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(54) LOW POLLUTION COMBUSTOR AND COMBUSTION CONTROL METHOD THEREFOR

(57) The present invention relates to a low-pollution
combustor and a combustion control method therefor.
The low-pollution combustor comprises a combustor
head comprising a primary combustion stage and a pre-
combustion stage, the primary combustion stage com-
prising a primary-combustion-stage channel and a pri-
mary-combustion-stage swirler disposed in the prima-
ry-combustion-stage channel, wherein the primary com-
bustion stage further comprises a pre-film plate disposed
in the primary-combustion-stage channel, and the
pre-film plate is radially divided into an outer-layer
pre-film plate and an inner-layer pre-film plate, and
wherein the positions and injection directions of fuel jet
points of the primary combustion stage are configured to
control fuel of the primary combustion stage to be injected
into the primary-combustion-stage channel through pri-
mary-combustion-stage fuel jet orifices; and part of the
fuel directly forms primary-combustion-stage direct-in-
jection fuel spray, and the other part is hit on the pre-film
plate close to an inner side of the primary-combus-

tion-stage channel, or the two parts are respectively hit
on the two layers of pre-film plates. With the cooperation
of the double-layer pre-film plates and the positions and
injection directions of the jet points, under different op-
erating conditions, the combustible mixed gas is distrib-
uted in a flame tube more uniformly.
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Description

Technical Field

[0001] The present invention relates to an aero-gas
turbine combustor and a combustion control method.

Background Art

[0002] The main development trend of modern civil ae-
ro-engine combustors is low-pollution combustion. The
civil aero-engine combustors must meet the increasingly
stringent aero-engine pollutant emission standards. The
currently adopted CAEP6 (Committee on Aviation Envi-
ronmental Protection) standard has very strict regula-
tions on pollutant emissions, especially on NOx. Howev-
er, the latest CAEP8 standard proposes to reduce NOx
emissions by 15% on the CAEP6 emission standard.
With the rapid development of the aviation industry and
the continuous improvement of people’s awareness of
environmental protection, higher requirements will put
forward on the pollutant emissions of gas turbine com-
bustors in the future. In order to meet the increasingly
stringent pollutant emission standards, advanced low-
pollution combustion technologies have been gradually
applied to the design of civil aero-engine combustors,
such as LPP (Lean Premixed Prevaporized) combustion
technology, RQL (Rich burn-Quench-Lean burn) com-
bustion technology, and staged combustion technology,
and LDI (Lean Direct Injection) combustion technology.
The LPP low-pollution combustion technology is a low-
pollution combustion technology with good development
prospect at present, and as shown in the disclosed data,
the test values of the combustor pollutant emissions
thereof can be reduced by 50% or more compared with
the CAEP6 standard, reflecting good low-pollution com-
bustion performance. The head of an advanced LPP low-
pollution combustor (such as a TAPS combustor) usually
uses a LPP and staged combustion coupled design, that
is, in which a precombustion stage provides, at the cent-
er, a flame that is partially premixed and partially diffused,
and a primary combustion stage surrounds the periphery
of the precombustion stage and is concentrically ar-
ranged with the precombustion stage to form a premixing
and prevaporization channel, such that by means of the
multi-point fuel injection by the primary combustion
stage, fuel and air are premixed and prevaporized in a
primary-combustion-stage channel, enter a flame tube
combustion zone, and are ignited by a precombustion
stage flame. Because under high-power conditions, most
of the fuel is provided by a nozzle of the primary com-
bustion stage, and the primary combustion stage is in a
lean premixed prevaporized combustion mode, this com-
bustion organization mode can reduce the temperature
of fuel gas in the combustion zone so as to reduce the
production of NOx.
[0003] The core problem of the LPP low-pollution com-
bustion technology is to reduce the temperature in the

combustion zone while achieving the uniform tempera-
ture field in the combustion zone, that is, the problem of
overall and local equivalence ratio control. The primary
combustion stage at the head of the LPP low-pollution
combustor mostly uses a mixed mode in which swirling
air and multi-point radial fuel direct injection (usually Jet
in Crossflow) for premixing and prevaporization of fuel.
Under different engine operating conditions, due to the
change of air inflow of a swirler and the change of the
intensity of turbulence of swirling air, it is possible to
cause inconsistent degree of premixing and prevapori-
zation under different operating conditions, resulting in
backfire of the primary combustion stage (under large
operating conditions, the fuel injection has high momen-
tum, the initial fuel atomization is good, the air swirling
effect is strong, and the degree of premixing and prevap-
orization is very good), or there are large-particle un-
vaporized fuel at an outlet of the primary combustion
stage (under small operating conditions, the fuel injection
has small momentum, the intensity of turbulence of air
is low, the fuel atomization is poor, and the degree of
premixing and prevaporization is very poor), and the
equivalence ratio is not uniform, causing the problems
of reduced combustion efficiency, hot spots in the com-
bustion zone, increased NOx emissions at the outlet of
the combustor, etc.

Summary of the Invention

[0004] An object of the present invention is to provide
a low-pollution combustor, which allows a combustible
mixed gas to be distributed more uniformly in a flame
tube under different operating conditions.
[0005] Another object of the present invention is to pro-
vide a low-pollution combustor and a combustion control
method therefor, which ensure the combustion efficiency
and combustion stability under different operating con-
ditions, and control the combustion temperature in a pri-
mary combustion zone to reduce pollutant emissions of
the combustor.
[0006] A low-pollution combustor, comprising a com-
bustor head which comprises a primary combustion
stage and a precombustion stage, the primary combus-
tion stage comprising a primary-combustion-stage chan-
nel and a primary-combustion-stage swirler disposed in
the primary-combustion-stage channel, wherein the pri-
mary combustion stage further comprises a pre-film plate
disposed in the primary-combustion-stage channel, and
the pre-film plate is radially divided into an outer-layer
pre-film plate and an inner-layer pre-film plate, and
wherein the positions of fuel jet points and the injection
direction of the primary combustion stage are configured
to control fuel of the primary combustion stage to be in-
jected into the primary-combustion-stage channel
through primary-combustion-stage fuel jet orifices; and
part of the fuel directly forms primary-combustion-stage
direct-injection fuel spray, and the other part is hit on the
pre-film plate close to an inner side of the primary-com-
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bustion-stage channel, or the two parts are respectively
hit on the two layers of pre-film plates.
[0007] In an implementation of the low-pollution com-
bustor, the primary combustion stage has the number of
stages of 1 ≤ n ≤ 2, and each of the stages uses an axial,
radial or oblique swirler; and when n ≥ 2, all the swirlers
have the same or opposite swirling directions.
[0008] In an implementation of the low-pollution com-
bustor, the primary-combustion-stage channel has a
channel that contracts and then expands.
[0009] In an implementation of the low-pollution com-
bustor, the pre-film plates and the combustor head are
concentric and in a ring shape, both the pre-film plates
have the cross section of a streamlined structure, the
inner-layer pre-film plate is located at the downstream of
the outer-layer pre-film plate in the head central axial
direction of the combustor head, and the two layers of
pre-film plates have different radial heights and are lo-
cated at 20% to 80% of the radial height of the primary-
combustion-stage channel.
[0010] In an implementation of the low-pollution com-
bustor, the primary combustion stage comprises a pri-
mary-combustion-stage fuel collection ring, which has
one row of fuel jet points in the axial direction of the head,
the fuel jet points include first jet points and second jet
points with different injection directions, and the first jet
points and the second jet points are uniformly and alter-
nately distributed in a circumferential direction, with an
included angle formed by the fuel injection direction of
the first jet point and the head central axial direction being
60° to 90° such that fuel is hit on a wall surface of an
inner side of the outer-layer pre-film plate, and with an
included angle formed by the fuel injection direction of
the second jet point and the head central axial direction
being 30° to 50° such that the fuel is hit on a wall surface
of an inner side of the inner-layer pre-film plate.
[0011] In an implementation of the low-pollution com-
bustor, the first jet points and the second jet points are
alternately arranged in the axial direction in a manner of
lalb, 1a2b, 2alb, 3alb or 1a3b, a being the first jet point,
and b being the second jet point, and values of flow of
the first jet points and the second jet points have different
design values to ensure respective sufficient penetration
depths thereof.
[0012] In an implementation of the low-pollution com-
bustor, the primary combustion stage comprises the pri-
mary-combustion-stage fuel collection ring which is pro-
vided with multiple rows of circumferentially and uniform-
ly distributed fuel jet points in the axial direction of the
head, with some rows of the fuel jet points being aligned
with the inner-layer pre-film plate, and the other rows of
the fuel jet points being aligned with the outer-layer pre-
film plate.
[0013] In an implementation of the low-pollution com-
bustor, the primary combustion stage and the precom-
bustion stage are concentrically arranged, the fuel of the
primary combustion stage accounts for 50% to 92% of
the total quantity of fuel, and the volume of air in the

combustor head accounts for 60% to 90% of the total
volume of air in the combustor, with the volume of air at
the primary combustion stage accounting for 60% to 90%
of the volume of air in the head, and the volume of air at
the precombustion stage accounting for 10% to 40% of
the volume of air in the head.
[0014] In an implementation of the low-pollution com-
bustor, the swirler of the precombustion stage has the
number of stages of 1 ≤ n ≤ 3; the swirler structure used
for each stage of swirler is an axial swirler, a radial swirler
or an oblique swirler; the swirlers at all stages are firstly
connected as a whole and then connected to the primary
combustion stage; and when n ≥ 2, all the swirlers have
the same swirling directions, or some have opposite
swirling directions.
[0015] A low-pollution combustion control method for
a combustor, the method comprising: providing, in a pri-
mary-combustion-stage channel, an inner-layer pre-film
plate and an outer-layer pre-film plate which are distrib-
uted in a radial direction; injecting primary-combustion-
stage fuel out through primary-combustion-stage fuel jet
orifices, wherein under small operating conditions, the
primary-combustion-stage fuel has a small penetration
depth and is mainly hit on the inner-layer pre-film plate
of the primary-combustion-stage channel, or under large
operating conditions, the primary-combustion-stage fuel
is respectively hit on the inner-layer pre-film plate and
the outer-layer pre-film plate of the primary-combustion-
stage channel, and the fuel is hit on the pre-film plates
to form liquid films; and further providing a primary-com-
bustion-stage swirling flow, breaking and atomizing the
liquid films under a shearing action of the swirling flow to
form small-particle fuel spray, and mixing the fuel spray
with air such that a uniformly distributed fuel-air mixture,
with the center of concentration gradually moving out-
ward from small to large, is formed in a radial direction
of a primary-combustion-stage outlet and then enters a
flame tube for premixed combustion.
[0016] The primary-combustion-stage fuel is injected
out through the primary-combustion-stage fuel jet orific-
es. Under small operating conditions, the primary-com-
bustion-stage fuel has a small penetration depth and is
mainly hit on the pre-film plate close to the inner side of
the primary-combustion-stage channel, and under large
operating conditions, the primary-combustion-stage fuel
is respectively hit on the two pre-film plates. The fuel is
hit on the two primary-combustion-stage pre-film plates
to form the liquid films, and is further broken and atomized
under the shearing action of the primary-combustion-
stage swirling flow to form the small-particle fuel spray.
The two streams of fuel spray are mixed with air such
that a uniformly distributed fuel-air mixture, with the cent-
er of concentration gradually moving outward from small
to large, is formed in a radial direction of a primary-com-
bustion-stage outlet and then enters a flame tube for
premixed combustion. As such, the combustible mixed
gas is distributed in the flame tube more uniformly to en-
sure the combustion efficiency and combustion stability
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under different operating conditions, and the combustion
temperature in a primary combustion zone is controlled
so as to reduce pollutant emissions of the combustor.

Brief Description of the Drawings

[0017] The above and other features, properties and
advantages of the present invention will become more
apparent from the following description of embodiments
with reference to the accompany drawings, in which:

Fig. 1 is a schematic diagram of an aero-engine.
Fig. 2 is a cross-sectional view of a combustor.
Fig. 3 is a cross-sectional view of a combustor head.
Fig. 4 is a cross-sectional view of a precombustion
stage.
Fig. 5 is a cross-sectional view of an embodiment of
a primary combustion stage.
Fig. 6 is a cross-sectional view of another embodi-
ment of the primary combustion stage.
Fig. 7 is a transverse cross-sectional view of two
layers of pre-film plates.
Fig. 8 is a longitudinal cross-sectional view of any
one of the pre-film plates.

Detailed Description of Embodiments

[0018] Various implementations or embodiments car-
rying out the subject matter and technical solutions de-
scribed are disclosed as follows. To simplify the disclo-
sure, specific instances of each element and arrange-
ment are described below. Of course, these instances
are merely examples, and are not intended to limit the
scope of protection of the present invention. For example,
a first feature recorded later in the specification being
formed above or over a second feature can include an
implementation of forming a direct contact of the first and
second features, and can also include an implementation
of forming an additional feature between the first feature
and the second feature such that the first and second
features may not be in direct contact. Additionally, refer-
ence numerals and/or letters may be repeated in different
examples in these disclosures. This repetition is for the
sake of brevity and clarity, and does not itself represent
the relationship between the various implementations
and/or structures to be discussed. Further, when a first
element is described in connection with or in combination
with a second element, the description includes an im-
plementation in which the first and second elements are
directly connected or combined to each other, and also
includes the use of one or more other intervening ele-
ments such that the first and second elements are indi-
rectly connected or combined to each other.
[0019] Fig. 1 is a schematic structural diagram of an
engine. The engine comprises a fan 1, a low-pressure
compressor 2, a high-pressure compressor 3, a combus-
tor 4, a high-pressure turbine 5, and a low-pressure tur-
bine 6. When the engine operates, air is compressed by

the fan 1 and the low-pressure compressor 2 and then
enters the high-pressure compressor 3, then the high-
pressure air enters the combustor 4 and is mixed with
fuel for combustion, and the high-temperature and high-
pressure gas generated after combustion enters the
high-pressure turbine 5 and the low-pressure turbine 6,
and applies work through the turbines to respectively
drive the high-pressure compressor 3, the low-pressure
compressor 2 and the fan 1.
[0020] As shown in Fig. 2, the combustor 4 uses a sin-
gle annular cavity structure, and a combustor outer cas-
ing 7 and a combustor inner casing 8 form an outer profile
of the combustor and are connected with the high-pres-
sure compressor 3 in the front and the high-pressure tur-
bine 5 in the rear. Incoming air of the high-pressure com-
pressor 3 enters the combustor 4 from a diffuser 11 after
speed reduction and diffusion, and is combusted with
fuel in a space enclosed by a flame-tube outer wall 9, a
flame-tube inner wall 10 and combustor heads 12. All the
fuel in the combustor is provided by a fuel injection rod
assembly 13.
[0021] Fig. 3 is a cross-sectional view of the structure
of a combustor head 12. The combustor head 12 com-
prises a precombustion stage 14, a primary combustion
stage 15, and main structures such as a fuel collection
ring and a centrifugal nozzle housing 13. In one imple-
mentation, a fuel nozzle supplies all the fuel required by
the combustor, and the fuel in the primary stage 15 ac-
counts for 50% to 92% of the total quantity of fuel. The
primary combustion stage 15 and the precombustion
stage 14 are arranged together in a concentric manner,
with the precombustion stage 14 being in the center, and
the primary combustion stage 15 being arranged at the
periphery of the precombustion stage 14. The combustor
heads 12 are uniformly arranged in a circumferential di-
rection, and in one implementation, the number of the
combustor heads is 10 to 60, and the volume of air of the
combustor heads accounts for 20% to 80% of the total
volume of air of the combustor, with the volume of air of
the primary combustion stage 15 accounting for 60% to
90% of the volume of air of the heads, and the volume
of air of the precombustion stage 14 accounting for 10%
to 40% of the volume of air of the heads. The primary
combustion stage 15 is connected and fixed, by means
of bolts, to the flame-tube outer wall 9, the flame-tube
inner wall 10 and head caps 19 through a head integral
end wall 18 and a splash plate 17, the precombustion
stage 14 is fixedly connected to the primary combustion
stage 15 through an interstage splash plate structure 16,
and a primary-combustion-stage fuel collection ring 20a
and a precombustion stage nozzle fuel collecting cavity
20b supply all the fuel in the combustor 4. The head
splash plate 17 is welded to the head integral end wall
18, such that they are separated from the high-temper-
ature gas in the flame tube so as to ensure the structural
integrity.
[0022] In Fig. 4, the precombustion stage 14 uses a
double-swirler structure composed of a precombustion-
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stage first-stage swirler 22, a precombustion-stage sec-
ond-stage swirler 23, a precombustion-stage swirler ven-
turi tube 24, a precombustion-stage sleeve 29 and an
interstage splash plate structure 16, which are welded
together. Precombustion-stage fuel spray 28 is subjected
to pre-film stage air atomization using the precombus-
tion-stage swirler venturi tube 24. The number of the pre-
combustion stages 14 is not limited to two, and in one
embodiment, the number of stages of the swirlers is 1 ≤
n ≤ 3; the swirler structure used for each stage of swirler
is an axial swirler, a radial swirler or an oblique swirler;
the swirlers at all stages are firstly connected as a whole
and then connected to the head end wall of the primary
combustion stage; and when n ≥ 2, all the swirlers may
have the same swirling directions, or some may have
opposite swirling directions. A pressure atomizing noz-
zle, a pneumatic atomizing nozzle or a combined nozzle
is provided at a precombustion-stage fuel jet point 21.
[0023] As shown in Fig. 5, the primary combustion
stage 15 comprises a primary-combustion-stage swirler
30, a pre-film plate 31, a primary-combustion-stage chan-
nel outer wall surface 32, and a primary-combustion-
stage outer channel cooling structure hole 33. The pri-
mary-combustion-stage fuel collection ring 20a is circum-
ferentially provided with a primary-combustion-stage jet
orifice 25 to provide premixed prevaporized fuel. In con-
junction with Fig. 5, air 34 provided through a hole 26 in
the interstage splash plate structure 16 facilitates in-
creasing the opening angle of a primary-combustion-
stage gas flow outlet, and the air 34 flows from an annular
groove in the interstage splash plate structure 16 to an
outlet of the primary-combustion-stage channel, thereby
ensuring the radial dimension of a return flow zone. As
shown in Figs. 5 and 6, the primary-combustion-stage
jet points 25 may be designed as a single row in the flow
direction of the head, and jet orifices 25a, 25b having two
fuel injection angles α, β are alternately uniformly distrib-
uted in the circumferential direction. The fuel is hit on the
two layers of pre-film plates to form liquid films and is
broken and atomized under the shearing action of a pri-
mary-combustion-stage swirling flow, improving the uni-
form distribution of the fuel-gas mixture in the radial and
circumferential directions at the outlet of the primary-
combustion-stage channel; and in one implementation,
the number of the single-row fuel jet points is 12 to 60.
The fuel jet point with the fuel injection angle α is set as
a, the fuel jet point with the fuel injection angle β is set
as b, and the two types of jet points are uniformly distrib-
uted in the circumferential direction in an alternate man-
ner of lalb, 1a2b, 2alb, 3alb or 1a3b. Taking the 1a1b as
an example, one fuel jet point with the injection angle α
alternates with one fuel jet point with the injection angle
β. Taking 1a2b as an example, one fuel jet point with the
injection angle α alternates with two fuel jet points with
the injection angles β.
[0024] α represents an included angle formed by the
fuel injection direction of the jet point and the head central
axial direction, and is 60° to 90° in one implementation,

designed in such a way that the fuel is hit on the inner-
side wall surface of the outer-layer pre-film plate. β rep-
resents an included angle of 30° to 50° formed by the
fuel injection direction of the jet point and the head central
axial direction, designed in such a way that the fuel is hit
on the inner-side wall surface of the inner-layer pre-film
plate. Values of flow of the jet points a and the jet points
b may have different design values to ensure respective
sufficient penetration depths thereof.
[0025] In another embodiment, although not shown in
the figure, it should be understood that two types of fuel
jet orifices are designed in double rows in the flow direc-
tion at the head and are uniformly distributed in the cir-
cumferential direction, that is, the fuel jet orifices are ar-
ranged in rows at different positions in the axial direction,
respectively aligned with the outer-layer pre-film plate
31b and the inner-layer 31a as shown in Fig. 5.
[0026] The number of the primary combustion stages
is not limited to one, and in one implementation, the
number of the precombustion stages is 1 ≤ n ≤ 2, and
each stage uses an axial, radial or oblique swirler; and
when n ≥ 2, all the swirlers may have the same or opposite
swirling directions. As shown in Fig. 5, the primary com-
bustion stage has a primary-combustion-stage channel
that first contracts and then expands so as to enhance
the premixing of fuel and air in the primary-combustion-
stage channel while guiding the gas flow at the primary-
combustion-stage outlet to expand, thereby ensuring the
ignition performance of the head.
[0027] As shown in Fig. 5, the pre-film plate 31 includes
the inner-layer pre-film plate 31a and the outer-layer pre-
film plate 31b layered in the radial direction, and the two
pre-film plates have different radial heights and are re-
spectively located at 20% to 80% of the radial height of
the primary-combustion-stage channel (also referred to
as the primary-combustion-stage air channel). As shown
in Fig. 5, the inner-layer pre-film plate 31a is located at
the downstream of the outer-layer pre-film plate 31b. Un-
der small operating conditions, the fuel partially forms
primary-combustion-stage direct-injection fuel spray,
and the primary-combustion-stage fuel has small pene-
tration depth, and is mainly hit on the inner-layer pre-film
plate 31a close to the inner side of the primary-combus-
tion-stage channel. Under large operating conditions, the
primary-combustion-stage fuel is injected into a primary-
combustion-stage air channel through the primary-com-
bustion-stage fuel jet orifice 25a or 25b, and part of the
fuel forms primary-combustion-stage direct-injection fuel
spray, and the other part is hit on the pre-film plate 31,
that is, simultaneously hit on the inner-layer pre-film plate
31a and the outer-layer pre-film plate 31b, to form liquid
films and are broken and atomized under the shearing
action of primary-combustion-stage swirling air to form
primary-combustion-stage pneumatically atomized fuel
spray, and the two streams of fuel spray are mixed with
air to form a relatively uniform fuel-air mixture. Under
large operating conditions, the fuel is hit on the two pri-
mary-combustion-stage pre-film plates to form the liquid
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films, and is further broken and atomized under the shear-
ing action of the primary-combustion-stage swirling flow
to form the small-particle fuel spray. The two streams of
fuel spray are mixed with air such that a uniformly dis-
tributed fuel-air mixture, with the center of concentration
gradually moving outward from small to large, is formed
in a radial direction of a primary-combustion-stage outlet
and then enters a flame tube for premixed combustion.
[0028] As shown in Figs. 6 and 7, the pre-film plate 31
is welded to the outer wall surface 32 of the primary-
combustion-stage channel via supporting plates 35
thereof. The supporting plates 35 are uniformly distribut-
ed in the circumferential direction, and has the number
of 8 to 20. As shown in Fig. 8, the pre-film plate 31 uses
a symmetrical leaf-shaped design, and by means of ad-
justing the chord length L and the maximum leaf thick-
ness R of the pre-film plate, the pre-film atomization de-
gree of the primary-combustion-stage fuel and the inter-
action degree of the fuel spray and air are further im-
proved.
[0029] In one implementation, the flame tube outer wall
9 and the flame tube inner wall 10 of the combustor are
cooled by means of gas film cooling, diffusion cooling or
combined cooling so as to control the temperature of wall
surfaces to prolong the service life of the flame tube.
[0030] In the forgoing implementations, all the air for
combustion enters the flame tube from the combustor
heads, such that most of the fuel is uniformly mixed with
air and then enters the flame tube for combustion, which
is conducive to controlling the equivalence ratio in the
combustion zone to reduce pollutant emissions. A central
staged structure and a staged combustion scheme is
used. When the precombustion stage is in the center, it
is a method of diffusion combustion combined with swirl-
ing-flow premixed combustion to ensure the combustion
stability of the whole combustor. When the primary com-
bustion stage is at the periphery of the precombustion
stage, it is a premixed combustion method, in which liquid
fuel is atomized and vaporized in the premixing and
prevaporization section and is mixed with air to form uni-
form combustible mixed gas which enters the combustor
to participate in combustion. Compared with the prior art,
the forgoing implementations have the following advan-
tages:

(1) in the primary combustion stage, jet orifices uni-
formly distributed in the circumferential direction are
used to directly inject fuel, the radially arranged two
layers of pre-film plates improve the uniform distri-
bution of the fuel spray in the circumferential and
radial directions in the primary-combustion-stage
channel, and the swirling flow of the swirler has a
strong shearing effect on the fuel films and fuel spray,
such that by means of combined adjustment for the
swirling direction and the strength of swirling flow to
adjust the premixing degree of fuel in the primary-
combustion-stage channel, it is possible to achieve
more uniform fuel diffusion and fuel-air mixing, and

better prevaporization effect; and with the increase
of operating conditions, the center of the fuel-air mix-
ture at the outlet of the primary-combustion-stage
channel gradually radially moves outward (adjust-
ment of concentration distribution), such that the
combustible mixed gas is distributed in the flame
tube more uniformly to ensure the combustion effi-
ciency and combustion stability under different op-
erating conditions, and the combustion temperature
in a primary combustion zone is controlled so as to
reduce pollutant emissions of the combustor;
(2) the primary-combustion-stage fuel nozzles pro-
vide multi-point uniformly distributed direct injection
in the circumferential direction, and the positions and
injection directions of the jet points are designed to
control the uniform direction of fuel in the radial and
circumferential directions in the primary-combus-
tion-stage channel, which is conductive to reducing
pollutant emissions;
(3) the premixing and prevaporization section of the
primary combustion stage uses a jet tube structure,
in which the gas flow in the contraction section is
accelerated, which is conductive to the air atomiza-
tion and fuel-air mixing of the fuel; the expansion
section ensures that the return flow zone is not com-
pressed, in the radial dimension, by the primary com-
bustion stage gas flow, which is conductive to the
ignition characteristics; and the primary combustion
stage has a simple structure and is easy to assemble;
(4) with the single annular cavity combustor struc-
ture, all the air for combustion is supplied by the
head, and the flame tube only has necessary cooling
holes and thus has a modular feature, simplifying
the combustor structure, and the premixing and
prevaporization round tube has a simple structure
and is easy to machine;
(5) based on the staged combustion concept, the
precombustion stage provides a stable fire source,
and the primary combustion stage realizes low-pol-
lution combustion, thereby ensuring the stability of
the combustor of the aero-engine while reducing pol-
lutant emissions; and the purpose of reducing pol-
lutant emissions is also achieved by means of con-
trolling the equivalence ratio of the combustion zone
in the aero-engine combustor and the variation and
uniformity of the fuel-air mixture in the radial and cir-
cumferential directions at the primary-combustion-
stage outlet.

[0031] The forgoing implementations can be used for
civil aero-engine combustors, and based on the central
staged and lean premixed prevaporized combustion
technologies, it is possible to ensure the stability of the
aero-engine combustor while reducing pollutant emis-
sions.
[0032] With the structure of the primary combustion
stage designed according to the forgoing implementa-
tions, it is possible to achieve better premixing and
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prevaporization effect of the primary-combustion-stage
fuel and the primary combustion stage air; the premixing
degree of the premixing and prevaporization section of
the primary combustion stage can be changed by means
of adjusting the air flow and the swirling flow number of
the swirler of the primary combustion stage; the design
of the shape and position of the pre-film plates can im-
prove the mixing degree of fuel and air in the primary-
combustion-stage channel and the degree of uniform dis-
tribution of the combustible mixed gas in the circumfer-
ential and radial directions at the primary-combustion-
stage channel outlet; with the increase of operating con-
ditions, the center of the fuel spray at the primary-com-
bustion-stage outlet gradually radially moves outward,
so as to ensure the combustion efficiency and the com-
bustion stability under different operating conditions;
based on the rational design of the positions and injection
directions of the primary-combustion-stage fuel jet orific-
es, the uniform distribution of the fuel in the circumferen-
tial direction in the primary-combustion-stage channel is
improved; and based on the design of the jet tube struc-
ture of the premixing and prevaporization section of the
primary combustion stage, under the combined action of
the design of the outlet section flow channel and the
pneumatically guided radial air at the outlet of the primary
combustion stage, the size of the return flow zone of the
primary combustion zone in the flame tube can be con-
trolled, which is conductive to improving the flame sta-
bility in ignition and transition states. Therefore, the for-
going implementations are conductive to optimizing the
combustion organization structure, improving the com-
bustion performance and the combustion efficiency, and
reducing the pollutant emissions and fuel consumption
rate of the engine.
[0033] The present invention has been disclosed
above in terms of the preferred embodiments which, how-
ever, are not intended to limit the present invention, and
any person skilled in the art could make possible changes
and alterations without departing from the spirit and
scope of the present invention. Hence, any alterations,
equivalent changes and modifications which are made
to the above-mentioned embodiments in accordance
with the technical substance of the present invention and
without departing from the content of the technical solu-
tions of the present invention, will fall within the scope of
protection defined by the claims of the present invention.

Claims

1. A low-pollution combustor, comprising a combustor
head which comprises a primary combustion stage
and a precombustion stage, the primary combustion
stage comprising a primary-combustion-stage chan-
nel and a primary-combustion-stage swirler dis-
posed in the primary-combustion-stage channel,
wherein the primary combustion stage further com-
prises a pre-film plate disposed in the primary-com-

bustion-stage channel, and the pre-film plate is ra-
dially divided into an outer-layer pre-film plate and
an inner-layer pre-film plate, and wherein the posi-
tions and injection directions of fuel jet points of the
primary combustion stage are configured to control
fuel of the primary combustion stage to be injected
into the primary-combustion-stage channel through
primary-combustion-stage fuel jet orifices; and part
of the fuel directly forms primary-combustion-stage
direct-injection fuel spray, and the other part is hit on
the pre-film plate close to an inner side of the primary-
combustion-stage channel, or the two parts are re-
spectively hit on the two layers of pre-film plates.

2. The low-pollution combustor of claim 1, wherein the
primary combustion stage has the number of stages
of 1 ≤ n ≤ 2, and each of the stages uses an axial,
radial or oblique swirler; and when n ≥ 2, all the swirl-
ers have the same or opposite swirling directions.

3. The low-pollution combustor of claim 1, wherein the
primary-combustion-stage channel has a channel
that contracts and then expands.

4. The low-pollution combustor of claim 1, wherein the
pre-film plates and the combustor head are concen-
tric and in a ring shape, both the pre-film plates have
the cross section of a streamlined structure, the in-
ner-layer pre-film plate is located at the downstream
of the outer-layer pre-film plate in the head central
axial direction of the combustor head, and the two
layers of pre-film plates have different radial heights
and are located at 20% to 80% of the radial height
of the primary-combustion-stage channel.

5. The low-pollution combustor of claim 1, wherein the
primary combustion stage comprises a primary-
combustion-stage fuel collection ring, which has one
row of fuel jet points in the axial direction of the head,
the fuel jet points include first jet points and second
jet points with different injection directions, and the
first jet points and the second jet points are uniformly
and alternately distributed in a circumferential direc-
tion, with an included angle formed by the fuel injec-
tion direction of the first jet point and the head central
axial direction being 60° to 90° such that fuel is hit
on a wall surface of an inner side of the outer-layer
pre-film plate, and with an included angle formed by
the fuel injection direction of the second jet point and
the head central axial direction being 30° to 50° such
that the fuel is hit on a wall surface of an inner side
of the inner-layer pre-film plate.

6. The low-pollution combustor of claim 5, wherein the
first jet points and the second jet points are alternate-
ly arranged in the axial direction in a manner of lalb,
1a2b, 2alb, 3alb or 1a3b, a being the first jet point,
and b being the second jet point, and values of flow
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of the first jet points and the second jet points have
different design values to ensure respective suffi-
cient penetration depths thereof.

7. The low-pollution combustor of claim 1, wherein the
primary combustion stage comprises the primary-
combustion-stage fuel collection ring which is pro-
vided with multiple rows of circumferentially and uni-
formly distributed fuel jet points in the axial direction
of the head, with some rows of the fuel jet points
being aligned with the inner-layer pre-film plate, and
the other rows of the fuel jet points being aligned with
the outer-layer pre-film plate.

8. The low-pollution combustor of claim 1, wherein the
primary combustion stage and the precombustion
stage are concentrically arranged, the fuel of the pri-
mary combustion stage accounts for 50% to 92% of
the total quantity of fuel, and the volume of air in the
combustor head accounts for 60% to 90% of the total
volume of air in the combustor, with the volume of
air at the primary combustion stage accounting for
60% to 90% of the volume of air in the head, and the
volume of air at the precombustion stage accounting
for 10% to 40% of the volume of air in the head.

9. The low-pollution combustor of claim 1, wherein the
swirler of the precombustion stage has the number
of stages of 1 ≤ n ≤ 3; the swirler structure used for
each stage of swirler is an axial swirler, a radial swirl-
er or an oblique swirler; the swirlers at all stages are
firstly connected as a whole and then connected to
the primary combustion stage; and when n ≥ 2, all
the swirlers have the same swirling directions, or
some have opposite swirling directions.

10. A low-pollution combustion control method for a
combustor, the method comprising:

providing, in a primary-combustion-stage chan-
nel, an inner-layer pre-film plate and an outer-
layer pre-film plate which are distributed in a ra-
dial direction;
injecting primary-combustion-stage fuel out
through primary-combustion-stage fuel jet ori-
fices, wherein under small operating conditions,
the primary-combustion-stage fuel has a small
penetration depth and is mainly hit on the inner-
layer pre-film plate of the primary-combustion-
stage channel, or under large operating condi-
tions, the primary-combustion-stage fuel is re-
spectively hit on the inner-layer pre-film plate
and the outer-layer pre-film plate of the primary-
combustion-stage channel, and the fuel is hit on
the pre-film plates to form liquid films; and
further providing a primary-combustion-stage
swirling flow, breaking and atomizing the liquid
films under a shearing action of the swirling flow

to form small-particle fuel spray, and mixing the
fuel spray with air such that a uniformly distrib-
uted fuel-air mixture, with the center of concen-
tration gradually moving outward from small to
large, is formed in a radial direction of a primary-
combustion-stage outlet and then enters a flame
tube for premixed combustion.
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