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Description
TECHNICAL FIELD

[0001] The presentdisclosure generally relates to tank
pressure regulation system for a waste heat recovery
system. The present disclosure further relates to a meth-
od for controlling a tank pressure regulation system, and
to a waste heat recovery system for a vehicle.

BACKGROUND

[0002] Generally, waste heat recovery systems are
configured to capture and input waste heatfrom one proc-
ess to another process, or back into the original process,
as an additional source of energy. WO2019/117794 dis-
closes an example arrangement and method for control-
ling a WHR-system. Furthermore, WO2019/117788 dis-
closes a device and a method for volume compensation
and pressure control of a working medium in a WHR-
system.

[0003] Waste heat recovery systems often operates
using the Rankine cycle or organic Rankine cycle. Sys-
tems operating with this cycle typically consist of a heater,
an expander, a condenser and a pump that circulates a
working fluid to control the waste heat recovery process.
To feed the pump with a working fluid an expansion tank
may be fitted to the system with a rubber membrane to
separate the working fluid from surrounding air.

[0004] Whenheating up the workingfluid, itevaporates
to steam and push the working fluid in the system forward
and pass the expander. To manage the expanding steam
on the highpressure side, the expansion tank allows the
working fluid to be stored without risk of hazardous pres-
sure increase in the system.

[0005] Work is extracted from the cycle for example
through e.g. an expander or a turbine arranged down-
stream of the evaporator. Naturally, there is a desire to
improve the efficiency of the work extraction from waste
heat recovery systems.

SUMMARY

[0006] The subject-matter of the present disclosure
generally relates to a tank pressure regulation system
that can provide for more efficient recovery of work in
waste heat recovery system. Further, with the proposed
tank pressure regulation system, more heat flux can also
be extracted from the waste heat recovery system.
[0007] According to a first aspect of the presentinven-
tion, there is provided a tank pressure regulation system,
as defined in claim 1, for a waste heat recovery system
comprising an expansion tank to allow for a working fluid
of the waste heat recovery system to expand.

[0008] The tank pressure regulation system compris-
ing a compressor comprising an inlet for withdrawing gas
and an outlet for providing pressurized gas, and a valve
arrangement connectable in fluid communication with the
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expansion tank and with the inlet and outlet of the com-
pressor. The valve arrangementis responsive to a control
signal to alternately connect the outlet of the compressor
to the expansion tank to thereby increase the pressure
in the expansion tank, and connect the inlet of the com-
pressor to the expansion tank to withdraw gas from the
expansion tank to thereby reduce the pressure in the
expansion tank.

[0009] The pressure in the expansion tank is regulated
based on the present condensation temperature of the
working fluid.

[0010] The inventor realized that by regulating the
pressure inthe expansion tank of the waste heat recovery
system based on the condensation temperature of the
working fluid, the cooling capacity of a condenser in the
waste heat recovery system is fully utilized. In other
words, the condensation temperature of the working fluid
is shifted to substantially match the temperature of the
cooling media in the condenser but such that the con-
denser may still fully condense the working fluid.

[0011] For example, when the temperature of the cool-
ing medium in a condenser of the waste heat recovery
system is lower than the present condensation point for
the working fluid of the waste heat recovery system, a
lower pressure can be used in the expansion tank to
move the condensation point downward to substantially
match the temperature of the cooling media in the con-
denser. Accordingly, the pressure on the condenser side
of the expander may be lowered which enables to extract
more work.

[0012] To this end, the pressure in the expansion tank
may be regulated further based on a temperature of a
condenser cooling media upstream of the expansion tank
in the waste heat recovery system.

[0013] Preferably, the pressure in the expansion tank
may be controlled such that a condensation temperature
for the working fluid is equal to or exceed a present tem-
perature of a condenser cooling media of a condenser
arranged upstream of the expansion tank in the waste
heat recovery system.

[0014] The pressure in the expansion tank may even
be regulated to a pressure that is below ambient pres-
sure, i.e. to an under-pressure in the expansion tank.
[0015] The condensation temperature may for exam-
ple be determined by determining the present pressure
of the working fluid in the waste recovery system, and
based on the present pressure, the condensation tem-
perature may be determined. For example, the present
condensation temperature may be found in a table or
map of pressure versus condensation temperature for
the working fluid at hand, or via a mathematical expres-
sion of condensation temperature versus pressure.
[0016] In a second aspect of the invention, the inven-
tors propose a method, as defined in claim 14, for con-
trolling a tank pressure regulation system for a waste
heat recovery system comprising a condenser having a
condenser cooling media upstream of an expansion tank
configured to allow for a working fluid of the waste heat
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recovery system to expand.

[0017] The method comprises increasing, when a tem-
perature of the condenser cooling media exceeds a
present condensation temperature for the working fluid,
the pressure of the working fluid in the expansion tank.
[0018] The method further comprises reducing, when
a temperature of the condenser cooling media is below
the present condensation temperature for the working
fluid, the pressure of the working fluid in the expansion
tank.

[0019] Further features of, and advantages with, em-
bodiments of the present disclosure will become appar-
entwhen studying the appended claims and the following
description. The skilled person realize that different fea-
tures of the present invention may be combined to create
embodiments other than those described in the following,
without departing from the scope of the presentinvention.

BRIEF DESCRIPTION OF DRAWINGS

[0020] These and other aspects of the present inven-
tion will now be described in more detail, with reference
to the appended drawings showing example embodi-
ments of the invention, wherein:

FIG. 1 schematically illustrates a waste heat recov-
ery system for a vehicle according to embodiments
of the present disclosure;

FIG. 2 is an example Rankine cycle diagram;

FIG. 3A illustrate a diagram of a tank pressure reg-
ulation system according to embodiments of the
present disclosure;

FIG. 3B illustrate a diagram of a tank pressure reg-
ulation system according to embodiments of the
present disclosure; and

FIG 4 is a flow-chart of method steps according to
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0021] Inthe present detailed description, various em-
bodiments according to the present disclosure are de-
scribed. However, embodiments of the present disclo-
sure may be embodied in many different forms and
should not be construed as limited to the embodiments
set forth herein; rather, these embodiments are provided
for thoroughness and completeness, and to fully convey
the scope of the invention to the skilled person. Like ref-
erence characters refer to like elements throughout.

[0022] Fig. 1 illustrates a waste heat recovery system
100 for a vehicle. The waste heat recovery system 100
comprises atank pressure regulation system 300 for reg-
ulating the pressure in an expansion tank 102. The tank
pressure regulation system 300 is described in further
detail below with reference to subsequent drawings.

[0023] The waste heat recovery system 100 further
comprises at least one heat exchanger 104 for evapo-
rating the working fluid, and an expander 106 for receiv-
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ing the evaporated working fluid and for extracting work
through expansion of the evaporated working fluid.
[0024] Further, the waste heat recovery system 100
comprises a condenser 108 arranged to receive and lig-
uify the evaporated working fluid by heat exchange with
a condenser cooling media. A pump 109 is arranged for
circulating the working fluid in the waste heat recovery
system, the pump 109 is connected to fluid communica-
tion lines downstream of the expansion tank 102 and
upstream of the at least one heat exchanger 104.
[0025] The general operation of the waste heat recov-
ery system will now be described with reference to fig.
1, and with reference to fig. 2 which illustrates a temper-
ature-entropy diagram of a Rankine cycle. A Rankine cy-
cle is per se known in the art.

[0026] The pump 109 inputs work into the system by
increasing the pressure of the working fluid circulating in
the system 100. The working fluid is in liquid form at the
pump 109 and the pressure of the working fluid is in-
creased by the work input by the pump 109, this corre-
sponds to moving from point 1 to point 2 in the Rankine
cycle diagram.

[0027] From the pump 109, the pressurized working
fluid reaches the heat exchangers 104 through transfer
pipe 110a and transfer pipe 110b that is connected be-
tween the heat exchangers 104. Note that a single heat
exchanger may equally well be used instead of the here
illustrated dual heat exchangers. In the heat exchangers
104, the working fluid is heated at substantially constant
pressure by heat exchange with exhaust gases from the
combustion chamber 112. The working fluid is vaporized
in the heat exchangers 104, which corresponds to mov-
ing from point 2 to point 3 in the Rankine cycle diagram
in fig. 2.

[0028] Different options for the operation of the heat
exchangers are conceivable, but in this presently shown
example, exhaust gases are transferred from the exhaust
outlet of the exhaust chamber through gas transfer pipes
114a and exhaust manifold 115 before the exhaust gas
reaches the heat exchangers 104. The exhaust manifold
115 is optionally connected to one side of a turbocharger
118. A charged air cooler 119 is optionally connected
between the other side of the turbocharger 118 and an
inlet manifold 121 of the engine 134. The heat exchang-
ers 104 are provided with bypass pipes 120 connected
upstream of each heat exchanger 104 via by-pass valves
122. An optional catalytic converter 124 is fluidly con-
nected between the heat exchangers 104.

[0029] The vaporized working fluid reaches the ex-
pander 106 through transfer pipe 110c connected be-
tween the heat exchanger 104 and the expander 106,
and optionally via a filter 126. Further, a bypass valve
113 and a safety valve 117 may be arranged in parallel
with the expander 106.

[0030] Intheexpander 106, the vaporized working fluid
expands through a piston expander which generates
work, We,ynanger @nd corresponds to moving from point 3
to point 4 in the Rankine cycle diagram. Subsequently,
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through the transfer pipe 110d, the vaporized working
fluid enters the condenser 108 where it is condensed
through heat exchange with a cooling media to become
a liquid working fluid again. This corresponds to moving
from point 4 to point 1 in the Rankine cycle diagram of
fig. 2. The working fluid enters the expansion tank 102
through transfer pipe 110e.

[0031] The piston expander is here shown connected
to a clutch 130 which may switch between providing the
work outputted from the piston expander to a generator
132 e.g. configured to charge a battery, or to provide
work to the combustion engine 134 of the vehicle.
[0032] From the Rankine cycle diagram of fig. 2 it is
understood that the further the drop from point 3 to point
4, the more work can be extracted in the expander 106.
The lines P1-P5 in fig. 2 indicates lines of constant pres-
sure. The inventors realized that if the pressure at point
4 can be controlled, under the constraint that the working
liquid is condensable in the condenser, more work can
be extracted. In other words, lowering the pressure on
the condenser side of the expander 106 enables a larger
amount of work to be extracted. To this end, the pressure
of the working liquid is controlled in the expansion tank
102 so that the condensation temperature of the working
liquid is low but at a level that still enables the cooling
media in the condenser to fully condense the vaporised
working fluid leaving the expander. In this way may the
amount of extractable work be increased.

[0033] Accordingly, the pressure in the expansion tank
102 is regulated based on the condensation temperature
of the working fluid. Further, the pressure in the expan-
sion tank is regulated based on a temperature of a con-
denser cooling media of the condenser 108 upstream of
the expansion tank 102 in the waste heat recovery sys-
tem. The condenser cooling media is transferred to the
condenser through transfer pipe 111a, withdraws heat
from the vaporized working fluid, and is led from the con-
denser through transfer pipe 111b. The temperature of
the condenser cooling media is measured along the
transfer pipe 111a, preferably at the inlet 111c¢ of the con-
denser 108 in order to obtain an accurate measure of the
temperature of condenser cooling media in the condens-
er.

[0034] Preferably, the pressure in the expansion tank
102 is controlled such that a condensation temperature
for the working fluid is equal to or exceed a present tem-
perature of a condenser cooling media upstream of the
expansion tank in the waste heat recovery system.
[0035] By means of embodiments herein, the points 1
and 4 in the diagram in fig. 2 may be shifted between
pressure lines. For example, by lowering the pressure of
the working fluid in the expansion tank 102 in response
to that the temperature of the cooling media is below the
condensation temperature of the working fluid, the points
1 and 4 may be shifted down to points 1’ and 4’, thereby
increasing the available We,,anger-

[0036] The cooling media in the condenser 108 may
be ambient air or a cooling liquid such as water flowing
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through the pipes 111a-b.

[0037] Fig. 3A and Fig. 3Billustrate a diagram of a tank
pressure regulation system 300 according to embodi-
ments of the present disclosure. The tank pressure reg-
ulation system 300 comprises a compressor 302 com-
prising an inlet 304 for withdrawing gas and an outlet 306
for providing pressurized gas.

[0038] Further, a conceptually shown valve arrange-
ment 310 is connectable in fluid communication with the
expansion tank 102 and with the inlet 304 and outlet 306
of the compressor 302. Here, the valve arrangement 310
is fluidly connected with the inlet 304 and the outlet 306
of the compressor 302.

[0039] The valve arrangement 310 is connected to an
inlet 313 of the expansion tank 102 so that gas, such as
air, may be pumped into or out from the expansion tank
102 by the compressor 302 via the valve arrangement
310.

[0040] The compressor, when operative, receives gas
through the inlet 304, which generally is an air intake of
the compressor. The received air is pressurized and out-
put through the outlet 306. In other words, if the inlet 304
is connected to the expansion tank inlet 313, and the
compressor 302 is operational, gas is extracted from the
expansion tank 102, pressurized and output at the outlet
306 of the compressor. The outlet 306 may in such case
output the pressurized gas to the ambient atmosphere
as is the case in fig. 3A. On the other hand, if the inlet
304 is connected to ambient air and the outlet 306 is
connected to the expansion tank inlet 313, and the com-
pressor 302 is operational, gas is extracted from ambient
air, pressurized and output at the outlet 306 of the com-
pressor and into the expansion tank 102, as is the case
in fig. 3B.

[0041] The valve arrangement 310 is responsive to a
control signal S to alternately connect the outlet 306 of
the compressor 302 to the expansion tank 102 to thereby
increase the pressure in the expansion tank, see fig. 3B,
and to alternately connect the inlet 304 of the compressor
302 to the expansion tank 102 to withdraw gas from the
expansion tank 102 to thereby reduce the pressure in
the expansion tank 102, see fig. 3A. The pressure in the
expansion tank 102 is regulated based on the present
condensation temperature of the working fluid.

[0042] The present condensation temperature may be
determined based on the present pressure of the working
fluid in the waste heat recovery system.

[0043] Turning now to fig. 3A, with the compressor 302
connected with its inlet 304 to the expansion tank 102, it
can extract gas from the expansion tank 102. Thereby
the pressure inside the expansion tank 102 and therefore
also the pressure of the working fluid 312 is reduced. The
pressure of the working fluid may even be reduced to
below ambient pressure, i.e. the pressure outside the
expansion tank 102. Reducing the pressure of the work-
ing fluid lowers the condensation temperature of the
working fluid. Accordingly, in response to a given tem-
perature of the cooling media in the condenser 108, the
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pressure of the working fluid is reduced to a level that
still enables for the cooling media in the condenser 108
to liquify the working fluid from the expander 106. Thus,
the pressure in the expansion tank 102 is controlled such
that a condensation temperature for the working fluid is
equal to or exceed a present temperature of a condenser
cooling media upstream of the expansion tank 102 in the
waste heat recovery system.

[0044] Turningtofig. 3B, with the compressor 302 con-
nected with its outlet 306 to the expansion tank 102, the
compressor can provide pressurized gas into the expan-
sion tank 102. Thereby, the pressure inside the expan-
sion tank 102 and therefore also the pressure of the work-
ing fluid 312 isincreased. The pressure may be increased
to above ambient pressure. Increasing the pressure in-
creases the condensation temperature of the working flu-
id. This may be needed if the cooling capacity of the cool-
ing media in the condenser is not sufficient to liquify the
vaporised working fluid from the expander 106.

[0045] Thethe pressureinthe expansiontank 102 may
be regulated to be maintained within a pressure range
including ambient pressure.

[0046] The valve arrangement may be a four-way so-
lenoid valve 310 although other types of valve arrange-
ment are conceivable such as valve arrangements com-
prising more than one valve to achieve the same function
as a four-way valve. A four-way solenoid valve is per se
known in the art, but for sake of completeness, a spring
311 is arranged to provide a biasing force towards one
of the configurations. For example, the spring 311 may
cause a force that strives for pushing the valve 310 into
the configuration shown in fig. 3A, whereas the spring
311 is being compressed for forcing the valve 310 into
the configuration shown in fig. 3B.

[0047] The expansion tank 102 comprises an expand-
able container 102a and a rigid container 102b accom-
modating the expandable container 102a. The expand-
able container 102a which may be made from rubber or
anotherflexible material is arranged to accommodate the
working fluid 312. The expandable container 102a is
adapted to be expandable such that the working fluid is
allowed to expand therein. The rigid container 102b is
arranged to be in fluid communication with the valve ar-
rangement 310. The pressure in the rigid container 102b
is controllable by the compressor 302 and valve arrange-
ment 310. The rigid container 102b may be made from
metal or hard plastic materials. The pressure in the rigid
container 102b may be considered configured to be con-
trollable by the compressor 302 and the valve arrange-
ment 310.

[0048] Insome possible embodiments, an air drier 322
for dehydrating air is connected on an air side port 324
of the valve arrangement 310. The air drier 322 advan-
tageously dehydrates the air that is being withdrawn from
ambient atmosphere and pressurized into the tank 102.
[0049] In embodiments a control unit 320 of the tank
pressure regulation system 300, see figs. 3A-B, may be
configured to receive signals T, P indicative of a temper-
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ature, i.e. signal T of a condenser cooling media, and
indicative of the present pressure i.e. signal P in of the
working fluid in the waste heat recovery system. The
pressure P can be measured anywhere in the waste heat
recovery system since the system s closed, i.e. the pres-
sure of the working fluid should be the same across the
system. For example, the pressure of the working fluid
may be measured in the transfer pipe 110d between the
evaporator 106 and the condenser 108 or in transfer pipe
110e between the condenser 108 and the expansion tank
102, or in the expansion tank itself. The pressure P is
used to determine the present condensation temperature
of the working fluid 312, and to provide the control signal
S to the valve arrangement 310 based on the received
signals. The pressure P is measured by a suitable pres-
sure sensor arranged at the location where the pressure
is measured, and the temperature T is measured by a
temperature sensor, preferably arranged atthe inlet 111¢
of the condenser 108.

[0050] The control unit 320 may, based on the meas-
ured pressure P determine a present condensation tem-
perature of the working fluid. Using prior knowledge of
the characteristics of the working fluid the present con-
densation temperature can be determined given the
pressure. For example, a look-up table or a map of pres-
sure versus condensation temperature may be used for
finding the present condensation temperature given the
pressure P if the working fluid is known. By comparing
the determined condensation temperature to the temper-
ature of the cooling media in the condenser, the control
unit 302 may conclude that the temperature of the con-
denser media exceeds the present condensation tem-
perature for the working fluid, and in response control
the valve arrangement 310 to increase the pressure in
the expansions tank. In contrast, if the the control unit
302 concludes thatthe temperature of the condenser me-
dia is below the present condensation temperature for
the working fluid, the control unit 302 may control the
valve arrangement such that the pressure of the working
fluid in the expansion tank is reduced.

[0051] According to embodiments herein, the working
fluid may be ethanol which has a condensation temper-
ature of 78,4 C° at a pressure of 1 bar. However, other
working fluids are conceivable such as acetone that has
a condensation temperature of 56 C° at a pressure of 1
bar. Generally, the invention is applicable to any working
fluid and the specific choice depends on the implemen-
tations at hand.

[0052] Embodiments of the present disclosure provide
for controlled condensation setpoint for the working fluid,
which enables using same waste heat recovery system
architecture for both diesel engines as for petrol engines.
[0053] Fig. 4 is a flow-chart of method steps according
to embodiments of the present disclosure. The method
is for controlling a tank pressure regulation system for a
waste heat recovery system comprising a condenser
having a condenser cooling media upstream of an ex-
pansion tank configured to allow for a working fluid of the
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waste heat recovery system to expand. As step S102 the
temperature of the cooling media is determined.

[0054] When a temperature of the condenser cooling
media exceeds a present condensation temperature for
the working fluid, increasing, the pressure of the working
fluid in the expansion tank in step S104.

[0055] When a temperature of the condenser cooling
media is below the present condensation temperature
for the working fluid, reducing the pressure of the working
fluid in the expansion tank in step S 106.

[0056] The method returns to determining the temper-
ature of the cooling media again. The method may thus
be continuously repeated in other to continuously control
the pressure in the expansion tank and thereby also the
condensation temperature of the working fluid according
to the available cooling power in the condenser.

[0057] The method may comprise determining the
present pressure of the working fluid in the waste heat
recovery system, and determining the present conden-
sation temperature of the working fluid based on the
present pressure of the working fluid.

[0058] The present disclosure includes a control unit
for controlling a tank pressure regulation system for a
waste heat recovery system comprising an expansion
tank to allow for a working fluid of the waste heat recovery
system to expand, the control unit being configured to:
acquire a signal T indicative of a temperature of a con-
denser cooling media upstream of the expansion tank in
the waste heat recovery system; control, when the signal
indicates a temperature exceeding a present condensa-
tion temperature for the working fluid, a valve arrange-
ment in fluid communication with the expansion tank to
connect an outlet of a compressor to the expansion tank
to thereby increase the pressure of the working fluid, and
control, when the signal indicates a temperature below
the present condensation temperature for the working
fluid, the valve arrangement to connect the inlet of the
compressor to the expansion tank to withdraw gas from
the expansion tank to thereby reduce the pressure in the
expansion tank.

[0059] The control unit is configured acquire data in-
dicative of the present pressure P of the working fluid in
the waste heat recovery system, and determine the
present condensation temperature of the working fluid
based on the acquired data and a predetermined relation
between pressure and condensation temperature for the
working fluid. Such predetermined relation may be a map
orlookup table including a relation between pressure and
condensation temperature of the present working fluid.
The relation may also be in the form of a mathematical
function.

[0060] A control unit may include a microprocessor,
microcontroller, programmable digital signal processor
or another programmable device, as well as be embed-
ded into the vehicle/power train control logic/hardware.
The control unit may also, or instead, include an appli-
cation-specific integrated circuit, a programmable gate
array or programmable array logic, a programmable logic

10

15

20

25

30

35

40

45

50

55

device, or a digital signal processor. Where the control
unit includes a programmable device such as the micro-
processor, microcontroller or programmable digital sig-
nal processor mentioned above, the processor may fur-
ther include computer executable code that controls op-
eration of the programmable device. The control unitmay
comprise modules in either hardware or software, or par-
tially in hardware or software and communicate using
known transmission buses such as CAN-bus and/or wire-
less communication capabilities. Thus, communication
between control units, or between control units and audio
capturing devices, image capturing systems, image cap-
turing devices, etc. may be accomplished by various
means know in the art. For example, the communication
may be hardwired, using known transmission buses such
as CAN-bus and/or wireless communication capabilities.
[0061] A control unit of the present disclosure is gen-
erally known an ECU, electronic control unit.

[0062] There is further provided, according to aspects
of the present disclosure, a vehicle comprising a waste
heat recovery system as described herein.

[0063] The valve arrangement may be configured to
respond to a control signal to alternately connect the out-
let of the compressor to the expansion tank to thereby
increase the pressure in the expansion tank, and connect
the inlet of the compressor to the expansion tank to with-
draw gas from the expansion tank to thereby reduce the
pressure in the expansion tank.

[0064] Further, the pressure in the expansion tank may
be configured to be regulated based on the present con-
densation temperature of the working fluid.

[0065] Further, the pressure in the expansion tank may
be configured to be regulated based on a temperature
of a condenser cooling media upstream of the expansion
tank in the waste heat recovery system.

[0066] The valve arrangement may be configured to
respond to a control signal to connect the compressor to
the expansion tank to reduce the pressure in the expan-
sion tank

The person skilled in the art realizes that the present
invention by no means is limited to the preferred embod-
iments described above. On the contrary, many modifi-
cations and variations are possible within the scope of
the appended claims.

[0067] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a"or"an"does not exclude a plurality. A single processor
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
notindicate thata combination of these measured cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.

Claims

1. Atank pressure regulation system (300) for a waste
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heat recovery system (100) comprising an expan-
sion tank (102) to allow for a working fluid of the
waste heat recovery system (100) to expand, an ex-
pander (106) for receiving evaporated working fluid
and for extracting work through expansion of the
evaporated working fluid, and a condenser (108) ar-
ranged to receive the evaporated working fluid and
for liquefying the evaporated working fluid by heat
exchange with a condenser cooling media, the tank
pressure regulation system (300) comprising:

acompressor (302) comprising an inlet (304) for
withdrawing gas and an outlet (306) for providing
pressurized gas, and

a valve arrangement (310) connectable in fluid
communication with the expansion tank (102)
and with the inlet (304) and outlet (306) of the
compressor (302), wherein, when in use and
connected to the compressor (302) and the ex-
pansion tank (102), the valve arrangement (310)
is responsive to a control signal to alternately
connectthe outlet (306) of the compressor (302)
to the expansion tank (102) to thereby increase
the pressure in the expansion tank (102), and
connect the inlet (304) of the compressor (302)
to the expansiontank (102) to withdraw gas from
the expansion tank (102) to thereby reduce the
pressure in the expansion tank (102),

the tank pressure regulation system is charac-
terized in that it further comprises

acontrol unit (320) configured to acquire a signal
indicative of a present pressure of the working
fluid in the waste heat recovery system (100),
and determine the present condensation tem-
perature of the working fluid based on the
present pressure of the working fluid, and to pro-
vide the control signal to the valve arrangement
(310) to regulate the pressure in the expansion
tank (102) based on the present condensation
temperature of the working fluid to a pressure
below ambient pressure.

The tank pressure regulation system (300) accord-
ing to claim 1, wherein the pressure in the expansion
tank (102) is regulated further based on a tempera-
ture of a condenser cooling media of the condenser
(108) upstream of the expansion tank (102) in the
waste heat recovery system (100).

The tank pressure regulation system (300) accord-
ing to claim 2, wherein when the temperature of the
condenser cooling media decreases, the valve ar-
rangement (310) is responsive to connect the com-
pressor (302) to the expansion tank (102) to reduce
the pressure in the expansion tank.

The tank pressure regulation system (300) accord-
ing to any one of the preceding claims, wherein the
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pressure in the expansion tank (102) is controlled
such that a condensation temperature for the work-
ing fluid is equal to or exceed a present temperature
of a condenser cooling media upstream of the ex-
pansion tank (102) in the waste heat recovery sys-
tem.

The tank pressure regulation system (300) accord-
ing to any one of the preceding claims, wherein the
pressure in the expansion tank (102) is regulated to
be maintained within a pressure range including am-
bient pressure.

The tank pressure regulation system (300) accord-
ing to claim 5, wherein the pressure range includes
a pressure below ambient pressure.

The tank pressure regulation system (300) accord-
ing to any one of the preceding claims, wherein the
valve arrangement (310) comprises a four-way valve
(310).

The tank pressure regulation system (300) accord-
ingto any one of the preceding claims, the expansion
tank (102) comprising an expandable container
(102a) and a rigid container (102b) accommodating
the expandable container (102a), the expandable
container (102a) being arranged to accommodate
the working fluid and the rigid container (102b) being
arranged to be in fluid communication with the valve
arrangement (310), wherein the pressure in the rigid
container is controllable by the compressor (302)
and valve arrangement (310).

The tank pressure regulation system (300) accord-
ing to any one of claims 2 to 8, wherein the cooling
mediain the condenser (108) is ambient air, wherein
the control signal is based on a temperature of the
ambient air.

The tank pressure regulation system (300) accord-
ing to any one of the preceding claims, wherein the
control unit (320) is configured to receive signals in-
dicative of a temperature of a condenser cooling me-
dia, and indicative of the present pressure of the
working fluid to thereby determine the present con-
densation temperature of the working fluid, and to
provide the control signal to the valve arrangement
(310) based on the received signals.

The tank pressure regulation system (300) accord-
ing to any one of the preceding claims, comprising
an air drier (322) for dehydrating air being withdrawn
from ambient atmosphere on an air side port (324)
of the valve arrangement.

The tank pressure regulation system (300) accord-
ing to any one of the preceding claims, wherein the
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present condensation temperature is determined
based on the present pressure of the working fluid
in the waste heat recovery system (100).

A waste heat recovery system (100) for a vehicle,
the waste heat recovery system comprising:

atank pressure regulation system (300) accord-
ing to any one of the preceding claims,

at least one heat exchanger (104) for evaporat-
ing the working fluid;

an expander (106) for receiving the evaporated
working fluid and for extracting work through ex-
pansion of the evaporated working fluid;
acondenser (108) arranged to receive the evap-
orated working fluid and for liquefying the evap-
orated working fluid by heat exchange with a
condenser cooling media, and

a pump (109) for circulating the working fluid in
the waste heat recovery system, the pump is
connected to fluid communication lines down-
stream of the expansion tank and upstream of
the at least one heat exchanger.

A method for controlling a tank pressure regulation
system for a waste heat recovery system comprising
a condenser having a condenser cooling media up-
stream of an expansion tank configured to allow for
a working fluid of the waste heat recovery system to
expand, the method comprising:

increasing (S104), when a temperature of the
condenser cooling media exceeds a present
condensation temperature for the working fluid,
the pressure of the working fluid in the expansion
tank,

reducing (S106), when a temperature of the con-
denser cooling media is below the present con-
densation temperature for the working fluid, the
pressure of the working fluid in the expansion
tank, wherein based on the present condensa-
tion temperature for the working fluid, the pres-
sure is reduced to below ambient pressure.

A control unit (320) for controlling a tank pressure
regulation system (300) for a waste heat recovery
system (100) comprising an expansion tank (102) to
allow for a working fluid of the waste heat recovery
system to expand, the control unit being configured
to:

acquire a signal indicative of a temperature of a
condenser cooling media of a condenser (108)
arranged upstream of the expansion tank (102)
in the waste heat recovery system (100);

control, when the signal indicates a temperature
exceeding a present condensation temperature
for the working fluid, a valve arrangement (310)
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in fluid communication with the expansion tank
(102) to connect an outlet of a compressor (302)
to the expansion tank (102) to thereby increase
the pressure of the working fluid, and

control, when the signal indicates a temperature
below the present condensation temperature for
the working fluid, the valve arrangement (310)
to connect the inlet (304) of the compressor
(302) to the expansion tank (102) to withdraw
gas from the expansion tank (102) to thereby
reduce the pressure in the expansion tank (302),
wherein based on the present condensation
temperature for the working fluid, the pressure
is reduced to below ambient pressure.

Patentanspriiche

1.

Behalterdruckregelsystem (300) fur ein Abwarme-
rickgewinnungssystem (100), umfassend einen
Ausgleichsbehalter (102), um die Ausdehnung eines
Arbeitsfluids des Abwarmeriickgewinnungssystems
(100) zuzulassen, einen Expander (106) zur Aufnah-
me von verdampftem Arbeitsfluid und zum Extrahie-
ren von Arbeit durch die Ausdehnung des verdampf-
ten Arbeitsfluids, und einen Kondensator (108), der
dazu angeordnet ist, das verdampfte Arbeitsfluid
aufzunehmen, und zum Verflissigen des verdampf-
ten Arbeitsfluids durch den Warmeaustausch mit ei-
nem Kondensatorkiihimedium, wobei das Behélter-
druckregelsystem (300) Folgendes umfasst:

einen Verdichter (302), umfassend einen Ein-
lass (304) zum Entnehmen von Gas und einen
Auslass (306) zum Vorsehen von Druckgas, und
eine Ventilanordnung (310), die mit dem Aus-
gleichsbehalter (102) und mitdem Einlass (304)
und dem Auslass (306) des Verdichters (302) in
Fluidverbindung bringbar ist, wobei die Ventila-
nordnung (310) wahrend der Verwendung und
wenn sie mitdem Verdichter (302) und dem Aus-
gleichsbehélter (102) verbunden ist, auf ein
Steuersignal reagiert, um abwechselnd den
Auslass (306) des Verdichters (302) mit dem
Ausgleichsbehalter (102) zu verbinden, um da-
durch den Druck im Ausgleichsbehalter (102)
zu erhdéhen, und den Einlass (304) des Verdich-
ters (302) mit dem Ausgleichsbehalter (102) zu
verbinden, um Gas aus dem Ausgleichsbehalter
(102) zu entnehmen, um dadurch den Druck im
Ausgleichsbehalter (102) zu verringern,

wobei das Behalterdruckregelsystem dadurch
gekennzeichnet ist, dass es ferner eine Steu-
ereinheit (320) umfasst, die dazu ausgelegt ist,
ein Signal zu empfangen, das einen vorhande-
nen Druck des Arbeitsfluids im Abwarmerick-
gewinnungssystem (100) angibt, und die vor-
handene Kondensationstemperatur des Ar-
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beitsfluids anhand des vorhandenen Drucks des
Arbeitsfluids zu bestimmen und der Ventilanord-
nung (310) das Steuersignal zu senden, um den
Druck im Ausgleichsbehalter (102) anhand der
vorhandenen Kondensationstemperatur des Ar-
beitsfluids auf einen Druck unter Umgebungs-
druck zu regeln.

Behalterdruckregelsystem (300) nach Anspruch 1,
wobei der Druck im Ausgleichsbehalter (102) ferner
anhand der Temperatur eines Kondensatorkiihime-
diums des Kondensators (108) vor dem Ausgleichs-
behalter (102) im Abwarmeriickgewinnungssystem
(100) geregelt wird.

Behalterdruckregelsystem (300) nach Anspruch 2,
wobei, wenn die Temperatur des Kondensatorkhl-
mediums abnimmt, die Ventilanordnung (310) rea-
giert, um den Verdichter (302) mit dem Ausgleichs-
behalter (102) zu verbinden, um den Druck im Aus-
gleichsbehélter zu verringern.

Behalterdruckregelsystem (300) nach einem der
vorstehenden Anspriiche, wobei der Druck im Aus-
gleichsbehalter (102) derart gesteuert ist, dass die
Kondensationstemperatur des Arbeitsfluids gleich
oder hoher als eine vorhandene Temperatur eines
Kondensatorkiihimediums vor dem Ausgleichsbe-
halter (102) im Abwarmerickgewinnungssystem ist.

Behalterdruckregelsystem (300) nach einem der
vorstehenden Anspriiche, wobei der Druck im Aus-
gleichsbehalter (102) geregelt wird, um innerhalb ei-
nes Druckbereichs, einschlieRlich Umgebungs-
druck, gehalten zu werden.

Behalterdruckregelsystem (300) nach Anspruch 5,
wobei der Druckbereich einen Druck unter Umge-
bungsdruck einschlieft.

Behalterdruckregelsystem (300) nach einem der
vorstehenden Anspriiche, wobei die Ventilanord-
nung (310) ein Vier-Wege-Ventil (310) umfasst.

Behalterdruckregelsystem (300) nach einem der
vorstehenden Anspriiche, wobei der Ausgleichsbe-
halter (102) einen dehnbaren Behalter (102a) und
einen den dehnbaren Behalter (102a) fassenden
starren Behalter (102b) umfasst, wobei der dehnba-
re Behélter (102a) dazu angeordnet ist, das Arbeits-
fluid zu fassen und der starre Behalter (102b) dazu
angeordnetist, mitder Ventilanordnung (310) in Flu-
idverbindung zu stehen, wobei der Druck im starren
Behalter vom Verdichter (302) und von der Ventila-
nordnung (310) steuerbar ist.

Behalterdruckregelsystem (300) nach einem der An-
spriiche 2 bis 8, wobei das Kiihimedium im Konden-
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sator (108) Umgebungsluft ist, wobei das Steuersi-
gnal auf der Temperatur der Umgebungsluft basiert.

Behalterdruckregelsystem (300) nach einem der
vorstehenden Anspriiche, wobei die Steuereinheit
(320) dazu ausgelegt ist, Signale zu empfangen, die
eine Temperatur des Kondensatorkiihimediums an-
gebenund den vorhandenen Druck des Arbeitsfluids
angeben, um dadurch die vorhandene Kondensati-
onstemperatur des Arbeitsfluids zu bestimmen und
der Ventilanordnung (310) anhand der empfange-
nen Signale das Steuersignal zu senden.

Behalterdruckregelsystem (300) nach einem der
vorstehenden Anspriiche, umfassend einen
Lufttrockner (322) zum Dehydrieren von Luft, die aus
der Umgebungsatmosphéare an einem luftseitigen
Anschluss (324) der Ventilanordnung entnommen
wird.

Behalterdruckregelsystem (300) nach einem der
vorstehenden Anspriiche, wobei die vorhandene
Kondensationstemperatur anhand des vorhande-
nen Drucks des Arbeitsfluids im Abwarmerickge-
winnungssystem (100) bestimmt wird.

Abwarmertckgewinnungssystem (100) fir ein Fahr-
zeug, wobei das Abwarmeriickgewinnungssystem
Folgendes umfasst:

ein Behalterdruckregelsystem (300) nach ei-
nem der vorstehenden Anspriiche, mindestens
einen Warmetauscher (104) zum Verdampfen
des Arbeitsfluids;

einen Expander (106) zur Aufnahme von ver-
dampftem Arbeitsfluid und zum Extrahieren von
Arbeit durch die Ausdehnung des verdampften
Arbeitsfluids;

einen Kondensator (108), der dazu angeordnet
ist, das verdampfte Arbeitsfluid aufzunehmen
und das verdampfte Arbeitsfluid durch den War-
meaustausch mit einem Kondensatorkiihimedi-
um zu verflissigen, und

eine Pumpe (109) zum Zirkulieren des Arbeits-
fluids im Abwarmeriickgewinnungssystem, wo-
bei die Pumpe mit Fluidkommunikationsleitun-
gen nach dem Ausgleichsbehalter und vor dem
mindestens einen Warmetauscher verbunden
ist.

Verfahren zum Steuern eines Behalterdruckregel-
systems flr ein Abwarmerickgewinnungssystem,
umfassend einen Kondensator, der ein Kondensa-
torkiihimedium vor einem Ausgleichsbehalter auf-
weist, der dazu ausgelegt ist, die Ausdehnung eines
Arbeitsfluids des Abwarmeriickgewinnungssystems
zuzulassen, wobei das Verfahren Folgendes um-
fasst:
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Erhohen (S104) des Drucks des Arbeitsfluids im
Ausgleichsbehalter, wenn die Temperatur des
Kondensatorkiihimediums die vorhandene
Kondensationstemperatur des Arbeitsfluids
Ubersteigt,

Verringern (S106) des Drucks des Arbeitsfluids
im Ausgleichsbehalter, wenn die Temperatur
des Kondensatorkiihimediums unter der vor-
handenen Kondensationstemperatur des Ar-
beitsfluids liegt, wobei der Druck anhand der
vorhandenen Kondensationstemperatur des Ar-
beitsfluids auf unter Umgebungsdruck verrin-
gert wird.

15. Steuereinheit (320) zum Steuern eines Behélter-

druckregelsystems (300) fir ein Abwarmeriickge-
winnungssystem (100), umfassend einen Aus-
gleichsbehalter (102), um die Ausdehnung eines Ar-
beitsfluids des Abwarmeriickgewinnungssystems
zuzulassen, wobei die Steuereinheit dazu ausgelegt
ist:

ein Signal zu empfangen, das die Temperatur
eines Kondensatorkiihimediums eines Konden-
sators (108), der vor dem Ausgleichsbehalter
(102) im Abwarmerickgewinnungssystem
(100) angeordnet ist, anzeigt;

zu steuern, dass eine Ventilanordnung (310) in
Fluidverbindung mit dem Ausgleichsbehalter
(102), wenn das Signal eine Temperatur an-
zeigt, die eine vorhandene Kondensationstem-
peratur des Arbeitsfluids Ubersteigt, einen Aus-
lass eines Verdichters (302) mit dem Aus-
gleichsbehélter (102) verbindet, um dadurch
den Druck des Arbeitsfluids zu erhohen, und
zu steuern, dass die Ventilanordnung (310),
wenn das Signal eine Temperatur anzeigt, die
unter der vorhandenen Kondensationstempera-
tur des Arbeitsfluids liegt, den Einlass (304) des
Verdichters (302) mit dem Ausgleichsbehalter
(102) verbindet, um Gas aus dem Ausgleichs-
behalter (102) zu entnehmen, um dadurch den
Druck im Ausgleichsbehalter (302) zu verrin-
gern, wobei der Druck anhand der vorhandenen
Kondensationstemperatur des Arbeitsfluids auf
unter Umgebungsdruck verringert wird.

Revendications

1.

Systeme de régulation de pression de réservoir
(300) pour un systéeme de récupération de chaleur
résiduelle (100) comprenant un réservoir de détente
(102) pour permettre la détente d’un fluide de travail
du systéme de récupération de chaleur résiduelle
(100), undétendeur (106) destiné arecevoir du fluide
de travail évaporé et a extraire du travail par la dé-
tente du fluide de travail évaporé, et un condenseur
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(108) congu pour recevoir le fluide de travail évaporé
et pour liquéfier le fluide de travail évaporé par
échange thermique avec une substance frigorigéne
de condenseur, le systeme de régulation de pression
de réservoir (300) comprenant :

un compresseur (302) comprenant une entrée
(304) pour prélever du gaz et une sortie (306)
pour fournir du gaz sous pression, et

un dispositif de vanne (310) propre a étre mis
en communication fluidique avec le réservoir de
détente (102) et avec I'entrée (304) et la sortie
(306) du compresseur (302), le dispositif de van-
ne (310), lorsqu'’il est utilisé et raccordé au com-
presseur (302) et au réservoir de détente (102),
réagissant a un signal de commande pour, al-
ternativement, raccorder la sortie (306) du com-
presseur (302) au réservoir de détente (102) de
facon a augmenter la pression dans le réservoir
de détente (102), et raccorder I'entrée (304) du
compresseur (302) au réservoir de détente
(102) afin de prélever du gaz du réservoir de
détente (102) de fagon a réduire la pression
dans le réservoir de détente (102),

le systéme de régulation de pression de réser-
voir étant caractérisé en ce qu’il comprend en
outre :

une unité de commande (320) congue pour ac-
quérir un signal indiquant une pression actuelle
du fluide de travail dans le systéme de récupé-
ration de chaleur résiduelle (100), et déterminer
latempérature de condensation actuelle du flui-
de de travail sur la base de la pression actuelle
du fluide de travail, et pour transmettre le signal
de commande au dispositif de vanne (310) afin
de réguler la pression dans le réservoir de dé-
tente (102) surla base de la température de con-
densation actuelle du fluide de travail de fagon
a 'amener a une pression inférieure a la pres-
sion ambiante.

2. Systeme de régulation de pression de réservoir

(300) selon la revendication 1, dans lequel la pres-
sion dans le réservoir de détente (102) est régulée,
d’autre part, sur la base d’'une température d’une
substance frigorigéne de condenseur du conden-
seur (108) en amont du réservoir de détente (102)
dans le systeme de récupération de chaleur rési-
duelle (100).

Systeme de régulation de pression de réservoir
(300) selon la revendication 2, dans lequel, lorsque
la température de la substance frigorigéne de con-
denseur diminue, le dispositif de vanne (310) réagit
pour raccorder le compresseur (302) au réservoir de
détente (102) afin de réduire la pression dans le ré-
servoir de détente.
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Systeme de régulation de pression de réservoir
(300) selon I'une quelconque des revendications
précédentes, dans lequel la pression dans le réser-
voirde détente (102) estrégulée de telle sorte qu’une
température de condensation pour le fluide de travail
soit égale ou supérieure a une température actuelle
d'une substance frigorigene de condenseur en
amontdu réservoir de détente (102) dans le systeme
de récupération de chaleur résiduelle (100).

Systeme de régulation de pression de réservoir
(300) selon l'une quelconque des revendications
précédentes, dans lequel la pression dans le réser-
voir de détente (102) est régulée de fagon a étre
maintenue dans une plage de pression comprenant
la pression ambiante.

Systeme de régulation de pression de réservoir
(300) selon la revendication 5, dans lequel la plage
de pression comprend une pression inférieure a la
pression ambiante.

Systeme de régulation de pression de réservoir
(300) selon I'une quelconque des revendications
précédentes, dans lequel le dispositif de vanne (310)
comprend une vanne a quatre voies (310).

Systeme de régulation de pression de réservoir
(300) selon I'une quelconque des revendications
précédentes, le réservoir de détente (102) compre-
nant un réceptacle dilatable (102a) et un réceptacle
rigide (102b) contenant le réceptacle dilatable
(102a), le réceptacle dilatable (102a) étant congu
pour contenir le fluide de travail et le réceptacle rigide
(102b) étant congu pour étre en communication flui-
dique avec le dispositif de vanne (310), dans lequel
la pression dans le réceptacle rigide est régulable
au moyen du compresseur (302) et du dispositif de
vanne (310).

Systeme de régulation de pression de réservoir
(300) selon I'une quelconque des revendications 2
a 8, dans lequel la substance frigorigéne dans le
condenseur (108) est l'air ambiant, dans lequel le
signal de commande est basé sur une température
de I'air ambiant.

Systeme de régulation de pression de réservoir
(300) selon I'une quelconque des revendications
précédentes, danslequel I'unité de commande (320)
est congue pour recevoir des signaux indiquant une
température d’'une substance frigorigéne de conden-
seur, et indiquant la pression actuelle du fluide de
travail pour déterminer ainsi la température de con-
densation actuelle du fluide de travail, et pour trans-
mettre le signal de commande au dispositif de vanne
(310) sur la base des signaux regus.
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Systeme de régulation de pression de réservoir
(300) selon l'une quelconque des revendications
précédentes, comprenant un sécheur d’air (322)
destiné a déshydrater l'air prélevé du milieu ambiant
sur un orifice c6té air (324) du dispositif de vanne.

Systeme de régulation de pression de réservoir
(300) selon l'une quelconque des revendications
précédentes, dans lequel latempérature de conden-
sation actuelle est déterminée sur la base de la pres-
sion actuelle du fluide de travail dans le systéme de
récupération de chaleur résiduelle (100).

Systeme de récupération de chaleur résiduelle (100)
pourun véhicule, le systéeme de récupération de cha-
leur résiduelle comprenant :

un systéme de régulation de pression de réser-
voir (300) selon I'une quelconque des revendi-
cations précédentes ;

au moins un échangeur thermique (104) destiné
a évaporer le fluide de travail ;

un détendeur (106) destiné a recevoir le fluide
de travail évaporé et a extraire du travail par la
détente du fluide de travail évaporé ;

un condenseur (108) congu pour recevoir le flui-
de de travail évaporé et pour liquéfier le fluide
de travail évaporé par échange thermique avec
une substance frigorigéne de condenseur ; et
une pompe (109) destinée a faire circuler le flui-
de de travail dans le systeme de récupération
de chaleur résiduelle, la pompe étant raccordée
a des conduites de communication fluidique en
aval du réservoir de détente et en amont de I'au
moins un échangeur thermique.

Procédé de commande d’un systeme de régulation
de pression de réservoir pour un systeme de récu-
pération de chaleur résiduelle comprenant un con-
denseur ayant une substance frigorigéne de con-
denseur en amont d’un réservoir de détente congu
pour permettre la détente d’un fluide de travail du
systeme de récupération de chaleur résiduelle, le
procédé comprenant :

augmenter (S104), lorsqu’une température de
la substance frigorigéne de condenseur est su-
périeure a une température de condensation ac-
tuelle pour le fluide de travail, la pression du flui-
de de travail dans le réservoir de détente,

réduire (S106), lorsqu'une température de la
substance frigorigéne de condenseur est infé-
rieure a latempérature de condensation actuelle
pour le fluide de travail, la pression du fluide de
travail dans le réservoir de détente, la pression
étant réduite, sur la base de la température de
condensation actuelle pour le fluide de travail,
a une valeur inférieure a la pression ambiante.
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15. Unité de commande (320) destinée a commander
un systéme de régulation de pression de réservoir
(300) pour un systéme de récupération de chaleur
résiduelle (100) comprenant un réservoir de détente
(102) pour permettre la détente d’un fluide de travail
du systeme de récupération de chaleur résiduelle,
I'unité de commande étant congue pour :

acquérir un signal indiquant une température
d’une substance frigorigéne de condenseurd’un
condenseur (108) placé en amont du réservoir
de détente (102) dans le systéme de récupéra-
tion de chaleur résiduelle (100) ;

commander, lorsque le signal indique une tem-
pérature supérieure a une température de con-
densation actuelle pour le fluide de travail, un
dispositif de vanne (310) en communication flui-
dique avecle réservoir de détente (102) de sorte
qu’ilraccorde une sortie d’'un compresseur (302)
au réservoir de détente (102) de fagon a aug-
menter la pression du fluide de travail ; et
commander, lorsque le signal indique une tem-
pérature inférieure a la température de conden-
sation actuelle pour le fluide de travail, le dispo-
sitif de vanne (310) de sorte qu'il raccorde I'en-
trée (304) du compresseur (302) au réservoir de
détente (102) afin de prélever du gaz du réser-
voir de détente (102) de fagon a réduire la pres-
sion dans le réservoir de détente (102), la pres-
sion étant réduite, sur la base de la température
de condensation actuelle pour le fluide de tra-
vail, a une valeur inférieure a la pression am-
biante.
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