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Research on aer oengine perfor mance-margin design considering
perf ormance deter ioration in util ity

ZHOU Mao-jun
(China Aviation Powerplant Research-Institute, Zhuzhou 412002, China)

Abstract i The purpose of _this article is to study the impacts on engine performance
caused by the engine deterioration-after long time use, and the result was used in the engine
performance margin desgnin new developing engines. Method isto use data acquired in spe-
cial arranged performance deterioration engine tests as well as the ones collected from over-
hauling engines, to analyze the impacts on engine performance caused by module efficiency
loss, and to find out the difference between new delivered and deteriorated engines. This
difference is used to the engine performance calculation after deterioration in development en-
gines. Concluson: the performance margin of 100 in engine gas temperature (EGT) and
7 % in specific fuel consumption (SFC) need to be maintained in subject new development
enginesin order to guaranty the safety use within the time between overhaul , and develop-
ment engines can meet the higher performance requirement of new generation aircraft relying
on the efficiency improvement in modules.

Key words: performance deterioration; engine performance margin desgn;
developing engine; specific fuel consumption (SFQ) ;
engine gas temperature (EGT) ; engine gas temperature margin (EGTM)
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2.1 )
M
, M 20 EGTM, M
' EGTM 80
; 3 5
Table 3 Deterioration on 5 modules of the worn engine
0.05mm SFC | % A EGT/
' 1 0.296 0.61
1 ' , 2 0.459 12.30
( ) 3 1.416 30.29
80 % 4 2.182 31
1 0.05mm 5 0.395 3.13
Table1 Impacts on performance with worn depth 4.748 77.33
0. 05mm inside each modules
SFC |/ % A EGT/ M
1 0.01278 0.02624
2 0.0468 1.2546 3.1 M
3 0.1142 2.4426 [45]
4 0.176 2.50 M
5 070395 0.313 ISA
2.2 4
4 M
EGTM , M , Table 4 Mengine s main parameters in takeoff
2 ( ) 1.702
Table 2 Deteriorated engine' saverage worn depth in modules 33
/ mm 7.15
1 1.16 I K 1700
2 0.49 ! (kg/ 9 374
3 0.62 0.892
4 0.62 0.86
> 0.50 0.845
0.868
1 2 , 0.906
5 / kN 114.8
3 EGT/ K 1240
M EGTM 9 110 SFA (g (kN - 9) 10.91
0.864
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3.2 M _
) Table 7 Deteriorated engine’ s main parameters
o1, , in takeoff
3
( ) 1.724
, 5 6. 3.22
6.64
5
Table 5 Calculated &ficiency results of worn /'K 1774.1
engine’ s modules ! (kg/ 9 359
0.887
n 0.848
n n
1 0.892 0.887 0.005 0.824
2 0. 860 0.848 0.012 0.840
3 0.845 0.824 0.021 0.902
4 0.868 0.840 0.028 I kN 114.5
5 0.906 0.902 0.004 EGT/ K 1317
SFC (gh(kN - 9)) 11.55
0.734
6
Table 6 Calculated pressure rate decrease in worn
engine’ sfan, etc ” ,
20 EGTM,
i
o - 100
1 1.70 1,726 - 0.024" M '
1800 K
2 3.30 3.22 0.08
3 7715 6. 64 0.51 4
3.3 M
3 6 , )
M ISA ,
7.
4 7 , M
. , M
, 74  (EGT ,
7 ), ( N )
SFC 5 9%, : SFC 2.5%,

8%, ,
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4.1 N ) )
M N
1) SFC
2.5%,
9 N
Table 9 New developing engine’ s parameters in
. takeoff after deterioration
2)
) ( ) 1.850
; 3.270
3) 5
6.720
6 M
N , / K 1809.9
EGTM M !/ (kg/ 9 367
, 100 0.914
) 0.853
’ 0.833
, ISA
0. 849
N 8
0.916
/ kN 124. 87
8 N
SFEQ (g/(kN - 9)) 11.34
Table 8 New developing engine’ s main-parameters
ih takeoff EGT/ K 1348
0.7820
( ) 1820 N
3.400 , M
7.250 .N
/ K 1735 N
/ (kg/ 9) 381 1840K
0.919
M N
0. 865
0. 856 2.7%,
0.879 1.2 %); 35
0.920
/ kN 126.24 ) )
SFC (gf (kN - 9)) 10.53
EGT/ K 1271 5
0. 858
M
4,2 N )
N M N
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