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577 ~ ABSTRACT

A heat input device for a heat engine comprises a com-
bustion device which is adapted to support surface
burning of a fuel and oxidant mixture and a heat ex-
changer which is adapted to transfer the heat from the
hot surface against which the surface burning takes

- place to the working fluid of the engine.

14 Claims, 3 Drawing_- Figures
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GAS TURBINE ENGINE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicntes the additiena made
by reissue, X

.. This mventlen relates to a heat lnput dewce fora heat
engine. . .. . ' | |

In heat engines, of whrch the gas turblne engine and
the Stirling cycle engine are particular examples, the

input of heat to the working fluid often presents-a diffi-

culty. This is'particularly the case in Stirling cycle en-
gines, where the high pressure of the working fluid at
the heat input stage makes it difficult to input heat, and
this tends to-limit performance with conventional com-
- bustion chambers or other forms of heat input devices.
It has also been.an aim of designers in the gas turbine
~ engine to increase the highest temperature of the cycle,

to improve the cycle efficiency. This has again been

difficult with conventional heat input devices.

The present invention provides a heat input device
for a heat engine which can prov:de a hlgh temperature
of the heat input. |

~ According to the present mventlon a heat input de-

vice for a heat engine comprises means within which
surface burning of a fuel/oxidant mixture can take place

and heat exchange means by which the heat from the-

hot surface heated by the surface burmng can be trans-
ferred to the werkrng fluid of the engine.

Said heat englne may comprise a gas turbme engme,
or may comprise a Stirling cycle engine. - -

Thus, said gas turbine engine may cemprlse a com-
pressor, a combustion system and a turbine; the com-
pressor and turbine being drivingly interconnected the
combustion system being adapted to heat compressed
gas from the compressor before it passes through the
turbine to drive the turbine and the combustion system

comprising means within which surface burning of a

~ fuel/oxidant mixture may take place. |
Preferably said gas is air, and-then air flow threugh
the engine provides the oxidant for said surface burning.
In this-case the compressed air from the compressor is
preferably heated by heat exchange in the combustion
system before passing through the turbine, the exhaust
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" In FIG. 1 there is shown a gas turbine engine com-
prising an axial flow compressor 10 which takes in air
through an intake 11, compresses it and delivers the
compressed air to a combustion system 12. The combus-
tion system 12 comprises a heat exchange [passes]
passage 13 threugh which the compressor delivery air
passes, the air in the passage 13 being arranged to be in
thermal contact with a surface burning arrangement 14
described below. -

The air is thus heated in the passage 13 and passes to
an axial flow turbine 15 through which it expands to
drive the turbine in the normal manner. A shaft 16 driv-
1ngly interconnects the turbine and COmpressor so that
the compressor 10 is driven from the turbine.

" Exhaust air from the turbine 15 is passed through
ducting 17 past a fuel injector 18 to the surface burning

“arrangement 14. The fuél injector 18 causes fuel, such as

kerosene or a gaseous hydrocarbon fuel, to be mixed
intimately with the air, so that it forms a combustible
mixture on reachtng the surface burning arrangement
14. This arrangement may cemprlse one of a number of
alternative arrangements, the main criterion being that a
large area of surface suitable for supporting the phe-
nomenon of surface burning is provided. We prefer to
provide a bundle of fine silica or alumina tubes, enabling
the fuel/air mixture to pass inside the tubes and the
passage 13.to be provided outside the tubes, or vice
versa. Alternatively the tube bundle or a typical matrix
could form part of a rotary heat exchanger, as described
below, or a similar rotary heat exchanger of conven-

tional matrix form could be used, subject to its being

- provided with sufficient surface area.
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air for the turbine prewdmg the extdant for the surfaee |

burning. . -

The surface burning may take place wrthm any ma-
trix having an extended surface, for example a porous
means, Or a bundle of fine tubes.of silica, alumina, high
temperature resistant metal or other heat resistant mate-

- rial. There may be a further heat exchanger adapted to

exchange heat between the exhaust of the surface burn-
~ing device and the compressor de]wery air. |
Said heat exchangers may cemprlse retary heat ex-

changers. S | ~

The invention will now be partlcularly descrlbed
merely by way of example, with reference to the ac-
companymg drawings in which: o

FIG. 1 is a diagram -of the layout of a gas turbine
having a heat input devree m aeeordance with the pres-
ent invention, - | -

FIG.2isa dlagrammatre view of a heat exchanger for
‘the engme of FIG. 1, and | |

FIG.3i1sa dragrammatlc layout ef a further embodl-
ment. T -

50

55

65

In the preferred case, the fuel/air mlxture burns in the
tubes, and because of the relatively large surface area
available, the combustion takes the form of surface

‘burning. In surface burning, although the fuel/air mix-
ture may not be stoichiometric, the temperature of the

surface is raised to a temperature considerably above
what would be the case in normal combustion.

- Surface combustion or surface burning is a well
known phenomena which may be produced in a variety
of ways. It has been used in mdustrlal applleatlons since -
at least 1900. L R

Thus the advantage of surfaee burmng is that the
chemical reaction takes place on the surface and the
temperature of the wall adjacent to the reaction is con-
siderably higher than the discharge temperature of the
gas corresponding to the air fuel ratio of the reaction.
To quote an example, in a laboratory experiment, burn-
ing a kerosene/air mixture in:which the temperature
rise corresponding to the air fuel ratio was 400° C. gave
an exit gas temperature of 700° C. The temperature of
the wall in a surface burnmg apparatus was approxr-
mately 1600° C. ' - -

If one were using a heat transfer dewce to transfer
heat from the combustion air to the working fluid then

‘with normal arrangements the temperature difference

available to transfer the heat would be based on a gas
temperature of 700° C. The wall separating the hot gas
from the colder working fluid would be at a tempera-
ture less than 700° C. By using a surface burning ar-
rangement the wall temperature is markedly increased
in the example given having a maximum possible value
of 1600° C. and the temperature difference avatlable for

heat transfer is thus much greater.

The tubes therefore become very hot, and the heat is

'transferred to the air in the passage 13.
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Exhaust gases from the arrangement 14 leave via a
duct 19 and are taken to a location of use, which may
comprise a further turbine or an exhaust nozzle. -

In FIG. 2 there is shown how a rotary heat exchanger
may be used to provide both the surface burning ar-
rangement and the heat exchange with the compressor

- delivery air. In this case a rotary heat exchanger is made
up of a cylindrical bundle of the fine silica tubes 20 or a

typical matrix ceramic or metal referred to above, the
tubes being arranged to be coaxial with the cylinder.
The cylinder is mounted for rotation about its axis on a
shaft 21, and sealed inlet and outlet ducting allow the
fuel/air mixture to flow through the tubes in the sector
22 while the compressor delivery air flows in contra-
flow through the remainder of the tubes, or through
some of them. The cylinder is slowly rotated by means
not shown and surface combustion is arranged to take
place in the tubes within the sector 22. These tubes are
therefore heated, and when they leave the sector 22 due
to the rotation of the cylinder, they transfer heat to the
flow of compressor delivery air. The cylinder thus pro-
vides the surface burning arrangement and heat ex:
changer in one unit. | o -

It will be appreciated that it may be possible to use
the conventional form of metal or ceramic matrix for
the rotary heat exchanger; this may comprise windings
of corrugated and flat metal or ceramic containing
strips which produce a matrix having a plurality of
axially extending passages. The size of the passages may
require to be differently sized from those of the conven-
tional type of exchanger in order to produce the opti-
mum results from surface burning. | |
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In FIG. 3 there is shown a further embodiment. This'

embodiment is broadly similar to that of FIG. 1, but it
will be seen that a further heat exchanger 30 is provided
in which the exhaust gases from the surface burning
arrangement and the compressor delivery air prior to its

35

entry into the passage 13 are maintained in heat ex-

changer relationship. In this way the heat left in the

exhaust gases is used in the engine. The exchanger 30
may comprise a rotary heat exchanger as in FIG. 2 or it
may comprise a more simple device. o

It will be appreciated that the engine arrangements
described above are relatively simple, and that more
complex devices such as multi-shaft engines may be
used. Again, it has been found difficult in the past to
initiate surface combustion in kerosene/air mixtures
without first using a light gas such as acetylene to pre-
heat the surface combustion arrangement, and it may
prove necessary to use a different fuel to start the en-
gine, and/or to provide additional preheating means for
the surface combustion arrangement. |

- Although the tube bundle described above. as the.

surface burning arrangement is particularly convenient,
other forms of arrangement such as a mass of particles
or surface textured plates etc. could be used, as could a
variety of different materials. |

I claim: G - |

[1. A system of the type comprising, in combustion,
a heat engine and a heat input device, said heat engine
having a gas working fluid wherein: said heat input
device comprises a unitary heat exchange body having
an extended surface against which surface burning of a
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fuel and oxidant mixture can take place, and a heat

exchange surface forming part of the heat exchange
body and in thermal contact with the extended surface,

65

said heat exchange surface being directly heated by

conduction of heat from the extended surface and

4

adapted to transfer this heat to the working fluid of the
engine. ] Co - |

2. The system of claim [1] /2 wherein said heat
engine comprises a Stirling cycle engine.

‘3. The system of claim [1] 12 wherein said heat

engine comprises a gas turbine engine.

4. The system of claim 3 wherein said gas turbine
engine comprises a compressor, a combustion system

and a turbine, the compressor and turbine being driv-
ingly interconnected and the combustion system being
adapted to heat compressed gas from the compressor
before it passes through the turbine to drive the turbine,
the combustion system also comprising means within
which said surface burning of [a} said fuel oxidant
mixture may take place.
- 9. The system of claim 4 wherein said gas is air, and
the airflow through the engine provides the oxidant for
said surface burning. - - -
6. The system of claim 5 wherein the compressed air
from the compressor is heated by heat exchange in the
combustion system before passing through the turbine,
exhaust air from the turbine providing the oxidant for
the surface burning. |
1. The system of claim 6 further comprising a heat
exchanger adapted to exchange heat between the ex-
haust of the-surface burning device and the compressor
delivery air. | R |
8. The improvement of claim [11] 13 wherein said
surface burning takes place within a matrix having an
extended surface. =~ = |
9. The improvement of claim 8 wherein said matrix
comprises a cylindrical bundle of fine tubes.
10. The improvement of claim 9 wherein said cylin-
drical bundle is rotatable about its axis and said surface
burning takes place within a segment of the cylinder,
the remainder of the bundle being used to exchange heat
with the working fluid of the engine.
[11. In a system of the type including a heat engine
and:a surface burning heat input device the improve-
ment wherein said surface burning heat input device
comprises: a unitary heat exchange body having an
extended surface against which surface burning of a fuel
and oxidant mixture can take place, and a heat exchange
surface forming part of the heat exchange body and in
thermal contact with the extended surface, said heat
exchange surface being directly heated by conduction
of heat from the extended surface and adapted to trans-
fer this heat to the working fluid of the engine.}
12. An engine system comprising
a heat engine, and | | -
a heat input device for said engine comprising a heat
exchange body having an extended surface adapted
Jor surface burning of a fuel and oxidant mixture;

means for forming a combustible oxidant-fuel mixture
in said heat exchange body, and

a heat exchange surface forming at least a portion of

said heat exchange body, said heat exchange surface
- being heated by the surface burning of said fuel and

. oxidant mixture. o

13. An engine system comprising

a heat engine, and

a heat input device for said engine; &

said heat input device comprising a heat exchange body

- having an extended surface adapted for surface burn-

ing of a fuel and oxidant mixture;

means for forming a combustible oxidant-fuel mixture

in said heat exchange body;
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means for surface bummg sa:d ox:dam-fuei m:.xture in  said heat input devrce comprises a unitary heat exchange
- said heat exchange body to thereby raise the tempera- .  body having an extended surface against which sur-
-~ ture of said extended surface substantially above the face burning l’i’f a fuel ﬂ"d oxidant mzxture takes
‘temperature of the exhaust gases fmm the combustzon o place; and | | |
of said fuel-oxidant mixture, and - 5 - a heat exchange smface formmg part of the heat ex-

change body and in thermal contact with the extended
surface, said heat exchange surface being directly
heated by conduction of heat from the extended sur-
 face and adapted to tran.gfer this heat to the working

10 fluid of the engine.

16. In a system of the type mcludmg a heat engme and
a surface burning heat input device, the improvement
‘wherein said surface burning heat input device comprises:
a unitary heat exchange body having an extended sur-

‘a heat exchange surface forming at least a portion of
said heat exchange body and being in thermal contact
with said extended surface, said heat exchange sur-
face being heated by satd surface bummg of said
fuel-oxidant mixture.

14. The engine of claim 13 wherein said heat exchange

-body includes a matrix having said extended surface, said

matrix being rotatable about an axis therethrough, said

surface burning taking place at any instance of time within |5 face against which a surface burning of a fuel and
aportfﬂn Of.'i‘a!'d matrfx ﬂnd the ré’mafnder Ofsafd matrfx'_ . Oxfdaﬂt mzxture takes Place and
at said instance of time being said heat exchange surface, -~ 4 heat exchange surface forming part of the heat ex-
the portion of said matrix on which said surface burning - change body and in thermal contact with the extended
and said heat exchange occurs conrmuously changmg as '. - surface, said heat exchange surface being directly
said matrix rotates. : | : - 200 heated by conduction of the heat from the extended
15. A system of the type compmmg in combmatton a surface and adapted to transfer th:.s* heat to the work-
‘heat engine and a heat input device, sa:d heat engine hav- mg ﬂmd of the engme o | |
ing a gas working fluid wherein: . | R
25
30
0
45




	Front Page
	Drawings
	Specification
	Claims

