
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

83
2 

82
8

A
1

��&�����
�
����
(11) EP 1 832 828 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication: 
12.09.2007 Bulletin 2007/37

(21) Application number: 05811624.5

(22) Date of filing: 30.11.2005

(51) Int Cl.:
F28D 15/02 (2006.01) F25D 9/00 (2006.01)

(86) International application number: 
PCT/JP2005/021956

(87) International publication number: 
WO 2006/059622 (08.06.2006 Gazette 2006/23)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC NL PL PT RO SE SI 
SK TR

(30) Priority: 03.12.2004 JP 2004350757

(71) Applicants:  
• Da Vinci Co., Ltd.

Yamatotakada-shi, Nara 635-0071 (JP)
• The University of Tokyo

Bunkyo-Ku,
Tokyo 113-0033 (JP)

(72) Inventors:  
• NAKASUGA, Shinichi,

The university of Tokyo
Tokyo,
113-0033 (JP)

• SAHARA, Hironori,
The university of Tokyo
Tokyo,
113-0033 (JP)

• HIGASHI, Kenji
6350071 (JP)

(74) Representative: Reitstötter - Kinzebach
Patentanwälte 
Sternwartstrasse 4
81679 München (DE)

(54) MAGNETIC CONVECTION HEAT CIRCULATION PUMP

(57) A magnetic convection heat circulation pump,
wherein magnets are disposed inside a magnetic field
flow passage for passing a magnetic fluid therein or on
a part of the inner wall surface of a circulation flow pas-
sage in a magnetic pump thermally joined to a heat re-
ceiving part. The magnetic fluid is driven since a magnetic
force is directly applied to the magnetic fluid and a large
temperature gradient is produced between the heat re-
ceiving part and the magnetic pump due to a difference
between a heat quantity transferred from the heat receiv-
ing part indirectly to the magnetic pump and the heat
quantity of the magnetic fluid led into the magnetic pump.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a device for
transferring heat energy. More particularly, it relates to a
magnetic convection heat circulation pump which utilizes
a magnetic fluid exhibiting temperature-dependent sat-
uration magnetization.
[0002] Heat transfer devices utilizing magnetic con-
vection of a magnetic fluid exhibiting temperature-de-
pendent saturation magnetization have long been
known, but they have not been put into commercial prac-
tice for several reasons including the difficulty of produc-
ing of a magnetic fluid having uniform distribution of finely
divided ferromagnetic particles of little or no residual
magnetism.
[0003] Attempts have been made to obviate the above
problems in recent years. For example, JP 10/231814A
discloses a fluid flow control device utilizing a paramag-
netic gas exhibiting temperature-dependent saturation
magnetization, while JP 3/102804A discloses a heat
transfer device utilizing a magnetic fluid exhibiting tem-
perature-dependent saturation magnetization. In these
devices, a heater is provided in the vicinity of magnetic
field to create a temperature gradient in a fluid flow path
by heating externally.
[0004] However, the devices having external heating
means have only limited uses and are not suitable for
cooling an object.
[0005] A system for moving a magnetic fluid through
a fluid flow path is known. The system comprises a plu-
rality of electromagnets disposed spaced apart in row
alongside the fluid flow path and a controller for sequen-
tially energizing the electromagnets. However, the sys-
tem is complicated and expensive because of the con-
troller and requisite wiring.

DISCLOSURE OF THE INVENTION

[0006] It is an object of the present invention to provide
a magnetic convection heat circulation pump which uti-
lizes a magnetic fluid exhibiting temperature-dependent
saturation magnetization wherein the magnetic fluid is
circulated in a flow path without need for external power
source, and wherein a large temperature gradient of the
magnetic fluid is created in the flow circuit to thereby gen-
erate a gradient of the magnitude of saturation magnet-
ization of the magnetic fluid under the influence of a mag-
netic field.
[0007] The above object is accomplished by the mag-
netic convection heat circulation pump according to the
present invention which comprises a heat receiving sec-
tion, a heat discharging section, and a fluid circulation
path for circulating a magnetic fluid between said heat
receiving section and said heat discharging section
wherein at least a magnet is disposed within said fluid
circulation path or part thereof in said heat receiving sec-

tion so that a magnetic convection is continuously creat-
ed in said magnetic fluid due to a temperature gradient
in said fluid circulation path.
[0008] In the magnetic convection heat circulation
pump of the present invention, the magnetic fluid in the
fluid circulation path receives heat in said heat receiving
section to decrease the magnitude of saturation magnet-
ization in response to the magnetic field applied to the
fluid circulation path and tends to displace in the fluid
circulation path toward the heat discharging section cre-
ating magnetic convection. Therefore, the pump is simple
in structure, operates as far as a temperature differential
is present between the heat receiving and discharging
sections, and has an advantage of transferring a large
quantity of heat by circulating the magnetic fluid as fast
as possible using a large temperature differential.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a schematic view of the magnetic convection
heat pump of the present invention having a magnet
disposed in the fluid circulation path.
Fig. 2 is a schematic view of similar heat circulation
pump having a pair of linearly connected magnets.
Fig. 3 is a schematic view of similar heat circulation
pump having a pair of magnets arranged in parallel.
Fig. 4 is a schematic view of similar heat circulation
pump having a pair of magnets arranged at an angle.
Fig. 5 is a schematic view of similar heat circulation
pump having a pair of magnets attached to the legs
of an inverted U-shaped ferromagnetic support
member.
Figs. 6 and 7 show schematically the magnetic con-
vection heat circulation pump of the present inven-
tion having a magnet disposed in the fluid circulation
path.
Figs. 8 and 9 show schematically the magnetic con-
vection heat circulating pump of the present inven-
tion having a fluid circulation path partly defined by
a ring-shaped magnet.
Fig. 10 is a perspective view of the magnetic con-
vection heat circulation pump of the present inven-
tion having reduced pump thickness.
Fig. 11 shows schematically the arrangement of
magnets supported in a yoke member.

BEST MODE FOR CARRYING OUT THE INVENTION

[0010] According to the present invention, one or more
magnets are disposed in the circulation path of a mag-
netic fluid. Alternatively part of the fluid circulation path
may be defined by one or more magnets. Preferably, the
magnets are plated with nickel or the like on the surfaces
directly contacting the magnetic fluid and the plated sur-
faces are coated with a surfactant having the same ionic
charge as the surfactant used for coating the particulate
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ferromagnetic material dispersed in the magnetic fluid.
The above treatment allows direct application of the mag-
netic field to the magnetic fluid with reduced flow resist-
ance.
[0011] Preferably, a ferromagnetic material having
strongly temperature-dependent saturation magnetiza-
tion such as a ferrite comprising manganese and zinc is
employed as the particulate ferromagnetic material of the
magnetic fluid. The particulate ferromagnetic material
has an average particle size less than about 10 nm, pref-
erably less than 6 nm, most preferably about 1 nm. The
selection of suitable ferromagnetic material and optimum
particle size contributes to minimum residual magnetiza-
tion and most efficient heat circulation by the pump.
[0012] It is also preferable to construct the heat receiv-
ing section and the magnetic pump section from different
materials having mutually different heat conductivity val-
ues in association with a common magnetic flow path.
[0013] Now a few exemplifying embodiments of the
present invention will be described with reference to Figs.
1-6 of the accompanying drawings.
[0014] The embodiment shown in Fig. 1 comprises a
circulation path (3) for circulating a magnetic fluid be-
tween a heat receiving section (1) and a heat discharging
section (2), and a magnet assembly comprising a pair of
elongated magnets (4,5) centrally disposed in the circu-
lation path (3). When the magnetic fluid receives heat in
the heat receiving section (1), a temperature gradient is
created between the magnetic fluid retained in the heat
receiving section (1) and the heat discharging section (2)
and the magnetic fluid retained in the heat receiving sec-
tion (1) having decreased magnetization is expelled by
the magnetic fluid retained in the heat discharging section
(2) having higher magnetization than the fluid retained in
the heat receiving section (1) under the influence of the
magnetic field of the elongated magnet centrally dis-
posed in the circulation path (3). Thus heat transfer oc-
curs from the heat receiving section (1) to the heat dis-
charging section (2) by the magnetic convection.
[0015] In the embodiment shown in Fig. 1, the mag-
netic force is directly exerted to the magnetic fluid not
only resulting in efficient circulation of heat but also re-
markably decreasing the effect of leaked magnetic flux
to various electronic devices when used for discharging
heat therefrom.
[0016] The magnetic fluid used in the present invention
comprises a dispersion of particulate ferromagnetic ma-
terial in a suitable dispersion medium. The particulate
ferromagnetic material preferably has an average parti-
cle size less than 30nm, more preferably in a range be-
tween 1nm and 10nm.
[0017] The ferromagnetic material used in the present
invention is preferably comprised of a ferrite compound
having highly temperature-dependent saturation mag-
netization such as a ferrite comprising a divalent transi-
tion metal.
[0018] The particles of ferromagnetic material prefer-
ably have a coating of an ionic surfactant, i.e. either an-

ionic or cationic surfactant on their surfaces to impart
individual particles with repulsing force so that the parti-
cles may be stably and uniformly dispersed in a disper-
sion medium to contribute to decreased effect of residual
magnetization and decreased flow resistance in the cir-
culation path.
[0019] Preferably, the magnets disposed in or forming
part of the circulation path also have on their surfaces
contacting the magnetic fluid a coating of the same ionic
surfactant as the coating of the ferromagnetic particles.
The coating of ionic surfactant on the surfaces of the
magnet also contributes to decreased effect of residual
magnetization and decreased flow resistance in the cir-
culation path.
[0020] The efficiency of magnetic convection pump
may be remarkably promoted by the use of a ferromag-
netic material exhibiting highly temperature-dependent
saturation magnetization. In a preferred embodiment, a
manganese-zinc ferrite of the formula 1/2 Zn 1/2 Mn
Fe2O4 is employed. However, other ferrites having com-
parable temperature-dependent saturation magnetiza-
tion may be used as well.
[0021] The use of a magnetic ionic liquid as the mag-
netic fluid is within the scope of the present invention.
Typical example of the magnetic ionic liquid is comprised
of ferric oxychloride anion and 1-butyl-3-methylimidazo-
lium cation.
[0022] Figs. 2-4 show further embodiments of the mag-
netic convection circulation pump of the present inven-
tion. In the embodiment shown in Fig. 2, a magnet as-
sembly comprises a plurality of magnets (4,4b, 5, 5b)
connected in series. The magnet assembly is disposed
in the magnetic fluid (3) with the magnet having stronger
magnetic force extending toward the heat receiving sec-
tion. In the embodiment shown in Fig. 3, a pair of magnets
are disposed in opposed positions in the circulation path
(3). In the embodiments shown in Fig. 4, a pair of magnets
are disposed in the circulation path (3) at an angle so
that the spacing between the magnet pair is minimum at
the ends facing toward the heat receiving side. By cre-
ating the strongest magnetic field on the heat receiving
side in the circulation path (3) as shown, the magnetic
fluid retained in the heat discharging side will be moved
to the heat receiving side more easily.
[0023] In the embodiment shown in Fig. 5, a pair of
magnets are attached to a support member (10) made
of ferromagnetic material. The support member (10) has
an inverted U-shape and the pair of magnets are sup-
ported by the legs at opposing positions. This configura-
tion contributes to the reduction of leakage of magnetic
flux and also to stronger magnetic force between the op-
posing magnets.
[0024] The embodiment shown in Fig. 6 is provided
with three circulation paths (7,8,9). The magnet having
opposite poles (4,5) are disposed in the first circulation
path (7) in the heat receiving section (1) to create a mag-
netic flow path (6). The magnet may be disposed any
one of three circulation paths and the magnetic flow path
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(6) may be created on both sides of the magnet. The
magnetic heat pump shown in Fig. 6 operates with fewer
volume of the magnetic fluid than the magnetic heat pump
shown in Fig. 1.
[0025] In the embodiment shown in Fig. 7, the heat
receiving section (1) is separated from the heat discharg-
ing section (2). Both section have their own fluid circula-
tion paths which are connected end-to-end in closed loop
with connecting tubings made of flexible materials. By
connecting two sections with flexible tubings, their rela-
tive positions may be changed as desired.
[0026] In the embodiment shown in Fig. 8, the mag-
netic convection heat pump comprises a pair of magnet
rings (4a,5a) which are concentrically connected to the
end of associated fluid circulation path as part of con-
necting conduit (12) between the heat receiving section
(1) and the heat discharging section (2). According to this
embodiment, the heat receiving and heat discharging
sections (1,2) may be constructed by common parts and
allows easy connection and disconnection of circulation
path at magnetic connection site (11) and facilitates filling
and withdrawing the magnetic fluid into and from the fluid
circulation path (3).
[0027] The magnet disposed in the fluid circulation
path (3) may be secured by any means, for example,
movable engagement into a mating groove, glueing and
the like.
[0028] The heat receiving section (1) and the heat dis-
charging section (2) are preferably constructed from a
material having a high heat conductivity such as copper,
aluminum or graphite. More preferably, such a material
has low magnetic permeability.
[0029] Now still further embodiments of the magnetic
convection heat circulation pump of the present invention
will be described making reference to Figs. 9-11. The
term "magnetic pump (14) section" as used herein refers
to the section in which the magnet (13) placed in the
associated magnetic flow path (6) is located. In the em-
bodiment shown in Fig. 9, the end portion of the magnetic
flow path (6) on the heat receiving section side is tapered
to prevent reverse flow of the magnetic fluid and the mag-
net (13) and the magnetic flow path (6) extend in part
into the heat receiving section (1). Moreover, the heat
receiving section (1) and the magnetic pump section (14)
each constructed from a mutually different material hav-
ing different heat conductivity are thermally coupled to-
gether.
[0030] In addition, the magnetic flow path (6) and the
fluid circulation path (3) in the heat receiving section (1)
is connected in fluid flow communication to the heat dis-
charging section (2) by a connecting flexible conduit
made of, for example, fluorocarbon resin. In the heat cir-
culation pump as shown in Fig. 9, heat inputted in the
heat receiving section (1) is directly transferred to part of
the magnetic flow path extending in the heat receiving
section (1) but the heat is transferred only indirectly to
the magnetic pump section (14).
For theremore, since the magnetic pump section (14) is

made of a material having a heat conductivity less than
the material of the heat receiving section (1), the quantity
of heat transferred to the magnetic pump section (14) is
not sufficient to raise the temperature of that section as
high as the temperature of the heat receiving section (1).
This creates a temperature gradient within the area of
magnetic flow path (6) and the magnetic fluid retained in
the region of magnetic flow path having higher temper-
ature is magnetically expelled by the magnetic fluid re-
tained in the region of magnetic flow path having lower
temperature due to the gradient of the magnitude of sat-
uration magnetization. Once this has occurred, cold mag-
netic fluid will flow into the magnetic pump section (14)
from the heat discharging section (2) to begin with the
circulation of magnetic fluid through the entire heat cir-
culation path (3). In order to create a temperature gradi-
ent sufficient to drive the magnetic fluid by the magnetic
force the heat receiving section (1) and the magnetic
pump section (14) are constructed, for example, from
aluminum or like metallic material and a polymeric ma-
terial respectively.
[0031] Although not shown in Fig. 9, the direction of
magnetization of the magnet 13 may be either in the lon-
gitudinal direction or the direction perpendicular thereto.
In case of longitudinal magnetization direction, for exam-
ple, the location where the temperature gradient occurs
will be shifted from the point where the magnetic field is
strongest to the central part of the magnet where the
magnetic field is weakest as the heat input decreases.
Accordingly, it is envisaged to have a magnetic convec-
tion heat circulation pump for maintaining the tempera-
ture of a heat generating parts at constant by using a
magnet adapted for such applications.
[0032] Also not shown in the drawings, the fluid circu-
lation path preferably has at least partially on the surfaces
contacting the magnetic fluid a coating of either an oil
repellent material such as SITOP sold by Asahi Glass or
an ionic surfactant of the same type used for coating the
particulate ferromagnetic material of the magnetic fluid.
For example, a cationic surfactant is used for coating
both the circulation path and the particulate ferromagnet-
ic material. The coating of the fluid circulation path con-
tributes to decreased shear stress of the path and also
to the prevention of agglomeration of particulate ferro-
magnetic material.
[0033] Fig. 9 illustrates an embodiment of the magnetic
heat pump of the present invention having a magnetic
flow path (6) common between the heat receiving section
(1) and the magnetic pump section (14). However, the
magnetic flow path (6) does not necessarily require to be
common when the heat receiving section (1) is thermally
couple to the magnetic pump section (14) using a metal
having good thermal conductivity.
[0034] In the embodiment shown in Fig. 10, the heat
receiving section (1) and the magnetic pump section (14)
are constructed from the same material having the same
heat conductivity. However, the heat receiving section
(1) has an overall thickness greater than that of the mag-
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netic pump section (14). Accordingly, the heat receiving
section functions as a heat sink and reduces the quantity
of heat to be transferred to the magnetic pump section
(14) to create a remarkable temperature gradient in the
magnetic flow path (6) in a similar manner when the both
sections are constructed from different materials having
mutually different heat conductivity.
[0035] In the embodiment shown in Fig. 11, a pair of
magnets (13) having opposite polarity are supported by
a yoke member (15) in diametrically opposing positions
to strengthen the magnetic field therebetween. The plane
not occupied by the magnets serves as a magnetic flow
path (6) and the magnetic fluid can flow thereon without
any disturbance. The leakage of magnetic flux may great-
ly reduced by this structure.
[0036] The magnetic heat pump according to the
present invention can convey a large quantity of heat per
unit area. The heat pump may be constructed in small
sizes suitable for mounting on a variety of electric and
electronic instruments. Therefore, it finds use in a cooling
system for instruments having a high power consumption
density such as CPU, laser diode opticts and other elec-
tronic devices.
[0037] The magnetic heat pump according to the
present invention operate without need for power supply.
Therefore, it finds use in heat dissipation of self-operated
instruments, utilization of solar heat energy, and recy-
cling waste heat energy.
[0038] The magnetic heat pump according to the
present invention utilizes essentially non-volatile mag-
netic fluid. Because of this, it may find use in heat transfer
in space stations and satellites.

Claims

1. A magnetic convection heat pump comprising a heat
receiving section, a heat discharging section, and a
circulation path for circulating a magnetic fluid be-
tween said heat receiving section and said heat dis-
charging section, wherein at least one magnet mem-
ber is carried on the inner wall of said circulation path
or included in said circulation path.

2. A magnetic convection heat pump comprising a heat
receiving section, a magnetic pump section thermal-
ly coupled to said heat receiving section, a heat dis-
charging section, and a circulation path for circulat-
ing a magnetic fluid, said circulation path connecting
said heat receiving section, said magnetic pump sec-
tion and said heat discharging section in fluid com-
munication, wherein a portion of said circulation path
in said magnetic pump section carries or include at
least one permanent magnet member to form a mag-
netic flow path at least partially.

3. The magnetic convection heat pump according to
claim 1 or 2 wherein said circulation path comprises

a length of conduit.

4. The magnetic convection heat pump according to
claim 1 or 2 wherein said magnetic fluid contains a
particulate ferromagnetic material having an aver-
age particle size less than 30nm, said ferromagnetic
material being a ferrite comprised of a divalent tran-
sitional metal and iron oxide.

5. The magnetic convection heat pump according to
claim 1 or 2 wherein said magnetic fluid is an ionic
liquid exhibity magnetism

6. The magnetic convection heat pump according to
claim 1 or 2 wherein said heat receiving section and
said heat discharging section are detachably con-
nected to each other.

7. The magnetic convection heat pump according to
claim 2 wherein said magnetic flow path extends in
said heat receiving section and said magnetic pump
section to form a common magnetic flow path for
both of them.

8. The magnetic convection heat pump according to
claim 2 wherein said heat receiving section and said
magnetic pump are constructed from different ma-
terials having mutually different heat conductivity
values.

9. The magnetic convection heat pump according to
claim 2, wherein said magnetic fluid contains a par-
ticulate ferromagnetic material having a coating of
an ionic surfactant, and wherein said magnet mem-
ber has on their surfaces with which said magnetic
fluid contacts a coating of the same ionic surfactant
as the coating of said particulate ferromagnetic ma-
terial.

10. The magnetic convection heat pump according to
claim 2 wherein said magnet member has on their
surfaces with which said magnetic fluid contacts an
oil-repellent coating.

7 8 



EP 1 832 828 A1

6



EP 1 832 828 A1

7



EP 1 832 828 A1

8



EP 1 832 828 A1

9



EP 1 832 828 A1

10



EP 1 832 828 A1

11



EP 1 832 828 A1

12



EP 1 832 828 A1

13



EP 1 832 828 A1

14



EP 1 832 828 A1

15



EP 1 832 828 A1

16



EP 1 832 828 A1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 10231814 A [0003] • JP 3102804 A [0003]


	bibliography
	description
	claims
	drawings
	search report

