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Abstract

Currently, one of the most eff ective concepts of low-emission fuel combustion is the LPP (Lean-premixed and 

prevapozised) concept, based on low-temperature (Tß ame = 1800�1900 K) combustion of pre-mixed �poor� fuel-

air mixture (FAM). This concept envisages careful fuel mixing with the air in the burner prior to its being fed to 

the combustion zone. It is known that the technical perfection of such burners ensures a successful solution to the 
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problem of the nitrogen oxides and carbon monoxide emissions reduction while maintaining high effi  ciency and 

stability of the combustion process. Thus, the research aimed at studying the eff ect of such burners design on the 

ß ame emission characteristics is necessary for development and follow-up of the gas turbine engines combustion 

chambers, accompliched within the framework of the LPP concept.

The article considers the structure of a two-channel burner of the low-emission gas-turbine engine natural gas 

running combustion chamber, and presents the results of the study of two burners of various structural embodiments. 

The basic burner consists of the case and a swirler with a nozzle. The swirler vanes are hollow with the fuel supply 

oriÞ ces on their walls. The swirler contains the expanding central body, where the nozzle with the fuel supplying 

channels is mounted. The upgraded burner includes the contractor headpiece at the nozzle outlet and a central 

body of the cylindrical shape. This burner central body is twice as shorter than the basic burner.

The article presents the bench equipment, and describes speciÞ cs of the experimental study conducting. The studies 

were conducted with an excess air coeffi  cient of two. Also in experiments Various ratios of fuel consumption into 

the Þ rst and the second contour of 10, 30 and 50% were set in the experiments as well.

The article presents the results of the studies on measuring concentration of the Þ nal gas mixture components 

such as CO carbon oxide, NO nitrogen oxides and unburned SN hydrocarbons. Selection of the burner, which 

demonstrated the minimum value of toxic substances concentration in combustion products was accomplished.

Keywords: dual-channel burner, low-emission combustion chamber, completeness of combustion, emissions of 

harmful substances
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�6989=89
�B @9D9 CB6OL9A<S C4D4@9FDB6 F9D@B8<A4-

@<K9E>B7B J<>?4 74;BFGD5<AAOI 86<74F9?9= < 

C9D9IB84 > 5B?99 6OEB><@ EF9C9AS@ CB8B7D964 

74;4 6 >4@9D9 E7BD4A<S EF4?B GE<?<64FPES 6?<S-

A<9 >BAEFDG>J<< 7BD9?>< A4 C4D4@9FDO >4@9DO 6 

J9?B@. ЭFB CDB<;BL?B, CBE>B?P>G 6B;DBE?4 8B?S 

6B;8GI4, CB84649@B7B K9D9; HDBAFB6B9 GEFDB=EF6B 

[1]. �E?< 6 >4@9D4I FD48<J<BAAB= >BAEFDG>J<< 

K9D9; HDBAFB6B9 GEFDB=EF6B CB8464?BEP 15�20% 

D4EIB84 6B;8GI4, FB 6 EB6D9@9AAOI >4@9D4I QF4 8B?S 

G69?<K<?4EP 8B 60% < 5B?99. �EIB8S <I QFB7B, 5O?4 

EHBD@<DB64A4 >BAJ9CJ<S L   (Lean � premixed 

and prevapozised). "4>4S >BAJ9CJ<S CD98CB?4749F 
E:<74A<9 CD9864D<F9?PAB C9D9@9L4AAB= «598AB=» 

FBC?<6B6B;8GLAB= E@9E< ("�!) CD< F9@C9D4FGD9 

1800 � 1900К [2, 3]. �;69EFAB, KFB GEB69DL9AEF6B-

64A<9 F4><I 7BD9?B> B59EC9K<649F A<;><= GDB69AP 

6O5DBEB6 B>E<8B6 4;BF4 < B>E<84 G7?9DB84, EBID4ASS 

CD< QFB@ 6OEB>GR QHH9>F<6ABEFP CDBJ9EE4 7BD9-

A<S < 97B GEFB=K<6BEFP [4]. � QFB= E6S;< <EE?98B-

64A<S, A4CD46?9AAO9 A4 <;GK9A<9 Q@<EE<BAAOI 

I4D4>F9D<EF<> C?4@9A< 7BD9?B> E CD9864D<F9?PAB= 

CB87BFB6>B= FBC?<6B6B;8GLAB= E@9E<, S6?SRFES 

A9B5IB8<@O@< CD< EB;84A<< < 8B6B8>9 >4@9D E7B-

D4A<S 74;BFGD5<AAOI 86<74F9?9= [5, 6].

 4EE@BFD<@ EI9@G 7BD9?><, D4ECD989?9A<9 FB-

C?<64 E 6B;8GIB@ 6 A9=, 4 F4>:9 E@9L9A<9 < EF45<-

?<;4J<R 7BD9A<S FBC?<6B6B;8GLAB= E@9E< (D<E. 1).

 <E. 1. !I9@4 7BD9?>< < >4DF<A4 F9K9A<S CBFB>4
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�?S 6OCB?A9A<S D97G?<DB64A<S CB84K< FBC?<64 

6 7BD9?>9 BD74A<;B64AB 864 FBC?<6AOI >4A4?4. "B-

C?<6AO= 74; K9D9; BF69DEF<S 6 ?BC4F>4I ;46<ID<F9?S 

EFDG=>4@< CBEFGC49F 6 6B;8GLAO= CBFB>, <8GM<= 

@9:8G ?BC4F>4@< ;46<ID<F9?S, 6 D9;G?PF4F9 K97B A4 

6OIB89 <; 7BD9?>< B5D4;G9FES CB87BFB6?9AA4S "�!. 

�FBDB= >4A4? FBC?<64 A9B5IB8<@ 8?S BD74A<;4J<< 

EF45<?PAB7B DB;:<74 < B59EC9K9A<S GEFB=K<6B= 

D45BFO A4 A<;><I D9:<@4I 86<74F9?S. �A CB86B8<F 
FBC?<6B 6 J9AFD4?PAB9 F9?B 7BD9?><, 6 >BFBDB@ GEF4-
AB6?9A4 HBDEGA>4 < B5D4;G9F 89:GDAGR ;BAG, >BFBD4S 

D45BF49F CB CD<AJ<CG 8<HHG;<BAAB7B H4>9?4 [7, 8].

 94?<;4J<S F4>B= EI9@O EF45<?<;4J<< CBFB>4 

6>?RK49F 6 E95S <ECB?P;B64A<9 FD9I @9I4A<;@B6 

[9, 10]:

1) HBD@<DB64A<S D48<4?PAB7B 7D48<9AF4 EF4F<-

K9E>B7B 846?9A<S CD< ;4>DGF>9, 89=EF6<9 >BFBDB7B 

ECBEB5EF6G9F CD<BE96B@G D4EC48G ;4>DGK9AAB7B 

CBFB>4;

2) 89=EF6<S 7D48<9AF4 846?9A<S A4 ED9;9 J9A-

FD4?PAB7B F9?4 ;4 EK9F >BAGEBB5D4;AB7B EF45<?<-

;4FBD4;

3) 74;B8<A4@<K9E>B= EF45<?<;4J<< 7BD9A<S 

A4 EFDGSI 6B;8GI4, >BFBDO= CB849FES <; BF69DEF<= 

HBDEGA><.

�EE?98B64A<9 CB <;@9D9A<R >BAJ9AFD4J<< 

>B@CBA9AFB6 >BA9KAB= 74;B6B= E@9E< CDB6B8<?BEP 

8?S 86GI 7BD9?B> (D<E. 2).

�4;B64S 7BD9?>4 EB89D:<F >BDCGE, ;46<ID<F9?P 

E EBC?B@ < CB?O@< ?BC4F>4@<, <@9RM<@< BF69D-

EF<S CB84K< FBC?<64 (6FBDB= >BAFGD). �46<ID<F9?P 

EB89D:<F D4EL<DSRM99ES J9AFD4?PAB9 F9?B, CD98-

EF46?SRM99 >BAGEBB5D4;AO= EF45<?<;4FBD C?4@9-

A<, 6 >BFBDB@ GEF4AB6?9A4 HBDEGA>4 E >4A4?4@< 

CB86B84 FBC?<64 (C9D6O= >BAFGD).

�B89DA<;<DB64AA4S 7BD9?>4 EB89D:<F A4 6O-

IB89 <; EBC?4 >BAHG;BDAO= A4E48B> < J9AFD4?PAB9 

F9?B J<?<A8D<K9E>B= HBD@O, >BFBDB9 686B9 >BDB-

K9, K9@ G 54;B6B= 7BD9?><.

�EE?98B64A<S 7BD9?B> CDB6B8<?<EP A4 EF9A89 

(D<E. 3), >BFBDO= BEA4M9A 84FK<>4@< F9@C9D4FG-

DO, 846?9A<S, D4EIB8B@9D4@< 6B;8GI4 < FBC?<64 
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 <E. 2. !I9@O 7BD9?B>: 4 � 54;B64S 7BD9?>4,

              5 � @B89DA<;<DB64AA4S 7BD9?>4

8?S BCD989?9A<S < >BAFDB?S D9:<@AOI C4D4@9-

FDB6 [11].

�B84K4 6B;8GI4 6 <EE?98G9@GR 7BD9?>G 4 B59EC9-

K<649FES 6B;8GLAO@ >B@CD9EEBDB@.  97G?<DB6>4 

>B?<K9EF64 6B;8GI4 CDB<;6B8<FES ;4E?BA>B= 1.  4E-

IB8 6B;8GI4 <;@9DS9FES E CB@BMPR D4EIB8B@9D4 9. 

�B;8GI 8B A9B5IB8<@B= F9@C9D4FGDO CB8B7D9649FES 

6 F9C?BB5@9AA<>9 2, D45BF4RM9@ CD< CB@BM< 

Q?9>FD<K9E><I FQAB6.

�B8B7D9FO= 6B;8GI <; F9C?BB5@9AA<>4 CBEFG-

C49F 6 6B;8GLAGR @47<EFD4?P. "9@C9D4FGD4 6B;8GI4 

<;@9DS9FES IDB@9?P-4?R@9?96O@< F9D@BC4D4@<, 4 

846?9A<9 @4AB@9FD4@<.

"BC?<6B > >4A4?4@ 7BD9?>< CB849FES CB FBC?<6-

AB= @47<EFD4?<, <@9RM9= 864 >BAFGD4. "BC?<6AO= 

74; C9D6B7B < 6FBDB7B >BAFGD4 CB849FES 6 E<EF9@G 

FBC?<6BC<F4A<S. �DBIB8<F K9D9; >?4C4AO 10 < D4E-

IB8B@9DO, 4 ;4F9@, CD< CB@BM< FDB=A<>4 8 CBC484-

9F 6 C9D6O= < 6FBDB= FBC?<6AO9 >BAFGDO 7BD9?><.

�BD9?>4, GEF4A46?<649FES 6 D9E<69D 3 > >BFBDB-

@G CB8EB98<A9A <@<F4FBD :4DB6B= FDG5O (D<E. 3). 

�4 6OIB89 <; 7BD9?>< HBD@<DG9FES FBC?<6B6B;-
8GLA4S E@9EP, >BFBD4S D4;:<749FES CD< CB@BM< 

6BEC?4@9A<F9?S 5. �5D4;B646L<9ES 6 CDBJ9EE9 7B-

D9A<S CDB8G>FO E7BD4A<S BF5<D4RFES CD< CB@BM< 

B8ABFBK9KAB7B CDB5BBF5BDA<>4 6 < BCD989?SRFES 

74;B4A4?<;4FBDB@ testo350 D4;@9M9AAB@ A4 >BBD-

8<A4FAB@ EFB?9 7 [12, 13].

 9E<69D (D<E. 4) CD98EF46?S9F EB5B= J<?<A8D 

E B8A<@ A4DG:AO@ H?4AJ9@ 1 < 86G@S H?4AJ4@< 

CB8EB98<A9A<S 2, 3. $?4AJ9@ 2 D9E<69D CB8EB98<-

AS9FES > 6B;8GLAB= @47<EFD4?<, > H?4AJG 3 CB8EB-

98<AS9FES >DOL>4 4 E GEF4AB6?9AAO@ <@<F4FBDB@ 

:4DB6B= FDG5O 5. �4DG:AO= H?4A9J 1 A9B5IB8<@ 

8?S GEF4AB6>< 69DIA9= K4EF< 7BD9?><, 4 >DOL>4 4 

8?S D4;@9M9A<S 6 99 BF69DEF<< EBC?4 7BD9?><.

!F9A8B64S E<EF9@4 (E@. D<E. 3) F4> :9 BEA4M9A4 

E?98GRM<@< 84FK<>4@<: ∆T3 � 84FK<> C9D9C484 

F9@C9D4FGD A4 6IB89 6 EF9A8 < CBE?9 F9C?BB5@9A-

A<>4;  P1, P2, T1, T2 � 84FK<>< 45EB?RFAB7B 846-

 <E. 3. !F9A8 B7A96OI <ECOF4A<= 7BD9?B>
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 <E. 4.  4;@9M9A<9 7BD9?>< 6 <@<F4FBD9 :4DB6B=
              FDG5O

?9A<S < F9@C9D4FGDO 74;4, GEF4AB6?9AAO9 C9D98 

D4EIB8B@9DB@; ∆P1, ∆P2 � 84FK<>< <;@9D9A<S 

C9D9C484 846?9A<S FBC?<6AB= @47<EFD4?<, 1-7B 

< 2-7B >BAFGD4 EBBF69FEF69AAB; P3, T3 � 84FK<>< 

45EB?RFAB7B 846?9A<S < F9@C9D4FGDO 6B;8GI4, 

GEF4AB6?9AAO9 C9D98 D4EIB8B@9DB@; ∆P3 � 84FK<> 

<;@9D9A<S C9D9C484 846?9A<S 6B;8GI4, GEF4AB6-

?9AAO= C9D98 D9E<69DB@ [15].

�ECOF4A<S 7BD9?B> CDB6B8<?<EP CD< >BQHH<-

J<9AF9 <;5OF>4 6B;8GI4 α = 2, KFB EBBF69FEF6G9F 
;A4K9A<R, CB?GK49@B@G 6B 6D9@S D45BFO 86<74F9?S 

A4 AB@<A4?PAB@, A4<5B?99 F9C?BA4CDS:9AAB@ 97B 

D9:<@9.

�D< QFB@ 6 C9D6O= >BAFGD GT1k
 CB8464?BEP 10, 

30 < 50% BF EG@@4DAB7B D4EIB84 74;4 GTΣ, <8GM97B 

6 7BD9?>G [16, 17].

� Q>EC9D<@9AF9 <;5OFBKAB9 846?9A<9 6B;8GI4 

C9D98 7BD9?>B= EBEF46<?B 3,2К�4, F9@C9D4FGD4 

6B;8GI4 C9D98 7BD9?>B= EBEF46<?4 278°!, D4EIB8 6B;-
8GI4 EBEF46?S? 0,05>7/E; CD< QFB@ D4EIB8 74;4 1-7B 

< 2-7B >BAFGDB6, EG@@4DAB B59EC9K<64?< ;484AAO= 

>BQHH<J<9AF <;5OF>4 6B;8GI4 α.

�D< QFB@ 6 Q>EC9D<@9AF9 CB889D:<64?ES C9D9-

C48 846?9A<S 6B;8GI4 A4 7BD9?>9 3% < >BQHH<J<9AF 
<;5OF>4 6B;8GI4 α = 2, EBBF69FEF6GRM<9 AB@<A4?P-

AB@G D9:<@G D45BFO 86<74F9?S. �?<A4 < @<89?96B 

E9K9A<9 <@<F4FBD4 :4DB6B= FDG5O EBBF69FEF6G9F 
:4DB6B= FG59 >4@9DO E7BD4A<S, 6 >BFBDB= 84AA4S 

7BD9?>4 <ECB?P;G9FES, < EBEF46?S9F 200 @@.

�;@9D9A<S >BAJ9AFD4J<< FB>E<KAOI >B@CBA9A-

FB6 CDB<;6B8<?4EP 68B?P BE< 7BD9?>< 6 B8<AA48J4-

F<F< FBK>4I D46AB@9DAB D4ECB?B:9AAOI CB 8?<A9 

<@<F4FBD4 :4DB6B= FDG5O.

�; D<E. 5 E?98G9F, KFB GDB69AP >BAJ9AFD4J<= NO < 

CO G B59<I 7BD9?B> 5?<;B> CB ;A4K9A<S@ 8DG7 > 8DG7G. 
 4EIB:89A<9 !� A4 8?<A9 200@@ EBEF46?S9F 3,5 ppm, 

KFB @B:AB BFA9EF< > CB7D9LABEF< <;@9D9A<S.

�D< QFB@ GDB69AP !� 6 CDB8G>F4I E7BD4A<S 

G 7BD9?>< № 2 ;A4K<F9?PAB A<:9, K9@ G 7BD9?>< 

 <E. 5. !D46A9A<9 EBEF464 CDB8G>FB6 E7BD4A<S 7BD9?B>
             № 1, 2 CD< α = 2 < GT1k

/ GTΣ = 10%

             (♦ � 7BD9?>4 № 1; ■ � 7BD9?>4 № 2)

№ 1.  4ECD989?9A<9 >BAJ9AFD4J<= ABE<F EIB:<= 

I4D4>F9D, <I GDB69AP EA<:49FES E BF84?9A<9@ BF 
EBC?B6B= K4EF< 7BD9?><.

�; D<E. 6 6<8AB, KFB G69?<K9A<9 CB84K< FBC?<64 

6 C9D6O= >BAFGD 8B 30% BF B5M97B, CD<6B8<F > G69-

?<K9A<R GDB6AS >BAJ9AFD4J<< NO CB ED46A9A<R 

E CB84K9= 10% 8?S B59<I 7BD9?B>. ЭFB E6S;4AB E 

CD9B5?484A<9@ 8<HHG;<BAAB7B 5B?99 6OEB>B-

F9@C9D4FGDAB7B CDBJ9EE4 7BD9A<S, EHBD@<DB-

64AAB7B ;4 J9AFD4?PAO@ F9?B@ C9D6B7B >BAFGD4. 

�D< QFB@ @B:AB BF@9F<FP, KFB A4 D4EEFBSA<< 150 

@@ ;A4K9A<9 >BAJ9AFD4J<= NO CD4>F<K9E>< 6O-

D46A<649FES. �A4K9A<S >BAJ9AFD4J<= !� BK9AP 

5?<;><, AB I4D4>F9D D4ECD989?9A<S BF?<K49FES. 

# 7BD9?>< № 1 !� E BF84?9A<9@ BF ED9;4 EBC?4 

G5O649F, 4 G 7BD9?>< № 2 ABE<F 6B;D4EF4RM<= 

I4D4>F9D. #DB69AP !� G 7BD9?>< № 2 EBID4AS9FES 

A<:9, K9@ G 7BD9?>< № 1.

�; D<E. 7 6<8AB, CD< CB84K9 6 C9D6O= >BAFGD 

50% FBC?<64, GDB69AP !� < !� EF4AB6SFES 5?<;>< 

CB E6B<@ ;A4K9A<S@. �D< QFB@ NO G 7BD9?>< № 2 

A<:9 6 864 D4;4.

 4EE@BFD9AAO9 7D4H<>< CB>4;O64RF, KFB BEAB6-

AB9 <;@9A9A<9 >BAJ9AFD4J<= FB>E<KAOI 69M9EF6 

CDB<EIB8SF 6 CD989?4I ;BAO 7BD9A<S, FB 9EFP ;4 6D9-

@S 7BD9A<S, 4 6 ;4C?4@9AAB= B5?4EF< <@9RF @9EFB 
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A4 A9E>B?P>B CBDS8>B6 CD96OL4RF ;A4K9A<S E>BDB-

EF9= D94>J<= ;4C?4@9AAB= B5?4EF<, 789 8BEF<749FES 

@4>E<@4?PA4S F9@C9D4FGD4.

"4>:9 BF@9K49FES, KFB CD< CB84K9 10, 30 < 50% 

D4EIB84 74;4 6 C9D6O= >BAFGD GT1k 
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;A4K9A<S@.

#69?<K9A<9 D4EIB84 FBC?<64 CB C9D6B@G >BAFGDG 
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�=4;87 D97G;PF4F>6
�?S 6OCB?A9A<S 4A4?<;4 CB?GK9AAOI Q>EC9D<-

@9AF4?PAOI 84AAOI < BJ9A>< 6?<SA<S 74;B8<A4@<-

K9E>B= EFDG>FGDO F9K9A<S ;4 7BD9?>4@< A4 6O5DBEO 
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FDG5O, 6>?RK4RM97B 13,3 @?A. Q?9@9AFB6. �4 D<E. 9 
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< F9@C9D4FGDO CBFB>4 <ECB?P;B64?<EP k�ε-@B89?P 
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�4 D<E. 10 CB>4;4A4 D4EK9FA4S EFDG>FGD4 F9K9-

A<S 6 A4K4?9 <@<F4FBD4 :4DB6B= FDG5O E CB?9@ 

F9@C9D4FGD, I4D4>F9D<;GRM<I CDBJ9EE 7BD9A<S. �B 

D9;G?PF4F4@ D4EK9F4 6<8AB (D<E. 10,4), KFB A4 6OIB89 

<; 7BD9?>< № 1 <@9RFES 869 ;BAO D9J<D>G?SJ<<, 

>BFBDO9 HBD@<DGRFES 6 D9;G?PF4F9 CDBIB:89A<S 

6B;8GI4 6 99 FD4>FB6B= K4EF<. �M9 B8A4 ;BA4 B5-

D4FAOI FB>B6 HBD@<DG9FES 6 B5?4EF< 5B?PLB7B G7?4 

D4E>DOF<S EF9AB> <@<F4FBD4 :4DB6B= FDG5O, AB BA4 

6 4A4?<;9 A9 D4EE@4FD<649FES.
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5
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                E F9@C9D4FGDB= CBFB>4:
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FB>G. "4>B= ECBEB5 BD74A<;4J<< 7BD9A<S HBD@<DG9F 
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@9A9A<< C4D4@9FDB6 86<74F9?S.

�BD9?>4 № 2, EB89D:4M4S A4 6OIB89 <; EBC?4 

>BAHG;BDAO= A4E48B> < J9AFD4?PAB9 F9?B J<?<A-

8D<K9E>B= HBD@O, <E>?RK49F HBD@<DB64A<9 86GI 

;BA D9J<D>G?SJ<<. �4 6OIB89 <; EBC?4 7BD9?>< 

HBD@<DG9FES B8A4 B5N9@A4S ;BA4 D9J<D>G?SJ<< 

(D<E. 10,5). �BA4 B5D4FAOI FB>B6 EHBD@<DB64AA4S 

G EF9AB> <@<F4FBD4 :4DB6B= FDG5O F4>:9 A9 D4E-
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!69:4S CBDJ<S FBC?<64, CB84649@4S HBDEGA>B= 
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AOI FB>B6.  �4 6D9@S CDBIB:89A<S D4EEFBSA<S BF 
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CB87BFB6?9AAGR FBC?<6B6B;8GLAGR E@9EP.
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5OFP CB?GK9AO CGF9@ @B89?<DB64A<S CDBJ9EEB6 7B-
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@B:AB D9>B@9A8B64FP > CD<@9A9A<R 8?S >4@9D 
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