wO 2009/065764 A1 |00 0 OO0 0 00O 0O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
28 May 2009 (28.05.2009)

lﬂfb A0 A O

(10) International Publication Number

WO 2009/065764 Al

(51) International Patent Classification:
F04D 3/02 (2006.01) HOIL 37/04 (2006.01)

(21) International Application Number:
PCT/EP2008/065459

(22) International Filing Date:
13 November 2008 (13.11.2008)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
07120950.6 19 November 2007 (19.11.2007) EP

(71) Applicant (for all designated States except US): ABB RE-
SEARCH LTD [CH/CH]; Affolternstrasse 44, CH-8050
Zirich (CH).

(72) Inventors; and

(75) Inventors/Applicants (for US only): RUSSBERG, Gun-
nar [SE/SE]; Ormbergssvingen 27, S-724 62 Visteris
(SE). THORBURN, Stefan [SE/SE]; Ankargatan 8,
S-723 48 Visterds (SE). ROTHMAN, Bengt [SE/SE],
Profilgatan 16, S-723 36 Visteras (SE).

(74) Agent: DAHLSTRAND, Bjorn; Ingenjor Baaths Gata 11,
S-721 83 Visteras (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

[Continued on next page]

(54) Title: COMBINED PUMP AND VALVE APPARATUS

y Lta

4]

(57) Abstract: A combined pump and valve apparatus com-
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rically in the casing; a device (43, 47a-b, 43', 43") fixedly at-
tached to the shaft and in close fit with the cylindrical casing,
thereby defining separated chambers (44a-d) within the cas-
ing; a plurality of outlets/inlets (46a-f) arranged along the cir-
cumference of the casing; and a plurality of axially arranged
inlets/outlets (45a-b), each of which being fixedly connected
to a respective one of the separated chambers. The axially ar-
ranged inlets/outlets are alternately in fluid connection with
each of the outlets/inlets fixedly arranged along the circumfer-
ence of the casing in response to rotation of the shaft and the
device with respect to the casing. The device comprises fur-
ther an impeller arrangement (47a-b, 43', 43") for pumping a
fluid through the combined pump and valve apparatus in re-
sponse to the rotation of the shaft.
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COMBINED PUMP AND VALVE APPARATUS

TECHNICAL FIELD OF THE INVENTION

The present invention generally relates to pump and valve
assemblies. The invention is preferably, but not exclusively,
intended for a generator system for converting thermal energy to

electric energy.

DESCRIPTION OF RELATED ART AND BACKGROUND OF THE INVENTION

In known generator systems for converting thermal energy to
electric energy there 1s provided a magnetic circuit of a
suitable magnetic material and a coil arranged around the
magnetic circuit. A temperature-varying arrangement varies the
temperature of the magnetic circuit alternately above and below
a phase transition temperature such as the Curie point to
thereby wvary the reluctance of the magnetic circuit and the
resulting magnetization of the magnetic circuit is modulated by
the varying reluctance so as to induce electric energy in the
coil arranged around the magnetic circuit. The temperature-
varying arrangement passes alternately hot and cold fluid by the
magnetic circuit and comprises typically one or several feed

pumps, piping, and a valve manifold.

A problem of such arrangement is that energetically inefficient
cycling of fluid is achieved, and the arrangement tends to

become complex and.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a
combined pump and valve apparatus, which has a simplified, yet

improved, structure and operation.
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It is a particular object of the invention to provide such a
combined pump and valve apparatus, which can provide for a

smooth and energetically efficient cycling of fluid.

It is still a further object of the invention to provide such a
combined pump and valve apparatus, which are dynamically

controllable, reliable, flexible, and of reasonable cost.

It is yet a further object of the invention to provide such a
combined pump and valve apparatus, which can be used 1in a
temperature-varying arrangement for a generator system that

converts thermal energy to electric energy.

These objects, among others, are according to the present
invention attained by combined pump and valve apparatuses as

specified in the appended patent claims.

According to one aspect o0of the invention there is provided a
combined pump and valve apparatus, which includes a cylindrical
casing, a shaft arranged symmetrically in the casing, a device
fixedly attached to the shaft and in close fit with the
cylindrical casing to thereby define separated chambers within
the casing, a plurality of outlets/inlets fixedly arranged
along the circumference of the casing, and a plurality of
axially arranged inlets/outlets, each of which being fixedly
connected to a respective one of the separated chambers. The
separated chambers and thereby the axially arranged
inlets/outlets are alternately in fluid connection with each of
the outlets/inlets fixedly arranged along the circumference of
the casing in response to rotation of the shaft and the device
with respect to the casing. Further, the device comprises an
impeller arrangement for pumping a fluid through the combined
pump and valve apparatus in response to rotation of the shaft

and the device.
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In one embodiment of the invention the device comprises a
member in the close fit with the c¢ylindrical casing, which
defines the separated chambers within the casing, and the
impeller arrangement as separated parts. Advantageously, the
impeller arrangement comprises two impellers, one at each side

of the member as seen in the axial direction.

In another embodiment of the invention the device is a single-
piece device, which advantageously comprises surfaces that are
shaped to obtain impelling function while the single-piece
device is rotated. That 1is, the single-piece device, which 1is
in close fit with the casing and defines the separated chambers
within the casing, has suitably shaped surfaces in the two
axial directions to resemble the operation of the two impellers
of the previous embodiment. Thus, two different functions
(chamber dividing function and impelling function) are achieved

by a single component.

The present invention features a combined pump and valve
apparatus, which is simple, reliable, and robust, and by which
smooth and energetically efficient pumping and distribution of

fluids, can be made.

The combined pump and valve apparatus of the present invention
can be used for the thermal cycling of fluid in a
thermomagnetic generator device, but can alternatively be used
in entirely different applications, in which fluids of
different characteristics should be alternately output in a

single pipe.

Further characteristics of the invention and advantages thereof,
will be evident from the following detailed description of
preferred embodiments of the present invention given hereinafter

and the accompanying Figs. 1-7, which are given by way of
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illustration only and thus, are not limitative of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 displays schematically in a perspective view a combined
pump and valve apparatus according to an embodiment of the

invention.

Figs. 2 and 3 display schematically in perspective views

examples of devices that can be used in the apparatus of Fig. 1.

Figs. 4 and 5 display each schematically in a perspective view a
combined pump and valve apparatus according to a further

embodiment of the invention.

Figs. 6 and 7 display schematically thermomagnetic generator
systems comprising combined pump and valve apparatuses of the

present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

A combined pump and valve apparatus according to an embodiment
0of the invention 1is disclosed in Fig. 1. A hollow cylinder or
cylindrical casing 41 houses a symmetrically arranged rotatable
shaft 42, to which a member 43 is fixedly attached. The member
43, which preferably 1is thermally isclating, is provided in
close fit with the c¢ylindrical casing 41 and defines four
essentially separated and identical compartments or chambers
44a-d of the apparatus. Each of the chambers 44a-d is defined
by two sidewalls that extends radially from the shaft 42 and to
the casing 1 and axially, and a top cover that extends radially
from the shaft 42 and to the casing 1 and circumferentially
between the two sidewalls. Two of the chambers 44a, 44c are

fixedly connected to a first axially arranged inlet or outlet
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45a, and is configured to receive or output fluid of a first
characteristic, and two of the chambers 44b, 44d are fixedly
connected to a second axially arranged inlet or outlet 45b, and
is configured to receive or output fluid of a second

characteristic.

Further, a number of outlets or inlets 46a-f are arranged
circumferentially in the casing 41, preferably with equal
distances between one another. The circumferentially arranged
outlets or 1inlets 46a-f can alternately be put in fluid
communication with the respective chambers 44a-d by rotating
the shaft 42 and the member 43, thereby also rotating the

chambers 44a-d.

Yet further, an impeller arrangement 47a-b is fixedly mounted
onto the shaft 42 within the casing for pumping at least one
fluid through the combined pump and valve apparatus in response
to rotation of the shaft 42. Preferably the impeller
arrangement comprises two separate impellers 47a-b, one at each
side of the member 43 as seen in the axial direction. The
structure of the impellers may be of any suitable kind to
obtain a suitable pumping operation for the application in

question.

The shaft 42 is advantageously mounted in the c¢ylindrical
casing 41 by means of bearings and means, e.g. an electric
motor (not illustrated), is provided to apply a driving torque

on the shaft 42.

During operation of the combined pump and wvalve apparatus in a
first operation mode, the shaft 42 and thereby the member 43
and the impeller arrangement 47a-b are steadily rotated with
respect to the casing 41 and the outlets 46a-f by means of the

motor, thereby sucking a fluid of a first characteristic trough
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the first axially arranged inlet or outlet 45a and into the two
chambers 44a, 44c fixedly connected to +the first axially
arranged 1inlet or outlet 45a, and sucking a fluid of a second
characteristic trough the second axially arranged inlet or
outlet 45b and into the two chambers 44b, 44d fixedly connected
to the second axially arranged inlet or outlet 45b. Thus, the
axially arranged inlets or outlets 45a-b are in this operation
mode inlets. As the member 43 and thus the chambers 44a-d
thereof are rotated with respect to the casing the fluids of
the first and second characteristics are alternately output
through the circumferentially arranged outlets or inlets 46a-f,

which thus in this operation mode are outlets.

The circumferentially arranged outlets 46a-f alternately output
pulses of fluids of the first and second characteristics. The
rotational speed for a given number of chambers controls the
wavelength and frequency of the train of fluid pulses and the
angular separation of the outlets controls the phase shift

between them.

The fluids of the first and second characteristics may be
fluids, such as e.g. water or other heat exchange fluid, of
different temperatures. Alternatively, different fluids or
fluids having different properties are mixed by the combined

pump and valve apparatus.

In a second operation mode the combined pump and valve
apparatus operates in a reciprocal manner to divide up fluid
pulses of the first and second characteristics received at the
circumferentially arranged outlets or 1inlets 46a-f, Dbeing
inlets in this operation mode. The shaft 42 and thereby the
member 43 and the 1impeller arrangement 47a-b are steadily
rotated in the opposite direction with respect to the casing 41

and the outlets 46a-f by means of the motor. Hereby, the fluid
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pulses of the first and second characteristic are sucked
through the circumferentially arranged 1inlets 46a-f and
alternately into the respective chambers 44a-d of the casing
41, The fluid pulses that are collected in the two chambers
44a, 44c fixedly connected to the first axially arranged inlet
or outlet 45a 1is output there through, and the fluid pulses
that are collected in the two chambers 44b, 44d fixedly
connected to the second axially arranged inlet or outlet 45b is
output there through. Thus, the axially arranged inlets or
outlets 45a-b are outlets in this operation mode. If the
rotational speed of the shaft 42 is adapted to the frequency of
the fluid pulses and the phase shift between the fluid pulses
at the circumferentially arranged inlets 46a-f is adapted to
the angular separation of the circumferentially arranged inlets
d6a-f fluid of the first characteristic can be collected by the
combined pump and valve apparatus and output though the first
axially arranged outlet 45a and fluid of the second
characteristic can be collected by the combined pump and valve
apparatus and output though the second axially arranged outlet

45b.

A small separation between the member 43 and the wall of the
cylindrical casing 41 may be allowed, reducing or eliminating
solid-to-solid contact forces with only negligible amounts of

fluid being mixed.

The combined  pump and valve apparatus is capable of
distributing industrial scale amounts of fluids with different
characteristics to a common outlet (or several common outlets)
with minimal mixing on a sub-second scale. The combined pump
and valve apparatus allows for a steady fluid flow with minimal
disturbance from switching, minimal switching power demand, and

a long lifetime with the ability to switch millions of cycles.
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Conventional valves and piston pumps either are too slow, too
disruptive (flow stop, pressure waves), power demanding and/or

wear out after rather short a number of cycles.

Figs. 2 and 3 display each schematically in a perspective view
a chamber-dividing member 43 (fig. 2) and 43’7’ (Fig. 3)
comprising an impeller arrangement integrated therein, which
can be used in the apparatus of Fig. 1 instead of the member 43
and the dimpeller arrangement 47a-b. Each of the Figures
discloses the chamber-dividing member in two different views.
The impelling arrangement 1is provided as surface portions 437'a,
43""a of the member 43’7, 43’'’ +that are shaped to obtain
impelling function while the member 437, 43’7’ is rotated. The
chamber-dividing member and the impeller arrangement are here
thus integrated into a single-piece part or Dbody, which
provides the chamber-dividing and rotating function and the

impelling function for flows in both axial directions.

With reference next to Fig. 5, a combined pump and vwvalve
apparatus according to a further embodiment of the invention
differs from the embodiment of Fig. 1 in that the chamber-
dividing and rotating member 43 is exchanged for an elliptic
disc 43’’’ fixedly mounted on the shaft 1in an 1inclined
position. The elliptic disc 43’’’ is arranged in close fit with
the c¢cylindrical casing 41, to define a first and a second
chamber 44'’"a-b. The elliptic disc 43’ is arranged at an axial
position and with an inclination angle such that each of the
outlets/inlets at the circumference of the cylindrical casing
41 is alternately in fluid connection with the first and second
chambers 44'’’a-b as the shaft 42 and the elliptic disc 437"’

are rotated with respect to the cylindrical casing 41.
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The elliptic plate might be fabricated by cutting it from a
predrilled solid cylinder having a diameter slightly less than

the inner diameter of the cylindrical casing.

A large number of circumferentially arranged outlets/inlets
minimize ©possible pressure variations associated with the
elliptic disc 43’’’ sweeping by a circumferentially arranged
outlet/inlet. During the peak of such an event the elliptic
disc 43’’’ may, depending on the actual design chosen, cover
either the full outlet/inlet area (some unsteadiness has be
tolerated in the outlet/inlet flow) or only part of it (some

mixing has to be tolerated in the outlet/inlet flow).

The elliptic disc 43’ may be suitable reshaped, e.g. by means
of bulging, bending, and/or twisting, thereby regquiring a shape
other than elliptical, and be made thicker or unevenly thick to
obtain an impeller arrangement at the surface portions thereof,
e.g. similar to the member 43’ and 43’'’ of Figs. 2-3, thereby

rendering the separate impeller arrangement 47a-b unnecessary.

Since the embodiment of Fig. 4 comprises only two chambers
447" "a-b, the frequency of the output pulses will be half of
the frequency of the fluid pulses produced by the embodiment of
Fig. 1.

Fig. 5 dillustrates a combined pump and valve apparatus
according to yet further embodiment of the invention. This
embodiment differs from the embodiment of Fig. 1 in that the
member 43 is exchanged for another member 43’’’’, which defines
only two chambers 44’’’"a-b. The member 43’’’’, which is
fixedly mounted at the shaft 42, has two end portions 43’'’"a-b
covering each essentially a respective half of the cross
section of the casing 41 and an intermediate portion 43’'’’'c

separating the two end portions axially.
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This member 43’’’’ may also be suitably reshaped so that an
impeller arrangement 1is achieved by the surface portions
thereof thereby rendering the separate impeller arrangement

47a-b unnecessary.

The combined pump and valve apparatus of the invention is
applicable for industrial processes which involve alternating
distribution of fluid with different characteristics into a
common outlet, keeping the fluids separated with minimal mixing
at a rate of a few cycles per second, continuously for e.g.
several years. The fluids have preferably roughly similar fluid
properties concerning e.g. density, viscosity, etc. They may
consist of different substances, like water and ethanol, or of
the same substance in different property states, like hot and

cold water.

Particularly, the combined pump and valve apparatus of the
invention can be applied in a thermomagnetic or magnetothermal
generator system of an electric power plant. Such
thermomagnetic or magnetothermal generator device for direct
transformation of heat into electric energy comprises, as shown
in Fig. 6, a magnetic ring or circuit 1, a temperature-varying
device 5, and a coil or winding 7 arranged around the magnetic

circuit 1.

The magnetic circuit may be substantially of iron or other
magnetic material 2, but includes at least a portion 3 made of
a magnetic material, which has a suitable phase transition
temperature, e.g. in the interval 0-100 °C. Alternatively, an
essential portion of the magnetic circuit or the entire circuit
is of the magnetic material with the suitable phase transition

temperature.
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The temperature-varying device 5 is provided for varying the
temperature in the portion made of the magnetic material with
the suitable phase transition temperature alternately above and
below a magnetic phase transition temperature of the magnetic
material preferably with a frequency of about or above 1 Hz.
Examples of magnetic phase transition temperatures are the
Curie temperature and the Néel temperature. The temperature-
varying device 5 comprises preferably a fluid loop including a
source of heat, a source of cold, piping and at least two of
the combined pump and valve apparatuses of the present

invention.

The rapid variation of temperature above and below the phase
transition temperature causes drastic changes of the
permeability of the magnetic material and thus a rapid
variation of the magnetic resistance or reluctance of the
magnetic circuit 1. More concretely, the magnetization 1is

varied rapidly when a constant magnetic field is applied.

Provided that a magnetic flux is provided in the magnetic
circuit 1, the rapid variation of the reluctance will modulate
the magnetic flux, thereby obtaining a rapidly varying magnetic
flux in the magnetic circuit 1. As a result a magnetomotive
force and an alternating current are obtained in the coil 7.
The magnetic flux can be provided by a permanent magnet or, as

in Fig. 1, by an electromagnet.

The current for the electromagnet is advantageously taken from
the current induced in the coil. To this end, a capacitor 9 is
connected in parallel with the c¢oil 7 to thereby form a
resonant electric circuit 11, wherein the frequency of the
temperature variation above and below the phase transition
temperature of the magnetic material 1s adjusted to optimize

the resonant energy transfer to the resonant electric circuit
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11. Advantageously, the ratio of the resonance frequency of the
resonant electric circuit 11 and the frequency of the
temperature variation above and below the phase transition
temperature of the magnetic material is approximately 1/2 or

n/2, where n is a positive integer.

Thus, a single coil will be used for the transformation of heat
to electric energy and for providing a magnetic flux 1in the
magnetic circuit 1. Such fields of alternating directions

provides for a more cost efficient apparatus.

A part, e.g. a major part, of the current/charge induced in one
half of a first thermal cycle is stored by the capacitor 9 and
is used in the following half of the first thermal cycle to
generate a magnetic flux in the magnetic circuit 1. This first
thermal cycle corresponds to one half of an electric cycle. The
procedure 1is repeated through a second thermal cycle with

current and voltage 180 degrees phase shifted.

In order to be capable of controlling the resonance frequency,
and the reactance of the electric circuit formed by the coil 7
and the capacitor 9, a fully controllable load or power
electronic circuit device 13 is connected over the capacitor 9.
Preferably, the 1load has an inductive component/capacitive
component and a resistive component, each of which Dbeing
separately and individually controllable. Advantageously, the
load can be used to adjust the active power. A suitable control
device 15 is provided for controlling the load 13. Different
measurement devices, such as a thermo sensor 16, current
transformers 17, and a voltage transformer 18 may be provided
to supply the control device 15 with suitable measurement data.
The thermo sensor 16 may supply the control device 15 with
temperature data instantaneously measured in or at the magnetic

material with the suitable phase transition temperature or in
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or at the temperature-varying device 5. The transformers 17, 18
may supply the control device 15 with voltage and current data

instantaneously measured in the resonant electric circuit 11.

Hereby, the amplitude and phase of the impedance of the load
can be dynamically controlled. The fregquency and period of a
variation of the 1impedance 1s controllable, and so 1s the
frequency and period of the resonance of the resonant circuit
11. Further, the control device 15 may be configured to control
the amplitude and frequency of the rapid wvariation of the

temperature above and below the phase transition temperature.

Still further, the control device 15 may be provided to
initiate the operation of the generator device, i.e. to start
the resonant oscillations, e.g. by delivering a current pulse

to the magnetic circuit 1.

With reference finally to Fig. 7, a multiphase thermomagnetic
generator device will be described. Three only schematically
indicated magnetic circuits 1 are provided, each of which being
of the kind described with reference to Fig. 6 and each of
which being operatively connected to a respective LC circuit 11
including a winding or coil 7 and a capacitor 9 connected in
parallel. The resonance frequency each of the LC circuits 11 is
as before essentially similar to the frequency of the
temperature variation as created by the temperature-varying
device 5. The multiphase generator device comprises further
advantageously a power conversion device connected to the
capacitors 9 of the three generator units or phases at the
output. The <coils 7 and the power conversion device are
controlled to match the cycle of the thermal variation and to
thereby enable optimum energy to be tapped from the circuit.
The power conversion device may comprise an AC/DC or AC/AC

frequency converter or a power electronic converter including a
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current or voltage source converter 36, which encompasses a
rectifier and an inverter at the DC side of the rectifier. A
transformer 37 is connected to the output of the voltage source
converter 36 to transform the output voltage and frequency of
about 1 kV and 1 Hz from the multiphase generator to a
frequency and a voltage (50 Hz, 10 kV) suitable for normal grid
connection. The rating of the equipment 1is typically larger

than 1 kW.

The temperature-varying device 5 comprises an outer part, which
includes a first external pipe arrangement 21, in which hot
fluid is circulated by a feed pump 22, and a second external
pipe arrangement 23, in which cold fluid is circulated by a
feed pump 24. The hot and cold fluids of the outer part are
entirely isolated from each other as well as from the material

of the magnetic circuits 1.

The hot fluid 1in the first external pipe arrangement 21
transfers heat to fluid in a first intermediate pipe
arrangement 25 via a first heat exchanger 26 and the cold fluid
in the second external pipe arrangement 23 transfers cold to
fluid in a second intermediate pipe arrangement 27 via a second
heat exchanger 28. Each of the first and second intermediate
pipe arrangements 25, 27 is connected between axial
inlets/outlets of a first combined pump and valve apparatus 29
of the present invention and axial inlets/outlets of a second
combined pump and valve apparatus 30 of the present invention
to transport fluid from the first combined pump and valve
apparatus 29 to the second combined pump and valve apparatus
30. Note that the combined pump and valve apparatuses of Figs.
1, 4, and 5 can be used; however the number of
circumferentially arranged outlets/inlets has to be adapted to

this application.
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It shall be appreciated that the outer part may be exchanged
for any other kind of arrangement for transferring heat and
cold in the heat exchangers 26 and 28. For instance, heat may
be transferred to fluid in the first intermediate pipe
arrangement 25 in the first heat exchanger 26 via an

incinerator, hot sand, a solar heating panel, or similar.

Finally, a first 31, a second 32, and a third internal pipe
arrangement are each connected between the second combined pump
and valve apparatus 30 and the first combined pump and valve

apparatus 29 via a respective one of the magnetic circuits 1.

A single fluid is flowing in the inner part of the temperature-
varying device 5, which comprises the intermediate and internal
pipe arrangements and the first and second combined pump and
valve apparatuses. The inner part thus provides a closed fluid

loop.

The second combined pump and valve apparatus 30 is provided for
alternately switching hot fluid from the first intermediate
pipe arrangement 25 and cold fluid from the second intermediate
pipe arrangement 27 into each one of the first, second and
third internal pipe arrangements 31, 32, 33, preferably with a
120° phase shift there in between. Thus, the second combined
pump and valve apparatus 30 “chops” the hot and cold fluids and
forms trains of alternating hot and cold fluid pulses, which
are fed into each of the internal pipe arrangements. The second
combined pump and valve apparatus 30 thus operates in the first

mode of operation as described with reference to Fig. 1.

As the hot and cold fluid pulses pass by, or through holes in,
a magnetic material of the magnetic circuits 1, the magnetic
material will be alternately heated above and cooled below the

phase transition temperature as was described above in



10

15

20

25

30

WO 2009/065764 16 PCT/EP2008/065459

connection with the embodiment of Fig. 1. The terms “hot fluid”
and “cold fluid” are here intended to indicate “fluid having a
temperature above the phase transition temperature of the
magnetic material of the portion 3 of the magnetic circuit” and
“fluid having a temperature below the phase transition
temperature of the magnetic material of the portion 3 of the

magnetic circuit’”, respectively.

After having passed the magnetic material the temperature
variation between the hot and cold fluid pulses 1is smaller and
smoother. The trains of hot and cold fluid pulses are then
returned in the respective internal pipe arrangements 31, 32,
33 to the first combined pump and valve apparatus 29, which is
synchronized with the trains of hot and cold fluid pulses. The
first combined pump and valve apparatus 29 is provided for
alternately switching the hotter fluid pulses from the first,
second and third internal pipe arrangements 31, 32, 33 into the
first intermediate pipe arrangement 25 and the colder fluid
pulses from the first, second and third internal ©pipe
arrangements 31, 32, 33 1into the second intermediate pipe
arrangement 27. Hereby, the hotter and colder fluid pulses are
returned to the respective intermediate pipe arrangement, from
which they were originating. The first combined pump and valve
apparatus 29 thus operates in the second mode of operation as

described with reference to Fig. 1.

The fluid in the first intermediate pipe arrangement 25 is then
returned to the first heat exchanger 26 in order to be heated
again and the fluid in the second intermediate pipe arrangement
27 is then returned to the second heat exchanger 28 in order to

be cooled again.

The fluid in the inner part is driven in a single direction by

the impeller arrangements integrated into the combined pump and
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valve apparatuses. The combined pump and valve apparatuses 29,
30 of Fig. 7 can be mounted on a single shaft to be rotated
simultaneously/synchronously with a suitable phase shift there

in between.

In an alternative version, particularly where the temperature
difference between the hotter and colder fluid pulses is 1low,
the hotter and colder fluid pulses from the first, second and
third internal pipe arrangements may not have to be switched
back into the second and first intermediate pipe arrangements.
Thus, the first combined pump and valve apparatus 29 may be
dispensed with, and another kind of passive distribution or
mixing arrangement may be used instead in order to return the
fluids to the second and first intermediate pipe arrangements.
If an open circuit is used the fluids do not have to be

returned.

By the temperature-varying device 5 as being described above
with reference to Fig. 7, thermal cycling in a quasi-continuous
or continuous manner is enabled. By means of having the fluid
to circulate in a uni-directional closed loop the traditional
disruptive and energetically inefficient cycling using valves

switching on and off the fluid flow is entirely avoided.
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CLAIMS

1. A combined pump and valve apparatus characterized in:

- a cylindrical casing (41);

a shaft (42) arranged symmetrically in said casing;

- a device (43, 47a-b, 43', 43'’) fixedly attached to said
shaft and in close fit with said cylindrical casing, thereby

defining separated chambers (44a-d) within the casing;

- a plurality of outlets or inlets (46a-f) fixedly arranged

along the circumference of said casing; and

- a plurality of axially arranged inlets or outlets (45a-b),
each of which being fixedly connected to a respective one of

said separated chambers, wherein

- the separated chambers and thereby the axially arranged
inlets or outlets are alternately in fluid connection with each
of the outlets or inlets fixedly arranged along the
circumference of said casing in response to rotation of said

shaft and said device with respect to said casing; and

- salid device comprises an impeller arrangement (47a-b, 437,
4377) for pumping a fluid through said combined pump and valve
apparatus 1n response to rotation of said shaft and said

device.

2. The apparatus of claim 1 wherein said device fixedly
attached to said shaft and in close fit with said cylindrical
casing defines two separated chambers (44'’'"a-b, 44'’’'’a-b)

within the casing.
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3. The apparatus of claim 2 wherein said device fixedly
attached to said shaft and in close fit with said cylindrical

casing comprises an elliptic disc (437"7).

4. The apparatus of claim 2 wherein said device fixedly
attached to said shaft and in close fit with said cylindrical
casing comprises a member (43"7’’) having two end portions
(43777 "a-b) covering each essentially a respective half of the
cross section of the casing and an intermediate portion

separating the two end portions axially.

5. The apparatus of claim 1 wherein said device (43, 47a-b)
fixedly attached to said shaft and in close fit with said
cylindrical casing defines at least four separated chambers

within the casing.

6. The apparatus of <claim 5 wherein said device fixedly
attached to said shaft and in close fit with said cylindrical
casing comprises a member (43) that fixedly connects each one
of the at least four separated chambers alternately to a
respective one of the plurality of axially arranged inlets or

outlets.

7. The apparatus of any of claims 1-6 wherein the number of
said plurality of axially arranged inlets or outlets (45a-b) 1is

two.

8. The apparatus of any of claims 1-7 wherein said device
comprises a member (43) in said close fit with said cylindrical
casing, thereby defining said separated chambers within the
casing, and said impeller arrangement (47a-b) as separated

parts.
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9. The apparatus of claim 8 wherein said impeller arrangement
comprises two impellers, one at each side of said member as

seen in an axial direction.

10. The apparatus of any of claims 1-9 wherein said device 1is a

single-piece device (43’7, 437').

11. The apparatus of claim 10 wherein said single-piece device
comprises surfaces (43'a, 43’"a) that are shaped to obtain

impelling function while said single-piece device is rotated.

12. The apparatus of any of claims 1-11 comprising a motor
connected to said shaft and provided for rotating said shaft

and said device.

13. A generator system for converting thermal energy to

electric energy comprising the apparatus of any of claims 1-12.

14. An electric power plant comprising the generator system of

claim 13.

15. Use of the apparatus of any of claims 1-12 in a method or

system for producing electric power.
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