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Performance modeling of turbofan engine in event of shaft failure
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Abstract: To deal with the dynamic performance of a two-spool turbofan engine with
mixed exhaust in the event of high-pressure shaft failure, the transient matching constraints
of the failure turbofan engine were established and corresponding components models were
built by taking volume packing effects and fluid inertia effects into consideration. On this ba-
sis, a parametric analysis was then carried out to study the regularity and mechanism of the
transient response of the gas path in engine induced by shaft failure during takeoff and crui-

sing stage. Results showed that the high pressure shaft failure of the turbofan engine could
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lead to several hazardous events, such as compressor surge, turbine over-temperature and o-

ver-speed, within no more than 0. 5s. The time sequence of the above events changed as the

shaft failure took place on different flight profile stages. Turbine over-speed was more likely

to occur before compressor surge during takeoff stage and the turbine could reach its rupture

speed within 0. 12s. Special attention should be paid to all of these in the engine passive safe-

ty design.
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Fig. 1 Schematic showing of turbine shaft failure
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Fig. 2 Performance model of turbofan engine in shaft failure event

ey = Py — <£>Zj[hnlh dr, (3)

30 dt
Kb Po i A T3 s n0 J o 20 0 hy v 1 108
1) 40 3L 2 R 2 B 4B o
4) fE He A Ui e 1 S hk
ewh = Wi — Wi (4)
o W 0 8 Fe i 58 2F VRSB s W N 55
FER R B AR .
5) AR E WA 40 Ui B Lk
el = Wain — Wit (5)
o W o AR it 58 2E 1108 00 4 W, HIR
FER SRR AR BRI .
6) VR A a4 IMER i S T Al AR
& = P1 = Pu (6)
o p o M opy 3 IR A E AL SRR
7) WA U LAk
ewn = Wain = Won 7
Krp W b BB 3E ORI i W0 o K
W% 171 0k 3 T AR B R A
8) BRI i % S ik
g = W —W;, )
o Wi S i & 3l WAL ol R0 A A 1) A i O
W R AR 2 O SR T 53 A R T O o
TE R S AL LA AS A2 1 &5 22 A3t i B A 19 1% Ol
T % B A S AL IR A B RE R A i 25
SRR AR )y R4 hy 8 A ARV AT i, K
BB FRAE R BTy o AR ST A B e A B Uy R
257 Y AR SR W SCHRL10-11 1, AR SURERS A .
1.2 #HEBFRYNMEE

TE — P 0 25 A S Lo 1 A 1k ey L

~
oo

VR 7 BURRE B 2 T AR A BR o EUR Al I 2R
AT RSP LA Z R 2 . R A
i 7 SR A AR ARG A7 88 L A N T
A5 T A1 HG 3 A PR e A A o J8 A AN T 22 A ) 5
i 3R

UL 3 BT 78 » A SCH 08 1 o BRI R A A O TG
72 PR AT AR 5 okt A T B 7 Y e IR 2
e B DRBEAPAEAN B — R KR SF
HIE . BV R

wwin | W | e wRR [

A J

P03 ERR 2 RN 1Y AT AL A5 A
Fig. 3 Simplified model of component volume

packing effect

F T e T I AR e R 2 RO, AR 1 T A
TEL A OIS EOF IS, ik 4 B
TN FERERER LR OB pys BVIR TR
i W il L HUE S b R g it 1240
MR TR po B T, i W ok 1F
BB ERIRE S
MG SRS T R DL SR S B ] 1) A
J15 % 2 0] A4S B 45 s k1 AU 0
_ pea [Ti—ubi/ (2c,) 77
e RTJ,i[ T.. ]
VI SO W L N TN | BT R W N 2 A 2 2
AL s i AR v =we o A HH we s
A G R A5 T I I B RS R RE R 4 AT D
g3 it T R A

9



2858 o = 3

PRI 52 %

- 12kRT
o k+1

(10)
(1()(): Wv.i ’*x/ Tv.i
K . pv.i . AV

AP K 8 AL 2 I B m A1 U & bl
Xk 7 A7 ) O A TR AR

[ B3 B30 o RO L oo » MK TR
i 2 R RE ek fE 0 ) e ST Ak i T e

do.
gq =V, — — (pv.;uv,i T Pviolvio VA,

dr
d((ov . e\,) o di\, ;vz dpV
o = V(SO rpa G )

Covitty,ihii — perolte,ohio ) Ay (1D
XPAEBERB V. =L « A,=V/2;0,.e. HHINE
JiE NSRS S48 i 2 T 24 LG I BE S S L 0
NS AR M8 5 iy by 53 90 R 25 I A
HE L ERR R SRS

————————————————————————————

P4 AR M A

Fig. 4 Model of component cavity

fERBEBR 178 AR A g 52 ol SO I 5
B IEAAFAEAT AT 38 2l B g CRi A 0 BEL g 32 o
e HA S BT i R A S AR AR S A D A
Ji Bl i< AE A AR R T R N

d(pou,)
ey =V, e — (Poi — Peo)A, —
dt
(‘Ov.iui.i - {Ov.ou:\%.o VA, (12)
K i poo BN R A HESE T ER R s, A

H T AL R Y AR A
1.3 R RFETHERENE AN
TR R ARAL G 3 il gn AL BRI 3
AV B G A B T R . PR AE SO A 1L 1
14 ¢ S BLTE BEASE L mp i A AT 3 B 1 2 SR A
BTG S BOE A TR Ak R R 0 5 R A R
PEREAL Y 19 75 FE 4G A ]
it B UL RS e Sh AL A il T 2R L S
ARG S Bl 2 Pt B SEBR A R

AL T A PF T I S 2 ARG G
JIr S5 B 1] ) 5 A2 M e A5l ) AL R A2 %
BOREAE A 5 R FE IR AR A

2 (ESH

2.1 HEEGHMRIE

75 BTG Ay B RUTE A5 HE S B R Bl i B
R BIHLI YA~ SRR S B TR RR A (H=0
km,Ma=0) 1 & 25 AR A (H =11 km, Ma =
0. 8) 15 18 5 & 1 ey s il T 284 2K % B PL
i QRS Y NI S B AP =SV A U Sl 3 = B S o
i ik -

D il T R g K& H AR 3h BL R A7 AE T
IR il 7 S e e [ A ) o o R v 3 R
AR A S HILAA I it 2 7 A B 28 i Ak 2 O 41 I8 L )
ZI B BAEAAE

2) T TFREA—-ENENIE. & ERE
T Sl 7 SR I T ) B R O R R B — A ]
i s AT LA B E 5 RSP A s e e B R e AR
LN [ PAAT) R DR 25 4 5 2 1 I [ 98 O e B

3) 75 g 2 Bl Wy L5 B 1 5 AL I R A5 AE 10
NHREAT — P INEBH BB RN #E. W
I & 7 Bl T 2R ) R O () N 2 e OBIL i R
T W7 BB A A Al S IR S AR s W R R i
-l 5 A e il a] BB R A= 0 lE S 4L AE

4) AR B AW RIS 78 56 A i 248 AL i i
Hil s BT A AR AR AT R A AN

5) 5 J& P A ER A 25 RSO A I Ik O Y
SR AH AN JE A5 A A B AN 2 R A DB 2 ) |
1B 1) B - - A 5% BB A A2 T 8 A a Y H At
AN

2.2 HEERSH

2.2.1 RhrRRE T MRS AR

P 5 R 6 05l 25 T T8 b A S AL e s el B
U5 WU g e s UL A Y 3 2 A8 AR 3t
MIE AT LA S JCT8 J JRUBS i S e s s UL » 7
e s T Tl BT 288 25 A I 1) A AT Al A S A
2 HL 1 g 4 4 L 080/ T ) S B X R TR R
A R DA e S A 10 8 T 1] 4 AN AL 36
I T REBTEC. T R R T BRI L
KRS Sy K AT IR p AR TR e K sl . I,
o e R ML 43 el R B R R R . (X
P BT e T A R B AN R A

HT 32308 et A2 BB LA S 11 0% T v ARUR XU A



%12

X LA - I 0 Tl T 2R A F T B e B R S P RE A 2859

AR N ARSI AL L. A
AN BB ARG T U ORI L B D0 T H TR TR S
A =S ARSI RS TR ERESH . FAeR
R b W 28 2 2000 TR ROBR 25 R v s IR 2
(1% S TAFRATAE — € 22 5%, X BBt T A
PR 25 i RO P[] F) 2 S X 0 24 M 280 F) 52 WA 9 A
Al o AEAS ST S B rb s iy T AN E (9 2 A
JRURS FL AT — 7 119 Bl g P & DAL 1 Al B 228 0 o 1 T
LI T R e A Wi 3k

HPELL Y —— ) 57 4

—— R THE

e P AT LS B TR GG
— pe FEAIHT 2 09 T ARLR GRIT)

*:?\\

Hré ikt

B5 BB RAC T KU T AR
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Fig. 9 Rotor speed evolution (cruising)
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