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Abstract

To increase the service life between repairs of a series-produced engine, Þ nishing works should be performed. While 

combustion chamber design reÞ nement, statistical processing of failure data is one of the primary tasks, as analysis 

of the processing results allows determining characteristic defects of the design under study and blueprinting its 

further improvement trend.

The presented article considered design features and deÞ ned the main defects of the combustion chamber of the 

gas-turbine engine. Analysis of characteristic faults being manifested in operation was accomplished. The author 

determined the key reliability parameters of the combustion chamber. Based on the performed analysis, measures 

aimed at the resource indicators increasing of the combustion chamber were developed. Six new implemented 

constructive measures are presented.
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The Þ rst measure consists in replacing nozzles with fuel whirling on nozzles with jet-atomizing ones. The second 

measure is aimed at design changing of the diff user nozzle in burner. The third measure stands for the temperature 

Þ eld stabilization and improvement. The Ø15 mm plugs were installed at the place of the Ø12 oriÞ ces on the ß ame 

tube casings. The fourth measure is necessary for the gases temperature reduction of near walls behind branch 

pipes. For this purpose, the air consumption through the cooling slits was increased. The slit height was increased 

from 1 to 1,4 mm. The Þ fth measure is aimed at falling-out preventing of the sealing package, installed between 

the nozzle and the swirler, by changing its structure.

The sixth measure consists in accomplishing a number of oriÞ ces in a head for its additional cooling. The seventh 

action is aimed at protecting the parts of the combustion chamber against the hot gases eff ect. The heat-shielding 

covering was employed for this purpose. Analysis of the characteristic faults and their effi  ciency assessment was 

re-performed after the said measures introduction. The resource indicators improvement was revealed.

The implemented measures allowed increasing the engine between-repairs resource up to 25000 hours.

Keywords: basic parameters of the combustion chamber reliability, modernization, combustion chamber design, 

combustion chamber defects, engine overhaul period, combustion chamber failures statistics
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@9EFAB@G C9D9B5B74M9A<R ;BA J<D>G?SJ<<, 4 6 
8DG7<I � > B598A9A<R [7]. %C?BLA4S 699DA4S EFDGS 
<; J9AFDB59:AB= 74;B6B= HBDEGA>< (Ц��() A9G-
EFB=K<64 > 6A9LA<@ 6B;89=EF6<S@ CD< H?G>FG4J<-

SI 6B;8GLAB7B CBFB>4 (QHH9>F «H?47 A4 69FDG») [8].

�?S GEFD4A9A<S BC<E4AAOI 6OL9 A98BEF4F>B6 
5O? BEGM9EF6?9A DS8 @9DBCD<SF<=.

П9D6B9 @9DBCD<яF<9 ;4>?RK49FES 6 ;4@9A9 Ц��( 

EFDG=AO@< 74;B6O@< HBDEGA>4@< (%�() (D<E. 5).

%�( CB;6B?S9F A4CD46<FP BCD989?9AAO@ B5-

D4;B@ FBC?<6AO9 EFDG< BFABE<F9?PAB CBFB>4 6B;-
8GI4 < EF9AB> 8<HHG;BDB6 7BD9?B>. '7B? 6 60°, >4> 

CB>4;4?< Q>EC9D<@9AF4?PAO9 <EE?98B64A<S CD< 

CBG;?B6B= 8B6B8>9 A4 46FBAB@AB@ EF9A89, B>4;4?ES 
BCF<@4?PAO@ E FBK>< ;D9A<S EBK9F4A<S I4D4>-

F9D<EF<> 7BD9A<S, F9C?B6B7B EBEFBSA<S EF9AB> < 

F9@C9D4FGDAB7B CB?S.
�FBDB9 @9DBCD<яF<9 A4CD46?9AB A4 <;@9A9A<9 

>BAEFDG>J<< 8<HHG;BDAB7B A4E48>4 6 7BD9?>9 (D<E. 6).

� <EIB8AB@ 64D<4AF9 7BD9?>< 6 E9K9A<< № 1 8<HHG-
;BD CD98EF46?S? EB5B= B>DG:ABEFP E C9D9IB8B@ 6 
GE9K9AAO= >BAGE, <@9RM<= A4 >DB@>4I A95B?PL<9 
D48<GEO E>DG7?9A<S. � <;@9A9AAB@ 64D<4AF9 6 
E9K9A<< 1 BA CD98EF46?S9F EB5B= GE9K9AAO= >BAGE 
EB E>DG7?9AAO@< >DB@>4@<, 6 E9K9A<< 2 D48<GE 
E>DG7?9A<S >DB@B> G69?<K<649FES (D<E. 7) [9].

ЭFB CB;6B?<?B EHBD@<DB64FP 5B?99 L<DB><= 

;4M<FAO= Q>D4A, @<A<@<;<DGRM<= 6B;89=-

EF6<9 6OEB><I F9@C9D4FGD A4 7B?B6>G >4@9DO 

E7BD4A<S.

&D9FP9 @9DBCD<яF<9 A4CD46?9AB A4 EF45<?<;4-
J<R < G?GKL9A<9 F9@C9D4FGDAB7B CB?S, >BFBDB9 
A4K<A49F HBD@<DB64FPES 6 ;BA9 7BD9A<S. !4 @9EF9 
BF69DEF<= Ø12 A4 A4DG:AB@ < 6AGFD9AA9@ >B?PJ4I 

          0                  1
$<E. 5. %9K9A<9: 0 � %�(; 1 � Ц��(
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$<E. 6 �<HHG;BDAO= A4E48B>: 0 � E9D<=AO=; 1 � @B89DA<;<DB64AAO=

Сечение 1

Сечение 2

          0                  1
$<E. 7. %9K9A<S 8<HHG;BDAB7B A4E48>4:
              0 � E9D<=AB7B, 1 � @B89DA<;<DB64AAB7B

:4DB6B= FDG5O 5O?< GEF4AB6?9AO 6FG?>< Ø15 @@ 

(D<E. 8).

!4?<K<9 6FG?B> CB;6B?<?B G69?<K<FP CDBA<>4-
RMGR ECBEB5ABEFP 6B;8GLAB= EFDG< (D<E. 9).

� C9D6B@ E?GK49 (D<E. 9,0) 6B;8GI CDBIB8<F K9D9; 
BF69DEF<9, <@9RM99 BF5BDFB6>G, 4 6B 6FBDB@ E?GK49 
(D<E. 9,1) 6B;8GI CDBIB8<F K9D9; 6FG?>G. '69?<K9A<9 
CDBA<>4RM9= ECBEB5ABEF< EFDG< CB;6B?<?B BFB-
86<AGFP 6OEB>BF9@C9D4FGDAO9 B5?4EF< BF EF9A>< 

:4DB6B= FDG5O [10].

'9F69DAB9 @9DBCD<яF<9 A9B5IB8<@B 8?S EA<-

:9A<S F9@C9D4FGDO 74;B6 6 CD<EF9ABKAB@ E?B9 
E 6AGFD9AA9= EFBDBAO A4DG:AB7B < 6AGFD9AA97B 

$<E. 8. �4@9D4 E7BD4A<S E 6FG?>4@< A4 :4DB6B= FDG59
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0

1
$<E. 9. �4DF<A4 CDBA<>AB69A<S 6B;8GLAB= EFDG<
              6 EABESM<= CBFB>

>B:GIB6 ;4 «>4D@4A4@<». �?S QFB7B 5O? G69?<K9A 

D4EIB8 6B;8GI4 K9D9; M9?< BI?4:89A<S A4DG:AB7B < 

6AGFD9AA97B >B:GIB6. �OEBF4 M9?< 5O?4 G69?<K9A4 
E 1 8B 1,4 @@ (D<E. 10).

Ш<D<A4 >4D@4AB6 A4DG:AB7B >B:GI4 EBEF46?S9F 
5 @@, 4 L<D<A4 «>4D@4AB6» 6AGFD9AA97B 8 @@.

ПяFB9 @9DBCD<яF<9 A4CD46?9AB A4 CD98BF6D4M9-
A<9 6OC489A<S GC?BFA<F9?PAB7B C4>9F4, GEF4A46?<-

649@B7B @9:8G HBDEGA>B= < ;46<ID<F9?9@, CGF9@ 

<;@9A9A<S 97B >BAEFDG>J<< (D<E. 11).

� <EIB8AB= >B@CBAB6>9 GC?BFA<F9?PAO= C4>9F 
EBEFB<F <; C?464RM97B 2 < BCBDAB7B 3 >B?PJ4. "A 

0

1
$<E. 10. �B:GI: 0 � A4DG:AO=; 1 � 6AGFD9AA<=

0

1
$<E. 11. 'C?BFA<F9?PAO= C4>9F: 0 � 8B 8BD45BF><;

               1 � CBE?9 8BD45BF><

;4>D9C?9A 6 BF69DEF<< ;46<ID<F9?S 1 CD<64D>B= 

BCBDAB7B >B?PJ4 3 > ;46<ID<F9?R 1. �BD45BF4AAO= 

GC?BFA<F9?PAO= C4>9F, CB@<@B C?464RM97B 2 < 

BCBDAB7B 3 >B?PJ4, EB89D:<F F4D9?PK4FO9 CDG:<AO 4 

< CDB@9:GFBKAB9 >B?PJB 5. �4AAO= GC?BFA<F9?PAO= 

C4>9F GEF4A46?<649FES 6 >BDCGE ;46<ID<F9?S 6, >BFB-
DO= 664D9A 6 J9AFD4?PAB9 BF69DEF<9 ;46<ID<F9?S.

(9EFB9 @9DBCD<яF<9 ;4>?RK49FES 6 6OCB?A9A<< 

DS84 BF69DEF<= 6 7B?B6>9 8?S 99 8BCB?A<F9?PAB7B 
BI?4:89A<S.
� CB?BEFP @9:8G 7B?B6>B= >B?PJ96B= < 8<HHG-

;BDB@ 7BD9?>< CBEFGC49F 8BCB?A<F9?PA4S CBDJ<S 
BI?4:84RM97B 6B;8GI4, >BFBD4S EA<:49F F9@C9D4-
FGDG 74;B6 6B;?9 >B?PJ96B= 7B?B6>< (D<E. 12).

&9@C9D4FGDAB9 EBEFBSA<9 >B?PJ96B= 7B?B6>< 

CBE?9 B5D4;B64A<S 8BCB?A<F9?PAB7B DS84 BF69D-

EF<= CB>4;O649F, KFB B5M99 F9@C9D4FGDAB9 6B;89=-

EF6<9 A4 @9F4?? EA<;<?BEP [11]. �O?< <E>?RK9AO 

?B>4?PAO9 BK47< 6OEB>B= F9@C9D4FGDO, KFB CB;6B-
?<?B EA<;<FP F9@C9D4FGDG EF9A>< A4 143% (D<E. 13).

�A98D9AAO= >B@C?9>E C9D9K<E?9AAOI 6OL9 
F9IA<K9E><I D9L9A<= CB;6B?<? B59EC9K<FP A9-
B5IB8<@GR QCRDG F9@C9D4FGDAB7B CB?S, EA<;<FP 
F9@C9D4FGDG EF9AB> :4DB6B= FDG5O < 7B?B6>< 

>B?PJ96B=, G?GKL<FP >4K9EF6B CB87BFB6>< FBC?<6-
AB-6B;8GLAB= E@9E< [12, 13] (D<E. 14).
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                 0       1
$<E. 12. $4ECD989?9A<9 F9@C9D4FGD 6 7B?B6AB= K4EF< >4@9DO
                E7BD4A<S: 0 � 59; 8BCB?A<F9?PAOI BF69DEF<=;

                                    1 � E BF69DEF<S@<

          0               1
$<E. 13. %9>FBD 7B?B6>< >4@9DO E7BD4A<S;
                0 � 59; BF69DEF<=; 1 � E BF69DEF<S@<

0

1
$<E. 14. $4ECD989?9A<9 F9@C9D4FGD (0) < 846?9A<= (1) 

                6 E9K9A<< >4@9DO E7BD4A<S

%98P@B9 @9DBCD<яF<9 A4CD46?9AB A4 ;4M<FG 
89F4?9= >4@9DO E7BD4A<S BF 6B;89=EF6<S 7BDSK<I 
74;B6. �?47B84DS <ECB?P;B64A<R F9C?B;4M<FAOI 
CB>DOF<= (&�#), CB6OL4RFES <;ABEBEFB=>BEFP, 

$<E. 15. �BD9?>4 E A4A9E9AAO@ &�#

F9D@BEFB=>BEFP, :4DBEFB=>BEFP, >BDDB;<BAA4S 
GEFB=K<6BEFP 89F4?9= [14].

&9C?B;4M<FAO9 CB>DOF<S A4ABESFES A4 8<HHG-
;BDAO9 A4E48>< 7BD9?>< (D<E. 15) < A4 >B?PJ96GR 

7B?B6>G (D<E. 16).

!4 >B:GI4 >4@9DO E7BD4A<S A4ABE<FES Q@4?P 
Э��-103 (D<E. 17). "EAB6B= 6OEB>B>D9@A9;9@AB= 

@AB7B5BDAB= :4DBEFB=>B= Q@4?< Э��-103 S6-
?S9FES SiO (55�65%). #B>DOF<9 84AAB= Q@4?PR 

CB69DIABEF< @9F4??4 ;4M<M49F 99 BF B><E?9A<S < 

74;BA4EOM9A<S 5?47B84DS D9;>B@G G@9APL9A<R 

E>BDBEF< >BDDB;<BAAOI CDBJ9EEB6 [15].

�OCB?A9A4 BJ9A>4 QHH9>F<6ABEF< 6A98D9AAOI 
@9DBCD<SF<=. $4EE@BFD<@ 7<EFB7D4@@G CDBS6?9-
A<S 89H9>FB6 [16�18] >4@9DO E7BD4A<S 86<74F9?9= 

$<E. 16. �B?PJ964S 7B?B6>4 E A4A9E9AAO@ &�#
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$<E. 17. �B:GI4 >4@9DO E7BD4A<S E A4A9E9AAB= Q@4?PR
               Э��-103

!�-16%&, <EE?98B64AAOI 6 C9D<B8 E 2011 CB 2020 7., 
CBE?9 6A98D9A<S >BAEFDG>F<6AOI @9DBCD<SF<= 6 
ED46A9A<< E C9D<B8B@ 1991�2000 7.
�<EFB7D4@@4 (D<E. 18) CB>4;O649F 8B?R, CD<-

IB8SMGR A4 >B?<K9EF6B BF>4;B6, CDBS6?9A<S 89-
H9>FB6 6 2011�2020 77. CB ED46A9A<R E 1991�2000 77.
�; 7<EFB7D4@@O 6<8AB, KFB 6A98D9AAO9 @9DB-

CD<SF<S CB;6B?<?< G@9APL<FP CDBS6?9A<9 F4><I 
89H9>FB6, >4>: #�! � 89=EF6<9 CB6OL9AAOI 
8<A4@<K9E><I A47DG;B>; �& � 6B;89=EF6<9 6O-

EB><I ?B>4?PAOI F9@C9D4FGD; ! � A98BCGEF<@B 
6OEB>4S F9@C9D4FGDA4S A9D46AB@9DABEFP A4 
6OIB89 <; �%.

 B:AB BF@9F<FP, KFB 6ODBE?4 8B?S BF>4;B6, 
E6S;4AAOI E A4DGL9A<9@ F9IAB?B7<< E5BD>< 

��%, F4><I >4> # ! � CB6OL9AAO9 BEF4FBKAO9 
A4CDS:9A<S, ;4?B:9AAO9 CD< @BAF4:9; "�% � 

BE?45?9A<9 >?9CBKAB7B EB98<A9A<S; �% � 89H9>F 
E5BD><.

$4EE@BFD<@ EF4F<EF<>G <AF9AE<6ABEF< BF>4;B6 
6 C9D<B8 E 2011 CB 2020 7. CB 89H9>FG �& (6B;89=-

EF6<9 6OEB><I ?B>4?PAOI F9@C9D4FGD), >BFBDO= 6 
CD98O8GM9@ C9D<B89 <@9? B8A< <; @4>E<@4?PAOI 
CB>4;4F9?9=.

#B I4D4>F9DG 7<EFB7D4@@O <AF9AE<6ABEF< 

BF>4;B6, E6S;4AAOI E ?B>4?PAO@ 6B;89=EF6<9@ 

6OEB><I F9@C9D4FGD (D<E. 19), @B:AB 6<89FP, 

$<E. 18. �B?S I4D4>F9DAOI 89H9>FB6 >4@9DO E7BD4A<S
                86<74F9?S !�-16%& 6 C9D<B8 1991�2000

                < 2011�2020 77.

$<E. 19. �;@9A9A<9 <AF9AE<6ABEF< BF>4;B6 CB 6D9@9A<
                8?S 89H9>FB6 �& 6 C9D<B8 2011�2020 7.

KFB C9D<B8 ABD@4?PAB= Q>EC?G4F4J<<, >B784 <A-

F9AE<6ABEFP BF>4;B6 CD4>F<K9E>< A9 ;46<E<F BF 
A4D45BF>< <;89?<=, F. 9. λ(t) = const, EBEF46?S9F BF 
3900 8B 15 000 K, < QFB E6<89F9?PEF6G9F B CB6OL9-
A<< A489:ABEF< <;89?<S 6 J9?B@. �AF9AE<6ABEFP 
BF>4;B6 A4K<A49F 6B;D4EF4FP 5?<:9 > 25000 K.

$4EE@BFD<@ >D<6O9 <;@9A9A<S 69DBSFABEF< 

59;BF>4;AB= D45BFO 6 1991�2000 < 2011�2020 77. �; 
D<E. 20 6<8AB, KFB 6 C9D<B8 1991�2000 77. 69DBSF-
ABEFP 59;BF>4;AB= D45BFO CD< 20000 K EBEF46<?4
  = 0,18, CD< QFB@ 6 C9D<B8 2011�2020 77. A45?R84-
9FES @9A99 <AF9AE<6AB9 EA<:9A<9 69DBSFABEF< 59;-
BF>4;AB= D45BFO E A4D45BF>B=, >BFBD4S EBEF46<?4 
CD< 20000 K   = 0,58 [19, 20].

�O6B8O
�A4?<; I4D4>F9DAOI BF>4;B6 < I4D4>F9D<EF<> 

A489:ABEF< >4@9DO E7BD4A<S CB;6B?<? D4;D45BF4FP 
A9B5IB8<@O9 >BAEFDG>F<6AO9 @9DBCD<SF<S 8?S 
G?GKL9A<S D9EGDEAOI CB>4;4F9?9= 86<74F9?S.
�?47B84DS 6A98D9AAO@ @9DBCD<SF<S@ CBQF4CAB 

G69?<K<64?ES @9:D9@BAFAO= D9EGDE 86<74F9?S, 6B 
@AB7B@ BCD989?S9@O= D9EGDEB@ >4@9DO E7BD4A<S, 
E 15000 K 8B 20000 K 6 2004 < 8B 25000 K 6 2010 7.

$<E. 20. �;@9A9A<S 69DBSFABEF< 59;BF>4;AB= D45BFO
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