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Abstract: The dynamic mathematical model and numerical simulation methods of turbo-
fan engine were investigated. The modified engine dynamic performance numerical simula-
tion program could simulate the engine dynamic conditions, such as changes of the inlet pa-
rameters, engine maximum rating after burning, engine acceleration and deceleration;
then, dynamic performance of low-bypass turbofan engine was analyzed. The numerical
simulation results show that engine thrust drops gradually within some accretion range while
the inlet parameters change quickly; on the contrary, there isn’t thrust surge while the inlet
parameters change slowly. History of maximum specific fuel consumption is different while
change speed of fuel flux accretion and diminution is unlike. Similarly, the maximum engine

thrust and specific fuel consumption may vary with temperature rise.

Key words: low-bypass ratio; turbofan engine; dynamic performance;

numerical calculation; fly conditions

s B H#3:2012-09-18
P 2% kg 3t 3k - hitp: //www. enki. net/kems/detail/11. 2297. V. 20130926. 1103. 201309. 1988_026. html
TEB R A Q974 —), B, PSR TS 5 1A, AL 2R & 3 WL s 28 B o B R BF 5%



%9

T 45 B 2% < /NI LG T B i Sl PL 8 A e M B (e 58 1989

fii s e sh LR — TP AR B ) AR A A iR
JE RS MR BT — B R TR
J | i 8 e 148 4 R A 0 R RN AT A AR Y
SRR AR X AT SR | i 7 i S EOR R
e SR 8 SRR B R v B AR 1 R BT A
s R M 2 K S LB B S O AR
Y — A BB R R, RO R B R S LT
((SCIETYE

S g LBl 25 T A A ROE O HBE S D A s HL s
ESHEAHE RS ZAMENE R, AT
Xt AR PF AR AR E (19 52 0 147 B 5 1P AL
1117 L3 AT L A5 38 4 A EL 5 o B A B G R X &R
G RS MR UEAT 2 B PPl HH SR LR K B Bl o)
A AT HUE DT B AR 2 i T R LR
(ETHE LB K S LA Tl AR 250 F 3l 28 e
(9 T XoF 45 Fof T R ) 3 A& AR 1 TR 3R R AT
BT AT L e LR A X R S LB A R Y
SE NI O R Sl LB (8 T B 4 4R S L L
PREShHLEERE . Bk, 76 R S HL it BF L 4R
7S PR A A e v, 0 e s AL B0 sl 3 A R ik AT
G BT 5 S0 R e ORI

1 =RV SEEE R

MK it 28 SRR e & sl WL sh 300 4 i sl
FRRR I R LB F , H AW AS AR R 3
BLBh A i R O LI AT Lhay . O 4EREAY
Q—ZEBIRL. Fir il % 4 BB 45 K3 HLAL AL fig
g 153 0 A B L T AE S8 AR A 78 L B X
PRI RN e A5 BE A% & L B P i 4 i =
B A B (2 8] A2 Ak 5 B i — 4 A AL 5k 2 48 &
SN RAAL E 98 1153 1h & B Pl TAES B 22 4k
b T KRR AR A A e A B AT O & S HL i R
Gy & SISl 1) 7 1) 25 ()22 46D 3 40 1 2 508 1k
5 0 5 T HE— ZE R AL CRFR AR A 9 — 4R AL J2 45
R ENHUELRI B % 7155 1 & Sh AL TAE S B0RiE & 3))
ML 1) 1) 25 [6) A2 6 B9 TF 240 1 2 8000 A, B2
BRI A — B SRR, R A
7S () A8 A S 805 A, B H R A AR R
YA E — R ) BE LT AR AL R (R) A S ) AR
AIVE 2 Gl

K UG 4 & s ALl A5 1k Re 115 AR 7 1 15
F 23 T Newton-Raphson A9 1% £ U 84 F A,
A iR A8 AR B AR BRI 5K SR e sl LR AE 1Y e
e LU B R B LY AR B YO0 2R B TR E Y B
WA R G, B R GE WA TR AS [R]L R R — A B % 56

FLOPERFEH—EEAB R E R ES R,
FJEEMEH T WM Esr e 2 B a X
e 3G B AN S S BIL AR B Wi SRT RE L it
5 vk AT B USCSOHE TN B B YT R A i T AR 4
B LI T % R B AL BN A ik AR A BU(E 1
1.1 #h&EFRITEH modified Euler i

255 RS s 4G TAE &5 (R 45 22 fe 9l 1Y
R AR R R SR M — R FN B, R B B o () 22 1k
B 7 R B R T IE U 22 0 O 2 .

Yit1 =

vi AL efCyiat)) + (1 — 0 fCyiatin) ]
Hrp y =yt +jan(O0<e<), LXMWY 5 H
TR AR fCy DFEBVITIXIRIL 45 100 ] B3
AU (E. 2 e=1 B 52N

Virn = v AL Cyjaty)

B 28 22 W RK i s (Euler 359 %9 — W10, 24 40 B
R 7 B R T B A BRFL 3 (modified Euler
;) Modified Euler B/ G i 2 MK fi# 4] 46 22 43
T, R O FE AR A s R T 2 43 T A 3 Fef
BT B — 0 20 b 2500 gk AR of SR 4k i
2247 T

X TR BN MBS 1 B 0 B In) Rk i, 45 %t
TAELMERS. A8 B i 5H1 modified Euler
PAT B I 2 R 2 58 3 3 B ARG o P R RS e vk
HIEWMAEF 2B RS % SOk ks
9510 modified Euler ¥ B 7= A= w5 19 B4 K B
T4 & B ALY Bl 245 2k R B0 0 B0 9. B8y G
0 T 5 3o AR 1 R M I ) . — 2 T A
Sy, HUEE A RE A FURRAE () A M7 R R B4y IX ] 1
(R ~F- (R, DG T2 R 43 BT B 45 18 % T 43 B AN [
R A ek B R AR A B SO R 8 Eu-
ler 5, B3I ] 254K 1 /N 52 28 556 i 41 114 R 7]
TERXFPIE O T o 38 H BRI A 26K Ar<<0. 000 1 s
BN IR H modified Euler ¥, H e<<1/2, 1]
B 20 R B A Ll A FE X Rl B0 T L 4% BE 1 2 4
HE PR SR I A ke e B[R] 2B K LGl H 0. 1 s
R,
1.2 Zzh#lF& =K1t E A Newton-Raphson i%

X FAT R 2 % sh L) T AR 85, & sh B4
89S HON 0 & modified Euler 33 [W TAE 7
T UL, X & S AL Bl A5 e T 04 B0 AR 400 3R 2 i e
05 R4 Bh 25 T R AL, 6 T U I B & S AR
Pt — AR, ST LS 29 AN Jr B A AR Y G Bk
RENPLAS DT E TAERsh B A, L& h



1990 Wi 2 @

Ji % 528 &

29 A2 &, W& B WL OF A5 a3 5 Newton-
Raphson .

TESE RIS, UG A 29 AR BE
6 AE Ml N7 AR HE L R N MR B 6 A TAE 7 B AR
SR AR AR Y 23 AR AT DLl st 4 N i
23 DI RES AL 6 AN ST AR Y PR, XA, 6
35 7 AR BT AT T R 2 6 ik 7 AR e Y eR AL Y
KA 6 M AR Z S, A 23 A8 Al DUGE i
23 MR .

2 HBHRELEERZ

Ry T B UEAS AR AR AL A S T
TR GE 5 S0 I B A AT L. Rt e T
ANELIR B K B BILAE S X 4, % e R P AT T 5
. b a8 R LK 1 FA 2.

SR U = R RS R v 5 & SO D B v T
ATLLR I, Bt /N ok G LG8 B B WL Bl 245 ke M
SR RYFN TS B i A5 R S S i A5 R B
AR Y 00— BPE L R T AR B AR A b A R 3
(R E R Y SRR SN

60000
50000 F
E 40000}
= 30000}
£ 20000}

10000 Hf o rflovieed — Flight test

—— Compulation

0 5 10 15 20 25

Time/s
Bl 1 AN o bl ] A 4k

Compressor rotating speed varying with time

Fig. 1

35000
30000+ -

= 25000

E Eﬂﬂﬂﬂ"“' o

= 15000 |-+t

) 10000 f odgusas o . i -
O e,

0 d 10 i.S E.U 25

Time/s

P2 X T T I ) 2

Fig. 2 Fan rotating speed varying with time

3 HMEIRHMETAESN

FET/INIRTE Lt B A S LB A o AR A 5
R A U 7 3 TAERAS T B9 sh & o R ik
7 7B EWE 5T, WD R S MLAE i B2 1. 2 km,
AT RN 1,35 ST TAE.

3.1 RITEHHEAETZ

THE T R AT S ARG O, — B2 R
BL AT R0 B I [] 22 fb Uk L o) — R A Ak 22 18
B3 gt T & SALIE A0 S R A ek B B[] ()
Ak GX 2 & B TAER A 15D

6.2
6.1
6.0
o
e
= 591 ,
Py ~—— Moving quickly
— —. h‘“\'i”g ."'l”\\ |_\
5.8 !
7 -
| i | I 1 1 |
0 1 2 3 4 5 B 7 8
Time/s
(a)
360
350
340
330
<
g
‘ 320 ———— Moving quickly
Moving slowly
310}
300

Time/s
(h)

B3 & B HLIE AR R LR I B A AR AL
Fig. 3 Engine inlet total pressure and total

temperature varying with time

R SAIL B AOR A BE AT A Y U TR
6] 28 AR B 76 P 17 K Sl AL AR I Jo 8 3T e AN 28 119
ZEAETT () DU At P il LA e S AL EA T 71
HS UMV RE R bl 2 % A e Ak, 18T 4 70 5l 3=
71 A S HILIE 1100 2 B I [ A AL I R S AL T AR



%9l FH 45 1R 45 < /NI LU i R S LB S R U T 1991

SR AR AL L. B E T g Bl A S ALIE R RS B i
HE AT LVE I B LS HLE OB LR TR A 3 0 T O 32 DU % W 1 K
Uk A DR o T AL X 2 S AL Bl P ] 34 K T XL 5 ER KSR 6 P 2 B AR X B BT 5
HHORS B S AR TT 46 A O N 2 )5 8 T RR AR (HZ R o304 Hh R ShAILAE ) AR i R B I T ) 22 A1 L.
110
< 96
£ 108 3
3 &
;.J_ 0 94 -
.=En 106+ g
:..g Moving quickly E 92
; ———Moving slowly E
E 104 - ® 90 ———— Moving quickly
= § ——— Moving slowly
& &
102} £ 88
L 1 | 1 1 1 1 8 ] 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7. 4
Timefs Timels
(a) (b)
1420
8.6
1400 -
8.4

Maoving quickly

Moving slowly 1380

1360

Moving quickly
Moving slowly

1340

Combustion exit temperature/K

1320

Compressor exit pressure/]0° Pa

7.6 | ] | ] \ 1 ] | 1300 | 1 i I 1
0 1 2 3 4 ] 6 7 8 0 1 2 3 4 5 6 7 8
Time/s Time/s
(c) )]
4 A S LIRS BBE I ) B A2 4k
Fig. 4 Engine work parameters varying with time
0.090 T T
.‘;A‘ Moving quickly
17.4 Z 0.0891 Moving slowly —
- ‘I;]J [
1 ry [
17.2 £ 0088
I =
B =
Z 17.0 Z 0.087
3 i g C
- i g . N
£ 168 I —— Moving quickly 1 & 0.086 I
Moving slowly !é C
16.6 2 0.085F
Wl L
16.4 00840 e v o v v w e by o s e vyl ysas
0 1 2 3 4 5 0 1 2 3 B 5
Time/s Time/s
(a) (b)

Bl S Ja L RE R ) 4 22 1k

Fig. 5 Engine performance varying with time



1992

Ji % 528 &

m 1 5 Al LUE H, BEE A sh HLE A0 R
FUER 38 0, & shALHE g ARG i R AE T IR A7 —
AN Bl 2Z2 A 4 T3 B S [E) LE S BT KL AR T
i B[R] R ARG AFL2 A AT SR A8 Al P 18 9 ol 1
Bl L KB R TR AR A O T B A
FIRGIAE KNI K —ERER . &0
BN RS X 5K 4 R Sh LI R IR
)28 Ak ke R — By & S ALEE O 2 8 g8 R
TR S A X Fh R A
3.2 mEERE

4 B ML 3E Ao A L T AT A R S R
I & Zh AL N BB sh #4 2 BOME RE 2 8l 2 B
B a2 A= AR Ak 6 25 Y T AR A sh LA AR B
— PR GG B I T AT A BE A BT i U g B P
6] A2 A 2212 oy — b 2 DR S 1 R T £ B2 L A
JOT St i 2 i () A2 Ak T

0.8 /
%‘_ n‘{‘ [ £ | - S— .-J\:'t'(-']{'r.'llling flﬂii'kl}' |
E: e -'\l'(‘l"ll’l'x'ltllll‘,." :\']IH\I‘\'
0.5
\
\
0.4 1 1 1
0 1 2 3

Time/s

6 A sl B BT i e B s 7] 9 42 4k

Fig. 6 Engine fuel mass flow varying with time

RS HLIMN TR A B AR A I L S Sl ALK ik
o UL i B N 1] A AR A L B R IR BE 2 A A TN
S J8 A BRI P Sl A ) S ORI fiE S R Bl
Z R AL T a3 ) 2 e sl HILIR il B AL
WE I [1) A2 AR I, K Sl BIL AR 2 80 A2 AL 5 00

Hi P 7 T LA L Bl 2 Sl HLIA il o i O
AR R L R Sl AL G e ORI R R F) A X e e AL B
R E] 48 R, AL E TR T B 7 A A 1 2 A — A
AR /NI IR G5 2 S o A 2 B IR ) 2 7 3 K T e
il JSE U i i ) 28 7 39 .

5 Bk ks HL 3 1 2 B A xR
8 7 ) 2 Y Tt A 49K i D5 B O A AL L R S AL AE )
TR i 25 i N 5 F) 22 P17 2L

Hi I 8 AT LA H Bl 3 B Tl o I e 4 K
S Sl HILAHE g B I 1] 2 5 3 48 K A B Tk Sl AL

HE 1l 3 U] 2 B I (1) S T R, 22 s SOOT B 8
REAR. m1 1 8 b T AR H L VA 1 o 28 A L A v 48K
R H A 2 e 2 3 R A [ B4 (R A e o
R AP ) PR T i AR Y e (LR S [ 9
AR YA S HILIX A 3l 25 5 G AN [) 8 BE 4 S0 AR 4
2y, o B A (6] .

130

125

1201 Accelerating quickly

Accelerating slowly

115

Fan relative rotating speed/%

'I‘il]]l';:ﬁ

(a)

105

Accelerating quickly
Accelerating slowly

95

90

Compressor relative rotating spegd/%

| 1 |
0 1 2 3 4
Time/s

(h)

Accelerating quickly
Accelerating slowly

1.0

Compressor exit pressure/10° Pa

0.9

I |
0 I 2 3 4

Time/s
(e)




%9l

T 45 B 2% < /NI LG T B i Sl PL 8 A e M B (e 58 1993

1800

1700

1600

1500

— ,'\!'l'(’l(’l'-'l'illg (]IJII!'I'LII\'

——— Acceleraling slowly

Combustion exil lemperature/K

1400

1300

0

| 2 3 4
Timels
(d)

7 Rl TAES BEE N A e

Fig. 7 Engine work parameters varying with time

30

Thrust/kN
ey
by

)

Accelerating fquickly

Actelerating slowly

0.115

i
2

Time/s,

(a)

0.110

0.105

0.100

0.095

0.090

Specific fuel consumption/(kg/(N-h))

0.085

Accelerating quickly
Accelerating slowly

0

1 2 3 4
Time/s

(b)

K8 A sl HLIERERE R A i A2 4k

Fig. 8 Engine performance varying with time

3.3 BEEE
Y% sl AL G 4 i vk T AT A R ST B e R

I, Sz g AL A ER 3l B ) 2 B0 BE 2 KR R B
I E) S A=A AL B9 g5 T WA A S AL AT A
JEE AR AR D » — b S 08 /NI T A1 JBE L A3 i
Y S P ] 222 1 el /)N 5 55— Fof R bR T /1N 9l T
T A BE S AR 300 o I e 1] 228 e T3

0.40

%‘, 0.38 Decelerating quickly
=% ——— Decelerating slowly

W)

0.36

0.34

0.32 1 1
0

Time/s

P 9 R BirbLAR o A R IRER] 19 42 4k

Figi 9 Engine fuel mass flow 'varying with time

R B HLIMT R BEAE I L S s LR ik o
Y S B P 8] A2 Ak T R TR Bl 2 AR A L X
W3 R BTBL B 1 SRR RE S Mt b 2 K
Az AT 10 73 531 e 7 e Sl LR I o A 7 o I
s /NI A Sl BIL AR 2 80 AR A 1S O

i 10 0T LU Y L B A Sl LA oo O
U8 /1 o A Sl AL KU R R ) P i 1) g 1, {HL 2
X PR e AR Al K S O A 0 S 2 BB L
R T Bt R I I ] 78 A 3R B AN — R B R, X T
SRS /NI TR A RE S T UL AR X 2 3t B e ] 9
ZIN 6 T RS DN TTAT 3 S P SOLAR R A e 5
S PR BB /1N L SRS ST B 384 DR TR LA R e ik

110

Decelerating quickly

= Decelerating slowly

105

L]

100

Fan relative rotating speed/%
T




1994 it

¥

5]

g1 % i 528 &

==
=]

| == Decelerating quickly

el
>0

—— Decelerating slowly

o0 o0
(=2 -1

s}
h

Compressor relative rotating speed/9e

84 1 1
0 I 2 3 4 5

Timefs
“}]

9.0

o
n

e I)E'('["lf']’-‘lli]’lg II'Ilil'kI_\'

——— Decelerating slowly

o
=]
I

l:[!l‘]’l[ll'l'h':il]l' I'K]It III'P!\'HUI'I'I‘II] nﬁ |)<'I

=4
tn
I

Time/s
(r)

1280

— 1]1 ’[‘l'll'l'ill'ill'r" I[IIIII‘I\']I\'

Decelerating slowly

Combustion exit temperature/K

2
S
T

Time/s
(d)
Bl 10 R BIHLTAES B RE I i A2 1k

Fig. 10 Engine work parameters varying with time

b AE A R —T7 10 5 2 Sl AIL 47 ) R A A
A5 55— J7 5 L s AR R A G TR AHL
R T B AR R R I 2 A — AR N R B 2
A AL [ N )28 47 /0 B e R T SR U A 7]
SN

5 B A S BL R 3l B T 2 BOR AR B P
L1 90 283 4 i 3 A9 ok Do e 0t o i/ K B LARE
TR 1 25 i FRF ] ) 728 P17 2

o 11 AT RLFE L B R 5 R U A
/N S B HILHE 3 I I 8] S B2 7 el /N 4 e L i e
S HLFE ith 3 I 2 B A (8] S s /) L 2 )5 SOT iR
WKL H 11 Ak ] LU VR P AR AR AR
R AR I S A A 2 0B/ B R [ B9 (L RO AR
T T 3 7S T ) DR o T AR 9 R 0 R A T
(4 5 Lt — 2 Ui W] K Sl BILIX A~ 31 245 28 G2 % A [
JEE 19 SN B iy 7 S AN [ Y

——— Decelerating quickly
Decelerating slowly

Thrust/kN
o
T

\
13N
0 1 2 3 4
Timels
(a)

0.092

0.090

0.088

0.086

= Decelerating quickly
= Decelerating slowly

0.084

0.082

Specific fuel consumption/(kg/(N-h}))

| 1 1
0 1 2 3 4 5

Time/s

“1)

B e dh AL RE RE I E] i 428 10

Engine performance varying with time

Fig. 11

3.4 BEEMWMAH

TEN 3 A = MRS 5 A s Wl 238 )
S Wi IF N 1 #8233 Uk s AL TARIR S B 3h. I 12
25 YT T A AR A RE AN ] B g i - B s TR A2 AR
5 L.

MR BHUETIF I Iy i, 78 O R R
Jr i AN IE L, 23l UL S LA S B
WIS HOMPERE S B 2 & R Ak 18] 13 43 il 3
/N B TN 7 BT IE K B AL T AR 2 400 B[R] Y 722



%9l F 45 R4 < /IR LU i R S L3 S R e U T 3 1995

EAE L. BR

o 13 T LI WL B A s AL 1479, k&
Bl B XU R X A B e ] 320 T IR, R Bl WL
ACHLAH T e 3 Bl I 1] S 2 3% 3 I SR R ST BR
RGO R AHL 1T ) R i e R 0 2 B
R S B R AR Ji B P 18] 328 7 il /) 4 i e 3

go
=

e
'Y

Compressor exil pressure/1(F Pa

8.2
900 _ Accelerating quickly
8.0 = Accelerating slowly
850
1 1 1 1
2 0 0.1 0.2 0.3 0.4 0.5
fi 800 F Time/s
B ()
g 750F
; Accelerating attiekly 1320
§ 700 | Acee Illxlllllp quic k|}
T-: "‘("'(’Il"l‘x'llil]g !'ill}\\'l‘\'
2 650 2 1310
600 g
1 L L 1 £,
0 0.1 0.2 0.3 0.4 0.5 ; s
Time/s =
7
12 RhaLin Jy i ot B 1] i A2 1k £ 1% .\
7 Accelerating quickly
Fig. 12 Temperature rise after burning at engine = Adcelerating slowly
maximum rating varying with time S 12804 \' v
108 |
Iz?o | L 1 1
0 0.1 0.2 0.3 0.4 0.5
106 Time/s
(d)

H0d K13 % ShHL T M2 b il 25 4L

Fig. 13 Engine work parameters varying with time
102

55 1 K B AL B B B IR B T
PN L4 550245t S0 AT IR, 5 S LA o RE i ¢
o8 | BB 61 075 A 50 1) L4 T B i 25
0 {}f] [)I_2 ()T} {]{4 0.5 *Tﬁ ’ Z%ijjﬂ-[j’ﬁjj *ﬂ%%?ﬂﬂ %%K%%HTJ‘ I‘Eﬂ i jt-

100

Fan relative rotating speed/%

= Aeteleraling quickly

Timels
(a)

24

23
& 900
=
E = Acceleraling quickly 2
2 895 Accelerating slowly
,‘E z 21 ;\m-c'lrml?ng quickly
<] = Accelerating slowly
= 890 3 2
= £
£ (=
2 885 19
2
£ 880 18
£
S 1 1 1 1 _

875k ! : : : 0 0.1 0,2' ) 0.3 0.4 0.5
0 0.1 0.2 0.3 0.4 0.5 Time/s
Time/s (a)

(h)



1996

g
¥

/A B

5 28 &

0.13
é 0.12
=)
=
g onf
=
E
2
g 010f
; = Accelerating quickly
E NE— .-'\{'l'l'll'l‘:'llil]g 51”\\1\'
o2 ’
‘5 0.09
9
=
w

0.08 ' 4 ' :

0 0.1 0.2 0.3 0.4 0.5
Time/s

K14 Sl ALk RE RE W E ) 2810

Fig. 14 Engine performance varying with time
Ay
4 5H

IO7 Bt 1) A sl B 3 25 P RE I O AR
Xof /N LI B A S AL B A R AT T RUE AR
BT BUETTH 5 T R Sh AL P s AR T
M T A& s BILIE O 2% AR Ak R Sh ALk & S HLos
AL A S AL S I SR RES
KRt s 1) f) 28 A R BT P AR SR T

D St ) % 3 Bl 3l 2 PR AE B B R
F TR RSB S AT AR iR B 0 B RE D, BE
i %8 I SRS T Bl 25 56 18 T s BT 2 BORn 1k
AEZ MOtk AT B 23

2) SR Sl Bt i 18] AL P L 1 Y ANTR] L X R
AL BN A 1 T A E R w22 . Do AR Ak
(19 SR B 22 15 A S LN R sl R 2 5
[[123  CIDNSEI R & B

CESd &

[ 1] Meilunas R. Overview of the simulation[ R]. AIAA-2007-
6572,2007.

[ 2] Findlay D. Collaborative simulation and testing utilizing

[6]

L7]

[8]

[9]

[10]

(11

[121

[13]

[14]

[15]

high performance computing[ R]. AIAA-2007-6570,2007.
Wellborn S R, Reichert B A, Okiishi T H. An experimental
investigation of the flow in a diffusing S-duct[ R]. AIAA
92-3622,1992.

Jin W, Tahavi R. A computational study of icing effects on
performance of S-duct inlets R]. ATAA-2008-4584,2008.
Milt W, Hale A A, Vining C. Application of numerical
analysis tools for airframe-propulsion integrated test and
evaluation[ R]. ASME Paper 2008-GT-50194,2008.
Emmons H W, Pearson C E,Grant H P. Compressor surge
and stall propagation [ J]. Transactions of the ASME,
1955,77(3) :455-469.

Hah C H,Rabe D C,Sullivan T J,et al. Effects of inlet dis-
tortion on the flow field in a transonic compressor rotor
[R]. ASME Paper 96-GT-547.,1996.

Camp T R,Day I J. A study of spike and modal stall phe-
nomena in a low-speed axial compressor[ J]. Journal of
Turbomachinery,1998,120(7>:393-401.

Batterton P G,Gold H-Experimental-test results of a general-
ized-parameter fuel control[ R]. NASA TN D-7198,1973.
Calogeras ] E. Experimental investigation”of dynamic dis-
tortion in a Mach 2. 50\inlet with 60 percent internal con-
traction and-its-effect on\turbojet\stall margin[ R]. NASA
TM X-1842,1969.

Choby-D"A ., Burstadt P L, Calogeras G E. Unstart and stall
interactions bétween a turbojet engine and an axisymmet-
ric inlet with~60 percent internal-area contraction [ RJ.
NASA TM X-2192,1971.

Davis M W Jr. Parametric investigation into the combined
effects of pressure and temperature distortion on compres-
sion system stability[ R]. ATAA 91-1895.1991.

Batterton P G,Gold H. Experimental test results of a general-
ized-parameter fuel control[ R]. NASA TN D-7198,1973.
Costakis W G, Wenzel L. M. An experimental investigation
of compressor stall using an on-line distortion indicator and
signal conditioner[ R]. NASA TM X-3 182,1975.

Jr Davis M W,0Owen A K, Daniele W F. Joint dynamic air
breathing propulsion simulations partnership JDAPS[R].
ASME Paper 95-GT-143,1995.



