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(549 IMPROVEMENTS IN GAS TURBINE ENGINES WITH RECIRCULATING
BLEED

2 We, GENERAL ELECTRIC COMPANY,
a corporation organised and existing under
the laws of the State of New York, United
States of America, residing at 1 River
Road, Schenectady, 12305, State of New
York, United States of America, do hereby
declare the invention, for which we pray
that a patent may be granted to us, and
the method by which it is to be performed,
to be particularly described in and by the
following statement: —

The present invention pertains to gas
turbine engines and, more particularly, to
a method of operating same to reduce car-
bon monoxide and unburned hydrocarbon
emissions.

The present era of environmental aware-
ness has spurred governmental regulations
limiting the permissible exhaust emissions
from gas turbine engines. Some of the
more severe requirements relate to carbon
monoxide (CO) and unburned hydrocarbon
(HC) emissions. These emissions have tra-
ditionally been the greatest at ground idle
conditions where the combustor inlet tem-
perature and pressure, and the combustor
fuel-to-air ratio, are relatively low.

As gas turbine powered aircraft are de-
signed for operation from shorter runways,
the emissions problem will become more
acute. The reason is that short-field air-
craft must be overpowered (i.e. higher in-
stalled thrust-to-aircraft weight ratio) com-
pared to the more conventional take-off and
landing aircraft. For example, during taxi
operation the engine power setting must be
reduced abnormally to avoid overloading
the aircraft brakes, particularly on icy run-
ways. As the engine throttle is pulled back
to this abnormal position, the combustor
inlet temperature drops (due to lower work
input of the compressor) resulting in in-
efficient burning and increased exhaust
emission levels. A similar condition exists
during the landing cycle if the aircraft
maintains a holding pattern, since there
again the power level must be abnormally
low (on a percentage thrust basis) due to
the high installed thrust level.

The problem is further compounded,
however, since not only does the low com-
bustor inlet temperature result in increased
exhaust emissions, but it also degrades the
aircraft anti-icing system effectiveness.
Some aircraft and engine surfaces are nor-
mally heated by air bled from the combus-
tor inlet and if this air is too cool the heat-
ing process does not function properly.

Accordingly, it is the primary object of
the present invention to provide a methcd
of operating a gas turbine engine in order
to reduce CO and HC emissions at low
power settings.

It is a further object of the present in-
vention to provide an improved gas turbine
engine having reduced CO and HC emis-
sions at low power settings.

These and other objects and advantages
will be more clearly understood from the
following detailed description, drawings and
specific examples, all of which are intended
to be typical of rather than in any way
limiting to the scope of the present inven-
tion.

Briefly stated, the above objects are ac-
complished in a gas turbine engine wherein
hot air is bled from the engine at a first
location and reintroduced back into the
engine at a second location, with the neces-
sary constraints that the temperature of the
air at the first location exceeds that of the
second and wherein the re-entry location
is at least as far upstream as the combus-
tor inlet. Thus, as the hot air is recycled
the combustor inlet temperature rises
rapidly for a given engine thrust level so as
to reduce CO and HC exhaust emissions.

In one embodiment, a conduit is provided
to transfer hot air from a source such as
the compressor discharge, combustor dis-
charge or turbine discharge upstream to the
compressor inlet, for example. A valve
within the conduit, and operated by means
of a signal from the engine fuel control
system or power lever, is provided to con-
trol the rate of recirculation of the heated
air.  Alternatively, it may be possible to
dispense with such a control valve by find-
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ing a combination of hot air sources and
re-entry locations which would permit the
bleed air to flow at low power settings and
not at high power settings. In such event,
a simple check valve would preclude reverse
circulation.

While the specification concludes with
claims particularly pointing out and
distinctly claiming the subject matter which
is regarded as part of the present invention,
it is believed that the invention will be more
fully understood from the following
description which is given by way of ex-
ample with the accompanying drawings in
which:

Figure 1 represents a schematic, partial
cross-sectional view of a gas turbine engine
incorporating the subject invention;

Figure 2 is an enlarged cross-sectional
view of a portion of the gas turbine engine
of Figure 1; and

Figure 3 is a gas turbofan engine partial
cross-sectional schematic, similar to Figure
1, depicting an alternative embodiment of
the present invention.

Referring to the drawings wherein like
numerals correspond to like elements
throughout, reference is first directed to
Figure 1 wherein an engine depicted
generally at 10 and embodying the present
invention is diagrammatically shown. This
engine may be considered as comprising
generally a core engine 12, a fan assembly
14 including a stage of fan blades 16, and
a fan turbine 18 which is interconnected to
the fan assembly 14 by shaft 20. The core
engine 12 includes an axial flow compres-
sor 22 having a rotor 24. Air enters inlet
26 and is initially compressed by fan as-
sembly 14. A first portion of this com-
pressed air enters the fan bypass duct 28
defined, in part, by core engine 12 and the
circumscribing fan nacelle 30 and discharges
through a fan nozzle 32. A second portion
of the compressed air enters inlet 34, is
further compressed by the axial flow com-
pressor 22 and is then discharged to a com-
bustor 36 where fuel is burned to provide
high energy combustion gases which drive a
turbine 38. The turbine 38, in turn, drives
the rotor 24 through a shaft 40 in the usual
manner of a gas turbine engine. The hot
gases of combustion then pass to and drive
the fan turbine 18 which, in turn, drives
the fan assembly 14. A propulsive force is
thus obtained by the action of the fan as-
sembly 14 discharging air from the fan by-
pass duct 28 through the fan nozzle 32 and
by the discharge of combustion gases from
a core engine nozzle 42 defined, in part, by
plug 44. The foregoing description is
typical of many present-day gas turbine
engines and is not meant to be limiting, as
it will become readily apparent from the
following description that the present inven-

tion is capable of application to any gas
turbine engine and is not necessarily restric-
ted to gas turbine engines of the turbofan
variety. The foregoing description of the
operation of the engine as depicted in
Figure 1 is, therefore, merely meant to be
illustrative of one type of application for
the present invention.

For most gas turbine engine combustors
is has been found that the amount of gas
emissions at idle (or below idle) engine
operating conditions can be reduced by in-
creasing the temperature of the air enter-
ing the combustor. In the present inven-
tion, the temperature of the air entering
the combustor is increased by recycling the
heated air in any of several ways now to be
described. Generally a portion of the air
is bled from the engine at a first location
and reintroduced back into the engine at a
second location subject to two constraints:

(1) the temperature of the air (the

motive fluid) passing through the
engine must be higher at the bleed
source (the first location) than at
the re-entry location (the second
location); and

(2) the re-entry location must be at least

as far upstream as the inlet to the
combustor.

For example, consider the arrangement
of Figure 1 wherein air is bled from the dis-
charge 45 of compressor 22 and routed by
means of conduits 46, 48 to the core com-
pressor inlet 34 where it is reintroduced
back into the primary flow stream. Since
the temperature at the compressor discharge
is greater than that at the inlet by virtue of
the work addition through the compressor,
the average compressor inlet temperature is
increased. When the engine cycle is re-
balanced in the known manner to supply
a specific idle or subidle thrust, the net re-
sult is an increase in combustor inlet tem-
perature of an amount in excess of the
increase in inlet temperature. This, in turn,
reduces CO and HC emissions significantly.

A simple estimate of the effectiveness of
the concept on a commercially available
high bypass-ratio gas turbofan engine in-
dicates that a 50°F (27-8°C) increase in core
compressor inlet temperature at a 5 per cent
thrust idle condition will increase the com-
bustor inlet temperature by 75°F (41:7°C).
This, in turn, decreases the CO emissions
by approximately 28 percent, even after
accounting for an increased fuel flow of
about 4 percent required to rebalance the
cycle. The magnitude of the compressor
discharge bleed required to raise the com-
pressor inlet temperature by 50°F is about
14 percent of the total air passing through
the core compressor. It is to be noted that
these estimates do not include the effect of
bleed on the cycle, but just include the in-
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let temperature effect. The effect of com-
pressor bleed by itself without recirculation
is to raise turbine inlet temperature and
the combustor fuel-to-air ratio required to
supply a given level of idle thrust. This
will further contribute to reduced emissions
and the two effects will complement each
other. Thus, the improvement in idle
emissions achieved by raising the com-
pressor inlet temperature is in addition to
the effect of compressor discharge bleed.

In principle, the magnitude of the in-
creases in compressor inlet and discharge
temperatures can be made any reasonable
value depending on the particular engine
involved, the power setting in considera-
tion, and practical considerations such as
maximum temperature limits of the com-
pressor inlet, the size of the ducting re-
quired, and the means necessary for extract-
ing the bleed air and reintroducing it into
the compressor inlet.

The obvious choice for the bleed extrac-
tion location in contemplation of modifying
existing engines is at the compressor dis-
charge location (45 of Figure 1) as dis-
cussed hereinabove, by utilizing extraction
ports already in the engine for customer
purposes such as aircraft cabin pressuriza-
tion or anti-icing. However, several other
sources may be tapped for the hot air de-
pending upon the amount of flow and tem-
perature rise desired. These sources are
indicated by the dotted lines feeding con-
duit 48 in Figure 1. Specifically, they in-
clude compressor interstage bleed 50, com-
bustor inlet bleed 52, combustor discharge
bleed 54, turbine interstage bleed 56 and
turbine discharge bleed 58. Clearly, ex-
traction from the turbine area where the
air is at a much higher temperature will pro-
vide a much greater increase in compressor
inlet and exhaust temperature for a given
bleed flow rate. For example, if combustor
discharge bleed air at a temperature of
800°F (426:7°C) were used in the previous
example, the amount of bleed air required
to increase the compressor inlet tempera-
ture by 50°F (27-8°C) would be only ap-
proximately 4-5 percent of the total air
available passing through the engine. Note
also that the cycle rematching effect will be
different for each extraction location.

Figure 1 depicts the obvious choice for
the re-entry location, at the core compres-
sor inlet 34. While the concept is depicted
only schematically in Figure 1, the geometry
of the reintroducing means may vary de-
pending upon individual engine differences
and design preferences. For example,
Figure 2 shows one possible arrangement
wherein the bleed air is ducted into the
splitter 60 separaving the core inlet duct 34
from the fan bypass duct 28. Therein, the
bleed air is fed into a plenum 62 within the

splitter and ejected therefrom through re-
presentative apertures 64 to mix with the
incoming air of inlet 34. Alternatively, the
hot bleed air could be routed to and ejected
from the trailing edges of a plurality of fan
struts 66 which typically support the splitter
60 in its proper spacial relationship with
core engine 12. In any event, the design
should provide for the suitable mixing of
the gases with the primary core engine
stream and such mixing should occur early
in the compression process.

Valve 68 is provided in conduit 48 to per-
mit the hot bleed air to be reintroduced
into the compressor inlet airstream only at
the abnormally low power settings discussed
hereinabove. Typically, it is anticipated
that such a valve would be controlled
through the main engine fuel control 70
which, in turn, is controlled by the pilot
through throttle quadrant 72. The parti-
cular type of valve and its method of con-
trol are well within the capability of engine
designers and the details need not be
elaborated herein.

In some cases it may be possible to dis-
pense with valve 68 by finding a hot air
source which is at a higher pressure than
the re-entry point at low power settings,
and at a low pressure at high power set-
tings. Such an arrangement is depicted in
Figure 3 where bleed air is extracted down-
stream of the turbine at 73 and reintroduced
in the early compressor stages at 74. Such
an arrangement is possible since the pres-
sure level in the early compressor stages is
subatmospheric at low power settings, and
any bleed flow would naturally occur from
right to left in Figure 3, whereas the flow
would reverse itself and flow rearward (left
to right) at higher power settings. This
undesirable rearward flow is prevented by
a simple check valve 76.

Therefore, a method has been provided
for reducing CO and HC emissions in a gas
turbine engine by bleeding a portion of the
motive fluid (for example, air) from a first
location and reintroducing it back into the
engine motive stream at a second location
as long as the bleed air is at a higher tem-
perature than the motive stream at the re-
entry location, and as long as the re-entry
location is at least as far upstream as the
combustor inlet.

It will become obvious to one skilled in
the art that certain changes and variations
can be made to the above-described inven-
tion without departing from the broad in-
ventive concepts thereof. For example,
while the routing of bleed flow has been
depicted only schematically in Figures 1-3,
it will be recognized that such piping and
ducting may be either internal or external
to the engine while still being within the
scope of the present invention. Further-
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more, the present invention is applicable to
other types of gas turbine engines includ-
ing, but not limited to, those of the turbojet
and boosted turbofan varieties. It is in-
tended that the appended claims cover these
and all other variations in the present inven-
tion’s broader inventive concepts.

WHAT WE CLAIM IS:—

1. A gas turbine engine having a com-
pressor for pressurizing a motive fluid
stream, a combustor downstream of said
compressor, a turbine drivingly connected
to said compressor, means for bleeding a
portion of the motive fluid from a first
engine location at a relatively high tem-
perature; means for reintroducing the por-
tion at substantially the same high tempera-
ture back into the engine motive fluid
stream at a second location upstream of the
combustor wherein it is mixed with motive
fluild at a relatively lower temperature with
respect to the bleed portion; valve means in
serial flow relationship between the the
bleed means and the reintroducing means;
and control means responsive to engine
power setting for positioning said valve
means to limit the bleed flow to low engine
power operation.

2. A gas turbine engine having a com-
pressor for pressurizing a motive fluid
stream, a combustor downstream of said
compressor, a turbine drivingly connected
to said compressor, means for bleeding a

portion of the motive fluid from a first
engine location at a relatively high tem-
perature; means for reintroducing the por-
tion at substantially the same high tempera-
ture back into the engine motive fluid
stream at a second location upstream of
the combustor wherein it is mixed with
motive fluid at a relatively lower tempera-
ture with respect to the bleed portion; and
check valve means in serial flow relation-
ship between the bleed means and the re-
introducing means; and wherein the first
engine location is at a higher pressure than
the second location at low engine power
operation, and at a lower pressure than the
second location at higher engine power
operation.

3. An engine as claimed in claim 2
wherein said compressor is a multistage
compressor and said second location is in
the early compressor stages.

4. A method of reducing exhaust emis-
sions substantially as hereinbefore described
with reference to Figures 1 and 2 or Figure
3 of the accompanying drawing.

5. A gas turbine engine substantially as
hereinbefore described with reference to
and as illustrated in Figure 1 and 2 or
Figure 3 of the accompanying drawings.

BROOKES AND MARTIN,
High Holborn House,
52/54 High Holborn,
London WCI1V 6SE.

Agents for the Applicant.

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1980.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY
from which copies may be obtained.
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This drawing is a reproduction of
1 SHEET the Original on a reduced scale
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