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On-line detection method of flameout in turbofan engine

WANG Yudong

(Commercial Aircraft Engine Company Limiteds
Aero Engine Cotrporation of China, Shanghai 200241, China)

Abstract; The on-board measured parameters including high presSure rotor speed, low
pressure rotor‘speed and engine_inlet total pressure were uséd to esStablish the flameout on-
line detection method based on the corrected change rates of-these physical speeds. Accord-
ing to engine states modulations™in_the whole~envelop and engine tests, the amplitude of
change rates of high and low pressure rotor-speeds in flame out process was 1. 5—5. 0 times
that in deceleration and surge process, the amplitude of change rate of high pressure rotor
speed in high préssure‘\shaft fracture process was 6. 0—10. 0 times that in flameout process,
and the amplitude of change rate of low pressure rotor speed in low speed pressure shaft frac-
ture process was 2. 0—3. 5 times that in flameout process. With these properties, the detec-
tion method could clearly distinguish flameout process from other transient processes such as
deceleration, surge and shaft fracture. Being verified in engine tests, the detection time was
0—0. 3s, the detection rate of this method was 100% , and no false or missed detection had

been found.
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Fig.1 Physical speeds in flameout process
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Fig. 2 Change rate of speeds in flameout process
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Fig. 4 Change rate of speed in various unsteady processes
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Fig. 6 Schematic diagram of flameout detection method
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MG IR TE G . 5 T8 2 TR 92 A L B 0k
SR 25 MR S B AR I 1 B AL PR 3R 3 B A i
BF O i 2 bR — BB (AN 1096 ~ 30 06) 3 R
B A B E SCE BB R Nigowmar (N ) FIT
{E:Hﬂgf thmnhdz (Nhr25 ) o E?\}ﬁ\’ Fﬁ{ﬁﬂjﬂéﬁ Nlulmnh(ll
F Niorrenaz Bl 15 A0 555 3 Noos BRI, 5%
I 7 F B Y R S BN R & sh L T BE R
A THE A R TAREFEB 23+ Nigor ~ Nidorrenar (N Hl
Nigornaz (N 0] 1 5 22 5 8 T 19 16 B 26 0L A
ik,

P 6 B I 7 vk by SE A Niaoo 1 2 1B {H
Jo s PRI N oo 2 75 0 J2 25 4F, T 5 BAT S8 I I
Fo ot iy R BE O e G JRUEE Oy« R 08 3 R K
o A HLIE R A RE B A . R s e B S T
B o bJE - B FAZ O AL FRR SR BE R R T R R
R s 3 48 Bl 2 B8 T 1 B AR T B L B BT
U590 e U » K Bk ) g T s 2 o s S AR M 1 4



57

FERIR - i R SR b BEAE ZAG I Oy vk 1411

I Bl A 2 F . PR e P B — s B
JEII R B R G B Y U 5 T DAY I R e A
JE AR L B AR TR A

P8 2 T — A o I He 5 0l o S T 1 3
SR A e IO B i 2 e /M L
e ST R A /ME R S B 0. 028,

g
E
E
ZE
2‘2
‘/thm%d\ﬁ
12 . . :
0.9 1.0 1.1 1.2 1.3
t/s

&8 i IR e ek 2 A8 b R T
Fig. 8 Change order of change rate of high and

low pressure rotor speeds

2.4 EEREE

R ST 7 35 1% % 3 BRI R 3R —
T 75 BLR I R B T AR B0 £ 4
SR 3% 2 B ) 28 2 0 TR
e 5750 ms, A TR B A SR — 5 5
BEBR S BOR R 3 204200 Ho,

P 9 S — B B WO LAY B SH0R R R
FESE ) 25 Hi, 2R RER R L0 E (55 2 1L 2
LR 539 1 2 025 2010 S ) R
ST W F 5 A YT BT RIRG I . SCoh 46 3 4
T T AR 0 48 B 19 £ 5 43T
¥4y 5 P MR 3¢ R0 L0 ) B2 L e I
SRR TR AR

2 100
- O 00000000600000000 . .
g
g B c\g
E 0 "\ thm I E
> \". " N
< "‘q
2: 1l \.\ o8 oo
\ - / «*
\eaeres
=0 I 0
9 ” 11
t/s

Ko REEESRER

Fig. 9 Comparison diagram of sampling signals

2.5 1R E

6 e R B o i BUEKE R e A
BB 0 IR ) R Y o b /N I AT RE Y B
Niaorr &1 2 BB AR AT T Nugor AN A2+ DT EE BT 3
IR 1 [ e

JOL 45 5 A [ L5 4 Sl ML i AR 2 5 f9 BEL D
PR E o BUE . ARG B H5 (A 8) FiNkg ok ik
56 04 B A SCRT F 5 R S MLZE R K JE 0~0. 25
M s Nugor B Nior 2935 B e /N s B 700 W) 25 Hb B
0. 2's Jim & m] AR KR a0 1 B 5 PR UM

N OREAS I AT SE M TR bw] UR R ek B
RIS A5 5 (Y 7 I5 AR S . By 25 A6
B — AR IAF T I IE A S B . R
SRE — & ARl 25T D Ja A A
A TR IO o X TS 12 I A 2 B o 2 R
£ B 8 HI0 B 2 1 I T AGE N i (]

e A DA K ) 3 5 5 e £ 5 I N 2
DBV AL VA SO R B A A k. — B A
AR SE 35T (2 0. 1 )45 I B 48 K AF
L BEHLE R TP AT R T AHERR 1Y .

AR LTI AT PR AT R Y M KPR
e i fx A B OB B A . A2 AT R
0. 1 stk BERRIAN K .

T A ) A 0 IR TR] -l e DA I TE] 2R
T BEARKGE IR R 0~0. 3s, BRI » B
N0 e () 5 L BE 6 T A MR DR IP T RE P 7 22
2.6 BbHLE A

223 I HE I 0 A SO i K R 7 3 T
IVAVEE R NI R A L 1 = £ B T IS | A
Ngo ZEJE o i3 3o 72 5 I s Wy 2o 2 ] B IC 22 IX0
73 AHAE KB R 5 A 3 R AT AT 3 Nied X 53
PG+ Nuao R T 42 2l HLIE RS I 4 BT R 2 B2 55 A6
23R ARR M B s Nuod AR TR E PRI FE B o X
ERCANIE R VSl ]S R & S ARt IS I
6 ¥ fij fL o I& 10 FHPE 11,

i i | N

BL10 %0 AL 25 A AR R s o A 1 o e 32 4
Fig. 10 Change rate of core-engine speed in various

unsteady processes



1412 it o= 3 1 ¥ i 55 36 &
thotr_’ 75\‘ Z:%U% ﬁ EHE] gj% tho\nhdl ( NhrZS ) ﬂ:‘n Nldolrll\dl ( Nlr ) j&ﬁ_} Eﬁ

pw [ ek 13 R R T 0 LI 3 5 e 1 — vk %

Moo BHB G L 4 5 B B I+ Ny B 1125 4L

Ness Noaor™Moaonaz |52 [ g2 JEORH 1.9 f5 (AR o B » Nio U 45 B 1

Nz Nos) P EEEEE P AR i A N 2R (20 1 ) 8 1

BT RO AR ORI 32 s
Fig. 11 Schematic diagram of {flameout detection

logics of core-engine

3 WIESRKRE

Sy UE RS I 77 3 LA (LA A5 80 A o A 0 5
IR B 3, BB X T Sl AL HG A T RE 119 A 25 R I
A TAE R PEAT Bk By kI ks iRk . R shpl
T A A I o T 2 T i AR A LR el
TARAS SR A H8 . 0T T U8 i 5 R IR Al 4
Wik S 7 AR T 53 3 AR 07 RO R AL/ B L
AR T AR
3.1 EHELERR

S Bl R I g A0 T e 1 A R R X
JEK B BUAR F AL . O PR IEAR A
TERA R BRI B R A7 2 A U 58 Uk
ol 75 XA 56 ok 3 3 R 2 75 DR Ay P el e Al )
HE K s

ARG B0 F 3 (UL 12) g8l 5 48 A3
Hh T R R A 8 R AR KO AR ) A
FREA o I T i e o o i R 245 Ay i 3k i A
(9 1. 5~5.0 . H U7 K S5 aml et 4 ol B A e
SLIRH AR O P ORI 45 7 i) DR e B AR K
B s N ¢ K MEAR A 0803 5 F2 1Y 3. 3 45 s N K
3.1 AE L 2 S AR L i B 2 R

TR O TR i o AR R o R i b

4

N, IR

N op Moo/ 10° (t/(min - s))

_8 b N, T
__Nm SEuN
T Ny JEK IS RE .
85 90 95 100 105
NhrZS/%
B 12 s i B 5 0 R A R L 3

Fig. 12 Comparison of change rate of speed in

deceleration and flameout process

JH:ﬁJEPiJrﬁ%% S BBIEAE RS U T
BER 3T 5 0 A R B KT R N 2246 1.9
i ,ELM%IIEE‘FEJ%%Xi%%k%ﬂvﬁiiiﬁﬁ%‘{ﬁ

iR .

2 e 100
T T
,,,,,,,,,,,,,,, T
apTTTTTIT L
g o &
£ 0 %“{*‘MNWWWM—-—-—«]:, 1R 3
= i
~ e hdt Tr’i‘)l AN HL\ ‘: }:":“)( #Mﬁ
A L TNy B P
- hra rl“’%\;
o N, 1
2 hr2s i 0
0 1 2

B13 B0 ML I8 50 KRR I S 4
Fig. 13_-Parameters in /decelérationn and flameout

processes of/a core-engine test

3.2 WiRZERE

RS IR SRR e A Bt ol o
ISR =R 3U ) I B S RN RV RSE  e g
AH X 43 s LA SR A 0P A s 5 A 3345 it

R AL IR J5 PRAT D80T B G M e T
LA A R S ﬁ"ﬁﬁ}?&{ﬁﬁiiﬁﬁﬂm
R DIARSE T AR . 5 P 08 Sl e 152 41 Dy Wi 41 0 e
¥ SBORIPLAE &ﬁﬁi?’iﬁﬁﬂﬁkwﬁﬁfﬁﬁa
AEWAEZEBRIL T “ATZ 2. ik, 21T
Wity I A2 55 o AF 9L KR N 322 i ) AT S

B 14 25 T F R Sl 56 B 0 i i 2 R A
RIS R S E R . Y R A W AR R R R R
BLHE T #5 E po 28 SR BEAIG o 1o IR He 7 3 0 B =2 %
. S K AR A LU o i 4 Ao A 2 A A L 3T
% MR IR AN

B 15 25 1T 5 & sh ALt 56 i i i P 2 R A
D5 FLT A B o AR 1 S R LA . A A g i o e
Do B Niaor 1220 DL S AT HL 3550 0% TF 8 U 38 1) 2
Niao BZR . 2 Wi Ik 58 98 & A B BLUAR pos TR B
A o AELIBR D) 5 RS N o WAL A 55 DR 0 PR A Y

25 F IR g R G FE Y Nuoo I8 18 5 06803 1 2
AH B AR TR A B . MG U % 1, C AR



BT

FERIR - i R SR b BEAE ZAG I Oy vk 1413

B X AR IR o BAAORTE i fi ot 7 ARE K
PRI b B Nuowar (Niws ) F Nigorrar (N
HATX Gy

TRESE B R O 20 B e A D RE T SR
SEBR 1R T 3 AMEEE N AR A B AR . PR
Wiy 41 15 A S AL KRG T BB A I AR AT F o 7 P i e
BB R G REHLIX )

== Ny MR R - N, MK R
—— N, WlRE - N, R
— p,,. MR e
100 : 600
L] R N - 14s0
8 S R O
Sa -~ <
= ~--o . (=5
= S0 1300 %,
Z:

|

25 Trsea — 150

t/s

14 MRt #2540 G R B S AU
Fig. 14 Comparison of parameters in surge and

flameout processes

1600 e 4
— —p,, Wi e
= N Wi fe ot

1200 WTMM&EJ& 2 3
., =
< B £
=M =
E 800 prtimims 0S
~ S
400 | 2 =

1 1 1 _4

0 0.5 1.0 1.5 2.0

t/s
B 15 Wi B B 5 080l B 0 S 8 L 3
Fig. 15 Comparison of parameters in surge

and deceleration processes

3.3 BEHMETREE

kb s B X R Sl HIL b e BT 24 S
W REHATRIS . T AE R S BEAT Wi i L
R VR X EL TR AR 8 o AR SO BRE R (E 35
i BE IS S S ALIRT Bl A2 9 S BB A B . R
2 R S DU SO -2 -2 | W i
LR BT R T LBl 4 HE 3 B R S ALY
TR IPU

o A T 415, 2 R R 2R R D%
W7 24 I s A B A 2 A0 & A AR AR Z R R R R
KA @ % B R DY . R A AR G R A
G TS T B RN AR . O W
Ji o e FE R ASUHL R /35 F 308 %8 45 A7 L 57 19 e 5 O
FARSE) L AFLATS T AL 0 o P 2% o AV Bl 9 i 1)
AR AL AR FE 308 475 1 A2 3 36 57 i AR e 3k o
i 2

R )t W S B ] R R AL AR B R
i 1 Ty S T T R 4R DTS AR XK 9 3
1o FE R A MLIG 7 A A R i) B e

HRE T35 o i il T 2 )5 o P B oK SR
R ot ol 1) ML 28R 0 i — M AE R ML ) o 0 3 6 1
(B TSR A AT FR Y 6~ 10 £ 78 TR A5G S A 2 8 T
BRI AERE 22 P b 0 I BT 16) . HE
R Y T L (i), B 25 400 TR T R, R
e K Ay e A ol R . R OB e O i DR A o
FUE Jead 72 fE 96 35 X 4> (b FH (il 48
Niadietnar (Nugos YGRS A

200
- - U - o R A LS AR S (1R R AT )
—o— MR s iR
160 | - = AR BRI 28
—120F
E.,, S0~ o=
= g0t ﬁ/
40
—— JEK R 2R
e SR FEFE UL e R FE A2
0 40 80 120

N,%

16 AR S Fi e 22 ih £k

Fig. 16  Slip curves of unsteady processes

3.4 RIEHETRGE

AR g b ok 5 SO B 3.3 4 i T e T
A TS AR A » DX S AE T I I AR Bl 94 i )
Fe LA T 8 AN P 12 D 25 1 14 R e 1ty 114
&1

AR TR A [ 5 3 A1 Al T 2 A1 T
T A R AR K R 2. 0~3.5 fF.
P17 B 7 i) Ve i J A1 H 2 3 N i T 4 i ]
ALIA AR KRR A 3 A L T L e O I
. LR AE S48 K Fe g = A, fEE 16
Hh A H Al T 25 e 22 il £k 1) A BT SE il e R
R T R 5 e T R Dy GE A A9 AR —



1414 o= 9 o R

% 36 &

B R A Hs il I8 20 R AR KO AR BE S I
F X0 CA R B 28 N (N FE B HH
gﬁ thotrthdl(thS)'Zéj\)o

T N (R
-8 [{ == Ny IERA
N kR

~~~~~~ Ny FEK LT

1 2 3 4
tls

Noor N/ 10° (t/(min  s))

BL7 I Wl 2o A2 5 48 G AR S B AR
Fig. 17 Comparison of parameters in low pressure

shaft fracture and flameout processes

3.5 BAKEIIE

B18 25t T H A0 AL — S KPR ik 56
PR . IR0 Nidow 5 BIE Nidowna 19 HEH
B0 BF. 3B N © 8 3T 48 i 2
Nioutnat (Nizs ) s & SIHLHEIIE K

Pl 18 Hrid 25 i T4 i AR 0 R B ks
F KO A 6 2 80 2k 0 4 H (A B0 1.0
Hbs s il &R 48 9F ok 7 20 il R K RS T E 2
0. 58 Ja » ¥ R Ged & 34 KSR b A T
FEJCIRAS . BOR R TWCE T SRS 2. 5 ATk
WA DA B[] CAS 3] 2 R 0. 580

K18 HiB & s S F A KNG Nood 5%
R EARL- KT (AR B3 Sy AR Ud B & 2l B
TF i TAE A K AR T REA %L

— s BRI
BRI, - SR
150
) 1% "h
P, 1,
100 | fe 21 15O 1z
s TN , ] s
3 e ﬁﬁmw0§
S kA gy i 3
501 lU\i:lFJ}: )( w‘gl 1=
AT S 2
[ J X
8 12 16 20 24

B 18 MO HUE KPR 1 S 5L
Fig. 18 Parameters in flameout protection test

of a core-engine

4 MAEITiE

AR SCHIT R SCH KA DN 9 4 8 2 M F A
4 BIL 280 3 A s 3 4 5 S I R A A
SR A T 7E 2R KRR L R K S AL AR
KR ISR LS HE

AIFEC &t —E SOl LR
BIE o A Dol o G i i 3 AR KR P 8
R e B T G AU AGE T B T A 9 ) AT T
T IO FHT I 5% LA

ARTT S BT HE JR A 4 SE A
Hal KM A SR s R s it 74 1 S8 e
TRAPLTAR R e ATtk hTF3E T
FWT AR KR Y 2 A4~ B 2 80T DUAE /AT 7
PEATAE A - I T AT A5 A0S AR A 2 M0 B
PEAT BB T

ARSL5E SCHRE KOS I 32 SR s T e == &
LD LA AL & 5 o AT I
PLAE I (4 e A A 1) 57 BR A ] IX 73 e e 2
o HEL KR AP AT R el 2 1 N A AR TUBIAR

5% B

AR LS R K SR G R HEAT T 5 3
SI PR RRAET T 40 T R AR SR T ik R
EIBHL A T RN R IESE R, B
wnF .

D) SRR o Fe e ORI R 4 1 2 T
T S5 (B AT A U R g i G R Y 1. 5~5. 0 £,
TEARAE AT A by DX ok 5 48 KR AR B

2 fei il D Sl 55 B 1 R 2 T ek R I AR
KGEFE 6. 0~10. 0 F% AZRFAE 7T /E 2 X 4048k
55 1o e U 55 e 4 A AR

30 AVR R ity D bt e e ) PR 2 R R I
KAL R 2. 0~3. 5 A% GRRHE AT AE R X448k
AFR s BT et s 1 K 4k

4) HE TR He T ORI He 2 TN S R AR AR L
SCY R IR PR ARG 2 e L 323 R A ) ]
B 0~0.3s,

5) 3 A Y | Wi % | BT a4 ok R 1 45 B A BT
A0 B0 AR I 7 vE AR S X e R R AR L A
SR JGIFRRE . %07 AR | R B
A TR,

6) %5 R FH I S804 HLEa iS5, T
AT RSHLE N B S8 AR Thae, B CiE it
8 AR AP I 1 B0



57

FERIR - i R SR b BEAE ZAG I Oy vk

1415

S 3k :

(1]

(2]

[3]

[4]

[6]

[9]

[10]

[11]

JEUETE R WREL T R R S LA TP s S i R AU
BrlJ]. fiias 2#4R . 2010,31(2) : 285-289.

TANG Haijun,CAO Dashu, YAO Hongyu. Failure analy-
sis on in-flight shutdown of an aero engine[ J]. Acta Aero-
nautica et Astronautica Sinica, 2010, 31(2):285-289. (in
Chinese)

W Je. B RUR BHLAS s B S se 0 ] R i i i
5#5¢.1999,12(4) :8-12.

YANG Shanfa. Gas turbine experimental and research[J].
Gas Turbine Experiment and Research,1999,12(4):8-12.
(in Chinese)

H SCHE L REER L B SRR e R AL P R RS R
AR P ELT]. LR 5, 2014,54(2) :35-38.
XIAO Wenfu, SHEN Xiaoxia, TIAN Lin. Experimental
study on parameter changes of a turbofan engine during in-
flight shutdown process[]]. Engineering and Test, 2014,
54(2) :35-38. (in Chinese)

XEAR BRI 8, 55 08 B Kk S HLAR R g ik o i
WFgE)]. MR AR IR I H ST, 2013,26(3) :47-49.

LIU Xudong.MIAO Hezhuang.GAO Yang.et al. Methods
on inertial automatic start flight-test of turbofan engine
[J]. Gas Turbine Experiment and-Research,2013,26(3) :
47-49. (in Chinese)

ThHG A FR0T L SR W B K s AL A a1 R S 5
(I, Wizs3h 1 2#4R . 3013. 28(4)..730-735.
MA Qianrong, GUO, Xin, WU Hu:~Experiment on
spooldown airstart performance of aero-turbofan engine in
ATF[J]. Journal of Aerospace Power, 2013 ,28(4) ; 730-
735. (in Chinese)

BONE B BTN BT A Sl LS A 3l % A A
Ir eI R R b S AT T . 2011, 24(4) :48-50.
XIA Hui»WU Feng. Research on the detecting methods of
aero-engine stall signal during airstart based on wavelet a-
nalysis[ ] ]. Gas Turbine Experimental and Research,2011,
24(4) :48-50. (in Chinese)

PREE . #%8 & A 3 AL ZE 5 3l B fs 22 5 1k 1 3k 38 AF 5
[0 AR A 8 5 BF 5T . 1995.8(2) :48-50,55.

o BT JR) . A A K 8l WLSE AR E : CCAR-33R2[ S].
dent. h E R A R . 2011:1-92.

Federal Aviation Administration. Turbine engine power-
loss and instability in extreme conditions of rain and hail:
AC33. 78-1[[S]. Washington DC: Federal Aviation Admin-
istration,2000:1-19.

ot T KX AL S LA R L) . s % 3 #L, 2013, 39
(4):1-4.

CHEN Guang. Influence of rain on aeroengine[ J]. Aero-
engine,2013,39(4) :1-4. (in Chinese)

TR, 5 A IREL L S5 S i B K Sl LAY K P e fb
[J0. M 2s 3 124, 2019, 34(8) . 1717-1723.

XING Yang, WANG Changliang, LI Zhaohong, et al. Per-

[12]

[13]

[14]

[15]

[ 163

[17]

[18]

[19]

[20]

formance change of aero turbofan after swallowing water
[J]. Journal of Aerospace Power,2019,34(8):1717-1723.
(in Chinese)

TR ST T L 45 il TR SOPLAT K S B9 P RE AL AR BF 5T
[J7. #EafE A 2017, 38(7) :1499-1506.

YANG Lu, ZHENG Qun, ZHANG Hai, et al. Study on
performance change of axial flow compressor after water
ingestion[ J . Journal of Propulsion Technology, 2017, 38
(7):1499-1506. (in Chinese)

FARLE XU BT A TE LL I B Kk S AL RN AE 1 P Ak Y T
EUFELT] RACHLBE 50758, 20138 1) 2) :1-3,50.
WANG Chunxiao, DENG Xiao. A method for estimating
rain ingestion effect on high bypass ratio turbofan engine
performance[ ] ]. Civil Aircraft Design and Research, 2013
(Suppl. 2) :1-3,50. (in Chinese)

DAY I, WILLIAMS J,FREEMAN-C. Rain ingestion in ax-
ial flow compressors at_part speed[ ]JJ..Journal of Turbo-
machinery,2008,130(1) :011024. 1-011024, 9.

WA FH BT T SR AR 55 U TR B AR AE i = R LK
e a8 /B RS TP e LT 1R I A R S B O,
2018,31(1):35-37,49.

CHEN Miaomiao+YUAN ‘Ting, JIANG Rongwei, et al.
Application of flame images for combustor ignition/flame-
out experimentation[ ] |. Gas Turbine-Experiment and Re-
search,2018.,31(1) :3537,49. (in Chinese)

IS SO AR ] L R L S5 R o T A Sl L IV IS P R Y
S AL s JGRIRTT ] HEPEHA ,2013,34(4) :506-511.

XI Wenxiong, WANG Zhenguo, LI Qing, et al. Enhanced
ignition experiment with oxygen addition into cavity in
scramjet[ J ]. Journal of Propulsion Technology, 2013, 34
(4):506-511. (in Chinese)

SRR AR BUSC, BERZE L AF L B0/ Z0 I B MR e = 0 2T AR
KRBT 23 3 72 4%, 2011, 26(6) : 1328-1333.
ZHANG Tao, SONG Shuangwen, FAN Weijun, et al. Ex-
periment study on lean-blow-out of double/fuel lean
trapped vortex combustor[ J]. Journal of Aerospace Pow-
er,2011,26(6):1328-1333. (in Chinese)

XA, B ARAR =4, % W B R S pLAR e il e o ik
BREE L], BRI B0 S5 AT 9T . 2013,26(3) 1 47-49.

LIU Xudong, MIAO Hezhuang,GAO Yang,et al. Methods
on inertial automatic start flight-test of turbofan engine
[J]. Gas Turbine Experiment and Research,2013,26(3)
47-49. (in Chinese)

EER. BT R O AR 38 00 i i A 0 7 ik L.
fias s f %4, 2020,35(6) 1 1131-1139.

WANG Yudong. Surge detection method based on rate of
change of compressor discharge static pressure[ J]. Journal
of Aerospace Power,2020,35(6):1131-1139. (in Chinese)
XL, A5 B R, 55 W %0 Bl BT L 54 T 9 I B kBl
PLPEREAERELT ], it s 3 J) 2441, 2017, 32(12) . 2855-2861.
LIU Chuankai, LI Yanru, QIU Tian, et al. Performance

modeling of turbofan engine in event of shaft failure[ J].



1416 it o= 3 1 ¥ i 55 36 &
Journal of Aerospace Power,2017,32(12):2855-2861. (in nalysis of air system with fast transients in shaft failure e-
Chinese) vent[ ] |. Journal of Beijing University of Aeronautics and

[21] XLl 2R 24 4. 55 MM A K T =R AR Astronautics,2016,42(1) ;47-53. (in Chinese)
SRS L AR 4y b [T . b a8 it R K 2% % 4k, 2016, 42 [22]

(1) :47-53.

LIU Chuankai, LI Yuanyuan. LI Yanru.et al. Dynamic a-

SYAF AR Al R VR T R % 7 5 2k R I 5 e

WELCT /3% 95 5 Wi 34 2000 55 + Ji 4 E 3% 97 5 Wi 2= R

WAESCHE. LT E 2R 2R 45,2000 156-159.
(¥t F.F A

/ﬁ\



