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This invention relates to gas turbines.

In gas turbine plant working according to an
“open” or “mixed” cycle the fuel used is burned
directly in air compressed to a suitable pressure
above atmospheric and the resultant products of
combustion together with additional diluent air
form the working medium which is expanded in
one or more turbines thus producing wuseful
power. In such cycles, as distinet from the
“closed” cycle wherein air or other suitable gas
only is circulated and expanded in the turbine
or turbines, the products of combustion must be
acceptable to the turbine and other components
associated therewith, that is to say, they should
not for example contain constituents which if
deposited on the turbine blades or other channels
would partially or completely block same, nor
preferably should they chemically attack the
materials of which the turbine and other com-
bonents are made and through which they are
being carried in the working medium.

Such deposition of or attack by the constitu-
ents of the products of combustion results in the
first place from the complete or partial combus-
tion of certain constituents contained in the fuel
or in the air used for its combustion. Such
constituents are unfortunately often associated
with the cheaper fuels which from the point. of
view of economy it is desirable to use, Their
harmful effects may, however, depend in whole or
in part upon their temperature. For example,
in the process of burning the fuel certain prod-
ucts of complete or partial combustion may occur
in the form of 5 gas or liquid and may remain
in this state in the working medium at the out-
let of the combustion chamber or the inlet to the
turbine and with the fall in temperature of the
working medium due to loss of heat or the con~
version of heat into work may change their state
from the gaseous to the liquid or from liquid to
viscous or solid state. While therefore in the
gaseous or even the liquid state such constituents
may pass freely through the channels of the tur-
bine and its asscciated equipments such as the
heat exchanger, they may in the viscous or solid
state become deposited on the surfaces forming
such channels and cause complete or partial
blocking of same with resultant loss in power
and/or efficiency.

The object of the present invention is to pre-

10

15

20

25

30

35

40

45

60

(CL. 60—39.66)

2 .
vent or inhibit the harmful effects of the con-
stituents in the working medium arising from
the combustion of the fuel or brought in with the
combustion and/or diluent air.

According to the invention suitable surfaces
are interposed, hereinafter referred to .as ex-
tractors, or extractor elements, in a stream of
working medium after combustion and prior to
its enfry into a gas turbine. )

The invention consists in g method of inhibit-
ing the harmful effects of the constituents in
the working medium of 3 gas turbine wherein an
extractor element ig interposed ‘in a stream of
working medium after combustion and prior to
its entry into the turbine, said element forming
the boundaries of suitable channels through
which the working medium is led and being of
such form and of such material as will ensure
that the constituents in the working medium
which would deposit upon or attack the turbine
and/or its associated components, e. g, a heat
exchanger, are deposited in whole or in part,
and/or their power of chemical attack expended
in whole or in part upon such surfaces and
wherein the combustion products subsequently
bass through a secondary combustion chamber
where they are raised to a higher temperature
by the combustion of further fuel.

The invention also consists in a method as
set forth in the preceding paragraph, wherein
the relation of the fuel to air is so adjusted
that the combustion products enter the extractor
within a presecribed temperature range.

The invention also consists in apparatus for
carrying into effect the method set forth in either
of the two preceding baragraphs,

The invention also consists in apparatus as
set forth in the breceding paragraph embodying
a bifurcated combustion chamber outlet having
an extractor element in each leg and a valve
or valves for switching the flow through either
leg.

The invention also consists in apparatus as
set forth in either of the two preceding para-
graphs wherein the extractor elements take the
form of hollow blades or tubes.

Referring to the accompanying diagrammatic
drawings—

- Figure 1 illustrates the simplest application of
the present invention.
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Figure 2 illustrates a modified arrangement.

Figures 3, 4 and 5 illustrate three alternative
forms of extractor elements that may be em-
ployed in connection with the present invention.

In carrying the invention into effect according
to one convenient form illustrated by way of ex-
ample in Figure 1, air from a compressor C passes
through a heat exchanger H where it picks up
heat from the exhaust gases discharged by a tur-
bine T. After combustion ina combustion cham-
ber CCI, supplied with fuel through fuel line P
at a rate regulated by valve V, the products of
combustion pass through an extractor B and the
constituents which would adhere to the turbine
blading or auxiliary equipment such as, for ex-
ample, the heat exchanger, are deposited on the
surfaces of the said extractor. A further com-
bustion chamber or chambers is introduced, in
which the extractor element is interposed be-
tween two stages of the combustion process. in
the first stage there takes places the combustion
of the fuel which gives rise to the constituents

20

which would but for the intervention of the ex- .

tractor become deposited. upon or chemically at-
tack the turbine and/or its associated compo-
nents. But since the temperature of the products
of combustion together with such diluent as may
have been used may, after passing the extractor
either because of the amount of fuel burned or he-~
cause of being cooled while passing through the
special element as already described, is insufficient
to provide the required efficiency of the plant,
provision is made for a further stage or stages
of combustion preferably using & fuel fiee from
the constituents which give rise to deposits or
chemical attack when passing through the tur-
bine and/or its associated components. In this
manner the temperature may be raised to the re-
quired degree and without materially adding to
the working medium undesirable constitutents in
the products of combustion. As will be seen from
Figure 1 the combustion takes place in two stages,
one before the extractor in the combustion cham-
per CC{ and the other in a combustion chamber
cC2 following the extractor. Thereafter the
products of combustion are expanded in the tur-
bine T and are then led through the heat ex-
changer H to atmosphere.

The process permits of using in the first com-
bustion stage or stages grades of fuel that are in
general cheaper than those which do not give rise
on combustion to products harmiul to the output
and/or efficiency of the turbine and its associated
components.

In the particular applications or combination

of applications outlined in Figure 1, the extractor
T may be contained in a bifurcated outlet from
the first combustion chamber CCH, and by means
of suitable valves S and ducting the flow from
the combustion chamber may be diverted through
one leg or the other of the bifurcated outlet, thus
allowing of the one extractor element being
cleaned or repaired while the other is functioning.

As shown in Pigure 2 the working medium at
outlet from the combustion chamber CC{ may
flow alternatively along the path AB through the
extractor Ei or along the path CD through the
extractor B2 and so in either case to the tur-
hine T by way of the second combustion cham-
ber CC2. e extractors may, if necessary, be of
such form as, for example, hollow blades or tubses
as allows of their being cooled by air or other
suitable medium.

Tt is desirable to: ensure that the combustion
produets shall pass through the extractor within

4

3 prescribed temperature range and this may be
achieved by suitable selection of air/fuel ratio or
by cooling the extractor. .

Figures 3, 4 and 5 show by way of example
three constructions of extractor elements which
may be used.

In the extractor of Figure 3, the products of
combustion pass between the blades of a series
of blades ¢ in a casing b, the said blades being
cooled if necessary as described above, by air
tapped from the compressor or by air or other
coolant derived from a separate source and
passed through the hollow plades. The extractor
has the structure of a tubular surface condenser,

" the coolant being circulated through the hollows

withirn the blades ¢ and the blades ¢ defining pas-
sages between them for flow of the gas and com-
pustion products from the primary combustion
chamber CC{ to the secondary combustion cham-
ber CC2.

In Figure 4 the exiractor element consists of
tortuous. passages ¢ contained between hollow
sections. d. which change the direction of the

_ products of combustion eontinuously and not ina
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series of steps as in Figure 3. The said sections al-
low if neecessary, of cooling by air or other coolant
being passed through them.

Th Pigure 5 is shown an exiractor somewhat
similar to that of Figure 4, but in this instance
it is in the form of an annulus through passages
¢ in which the combustion gases pass as indicated
by the arrows. As in Figures 3 and 4, the coolant
may pass through the hollow roundaries which
form tihe channels through which the combustion
gases pass in which case suitable means are pro-
vided for bringing the coolant to and taking the
coolant away from the blades or tubular passages
through which it passes. Interrupted passages
such as those shown in Figure 3 may be used n
annular forms of extractor such as shown in
Figure 5. '

By the provision of suitable form and material
for the extractors and by providing that they are
more easily and speedily removable or renew-
able than the turbine and/or its associated com-
ponents, €. g., a heat exchanger, the useiul run-
ning life of the plant is increased and repair or
renewal shut down time reduced.

The effectiveness of the extractor element de-
pends upon the products of combustion when
passing through it being at a temperature or
within g temperature range such that objection-
able constituents will adhere to the extractor sur-
faces, and this is achieved by so adjusting the re-
lation of fuel to air that the combustion products
enter the extractor at the prescribed temperature
and subsequently pass through a secondary com-
pustion chamber where they are raised to the full
temperature by the combustion of further fuel.

I claim:

1. In a gas turbine installation, a primary com-
bustion chamber, a secondary combustion cham-
ber, an extractor between the two combustion

5 chambers, each having its own fuel supply, and

means connecting the primary combustion cham-
ber directly to the extractor and the extractor
directly to the secondary combustion chamber,
the extractor having surfaces for depositing
harmful constituents of the combustion prod-
ucts, and means for cooling the said surfaces %o
cause deposition thereon of such constituents.

9. Aan installation according to claim 1, conl-
prising means for regulating supply of fuel to the
primary combustion chamber to regulate the
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temperature of the combustion products passing
through the extractor.

3. An installation according to claim 1, hav-
ing g second such extractor and valve and conduit
means for directing the flow from the primary
combustion chamber to the secondary combus-
tion chamber selectively through either of the
two extractors.

4. An installation according to eclaim 1, in
which the extractor comprises g tubular surface
condenser.

b. An installation according to claim 4, in
which the tubular elements are formed as blades,
defining flow channels for the passage of gas
and combustion products through the extractor.
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