance
quantity x; of the auxiliary gas being calculated

according to

x,: Ap
Ap+ p,

For an actual system, the substance quantity x; of the

auxiliary gas 1is then proportioned so that even with

unfavorable conditions, that 1is to say at reduced
condensation temperatures and therefore reduced
saturation vapor pressures, sufficient auxiliary gas 1s
available. Also to be taken into consideration 1s the

fact that some of the auxiliary gas goes into solution

and therefore is no longer available for creating a
pressure difference. When proportioning the added

substance quantity of the auxiliary gas, different
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- 11 -

operating phases of the machine (partial 1load, full

load) can also be taken into consideration.

In a preferred development of the machine, according to

the aforesaid embodiments, the constructional height
can be correspondingly reduced by the actual head
height of the ligquid pump being reduced compared with a

necessary head height which takes into consideration

the NPSH value and, if applicable, a subcooling of the

liquid working fluid. As a result of an additional

subcooling of the liquid, the necessary head height 1is
reduced on account of the lowered vapor pressure. The

possible, further reduction of the actual head height

p—

is provided as a result of the partial pressure of the

introduced auxiliary gas. In this case, for keeping
certain reserves, a small head height can also be
maintained despite corresponding feeding 1in of the

auxiliary gas. A reduction of the head height 1s

compensated in this respect by means of a corresponding

substance quantity of the auxillary gas.

The point of introduction for the auxiliary gas can be

P

provided basically at any point of the cyclic system of

P

the machine. The point of introduction can be designed

in this case for an introduction on a one-off basis or

for a repeated introduction of the auxiliary gas. In a

preferred development, a point of introduction for the

auxiliary gas 1s provided between the expansion machine

and the liguid pump. In this way, the auxiliary gas 1s
available directly at the required point 1n the cycle.
The auxiliary gas 1is introduced into the 1liquid phase
on the cold side of the cyclic process. In particular,
the auxiliary gas can also be easily removed there
since 1t can be collected 1n the condenser. To this
end, for example the machine can be "“cold-run”, as a
result of which the auxiliary gas flows slowly into the

condenser. For adding the auxiliary gas, a compressor,

for example, can be used. Alternatively, a pressurized
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_12....

cylinder can be connected. Adding the auxiliary gas on
the hot side of the cyclic process 1s assoclated with

additional cost.

The non-condensing auxiliary gas 1s a gas of the type

which does not condense under the conditions which

prevail or are given in the cycle of the thermodynamic

machine. Inert noble gases or nitrogen, for example,
are suitable as such an auxiliary gas. Sultable organic

gases are also a possibility.

The non-condensing auxiliary gas 1is moved to a certailn
extent by the working fluid 1in the cycle of the
thermodynamic machine. In machines operating 1n
accordance with the Rankine cyclic process with the
working fluid 1in the form of water, so-called shell-

and-tube heat exchangers are customarily provided for

the condenser. In this case, a cooling liquid flows

through the interior of the tubes.

The gaseous working fluid flows along the tubes on the
outside, condenses on their surface, and drips off as

condensate or liquid phase.

In such a condenser, depending upon 1its orientation,

the non-condensing auxiliary gas possilbly accumulates,

however, with disadvantageous effect. In this case, the

auxiliary gas remains as an insulating layer around the

tubes, as a result of which the efficiency of the
condenser is reduced. The non-condensing auxiliary gas
can only be broken down by means of an extraction
against the flow direction of the condensate or by

P

means of diffusion.

In order to avoid this disadvantage when a non-
condensing auxiliary gas 1s beiling added, the condenser
is advantageously designed for an entrainment of the

auxiliary gas in the flow direction of the condensate
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or of the liquid working fluid. Such a condenser 1s
designed for example as an air condenser or by means of

plate-type heat exchange elements. In the case of an

ailr condenser, the gaseous working fluid flows through

gre—

the interior of tubes which on the outside are exposed

to circumflow by air, for example, but also by another

coolling medium. In this case, the auxiliary gas 1s

pushed through the tubes in the flow direction at least

partially by following gaseous working fluid. This
also applies to condensers which are formed by means of
plate-type heat exchange elements. Also 1n this case,
the gaseous working fluid flows through the 1nterspaces

gramy

of the plate-type heat exchange elements and some of

the auxiliary gas 1s taken from the condenser as well.

P

The undesirable effect of the forming of an insulating

layer which 1s produced for a shell-and-tube heat

exchanger 1s lessened as a result of this.

In addition, a sensor for detecting the auxiliary gas
concentration 1s preferably arranged 1in the header
tank. By means of such a sensor, which i1s arranged 1in
the gas space above the collected liquid of the working
fluid, the substance quantity of the auxiliary gas
ex1lsting 1n the cyclic system, for example, can be
measured and a warning signal can be 1ssued when a
predetermined limit wvalue 1s fallen short of or
exceeded. Corresponding to the warning signal, a

specific substance quantity of the auxiliary gas can

then be added or extracted.

As previously described, the disclosed thermodynamic
machine is particularly suitable for a mobile plant 1n
a motor vehicle, wherein the heat exchanger 1is
thermically connected to a waste heat source of the
vehicle. For example, the coolant, another operating
medium, such as o0il, the engine block 1i1tself, or the

exhaust gas, constitutes such a waste heat source.
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The expansion machine which 1s connected to a

corresponding generator for power generation 1s

preferably designed as a positive displacement machine.
Such a positive displacement machine 1s, for example, a
screw-type or piliston expansion machine, or a scroll

expansion machine. A vane-cell machine can also be

used.

The object which 1s directed towards a method 1s

achieved according to the 1invention by means of the

feature combination according to claim 9. According to

this, for a method for the operation of a thermodynamic
machine 1t 1is provided that a partial pressure, which
increases the system pressure, 1is applied to the liquid

working fluid 1n a pump head by the addition of a non-

condensing auxiliary gas.

Further preferred developments can be gathered from the

dependent claims which are directed towards a method.

In this case, the advantages which are referred to for

the machine can be 1logically correspondingly carried
over.

Exemplary embodiments of the invention are explained 1in

more detail with reference to a drawing. In this case,

1n the drawing:

Fig. 1 schematically shows an ORC machlne with a

partial pressure of an auxiliary gas applied

in the pump head, and

Fig. 2 shows a schematic view of different pressure

conditions.

Schematically shown in Fig. 1 is an ORC machine 1, as
is suitable particularly as a mobile plant for the
utilization of waste heat of internal combustion

engines. The ORC machine 1 comprises in this case - 1in
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a cyclic system 2 - an evaporator as a heat exchanger
3, an expansion machine 5, a condenser 6 and a liquid
pump 8. The depicted ORC machine 1 operates 1in
accordance with the Rankine cyclic process, whereiln
work 1s performed on the expansion machine 5 for
driving a generator 9. The generator 9 1s designed
particularly for feeding the generated power to the
motor vehicle’s own electric system, or 1is connected
thereto. A hydrocarbon, which has a significantly
higher vapor pressure compared with water, 1s used as

working fluid 10. The working fluid 10 is located in a

closed cycle.

The liquid working fluid 10 which 1s delivered via the

liquid pump 8 1s evaporated 1n the evaporator 3 at a

high pressure. In the expansion machine 5, which 1is

designed as a positive displacement machine, the

gaseous working fluid 10 1is expanded, performing work.
The expanded gaseous working fluid 10 1is condensed 1n

the condenser 6 at low pressure. The saturation vapor

pressure which i1s established in the condenser 6 1s

about 1.2 bar. The condensate or the liquid working

fluid 10 1s collected in a header tank 11 before 1t 1s

delivered again for evaporation by means of the pump 8.

A waste heat discharge 14 is provided for cooling the

condenser 6. For example, this can be circulating air

of a motor vehicle, wherein the condensation heat of
the working fluid is fed to the circulating air for
heating the interior of the vehicle, for example. The
condenser 6 is designed as an air condenser, 1in which

the working fluid 10 to be cooled flows along the

interior of tubes which are exposed to a circumflow.

For evaporating the working fluid 10 which 1s delivered

by the pump 8, heat is fed to the evaporator 3 via a

waste heat feed 16. To this end, heat from the exhaust

d

gas of the vehicle’s engine is fed to the evaporator 3
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via a suitable exchange of heat. Alternatively, heat

can be supplied from the c¢ooling circuit of the

internal combustion engine. The waste heat of the

pr—

internal combustion engine and of the generated exhaust

gas can also be fed collectively to the evaporator 3

via a corresponding third medium.

Between the expansion machine 5 and the liquid pump 8,

provision 1is made on the condenser 6 for a point of

introduction 18 for introducing a non-condensing
auxiliary gas 20 into the cycle of the ORC machine 1.
Via a corresponding valve, a specific substance
quantity x; of the auxiliary gas 20 can be introduced on
a one-off basis or repeatedly into the cycle of the ORC
machine. The substance quantity x; is proportioned 1n
this case so that in the head of the pump 8 the partial
pressure of the auxiliary gas 20 and the saturation
vapor pressure of the working fluid 10 (resulting from
the condensation i1n the condenser 6) add up to a system

pressure in such a way that after engaging the pump the

saturation vapor pressure of the working fluid 1s not

fallen short of. As a result of this, a falling short

=
e

of the saturation vapor pressure at deflections of the

flowing working fluid in the 1liquid phase 1s also
prevented. The gquantity substance x; 1s particularly
proportioned in such a way that the resulting partial
pressure of the auxiliary gas 1s greater than the

suction pressure corresponding to the NPSH value of the

pump. In this respect, cavitation is prevented 1n the
head and especially at the suction connector of the

liquid pump 8. Since the saturation vapor pressure of

the working fluid 10 is not fallen short of during

operation, no vapor bubbles are formed there.

The head height 21 (drawn in schematically here) 1is
clearly lowered by only some tens of centimeters 1n

relation to the NPSH value of the liquid pump 8. A
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sensor 22 for measuring the concentration of the

auxiliary gas 20 1s arranged in the header tank 11.
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List of designations

ORC machine

Cyclic system

Heat exchanger
Expansion machine
Condenser

Liquid pump
Generator

Working fluid
Header tank

Waste heat discharge
Waste heat feed
Point of introduction
Auxiliary gas

Head height

Sensor
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The embodiments of the 1nvention i1in whilich an exclusive

property or privilege 1s claimed are defined as follows:

1. A thermodynamic machine with a cyclic system, 1n

which an organic Rankine working fluid circulates
alternately in a gaseous phase and a liquid phase, with a
heat exchanger, with an expansion machine, with a
condenser, and with a liguid pump, wherein a partial

pressure, which 1ncreases the system pressure, 1s applied

to the ligquid phase of the working fluid i1n the head of
the ligquid pump by the addition of a non-condensing

auxliliary gas.

2 . The thermodynamic machine as claimed in claim 1,

wherein the partial pressure which results by the

— -

addition of the auxiliary gas 1s sufficiently high so

i

that the pressure at the head of the liguid pump does not

-

drop below the saturation vapor pressure of the working

fluid during operation of the liguid pump.

3. The thermodynamic machine as claimed in claim 1 or
2, wherein the head height of the ligquid pump lower than

a minimum necessary head height based on the net positive

suction head (NPSH) value and a subcooling of the liquid

working fluid.

4 . The thermodynamic machine as clailmed in claim 1, 2

e

or 3, wherein a point of Introduction for the auxillary

gas 1s provided between the expansion machine and the

liguid pump.

R

5. The thermodynamic machine as claimed 1n any one of

o

claims 1 to 4, wherein the condenser 1s deslgned for
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entralnment of the auxiliary gas 1n the flow direction of

the working fluid, as an alr condenser or by means of

plate-type heat exchange elements.

o . The thermodynamic machine as claimed 1n any one of
claims 1 to 5, wherein the expansion machiline 1S a

positive displacement machine.

7. The thermodynamic machine as claimed 1n any one of
claims 1 to 6, wherein a sensor for detecting the

auxllilary gas concentration 1s arranged 1n a header tank

of the liguid working fluid.

N

g . The thermodynamic machine as claimed 1n any one o:

clalms 1 to 7, wherein the thermodynamic machine 1s a

moblle plant for a motor vehicle, and wherein the heat

')

exchanger 1s thermically connected to a waste heat source

r—~

of the motor vehilicle.

—

9. A method for the operation of a thermodynamic

machine, wherein, 1n a cyclic system, an organic Rankine

working fluid circulates alternately 1n a gas phase and

ligquid phase; and

whereln the working fluid 1s heated, expanded,

condensed, and delivered by pumping of the liguid,

whereln a partial pressure, which 1ncreases the system

pressure, 1s applied to the liguid phase of the working

fluid 1n the head of the liguid pump by the addition of

non-condensing auxiliary gas.

10. The method as claimed 1n claim 9, wherein the

partial pressure which results by the addition of the

auxliliary gas 1s sufficiently high so that the pressure

A
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at the head of the liguilid pump does not drop below the

gro—

saturation vapor pressure of the working fluilid during

operation of the liguid pump.

11. The method as claimed in claim 9 or 10, whereln the

auxlliary gas 1s added to the expanded, gaseocus working

fluid.

12. The method as claimed 1n claim 9, 10 or 11, whereln

the auxiliary gas 1s further transported, principally in

’—.

the flow direction, during the condensing of the working

tfluid.

13. The method as claimed in any one of claims 9 to 12,

wherein the working fluid 1s expanded 1n a positive

displacement machine.

g

14. The method as claimed 1n any one of claims 9 to 13,

wherein waste heat of a motor vehicle 1s used for heating

and/or evaporating the working fluid.
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