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A heat pipe comprises a condenser, an evaporator, a working
flmid, a displacement vessel and at least one connecting pipe.
The volume available for the working fluid mside the dis-
placement vessel 1s adjustable, said volume being adapted to
change by a rotating movement of a body. In one embodiment
external heat pipes allow several different heat sources to be
connected. Advantages include that the capability of transter-
ring heat can be adjusted and fine tuned to the desired value.
Less force 1s required to rotate the body 1nside the displace-
ment vessel. No energy input 1s required to hold the body 1n a
desired position. The construction 1s simple and 1nexpensive
to manufacture. In particular the construction is easy to manu-
facture 1n different volumes, since the diameter of the dis-
placement vessel and rotating body can be the same but with
a longer displacement vessel.

]
‘T‘J‘l‘l.-‘l.‘l-l-x-x‘l‘l-lﬁ‘.l *
o §



Patent Application Publication

Lt

'B Shbhbhbbbbnbbdibn

x L

ﬁ AR B R R R R REERERLREERERLRERERERERERIER N
T

P

A A A A A A xy,

. 1a

A2 A A3 dAddddddddddddlddedddddddddl

* 4+

+* 4 &

kk“kkkkkk’-kk’-k\k\\\.\\\.&t

i i i N N X )

I S T e W ™ 3l T Tl ™ L ™0 KN N\ R R + »

L

Ly

e et
L 4

LR Al e

RN ERHHR N

Wk

Oct. 1, 2015 Sheet1 of 8

PP e B Tt e T T T T T e T e S e T T T T T T B T S it T T T e
2

US 2015/0276322 Al

B e e
-

\‘-\.\.\L\.\k\.\.&\\.‘\.\\

whbhbobbbbbbbbbbbbbbbbns

-

5

'h\\\\\‘l\\\‘l\\\\\\‘l\i\\‘l\‘l\\\\\\‘l\




Patent Application Publication Oct. 1,2015 Sheet 2 of 8 US 2015/0276322 Al

-ig.23 Fig.2D

”III’II#

ARARRARRR R AR
1 _-“.-* -
[ N
- ‘} o a Cln ™
N
)

AR B h B

a0 (X ]\’
SR,
) 1 b

Ry, WY :
oot
N 3y \\‘:-, U 8
- ! _,-}
‘ S D R s
S o ' “”ﬂ.\
N

4

e "~ ? . :
\ N A ¥ ;:;'f & \_! 1‘: T
' ! h "* U . :I ? 4,
X k : ’ : 4 ‘; k,' \'I



Patent Application Publication Oct. 1,2015 Sheet3 of 8 US 2015/0276322 Al

exiernal
neat pipe 2




Patent Application Publication Oct. 1,2015 Sheet 4 of 8 US 2015/0276322 Al

i
. i
i external |
ho b k] heat pipe |
i § ; § i
3 5 - ;E '
i3 5 - i ’
!i 5 X g - T B
i 3 ; ik L
3 3 : §
' ;
i.! 3 2 §
1 g : 1
1 ; ; 3 ]
3 $ ¢ 1
{3 3 g ;
3 3 g sE X
i ! i
| 3 i} A
i 3 : ; E
¢ 3 ; 5§ &
. i 3 3 ; i
,- i 3 ; i8 :
- —n : i3 ” i : 1
5 o~ 33 3 : s! ;
! an== '-;? 3 ; ! EE :L
i e e . i ) ; g i :
i V_‘__.v-*‘"- > !i ! i i i
?3 "g et i : ; EE b
s E i! 8 g 3 g
; ; < : 38 :
! : I8 5 H 2 1
: ‘ i 5 : 1 1
: i3 3 g g |
) E s
. ii 3 5 g i
1, e i ¢k L
! s e ﬁ i ; a!
: § 3
g vt al : e Binai '
5 _

__________________________________________________




Patent Application Publication Oct. 1,2015 SheetSof 3 US 2015/0276322 Al

>

LR I B I I I I I I I I I I N N O

MR EE RN

LR A I I I I I I I I A I I I I I I I N I I I I I I I N I I I I I I I I I A I I I I I O O O O U O U O O O O O O

+

LR R RN NN
0

AR R R EEE RN

i 3
e AR | N
B SO !
- 3
P 3
Lo N
o 3

Tmm o ma

- s s e R e r -
'
e

MR R R R EEEEEEEEEEIEEEEEIEEIEEIEIEEIEEEIEEEIEEIEEIEEBIEEIEEEIEEIEEEEEIEEIEEEEEIEEIEEEEIEEBIEEIEEIEEIEEE BB IEEIEEIEEIEEBIEEBIEEBIEEEIEEEEEIEEEEIEEIEEIEIEIEIN

LR B I I I I I I I I I N I I I I I I I I I I I I A I I I I I I I I A I A I I I I O A I I A I I I I I I I I I D I I I I I I I I I I I I I I I I I I U I I I O I O D O O U O O D U O U B O
—

MR RN R R EEEEEEEEEEBIEEIEIEIEIEBIEIEIEIBIEIE BRI

LR D N D I N D O

fr= - ww

T -

A A A RS S S

e o
)
)

LR D N B I N D O

h'\.\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\'\'\.'\\\'\\\'\\\'\\\'\\\'\\\'\\\'\
k.\'\.\\'\.\\'\.\\'\.\\'\.\\'\.\\'\3.\'\.\\'\.\\'\.\\'\.\.\'\.\\'\.\\'\.\\'\.\\'\.\\'\.\\'\.\\'\.\\'\3.\'\.\\'\.\\'\.\\'\.\.\'\.\\'\.\\'\.\\'\.\\'\3.\\\\\\\\\\\\\\\\\\\\\\\

LR I I I I I I I I I N A I I I I I I I I I I I I I I I I I I I I I I I I A I A I I A A I I A I I I I I I I I I N I A I I I I I I I I I D I I R I I I I I I N I O O I I O O U O O U N N U O O O

LR B I R I I I I I I O I I I D I D T U I I D O U I O O U R I D U U I U I U U D U O O O O D R I O U O D I O U O O U B I I I U U O D U U O U U O U I D O U U U O U O D U U U U O U U U U L O O

—

LR I I I I I I I I I N A I I I I I I I I I I I I R I R I I I I I I A I I I A I I I I I I I I I I I I N I I I I I U I I O I I O I O I B I I I O I O I D N I O U N O U U

S S A S A S Sa— —
+*

»
}
)

LR I B B O

et v

=

- wrs wes

&g

B KL D

rer vy T wwm v ww

-
+

R EEEEEEEEEEEEIEEIEEIEEIEIEIEIEEBIEE BB BB IEIEEIE BB BB BB IE BB IEEBIEEIEIE BB BRI EIEEBIEEBIEEBEEBIE BB IEE BB

-, amaB40

LR N I I U U I I O 2

LR R U I I O




Patent Application Publication ct. 1, 2015 Sheet 6 of 8 S 2015/0276322 Al

x
'
) x
" - r
4 " ’
»
o .
- r
: ’
’
2 .
- r
" ’
. ' »
. - .
. . ° - £ d r
' 3 ~ne - M r
' . + ’
- . .
B + ’
- + »
- N
- . .
" + ’
. »
2 - .
- £ d r
" + ’
+ ’
o - .
- £ d r
" + 3
~ . . »
' .
- £ d r
" + ’
+ ’
- - . .

[ S T T L T . L . L . L S L S T L . S . S . . . .

Heal pipe

j’! b s . . L D 1 S 1 1 T 1 2 o o 2. o . o

Fh -
vy v - ows

IS

A EEEEREREN
LA RN

- 4 4 4

¢
I
EEEEEX

DR
* 44 P bA -

MR RN ER]

Heaclors

I

LR
R
A A EEEEREEREN

LA RN

RO MO MO NS
R ERE XX
LB EEREEEERE RN

AR RN AR RN E

* 44 b s~
+* 4 4

- ——— - ——— - ——— - —— - ——

Heat pipe

[ ——— e - - ———

CH AP AP A

External heat
SOUrce or Fridge

R R R R R R R R R R RN




Oct. 1, 2015 Sheet 701 8 US 2015/0276322 Al

Patent Application Publication

LR NN RN EE R AR RN AR R R R R R R EEEEEEEEEBEEEEEEEEEEEEEEEEEEEEEENENNN

b

LRI R R R NN RN NN NN N NN N NN
+

N d——

RN

-
LR

LR R I IR I I I I I I I I I I I R I I I O I U I I I I I D D U I I U U I D I U U U D U U U U U U D D R 2

* + 4+

LR N N I I N I N I I I I I A A I N I I I O U O A I I I I I I I I I O I I I U U U U I I A D I I I I U U I D I U U R I R I N I U I U U O U D I U U U U I N U R N U U U U R N R U U D R U U

+*
+*
+*

* e

+*

+

L

+
+

*

+* +*
LRI IR I I I I I I I R

-

* e

L L L L L

LRI I I I IR I I I R T R R 4

LRI N N

LR N D N U I U I R D I U U U U U U N B O

+

+*

* + 4

'

+
* 4+

LR R I I I I I I I I U I N I U U U U O U O U I O O O

* e

+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*

LR

MR RN R R R EEEEEEEEEEEEIEIEIIN RN

LA AR AN AN

LR R B I I U D R U I D U U U U U U D U U U O O

LR L B I I

LR I I I I I R

*
L R R I T L L L R L L

-

L B O

MR EEE RN RN R EEE R EEEEEN

- + +* + +*
AR AN

LR I N L D U DR D U U I D U U D I O

i < g« iy

P I I I I I I I I O

00000000000000000000

LR U B N B B I O

+
LR N B N N N U I U D R D I U U I N B R

* t e

*
* e
*

+*
+*
+*

000000000000000000000000000000

LR R U B U U R D D U U I U U I O

LB EEEEEEEEEEEEEEEEEEEEEEIEN

LR U I R R I N U D U I I U U U U N N U T D U U U N O D O

MR AR RN EEEEEEEEEEEEEEEEEEEIEIEIEIEIEIEININ

LRI R I R R

+*

LR N D N U I U I R D I U U U U U U N B O

*
+*
+*
*

LR R R I I I I I I I I I I I U U U U O O O O

LR I I R I I I I I I I I I I I I I I I P I R D I D I U I I I D I I U I I U I D R D U U U U U U U U U O

LRI L L R N

* + 4+

+*
+*
+*
+*
+*
+*

AR E RN RN EEEEEEEEEEEREEEEEEBEEEEEEEEEEIEEBIEIBIEIBIEIBIBIBIBIBIBINININ]

+*
*
+*

* e

LR B I B I D U D R D D U D U D U U U U U U U O O



Oct. 1, 2015 Sheet8 of 8 US 2015/0276322 Al

Patent Application Publication

S — — . . - - ———

£

o - — L - 2 - -

o S L . - . J—— o~ -~

‘\\'\? o

o S L . . 2 2 - 2~

- % 4+ + 4 4 +d

LR AR RN AR RN AR R AR EEEEEEEBEEBEEEEIBIEIEEEIEEIE BB IEBIEEIBIEIEBEBIEEIEIEIEEIB IR BB IBIEE BB IEBIEEIBIEBIEBEIBIE BB IEE BB IEIEBEBIE B IEBIEEIBIEBIEBEIBIEBEIBIBIEEIN

4 4 4 4 4 4 4 4245 4 425

£

S ————————

MR AR RN E R R RN

LR R AR R R EEEEEEEEEIEEEEEEEIEEBEEEEEBIEEBEBIEBIEEBIEEB IR IEEEBIEEBEEEEEBIEEBEEIEEEB BRI BB BB IEIEEEEEBIEEBIEEBIEEEBIEEBEBIEEBIEBIEEIN

RN RN NN EE R EE RN

J SR

o
o~

LR R R R R R EEEE RN

MR R AR R R A R A R AR R R EEEEEEREEBIEEIEIEIEEIEIEE I IEIBIBEIBIBIBEIBIEEIBIB BB IBIEEIBIBIEEIBIEBEIBIE B IEIBIEBEIBIEIBEBIBEIBIBIEBE BB IBE BB IEIBIEEIBIBIBEIBIBEIN]
* + + +

MR R R RN AR RN

+* +* + ;
* * 4+ L I L O .t-
.
-

!

AR e

o - —— — — -

MR AN NN AN R AR EEN

LR L

LR I O

¢
L

a-.\*
por w— — ———— — ——— — ——— — — - — — ——— — ——— - ——— - - - -




US 2015/0276322 Al

THERMAL TRANSISTOR

TECHNICAL FIELD

[0001] The present invention relates generally to an
improved heat pipe which can be regulated and has extended
ability of energy uptake.

BACKGROUND

[0002] Generally sorption machines (including adsorption
and absorption machines) that are working intermittently use
a two-steps process. In the first step the reactor of the sorption
machine 1s heated, this 1s referred to as the charging step. In
the second step, the reactor of the sorption machine 1s cooled,
this 1s referred to as the discharging step. If the sorption
machines consists of multiple unites 1t 1s necessary to have
good thermal connections to each, also considering a possible
temperature difference between different heat sources. A
sorption machine (1.e. a chemical heat pump) generally com-
prises a reactor. In order to bring about good performance to
the sorption machine it 1s essential that the energy delivery, to
and from, the reactor of the sorption machine can be obtained
without hindrance. For this reason, 1t 1s important to have a
good thermal contact and conductivity between the media
transferring energy to the reactor during heating and the
media transporting energy from the reactor during cooling.
This 1s normally achieved by having several valves, pumps
and pipes redirecting the transfer media from the reactor of
the sorption machine to either a hot or a cool source. This
activity consumes parasitic energy and requires ivestments
in piping causing costs. Instead of using pumps, valves and
pipes 1t 1s also well known that heat pipes can be used for both
heating and cooling purposes.

[0003] If heat pipes are used in the above mentioned setup
it has to be at least two heat pipes both of them in good and
permanent contact with the reactor. One heat pipe should be
for cooling and the other on should be for heating. Generally,
heat pipes work continuously without any possibility to inter-
rupt the process. However, this 1s not feasible in the above
setup since both heat pipes in this case will be constantly
working against each other, resulting 1n a situation where the
heat received to the reactor by one of the heat pipes, will then
at the same time be taken away by the other heat pipe.

[0004] Heat pipes where the heat transfer can be regulated
solve this problem. It 1s also necessary to have extended
energy uptake from the thermal transistor. Solutions with heat
pipes which can be controlled have been disclosed.

[0005] JP59-138895 discloses a switchable heat pipe
where the transier of heat 1s controlled by a magnetic body
movable within the heat pipe. The magnetic body changes the
volume of a space where the working fluid of the heat pipe can
be stored. When the working fluid 1s in the storage space it
does not participate i1n heat transfer. The magnetic body 1s
controlled by a magnet and 1s moving up or down 1n the space
to change the volume.

[0006] Problems in the prior art include that a force which
1s not negligible has to be used to control the moving body.
Thus 1t 1s desirable to reduce the force and energy which has
to be used to control a switchable heat pipe.

[0007] Another problem in the prior art 1s that the disclosed
solution 1s most suitable for a heat pipe which only has to be
switched on and off. A continuous regulation of the heat
transfer capacity of heat pipe would be difficult using the
approach disclosed 1n the prior art. Thus 1t 1s a problem how

Oct. 1, 2015

to provide a heat pipe where the usable volume of the working
fluid can be changed continuously to the desired volume.
[0008] A further problem in the prior art 1s that the con-
struction does not easily allow a heat pipe which can be
manufactured in different sizes at an industrial scale.

[0009] Yet another problem 1n the prior art 1s that several
heat sources with different temperatures or slightly different
temperatures cannot easily be connected to the same heat

pipe.
SUMMARY

[0010] It 1s an object of the present invention to obviate at
least some of the disadvantages 1n the prior art and provide an
improved heat pipe which can be regulated.

[0011] In a first aspect there 1s provided a heat pipe, being
a closed system and comprising a condenser 1, an evaporator
2, and a working fluid 4, wherein the condenser 1 and the
evaporator 2 are connected to a displacement vessel 3 with at
least one pipe 7, wherein the heat pipe further comprises a
space 3b 1n the displacement vessel 3,

wherein the volume available for the working fluid 4 1n liquad
state 1nside the space 35 1s adjustable, said space 356 being
adapted to shift between one first available volume V1 and at
least one second smaller available volume V2,

wherein the condenser 1 1s situated above the space 36 1n
relation to the gravitational force and the evaporator 2 1s
situated below the space 36 1n relation to the gravitational
force,

wherein the heat pipe 1s adapted so that working fluid 4 1n
liquid state can flow under influence of gravitational force
from the condenser 1 via the displacement vessel 3 to the
evaporator 2,

wherein the a body 5 1s adapted for a rotating movement
inside the displacement vessel 3 and 1s adapted to have a first
position P1 so that the space 35 has the first available volume
V1, and wherein the body 5 further 1s adapted for a rotating
movement to at least one second position P2 so that the space
3b has the smaller second available volume V2.

[0012] Further aspects and embodiments are defined 1n the
appended claims, which are specifically incorporated herein
by reference.

[0013] One advantage 1s that the heat pipe can be controlled
accurately and 1n a simple way. The heat pipe can be switched
on or off according to convenience, and the heat pipe can
further be regulated so that its capability of transferring heat
can be adjusted and fine tuned to the desired value.

[0014] In particular less force 1s required to rotate the body
inside the displacement vessel compared to the prior art
where a body 1s pushed down 1nto the displacement vessel.
No energy 1nput 1s required to hold the body 5 1n a desired
position.

[0015] It 1s easy to adjust the volume of the displacement
vessel so that the heat transfer capability of the heat pipe can
be fine-tuned to a desired value. This 1s accomplished by
rotating the body a little bit so that the desired volume 1s
obtained. The amount of working fluid available for heat
transfer can thus be precisely controlled.

[0016] Another advantage 1s that the construction 1s simple
and 1nexpensive to manufacture. In particular the construc-
tion 1s easy to manufacture in different sizes, since the diam-
eter of the displacement vessel and rotating body can be the
same. This allows the same tools to be used during manufac-
ture. Only the length of the cylindrical displacement vessel
and rotating body have to be adjusted. Thus different heat
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pipes with different volumes can be manufactured with the
same diameter of the displacement vessel, which would sim-
plify the manufacturing process and give a less expensive
process.

[0017] Oneadvantage of an embodiment 1s that several heat
sources can be connected to one controllable heat pipe. When
several heat sources needs to be regulated (on, off, or analog
in between) at the same time the cost for this can be low due
to that the device has ability to connect thermally to many
sources using only one moving mechanism.

[0018] Another advantage 1s that the rotating device (the
body 5) always can be kept at a constant distance from a
magnet rotating the body meaning that the power of magne-
tism does not vary when the length of the stroke varies.
[0019] One advantage 1s when the heat pipe 1s connected
via a number of external heat pipes to a number of different
heat sources, 1f the entire block has to be turned off due to for
instance a technical fault or similar, the block can easily be
turned off.

[0020] Another advantage 1s when the heat pipe 1s con-
nected via a number of external heat pipes to a number of
different heat sources, then it 1s only necessary to have one
switching and regulating mechanism for everything which
gives a simpler and less expensive system.

[0021] Another advantage 1s that the entire thermal transis-
tor can be adapted to transfer different powers to the heat pipe
from different heat sources.

[0022] The turning unit 1s totally scalable and can regulate
large or small power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The invention 1s now described, by way of example,
with reference to the accompanying drawings, in which:
[0024] FIG. 1a shows an embodiment of a heat pipe with a
rotating body when the heat pipe 1s switched off, where all
working fluid 4 1s 1n 1n the displacement vessel 3.

[0025] FIG. 156 shows the same embodiment as 1n FIG. 1a

in when the heat pipe 1s switched on. A fraction of the working
fluid 4 takes part in the heat transfer.

[0026] FIG. 2a shows one embodiment of the heat pipe
with a rotating body where the heat pipe 1s switched on. The
displacement vessel 3 has a circular cross section. The tube 7
leading down to the evaporator 2 is just below the surface of
the working fluid 4 1n the displacement vessel 3 and thus
working fluid 4 1s flowing down to the evaporator 2. An
external magnet 6 1s adapted to rotate the body 5.

[0027] FIG. 256 shows the same embodiment as 1n FIG. 2a
where the heat pipe 1s switched off. The tube leading down to
the evaporator 1s above the surface of the working fluid in the
displacement vessel and thus working fluid 1s not able to flow
down to the evaporator. The body has been rotated to a posi-
tion about 180° from the position 1n FIG. 2a.

[0028] FIG. 3 shows an embodiment of the heat pipe with a
condenser 1, evaporator 2 and displacement vessel 3. The
evaporator 1s 1n thermal contact with three external heat pipes
1-3. In particular the condenser parts hl, h2, and h3 of the
external heat pipes 1, 2, and 3 are in thermal contact with the
evaporator 2. In particular the condenser parts h1-h3 of the
external heat pipes are 1n thermal contact with different areas
el-e3 respectively in the condenser 2. The areas el, €2, and €3
on the iside of the heat pipe 1n the condenser 2 have a surface
which attracts the working fluid 4 of the heat pipe. In this
particular embodiment the working fluid 4 1s aqueous and the
areas el, €2, and €3 have hydrophilic surfaces.
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[0029] FIG. 4 shows a detailed view of the connection
between one external heat pipe and the heat pipe (main heat
pipe). In this particular embodiment the condenser part hl of
the external heat pipe surrounds the heat pipe. Heat 1s trans-
terred from hl to el. E1 1s the area on the 1nside of the heat
pipe 1n the condenser 2 and has a surface which attracts the
working fluid 4 of the heat pipe. E1 also has a porous structure
which attracts working fluid 4. Working fluid 4 1n liquuad state
will flow down 1n the heat pipe and be attracted to the porous
el area. The working fluid will be heated and evaporate.
[0030] FIG. 5 shows an embodiment with a condenser 1, an
evaporator 2 and a displacement vessel 3. The evaporator 1s 1n
thermal contact with the condenser parts h1-hé of six external
heat pipes. The condenser parts are 1n thermal contact with six
different areas e1-¢6 1nside the evaporator. The external heat
pipes 1-6 are conventional heat pipes leading heat from the
heat sources s1-s6.

[0031] FIG. 6 shows an embodiment with two chemical
heat pumps, a condenser 1 1nside a water heater, a condenser
2 1n thermal contact with the two chemical heat pumps. There
1s further the displacement vessel 3. A conventional heat pipe
leads heat from a heat source to the chemical heat pumps.
[0032] FIG. 7 shows a condenser part 1, a displacement
vessel 3, an evaporator 2. B denotes a heat source.

[0033] FIG. 8 shows an embodiment of the heat pipe with a
condenser 1, evaporator and displacement vessel 3. The
evaporator 1s in thermal contact with three external heat pipes
1-3. In particular the condenser parts hl, h2, and h3 of the
external heat pipes 1, 2, and 3 are 1n thermal contact with the
evaporator. In particular the condenser parts h1-h3 of the
external heat pipes are 1n thermal contact with different areas
el-e3 respectively in the condenser 2. The areas el, €2, and €3
on the inside of the heat pipe 1n the condenser 2 have a surface
which attracts the working fluid 4 of the heat pipe. In this
particular embodiment the working fluid 4 1s aqueous and the
areas el, €2, and e3 have hydrophilic surfaces.

DETAILED DESCRIPTION

[0034] Belore the mvention 1s disclosed and described 1n
detail, 1t 1s to be understood that this invention 1s not limited
to particular compounds, configurations, method steps, sub-
strates, and materials disclosed herein as such compounds,
configurations, method steps, substrates, and materials may
vary somewhat. It 1s also to be understood that the terminol-
ogy employed herein 1s used for the purpose of describing
particular embodiments only and 1s not intended to be limit-
ing since the scope of the present invention 1s limited only by
the appended claims and equivalents thereof.

[0035] It must be noted that, as used 1n this specification
and the appended claims, the singular forms “a”, “an” and
“the” 1nclude plural referents unless the context clearly dic-
tates otherwise.

[0036] If nothing else 1s defined, any terms and scientific
terminology used herein are intended to have the meanings
commonly understood by those of skill in the art to which this
invention pertains.

[0037] The heat pipe 1s closed so that for instance vapor
does not escape from the system when energy 1s transierred to
the evaporator. This does not rule out the existence of some
kind of safety valve, which 1s adapted to release 11 the pressure
becomes too high in order to protect the heat pipe from
physical damage.

[0038] The heat pipe 1s intended to work under influence of
gravitational force and thus the direction of the heat pipe 1n
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relation to the gravitational force 1s important. Upper and
lower as well as above and below are defined in the direction
of the gravity force so that lower and below are 1in the direction
in which the gravity force acts.

[0039] In a first aspect there 1s provided a heat pipe, being
a closed system and comprising a condenser 1, an evaporator
2, and a working flmid 4, wherein the condenser 1 and the
evaporator 2 are connected to a displacement vessel 3 with at
least one pipe 7, wherein the heat pipe further comprises a
space 3b 1n the displacement vessel 3,

wherein the volume available for the working fluid 4 1n liquad
state 1nside the space 3b 1s adjustable, said space 35 being
adapted to shift between one first available volume V1 and at
least one second smaller available volume V2,

wherein the condenser 1 1s situated above the space 356 in
relation to the gravitational force and the evaporator 2 1s
situated below the space 36 1n relation to the gravitational
force,

wherein the heat pipe 1s adapted so that working fluid 4 in
liquid state can flow under influence of gravitational force
from the condenser 1 via the displacement vessel 3 to the
evaporator 2, wherein the a body 5 1s adapted for a rotating
movement 1nside the displacement vessel 3 and 1s adapted to
have a first position P1 so that the space 35 has the first
available volume V1, and wherein the body 5 further is
adapted for a rotating movement to at least one second posi-
tion P2 so that the space 356 has the smaller second available
volume V2.

[0040] It 1s understood that in one embodiment the body 5
1s adapted to rotate and stay at any desired position so that the
available volume 35 inside the displacement vessel 3 has the
desired value.

[0041] In one embodiment the space 35 1s adapted to have
a first available volume V1 which equals or exceeds the vol-
ume of working fluid (4) 1n the heat pipe, and wherein the
space 3b 1s adapted to have at least one second smaller avail-
able volume V2 which 1s smaller than the volume of working
fluid 4 1n the heat pipe.

[0042] In one embodiment the body 5 comprises at least
one magnet, and wherein at least one magnet 6 1s adapted for
achieving a rotating movement of the body 5. In one embodi-
ment the magnet 6 1s an external magnet. In one embodiment
the magnet 6 1s at least one selected from the group consisting,
of an electro magnet and a permanent magnet. In one embodi-
ment one moving external magnet 6 1s placed outside the heat
pipe in order to rotate the body 5. The body 5 can have many
different shapes. In one embodiment the external magnet 6 1s
driven by an electric motor. In one embodiment the external
magnet 6 1s positioned on an arm with the ability to rotate
approximately 180°.

[0043] Inoneembodiment at least a part of the inside of the
displacement vessel 3 has cross section which 1s at least partly
circular, wherein the outside of the body 5 has a cross section
which 1s at least partly circular, wherein the diameter of the
circular cross section of the displacement vessel 3 1s adapted
so that the diameter of the circular cross section of the body 5
fits 1nto the displacement vessel 3. In one embodiment the
displacement vessel 3 1s shaped as a cylinder.

[0044] In one embodiment the evaporator 2 comprises an
evaporation zone €1, wherein the evaporation zone ¢l 1s 1n
thermal contact with the condenser part of an external heat
pipe eh.

[0045] In one embodiment the evaporator 2 comprises at
least two different evaporation zones €1, €2, wherein each of
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the evaporation zones €1, €2 1s 1n thermal contact with at least
one condenser part of an external heat pipe eh, h2.

[0046] Inoneembodiment at least one evaporation zoneel,
¢2 displays a net attractive force with respect to the working

fluid 4.

[0047] Inoneembodiment at least one external heat pipe 1s
adapted to transfer heat from the reactor part of a chemical
heat pump working 1n a two-step process. In one embodiment
said chemical heat pump working 1n a two-step process 1s
heated by a heat source. Examples of heat sources include but
are not limited to the sun, a gas heater, an o1l burner, an
electrical heater, a coal fired furnace, and a wood fired fur-
nace.

[0048] In one embodiment the condenser 1 1s connected to
a user of the heat. Examples of users of the heat include but are
not limited to a hot water tank and a heating system for
buildings.

[0049] In a second aspect there 1s disclosed a method of
operating a heat pipe described above, wherein the volume of
the space with adjustable available volume 35 1s decreased or
increased by a rotating movement of the body 3, in order to
increase or decrease respectively the heat transfer capacity
the heat pipe.

[0050] In one embodiment the body 5 1s rotated with a
magnet 6.
[0051] In one embodiment wherein at least one external

heat pipe 1s adapted to transier heat from the reactor part of a
chemical heat pump working 1n a two-step process, the heat
transfer of the heat pipe 1s reduced or turned oif when the
chemical heat pump working 1n a two-step process 1s charged
by en external energy source.

[0052] The working fluid 4 evaporates 1n the evaporator 2
and 1s transferred to gas phase. When the working fluid 4 1n
gas phase reaches the condenser 1 it 1s cooled and becomes
liquid, where after 1t flows 1n liquid state down to the dis-
placement vessel 3 and further down to the condenser, pro-
vided that the body 5 1s adjusted so that the heat pipe 1s on, 1.¢.
that 1t transters heat.

[0053] Theworking fluid 4 1s in one embodiment a working
fllid which 1s commonly used in heat pipes. Examples of
working fluids include but are not limited to water, an alcohol,
anhydrous ammonia, and propylene.

[0054] In one embodiment the space 35 1s adapted to have
a first available volume V1 which equals or exceeds the vol-
ume of working fluid 4 1n the heat pipe, and wherein the space
3b 1s adapted to have at least one second smaller available
volume V2 which 1s smaller than the volume of working fluid
4 1n the heat pipe.

[0055] In this context the volume of working fluid 4 refers
to the volume of working fluid when 1t 1s 1n liquid state.

[0056] In generalitis intended that the displacement vessel
3 has a temperature at which the working fluid 4 1s 1n liquid
state. The working fluid 1n gas phase can pass the displace-
ment vessel 3 on its way up to the condenser 1.

[0057] The space 35 1n the displacement vessel 3 1s the
lower part of the displacement vessel 3. The pipe 7 leading
from the evaporator 2 to the displacement vessel 3 1s con-
nected to the displacement vessel at a level which defines the
volume of the space 3b, 11 the volume of liquid working fluid
4 1n the space 3b exceeds the available volume 1n the space 35
the working fluid 4 flows down to the evaporator. Thus the
space 3b 1s situated lower than the connection in the vessel 3
to the pipe 7 leading to the evaporator.
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[0058] The condenser 1 1s situated higher in relation to the
gravitational force than the space 35, and the space 36 1n turn
1s situated higher than the evaporator 2. This allows the pos-
sibility for a flow of liquid from the condenser 1 to the evapo-
rator 2, when the available volume in the space 35 1s small, 1.¢.
V2.

[0059] The space 3b can have a first volume V1 where all or
essentially all working fluid 4 1s held 1n liquid state in the
space 3b. This does not rule out the equilibrium distribution
between working fluid 1n liquid phase and gas phase 1n the
system. The space 3b can also be adjusted by different means
so that the volume available to the working fluid becomes V2,
which 1s smaller than V1, so that a portion of the working fluid
4 flows down 1n the evaporator and the heat pipe starts work-
ing. The space 3b has an adjustable volume, so that different
amounts of working fluid 4 enter the loop of the heat pipe.
[0060] In one embodiment the space 36 1s adapted to have
a first available volume V1 which equals or exceeds the vol-
ume of working fluid 4 1n the heat pipe, and wherein the space
3b 1s adapted to have a second smaller available volume V2
which 1s smaller than the volume of working fluid 4 in the heat
pipe.

[0061] It 1s understood that the displacement vessel 3
should not be heated to any significant extent by the heat
source which heats the evaporator 2. The working liquid 4 1n
the displacement vessel should not be heated and evaporate to
any noticeable extent.

[0062] The existence of a first available volume V1 and at
least one second smaller available volume V2 also implies
that the heat transfer capacity can be regulated. A continuous
regulation 1s encompassed, since the number of different
volumes V2 can be very large. Thus the volume can be
decreased from a volume V1 continuously over a very large or
infinite number of volumes V2. In particular it 1s an advantage
that the rotating motion of the body 5 facilitates a step less
change of the volume of the space 3b.

[0063] In one embodiment the body 5 1s magnetic and the
rotating movement 1s achieved with a magnet 6 outside the
displacement vessel 3. The rotating movement means that a
varying volume of the body 5 1s 1n the part of the displacement
vessel 3 which 1s denoted as the space 35 and thereby can
displace a varying amount of liguid. The amount of liquid 1n
the space 3b can thus be controlled by the angle of rotating
movement of the body 5. In one embodiment the body $
comprises at least one magnet, and wherein a magnet 6 1s
adapted for achieving a rotating movement of the body 5. In
one embodiment the magnet 6 1s a moving permanent magnet
outside the displacement vessel. In yet another embodiment
the magnet 6 1s at least one electromagnet outside the dis-
placement vessel. Also combinations of permanent magnets
and electromagnets are encompassed. An advantage of con-
trol with a magnet compared to a mechanical connection 1s
that the entire system 1ncluding the displacement vessel 3 can
be completely sealed.

[0064] In one embodiment the body 5 1s adapted so that 1t
will block the at least one pipe 7 when the heat pipe 1s
switched off, 1.e. when the space 35 has the one first volume

V1.

[0065] In one embodiment the evaporator 2 comprises at
least two ditferent areas €1, €2 1nside the evaporator, wherein
each of the at least two different areas el, €2 inside the
evaporator 1s 1n thermal contact with at least one heat source.

[0066] In one embodiment there are a number of different
areas on the 1inside surface of the evaporator 2 of the heat pipe.
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Non limiting examples of numbers of different areas include
but are not limited to 2, 3, 4, 5, 10, 15, 18, 20, 30, 60 different
areas 1nside the evaporator.

[0067] In one embodiment at least one of said at least one
heat source 1s the condenser part of an external heatpipe eh,
said external heat pipe eh comprising a working tluid and an
evaporator part. It 1s understood that such an external heat
pipe eh 1s a conventional heat pipe being a closed tube com-
prising an evaporator part, a condenser part, and a working
fluad. It 1s understood that a number of different external heat
pipes eh can be connected to the heat pipe of the invention.
Non limiting examples of numbers of different external heat
pipes eh which are connected to the heat pipe include but are
not limited to 2, 3,4, 5,10, 15, 18, 20, 30, 60 different external
heat pipes eh.

[0068] In one embodiment at least one of said at least two
different areas el, €2 inside the evaporator displays a net
attractive force with respect to the working fluid 4. The net
attractive force for the working fluid has the effect of attract-
ing working tluid which has condensed in the condenser part
and 1s flowing back to the evaporator part of the heat pipe.
Both the area of the different areas el €2 and the attractive
force can be adjusted. This 1s a way of regulating the way the
condensed working fluid 1s distributed between the different
areas. Thus 1t 1s an advantage that the liquid working fluid
flowing back to the evaporator can be distributed 1n a con-
trolled way between the different areas el €2 etc. In one
embodiment the area of the different areas el e2 etc are
adjusted. In an alternative embodiment the attraction of the
different areas el €2 etc with respect to the working fluid 1s
adjusted. In yet another embodiment both the area and the
attraction are adjusted. This 1s a way of controlling the flow of
working fluid 4 from the condenser 2 back to the evaporator.

[0069] In one embodiment at least one of said at least two
different areas €1, €2 inside the evaporator 1s at least partially
hydrophilic. This 1s intended to work with for instance aque-
ous working fluids so that there 1s an attraction of the working
fluid to hydrophilic areas of the evaporator.

[0070] Inoneembodimentthe condenser partofatleastone
external heat pipe (eh) displays a net repulsive force with
respect to the working fluid 1n the at least one external heat
pipe (eh). It 1s understood that the inner surface of the con-
denser of an external heat pipe repels the working fluid used
in that particular external heat pipe. The condenser part of the
external heat pipe eh 1s in thermal contact with an area of the
evaporator 2 of the heat pipe.

[0071] The heat pipe according to claim 12, wherein the
condenser part of at least one external heat pipe (eh) 1s hydro-
phobic.

[0072] In one embodiment at least one of said at least two
different areas el, €2 inside the evaporator 2 comprises a
porous material adapted to absorb working fluid 4 1n liquad
phase and adapted to release working tluid 4 in gas phase. In
one embodiment the porous material comprises glass fiber. It
1s intended that the working fluid 4 1s condensed 1n the con-
denser and flows back to the evaporator 2. In the evaporator 1t
1s attracted to the porous material, whereby the working fluid
1s heated by the heat source (such as a heat pipe) in thermal
contact with the area.

[0073] Inoneembodimentat least one external heat pipe eh
1s adapted to transier heat from the reactor part of a chemical

heat pump, said heat pump working 1n a two-step process. It
1s concerved that for instance two or more different chemical
heat pumps working in two step processes can be connected
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to the heat pipe. In one embodiment said chemical heat pump
working 1n a two-step process 1s heated by a heat source.
Examples of heat sources include but are not limited to the
sun, a gas heater, an o1l burner, an electrical heater, a coal fired
furnace, and a wood fired furnace.

Description of a First Embodiment

[0074] The heat pipe 1s now described more 1n detail by
giving an example of a non limiting embodiment, referring to
FIGS. 1a and 15 1n which 1 denotes the condenser, 2 evapo-
rator, 3 displacement vessel, 4 working fluid, 5 floating body
with magnet, 6 magnet, and 7 pipes for transport of working
fluid 1n gas phase and in liquid phase. Q1 and Q2 denote
energy transferred from the condenser and energy transferred
to the evaporator respectively. The condenser 1 1s located in
the upper part and 1t 1s represented as vessel where the vapor
condensates. The evaporator 2 1s situated in the lower part;
here heat 1s applied to the surface area generating evaporation
of the working fluid. The third part 1s the displacement vessel
3 in which the Working fluid 4 1s stored when the heat pipe 1s
in off-mode. More 1n detail the working fluid 4 1s stored 1n the
lower part of the displacement vessel which 1s denoted 35.
The space 3b 1s 1n this particular embodiment the lower part
of the displacement vessel 3, from the bottom up to the lowest
connection to the pipe leading to the evaporator. In the ofl-
mode all the working liquid 4 1s stored 1n the displacement
vessel 3 preventing the liquid to return to the evaporator. A
rotating body 5 that comprises a magnetic material 1s used for
the regulating function. In this particular embodiment a per-
manent magnet 6 placed outside the displacement vessel 3 1s
utilized to rotate the body 5 1nside the displacement vessel 3.
In this embodiment the displacement vessel 3 1s cylindrical
and thus has a circular cross cut of 1ts wall. The body 5 has a
cross cut which 1s partly circular. The outer diameter of the
circular cross cut of the body 5 1s adapted to the inner diam-
eter of the cross cut of the displacement vessel 3 so that the
body 5 can rotate 1nside the displacement vessel 3. There 1s a
small distance between the outer wall of the body 5 and the
inner wall of the displacement vessel 3 to allow a rotating
movement. The body 5 rotates around a pivot point centered
in the circular cross section.

[0075] In the on-mode, the permanent magnet 6 1s moved
so that the body 5 1s rotated to a position where it displaces
working fluid 4 from the displacement vessel 3 causing the
working liquid 4 to tlow to the evaporator 2. In the evaporator
2 heat 1s applied causing the liquid to evaporate. The vapor
will then travel all the way up to the condenser 1 through the
vapor and liquid transport pipe 7 where 1t will condense
releasing heat to the outer media. Finally, the condensed
working fluid i liquid state flows freely through the vapor
and liquid transport pipe 7 back to the evaporator 2 where the
process continue with boiling and evaporation etc.

Description of a Second Embodiment

[0076] The heat pipe 1s now described more 1n detail by
giving an example of a non-limiting embodiment, referring to
FIG. 5. To the heat pipe and in particular the evaporation
zones el-e6 of the heat pipe, external heat pipes are thermally
connected. The condenser parts of the external heat pipes
h1-h6 are 1n thermal contact with the evaporation zones e1-¢6
respectively. The external heat pipes are in thermal contact
with different chemical heat pumps working 1n a two-step
process comprising charging and discharging. The chemical
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heat pumps are adapted to be charged by any heat source.
Examples of heat sources include but are not limited to the
sun, a gas heater, an o1l burner, an electrical heater, a coal fired
furnace, and a wood fired furnace. During discharge, heat can
be transierred via the external heat pipes to the heat pipe and
further to a desired destination. While the chemical heat

pumps are charged by the heat source, the heat transfer 1s
switched off by the switch, see FIG. S.

Description of a Third Embodiment

[0077] The heat pipe 1s now described more 1n detail by
giving an example of a non limiting embodiment, referring to
FIG. 6. From two chemical heat pumps each working 1n a
two-step process and each comprising a reactor part, two heat
pipes are adapted to transier heat to a water heater. One heat
pipe 1s according to the present invention and can be regulated
and switched on and off. Heat 1s also transferred from an
external heat source to one of the reactors, see FIG. 6.

Description of a Fourth Embodiment

[0078] The heat pipe 1s now described more 1n detail by
giving an example of a non limiting embodiment, referring to
FIG. 7. From two chemical heat pumps each working in a
two-step process and each comprising a reactor part and a
condenser part, one controllable heat pipe according to the
present 1s adapted to transfer heat from the reactor to the hot
water tank VVB. A conventional heat pipe i1s adapted to
transfer heat from the condenser part(s) of the chemical heat
pump(s) to the hot water tank WB. Another conventional heat
pipe 1s adapted to transfer heat from a heat source to the
condenser part of the chemical heat pump. Yet another con-
ventional heat pipe 1s adapted to transfer heat from a burner
and/or electrical heater to the reactor part of the chemical heat
pump. During charging of the chemical heat pump heat 1s
transferred form the burner to the reactor with the controllable
heat pipe switched off. For an additional energy input the

burner can also be operated when the controllable heat pipe 1s
switched on. See FIG. 7.

[0079] Other features and uses of the invention and their
associated advantages will be evident to a person skilled in the
art upon reading the description and the examples.

[0080] It 1s to be understood that this invention 1s not lim-
ited to the particular embodiments shown here. The embodi-
ments are provided for illustrative purposes and are not
intended to limait the scope of the invention since the scope of
the present invention 1s limited only by the appended claims
and equivalents thereof.

1. A heat pipe, being a closed system and comprising a
condenser, an evaporator, and a working fluid, wherein the
condenser and the evaporator are connected to a displacement
vessel with at least one pipe,

wherein the heat pipe further comprises a space in the
displacement vessel,

wherein the volume available for the working fluid in liquid
state 1nside the space 1s adjustable, said space being
adapted to shift between one first available volume (V1)
and at least one second smaller available volume (V2),

wherein the condenser 1s situated above the space 1n rela-
tion to the gravitational force and the evaporator 1s situ-
ated below the space in relation to the gravitational
force,
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wherein the heat pipe 1s adapted so that working fluid 1n
liquid state can flow under influence of gravitational
force from the condenser via the displacement vessel to
the evaporator,

wherein a body 1s adapted for a rotating movement inside

the displacement vessel and 1s adapted to have a first
position (P1) so that the space (35) has the first available
volume (V1), and wherein the body further 1s adapted
for a rotating movement to at least one second position
(P2) so that the space (3b) has the smaller second avail-
able volume (V2).

2. The heat pipe according to claim 1, wherein the space
(3b) 1s adapted to have a first available volume (V1) which
equals or exceeds the volume of working fluid 1n the heat
pipe, and wherein the space (35) 1s adapted to have at least one
second smaller available volume (V2) which 1s smaller than
the volume of working fluid in the heat pipe.

3. The heat pipe according to claim 1, wherein the body
comprises at least one magnet, and wherein at least one mag-
net 1s adapted for achieving a rotating movement the body.

4. The heat pipe according to claim 3, wherein the magnet
1s an external magnet.

5. The heat pipe according to claim 3, wherein the magnet
1s at least one selected from the group consisting of an electro
magnet and a permanent magnet.

6. The heatpipe according to claim 1, wherein at least a part
of the inside of the displacement vessel has cross section
which 1s at least partly circular, wherein the outside of the
body has a cross section which 1s at least partly circular,
wherein the diameter of the circular cross section of the
displacement vessel 1s adapted so that the diameter of the
circular cross section of the body fits into the displacement
vessel.

7. The heat pipe according to claim 1, wherein the displace-
ment vessel 1s shaped as a cylinder.

8. The heat pipe according to claim 1, wherein the evapo-
rator comprises at least two different areas inside the evapo-
rator, wherein each of the at least two different areas inside the
evaporator 1s 1n thermal contact with at least one heat source.

9. The heat pipe according to claim 8, wherein at least one
of said at least one heat source i1s the condenser part of an
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external heatpipe (eh), said external heat pipe (eh) comprising
a working fluid and an evaporator part.

10. The heat pipe according to claim 8, wherein at least one
of said at least two different areas 1nside the evaporator dis-
plays a net attractive force with respect to the working fluid.

11. The heat pipe according to claim 10, wherein at least
one of said at least two different areas inside the evaporator 1s
at least partially hydrophilic.

12. The heat pipe according to claim 9, wherein the con-
denser part of at least one external heat pipe (eh) displays anet
repulsive force with respect to the working fluid in the at least
one external heat pipe (eh).

13. The heat pipe according to claim 12, wherein the con-
denser part of at least one external heat pipe (eh) 1s hydro-
phobic.

14. The heat pipe according to claim 8, wherein at least one
of said at least two different areas inside the evaporator com-
prises a porous material adapted to absorb working fluid 1n
liquid phase and adapted to release working fluid 1n gas
phase.

15. The heat pipe according to claim 9, wherein at least one
external heat pipe (eh) 1s adapted to transfer heat from the
reactor part of a chemical heat pump, said heat pump working
in a two-step process.

16. The heat pipe according to claim 15, wherein said
chemical heat pump working 1n a two-step process 1s heated
by a heat source.

17. The heat pipe according to claim 1, wherein the con-
denser 1s connected to a user of the heat.

18. A method of operating a heat pipe according to claim 1,
wherein the volume of the space with adjustable available
volume (36) 1s decreased or increased by arotating movement
of the body, 1n order to 1ncrease or decrease respectively the
heat transfer capacity the heat pipe.

19. The method of operating a heat pipe according to claim
18, wherein the body 1s rotated with a magnet.

20. The method of operating a heat pipe according to claim
17, wherein the heat pipe 1s according to any one of claim 15,
and wherein the heat transfer of the heat pipe 1s reduced or
turned off when the chemical heat pump working 1n a two-
step process 1s charged by an external energy source.
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