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(54) Title: HEAT TRANSFER HEAD FOR A STIRLING ENGINE

(57) Abstract: A heat transfer head (10) for a stirling engine is disclosed. The heat transfer head (10) comprises a plurality of
external circumferential fins (30) projecting out from the heat transfer head (10). At least two of the adjacent fins (30) are arranged
to be substantially parallel and such that some of the radiant heat received by one of the fins is reflected onto the other fin. A second
set of fins (40) is provided above the circumferential fins. The second set of fins are arranged to enable combustion gases from a
burner to pass upwards therebetween to enable heat to be absorbed from the passing combustion gases.
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HEAT TRANSFER HEAD FOR A STIRLING ENGINE

A Stirling engine is an externally heated
reciprocating engine. It has a cylinder within which
oscillation of a piston or pistons serves to move a
working fluid between hot and cold heat exchangers and

provide power output.

Heat is generally supplied to one end of the
cylinder of the Stirling engine in order to heat the
gas inside and drive the working piston. The end of
the Stirling engine which is heated is called a heat
transfer head and is generally surrounded by an
annular heater or burner, which supplies heat to the
heat transfer head. The cylinder is generally
arranged vertically, with a burner surrounding it to
supply heat so that hot exhaust gases from the burner
can escape upwards. In order to enhance the transfer
of heat to the cylinder of the Stirling engine to
increase its efficiency the heat transfer head can be

provided with fins to increase-its surface area.

It is an object of the present invention to
enhance the transfer of heat to the heat transfer
head.

According to the present invention there is
provided a heat transfer head for a Stirling engine
having an axis of reciprocation, the head comprising a
plurality of external fins providing a first set with
each fin projecting out from the heat transfer head
and having a length, a first side and a second side
and at least two of the adjacent fins being arranged
such that at least a portion of their lengths are
substantially parallel and arranged such that at least
a portion of any radiant heat received on a side of
one of the two adjacent fins is reflected onto a side
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of the other fin, wherein a second set of fins is
provided above the first set, each of the second set
of fins having a length, a first side and a second
side and the length of each of the second plurality of
fins extending in a plane, in use, extending in the
direction of the axis of the heat transfer head.

Heat is absorbed by the first set of fins at each
reflection, so that by arranging the fins such that
radiant heat is reflected between two substantially
parallel adjacent fins, more of the heat energy is
absorbed due to the multiple reflections providing a
more efficient heat transfer. The arrangement of the
second set of fins enables combustion gases from the
burner to pass upwards therebetween to enable heat to
be absorbed from the combustion gases.

At least a portion of the radiant heat reflected
onto the side of the other substantially parallel fin
is preferably reflected back to the one fin to further

enhance the heat transfer.

The neighbouring sides of two adjacent fins may
diverge as they extend away from the heat transfer
head to provide an overall saw tooth cross-section
with each fin having a substantially triangular or
truncated triangular cross-section. This reduces
radiant heat transfer from the fin tips back to the

burner, external walls and hot gases.

The length of the fins may extend around the
periphery or circumference of the Stirling engine
which increases the physical strength of the heat

transfer head.

At least some of the external fins which are

arranged to reflect radiant heat between each other

2.
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are preferably arranged to be positioned substantially
opposite a source of radiant heat such as a heater or

a burner.

In order to improve the heat transfer, each of
the second set of fins is attached, in use, to a
cylindrical part of the Stirling engine and has an
extended portion extending above the cylindrical part
but not being directly attached to the Stirling
engine. In order to improve the stability of this and
other arrangements, the second set of fins are
preferably connected by a circumferential ring.

Examples of heat transfer heads illustrating the
present invention will now be described with reference

to the accompanying drawings in which:

Fig. 1 is a perspective view of a heat transfer
head;

Fig. 2 1s across~sectional side view of the fins
of the heat transfer head shown in Fig. 1;

Fig. 3 1s a cross-sectional side view of an
alternative set of fins for the heat transfer head;

and

Fig. 4 is across-sectional side view of a second

alternative set of fins for the heat transfer head.

The heat transfer head 10 illustrated in Figure 1
forms the top of a Stirling engine. The head 10 is in
the form of a cylinder 11 with a dome 12 at one end.
An annular burner 20 is shown schematically. The
burner 20 surrounds the heat transfer head 10 and is
arranged to supply it with heat to make the Stirling

engine operate. The burner 20 in this example is
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powered by natural gas.

The heat transfer head 10 is provided with a
plurality of elongate first fins 30 the length of each
of which extends circumferentially around the
cylindrical portion of the heat transfer head 10. The
aspect ratio of the first fins 30 is such that the gap
4 between adjacent fin tips is small compared to the
fin height 5. The‘heat transfer head 10 is also
provided with a plurality of second fins 40, the
length of each of which extends longitudinally in the
direction of the axis of the cylindrical portion 11 of
the heat transfer head. The second fins 40 are
arranged in radial planes around the heat transfer
head 10.

As shown in Figure 2 each fin 30 has a first
under side 31 and a second upper side 32. The sides
31, 32 of each fin are substantially flat and converge
towards each other as they extend away from the heat
transfer head 10. The cross-section of the tip 33 of
each fin 30 where the two sides 31, 32 converge is
shown in Figure 5 as being curved but could be a point
or any other suitable cross-section. The cross-section
of the area 34 where the bases of two adjacent fins 30
are joined to the heat transfer head 10 is also shown
in Figure 2 as being curved but it could be any
suitable cross-section. Each fin 30 in this example
has a height 5 of about 25 mm from the wall of the
heat transfer head 10 to its tip 33 and the gap 4
between the tips 33 of adjacent fins 30 is about 5 mm.
The height 5 of each fin is preferably more than twice
the distance between tips 33 of adjacent fins 30 to.
promote reflection of radiant heat on the fins.
However, the height 5 of each fin may be three, four
or five times the gap 4 between tips 33 of adjacent
fins 30.
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A source of radiant heat, in this case a burner
20, is arranged opposite to the plurality of fins 30
such that radiant heat is directed into the spaces
between adjacent fins 30. As can be seen in Figure 2,
radiant heat impinging on one of the sides 31, 32 of a
fin 30 is reflected to the neighbouring side of the
adjacent fin 32, 31. At each reflection heat is
absorbed by the fin 30 of the heat transfer head 10
and used to operate the Stirling engine. The
triangular structure of each fin 30 producing an
overall saw tooth shape may produce multiple
reflections of radiant heat between each pair of fins
30 with each reflection enabling the heat transfer
head 10 to absorb more heat.

When radiant heat reaches the point 34 at which
two adjacent fins 30 meet, the radiant heat is
reflected away from the heat transfer head 10 and may

- encounter more reflections against the fins 30 on its

paséage away from the heat transfer head 10 enabling
the heat transfer head 10 to absorb yet more heat.

Above the first fins 30, Figure 2 shows the
cross-section of one of the second fins 40 in a plane
extending in the direction of the axis of the
cylindrical portion of the heat transfer head 10. Hot
combustion gases from the burner 20 pass upwards
between adjacent second fins 40 and much of the heat
from the combustion gases is absorbed by the fins 40.

Fins 40 are arranged to maintain high gas
velocity and have a high convective heat transfer
coefficient. The fins 40 preferably have a rectangular
cross—-section to increase fin efficiency. The heat
transfer head 10 is arranged relative to the heat
source 20 such that radiant heat is directed from the

heat source into the spaces between adjacent fins 30.
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The second fins are preferably arranged above the heat
source 20 to absorb heat from rising combustion gases.
In this arrangement a greater proportion of heat from
the heat source 20 is absorbed by the heat transfer

head 10, increasing efficiency.

Figure 3 shows an alternative arrangement of fins
for a heat transfer head 10. The fins shown in Figure
3 are identical to those shown in Figure 2 except that
channels have been made transversely into the sides of
fins 30 at points spaced circumferentially around the
heat transfer head 10. The channels extend in the
direction of the axis of the cylindrical portion of
the heat transfer head 10. The channels extend
further into the sides of the fins 30 nearer to the
top of the heat transfer head 10 to accommodate an
increasing flow of combustion gases. The channels may
be cut in the fins 30 using a circular saw.

The fins may be made from any suitable heat
conducting material such as metal, usually steel. The
heat conducting head 10 and fins 30, 40 may be formed
from the same integral piece or separate pieces of
material brazed to the cylindrical part of the head to
enhance heat conduction from the fins 30, 40 to the

heat conducting head 10.

Additional circumferential slots may be used in
the fin section 40 for stress relief purposes
depending upon cylinder design and operating pressures

and temperatures.

Figure 4 shows an alternative arrangement of fins
for a heat transfer head 10. This arrangement is
broadly the same as that shown in Figure 2. In
addition, this arrangement may incorporate channels as

shown in Figure 3. 1In this arrangement, the fins 40
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have an extended portion 40A extending above the
cylindrical portion of the heat transfer head.
However, the fins 40 are only attached to the
cylindrical portion of the head and there is a
clearance between the dome 12 and the extended portion
40A of the fins 40.

A ring 41 extends around the outer peripheral
edge of the upper surfaces of the extended portion 40A
thereby connecting the fins 40 together. A second
circumferential ring 42 of triangular cross-section
extends around the lower inner part of the fins 40.
This provides a rigid structure allowing the fins to
be manufactured and installed as a single component.
The extended fins allow a higher level of heat
transfer from the burner gases with all of this
conduction occurring through the lower part of the fin
which is attached to the head 10.
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CLAIMS

1. A heat transfer head for a Stirling engine having
an axis of reciprocation, the head comprising a
plurality of external fins providing a first set with
each fin projecting out from the heat transfer head
and having a length, a first side and a second side
and at least two of the adjacent fins being arranged
such that at least a portion of their lengths are
substantially parallel and arranged such that at least
a portion of any radiant heat received on a side of
one of the two adjacent fins is reflected onto a side
of the other fin, wherein a second set of fins is
provided above the first set, each of the second set
of fins having a length, a first side and a second
side each of the second plurality of fins being
positioned in a plane, in use, extending in the
direction of the axis of reciprocation of the heat

transfer head.

2. A heat transfer head according to claim 1,
wherein neighbouring sides of two adjacent fins
diverge as they extend away from the heat transfer
head.

3. A heat transfer head according to claim 2,
wherein each fin has a substantially triangular or

truncated triangular cross-section.

4. A heat transfer head according to any of the
preceding claims, wherein the length of the fins of
the first set extends around the periphery of the

Stirling engine.
5. A heat transfer head according to any of the

preceding claims, wherein at least some of the fins of

the first set are arranged to be positioned
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substantially opposite to a source of radiant heat
such that radiant heat can be directed onto both sides

of at least some of the fins.

6. A heat transfer head according to claim 5,
wherein at least some of each of the second set of
fins extends vertically above the source of radiant
heat.

7. A heat transfer had according to any one of the
preceding claims, wherein each of the second set of
fins is attached, in use, to a cylindrical part of the
Stirling engine and has an extended portion extending
above the cylindrical part but not being directly
attached to the Stirling engine.

8. A heat transfer head according to any preceding
claims, wherein the second set of fins are connected

together by at least one circumferential ring.

9. A Stirling engine with a heat transfer head

according to any of the preceding claims.



0000000000

74

N
{

2l

P —
—

00

4 Wf_f/f‘

//

\\\.\Tﬂ

T
l

NON

-

1N
i

Y

l’fﬂ(l

/ o
l\
|

A5 7

\_
Y=



WO 02/14671 PCT/GB01/03637

g7z 4

A6 Z

A0

A

7
d
/|
/|
/|
/|
%
/|
<
\

\

A A

R T T 7777777
J
\



WO 02/14671 PCT/GB01/03637

T

S5 F
//4&
=
sé\\ —
NN\ N —
Z
sg\\\\ NN\ J-—JL_-
\\C_\\\ ANINR=—
A\\\\ SN
: F7 N/7)
2 -
N
N
N
N
N
b




WO 02/14671 PCT/GB01/03637

%
A5
77z

72 <7

| AV M ;”"
N N/ g%
N N

N \Y

¢ =




INTERNATIONAL SEARCH REPORT

Int onal Application No

PCT/GB 01/03637

IPC 7

A. CLASSIFICATION OF SUBJECT MATTER

F02G1/055

According to Internationa! Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7

Minimum documentation searched (classification system followed by classification symbols)

FO02G6 FO2F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulied during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ®

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

PATENT ABSTRACTS OF JAPAN

vol. 013, no. 582 (M-911),

21 December 1989 (1989-12-21)

& JP 01 244151 A (TOSHIBA CORP),
28 September 1989 (1989-09-28)
abstract

PATENT ABSTRACTS OF JAPAN

vol. 011, no. 123 (M-581),

17 April 1987 (1987-04-17)

& JP 61 265344 A (KAWASAKI HEAVY IND LTD),
25 November 1986 (1986-11-25)

A abstract

Y BE 405 953 A (BERNARD)
figures 1,2

A page 4, paragraph 1 - paragraph 8 2-8

YA

Further documentis are listed inthe continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

'A" document defining the general state of the art which is not
considered to be of parlicular relevance

'E* earlier document but published on or aiter the international
filing date

'L* document which may throw doubts on priority claim(s) or
which Is clted 10 establish the publication date of another
citation or other special reason (as specified)

'O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited fo understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-—
[n?;‘lts, ﬁuch combination being obvious to a person skilled
In the art.

*&* document member of the same patent family

Date of the actual compietion of the international search

5 October 2001

Date of mailing of the international search report

12/10/2001

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL ~ 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Wassenaar, G

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

In nal Application No

PCT/GB 01/03637

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Gitation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A PATENT ABSTRACTS OF JAPAN

vol. 009, no. 249 (M-419),

5 Qctober 1985 (1985-10~05)

% JP 60 101254 A (MITSUBISHI DENKI KK),
5 June 1985 (1985-06-05)

abstract

A US 4 483 143 A (COREY JOHN A)

20 November 1984 (1984-11-20)
figures 1,3

abstract

column 2, line 45 - Tine 68

1,9

Form PCT/ISA/210 (continuation of second sheet) (July 1892)




INTERNATIONAL SEARCH REPORT

Information on patent family members

n onal Application No

PCT/GB 01/03637

Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 01244151 A 28-09-1989  NONE

JP 61265344 A 25-11-1986  NONE

BE 405953 A NONE

JP 60101254 A 05-06-1985 JP 1343844 C 29-10~1986
JP 61008266 B 13-03~1986

US 4483143 A 20~11-1984  NONE

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

