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A full states performance model for aero engine
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Abstract: A full states performance simulation model for aero engine was established by
using the parametric representation based on the backbone characteristics of compressor and
turbine. Part loading performance of a turbojet engine at sea level static condition was simu-
lated through the model. Compared with the traditional model, results showed the average
errors of the main parameters were no more than 0. 7% , indicating the full states model had
the same precision as the traditional model above idle speed. The simulations for windmill
state, ground starting and acceleration to maximum power, and deceleration from maximum
power to zero were performed respectively by using the full states model. The ability of sim-
ulating full states performance of engine was verified. The results are qualitatively consistent

with the operative characteristics and physical laws of the engine.

Key words: aero engine; full states; performance simulation;

component characteristics extrapolation; windmill state; transient state

¥ 7s B 8 :2016-07-04
TEE BN P (1988 —) BB b A L E T N0 & Sl B R P RETT 5%

Sl A v B AR L S — RS R AL R A BB AL LT . it 28 3h 1 2% ik, 2017, 32(2) : 373-381. SHI Yang, TU
Qiuye, YAN Hongming, et al. A full states performance model for aero engine[]J]. Journal of Aerospace Power,2017,32

(2):373-381.



374 o = 3

PRI 52 %

TEML 2 R BN HLRI T K IR i 3 LR 0 S0 4
AR BTN BRI P G A A AR R
XL K SR RE AT B AUL. [ P SR =S K Bl
PLPEREDT HOF BB E 20T & T RE R BT 5 T
PN H R FESCR AT - L2 e B A SIS %4 5%
SEH DB iR SR BURT: N i A R N 2ol s 1
{FL B2 52 A 45 18 27 AT A e 11 PR S B LR RE A
AT IR B DR X » 2 AT A AR A S 2 3 PR R 1 1Y
105 FEl PR A

FEMT = A S HLIE RE O HH R fe b A T
PEARZS S 25 B0 AF 5 P RE G LR e 1k i 20k
iR A OGP A R P — ey B I LD
FLAR . {FRE T T Jie e 0 1 1) R B8 0k T 00 A
UL RS 1 o e o (— i 110040 LA b AR X 40 55
e ) SRR e (— /N T8 7R e 1) ol T B9
DRI 3 g 1 0 T X DA B B M A S0 i
DAL (A5 R G0 P 3R 9 [ P A e - 0 TR

AR SCAE 3 A7 [ M A T e R A A 1 2 A o
J7 A W LA R N 2 S A sh LI RE TE S
BB Z v S T A A =S R U e R S Bl AR
ASHITERERERY s IR IR RS A S LR GRS L
Lz AT s 2 T OCREAT 1 BB AUURI 23 A

1 EESHEHFENSHERT

L1 RESHFHNEREIESESN
TER SL A RSB LAE S B b AL BE
HBL 3 A AL ) TAEARES.
D AL, X AR & S Al e % 2 T
B IEH TARRAS. Db it HEAHL IS #E 2 o <o ik
T4, RSN B Ry SRR RS & T30, B
Tow > T (D
Te = Do/ Pm > 1 (2)
X T up" 4350100 Bl B E . AR insouts e 43
BRI R HECT O 0 A R SR
BT ZORAES T RS S0 2/ T 52 bRy
e BUESMUACEE A
7 = Ahew/Ah. € (0,1 (3)
Krf A SR AR id TR AE.
2) WA, X2 AW KL Lol
B T AR, O B S T — i 48 ok
Ui 14 3 e WO I X S ) 7 B B 1 5% Bl AL
TSR RS s YA T L
Tow < T, €Y
Te = Pow/ Pin <1 (%)

AT IR B LAY S5 48 2 R T 52 P 2
IR R LR E A
ne = Ahea/Ahe € (1, 4 ©9) (6)
3) FEFEPLAS. BEPEHLA S R AUHLAE & s LA
B R T 00 B R AR A SRR AL B9 AL fes
BINE 1 s B b 2"k s s .

h &

Loy

L EAHLEE R LS -

Fig. 1 h-s map of compressor mixer state

S P PR AL A 2% 1) O 3l 461 2% R AU Y 3
RETE 2% B Ak o VBB S B0 1 BRI . iy T AR
ARAR o B ATHUXT AU B AN AR /N A PATR AN S
PLA R 2%+ R 0 R AL 18 T AR, 1P

Tow > Ti (7
Te = pou/ P <1 (&

T 20K 28 T e AUBLAY 55 4 2 45 52 B 2 Al

B 4% BRI LR E LA
7 = Ahe/Ah. € (—00,0] (9)

AR 18T A9 23 A Al LSS R MmOk S L4
RS TAR R P R LGB i R o 1Y
ALK R (K 2, B o W, 3R AL 5 0
). A 2 ATLUE . i TR AOHLSOR E SO A
W20 5 SR I Z L BT AAE R s AL 4tk 28 1 A%
IR LRI AN T B2 A7 AE AT A

5 LA 58 [ RE A7 AE A 3 Bl i 7

n.4 .

i Turbine state
n=10

/—\{ n=0, z=1.0,
L

W / Mixer state
—a

n=-10

o

[0

Bl 2 HEASMLN 3 Fh AR &M BRI R ZE
Fig. 2 Sketch map of compressor efficiency in three

operation conditions



wel it PESE R AS R S LA RS T RE A Y 375

1) TAERZS.
D i, Ieut A
Tow < T (10
T = Pin/ Pow > 1 (1D
7 = Ah /Dby € (0,1 12>

K Fhr ¢ R FIE
2) PEFEALAS. B A

Tow > T (13)
T = pin/bow > 1 a4
n = Dh /Dby € (—00,0] (15)
3) RN, JLEE A
Touw > T (16)
T = Pin/ Pow << 1 (17)

N = Al /AR € (1, +00) (18)

R TS R e B ML T v e AR s D A
1 0 0] R ] DN A0 T R T AT R AT T
KA RT3 8y 1 — 2 B2 1 A
R IFES G — Y B , BRI T A AR
R A AR B A T AR SRR LA S 2 28 B X
PERRPEIEAT Y e, th THE SRR & L7k 3
T AT R ARAE X e R 5 O R OE R R
SAUFIIREE 19 A TAERA.

W N G R IR R T R AL
AR EZ T TR T R S L Bl 1k B AR G
R PERE A MBFFE TAE" . AR, H B gkss
I AL e W03 8 5 i i 8 H BT A ) s
ML AL R FEDLAS 3 7T DL 45 & 3L
PEBE B DL o — 70 0 AR B L 00 fHJE Yo
PR SR ZS B B LB AR RE 88 3F AT L
INTF L0 BIEOABBCRA AR T 1.0 191
o BPTC i A BRI A BT LA A5 IR AT 1) P RE A5 401
J5 15 TG R SE I EIE B A R bl 4k 7S i P R
K

2% [ 38 A Ao | SE I RS i R R
(NASA) Y Lewis W5 0 F 20 42 80 4RI
BT —MESMWMBERHREEN SRR
TEEEO BRI I B AR AR B e S R AL
FV 6 AR R T R T R B RO R
5 SR T DAEE | o< = =W 1 D0 i e € = W R |
P4 0l 22+ DA S5 B0 X6F AL D 3R 6 o 1 1 =
AL 3k, FE AL S5 Al 38 5 2 A R ASHL R R
A A UG B N E T AR AR T AR
A fl s B, g ST R T R AL RN IR R AR T
J'& J5 ik

12 ESNSENSHILRTS®

FEGe 0 T HLAS 35y R B 3 R
5 o RSB T L 40 3 ik DL AR AT T
P — L AR B, FE R e W 275 B0 B9 JE L K
Vol T AR ds Fom B A o 2% L O RO
Hy BB T n O SO HE P P o 2 SRR

1.4r

04} 3 '
0.75
02/
02 03 04 05 06 07 08 09 10 1.1
Wi,
(a) FELE- B e &
1.05-

poxs 095 0975

1.00 - 0.85 M/l /I /] Iﬂomzs
095p 5 /\ /| 1

“§ 090 o7

0.7
0.85H
0.80F
02 03 04 05 06 07 08 09 1.0 L1
Wi,
(b) BCREARTR AR
E 3 JEA LM

Fig. 3 Characteristics of compressor

FE WU 1 2 80067 O v 2 6 T P 2R i AR
SR, PR RBUE LRI RS E R
Rz = 8l

Ci = ¢— du (19)
Kb ¢ WIFREC) B R R AL

FAEG T RCR I 8 SCO7 s A2 R AL RS
B Bk ny AR E SR, B & . 8 LR
SRR VE B — SR SR B e T 2k B 1 /NI R R
A HAR SR AEH 5 AL ik, AT LAS
JEAMEE S R o I RE ¢ MR R
B C bl 55 5 S ne,, £E 4 T T 1) P R Ak G
L 4 FoR. Bt s g h 2 S Ee o i3k
NI 3 I s LA M E 2 R om I B IR A
JEAb B S A5 3 1 R SR



376 o = &

532 %

[p s
—=— Original data

---- Corrected data

(a) FLIT RE-IF A HOC R

—=—Original data \
----Corrected data ¥

(b) DR OC R

ct 5
—=— Original data
---- Corrected data

’
‘
¥
~ ‘
. .
\Jf

(c) T RB e 5 A7
B4 LAY T AR 45

Fig. 4 Backbone point characteristics of compressor

TEWE T HEANVE 77 RURE S B 75 A
FPE T DL AR O T 1 SRR 1 ) 2R B A ok
PR E LR BmFE i Ag T

Ap = =g (20)
L FhR b REHHT A

TEAF T R 2200 D) 38 B0 A% 5 4 1F 5 1 76
T AT 2 2 B0 B8 1 1. 3 R RO RS R 4
X (BB R, 2 B AR5 I 25 1 B

PS5 iR T3 iR i PR ALY AR B A R
PLEL AL Ma, 6 T 2 5500w F% e 0 46 530 5 3 1 78
Bk &, % F RS kB E XS WSOk
[18-20]. ZECHIH 1 AL M i R Z 5 . X A%
0] LA FH R 5 A [ 0 5 5 T A R

Bl 6 HiR 13 FTs iy LAY AR R T S
2R B0 B Sk Bl Ty 2 B0 B et R A0 SR 3 11 A Ak
KR ACCHE T SRR R G X

Ma, 4

—=— Original data
---- Corrected data

L5 R0 b 5 D 2R 0 B i 1 AR G R
Fig. 5 Relationship of virtual Mach number with

work coefficient offset

AC4
—=— Original data
---- Corrected data

[AY | -A¢

Bl 6 ik REmMB R Al « Ag AL R

Fig. 6 Relationship of loss coefficient offset with

[agl « A

A5 Z T LR i A [ e 50 e e 1 A AR A 1 A Y
T2 800 7 JERR R o Bk R B A%
SR
AC, = C,— Cy,, 2D

X AC Ik R B A R Co 9B 1 R

U 2R B AL g i B SOHLARE I T LA 5 O |
XA B SRR I B A 5 /Y B
MUHEHEAT IR L AT AR AT 2R S 1 I ML fE.
L3 REBHENSBARTTE

Bl 7 25 Hh R R e 3R O S e e e Ak [

4 \ A 1 . . . . . )

0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
wiw,,

(a) T MR LE-SRR R R R



wel it PESE R AS R S LA RS T RE A Y 377

1.5
1.00 l
0.95 [
g 0.90 -

0.85

0.80

1 L 1 L 1 L 1 1 ]

0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
WiW,
(b) BRI ALC R
BT AR

Fig. 7 Characteristics of turbine

7R R R I L L 5 B O DL B R TR R R AT
T —feAb B

T 48 W0 AL 1 2 8000k R 02 DA AL T 46 1 11
Fo oA R O e E L. RS R T T TR 1Y
T 5 14 s L 7 250 I A 0Ly R e B 2 ol 1) 7 A
TS B P AR Ak 56 R U Ik S R HRnT DAAR 4 B IR
RN

Ma*™ = —2 (22)
VYRT ™
2 Ma ™ g 1k SRR o S SO sy Ak
FEAR L R Ry S AR L.

R P 8 AT LA FH R A s AN [ A (L T A 480 35 2
AT R R R B T bR cor R G,
T s 3 1] 5 R T 39 2 L U B R AU 1. 0, 3% R Y
Hir 1k R 0. 9258,

TS R R M 0 3 IR 48 6 3 A R
PR FR . B e R IR R B C T .
_ Dhy AR

T, @ %

H L AT RLZS P 7T S I R A 1 T
Ty Z2 BRI 2% 72 B3Rt AH AL Ty 114 7 4 T 51 Bl 9 17
ALK AN 9 PR,

G (23)

Ma" -n__ 4
—— Original data e
---- Corrected data -~ - n “f

.-’\thE
Bl 8 iEe i SRR

Fig. 8 Parametric representation of turbine mass flow

O A
| -weessaEssatsasnen- - - - —m-
—=—Original data
--- Corrected data
AWT,
(a) IR BRI G R
C 'y
I —— Original data .
--- Corrected data o
ARIT,,

(b) K R BRI A
B9 i R

Fig. 9 Backbone points characteristics of turbine

AE SOV AR T S 2 R B0 7% i Ag A
KAEBMmMFE = AC QF .

Ap= ¢— (24)

AC = ¢/ (1 /59— 1/7) (25)

K10 #5387 7 BRI g AR R A

P12k 2% B i # it B 2 25 5500 A% B AR AL 2 1 22 1k

KA MECHBT AN RBONIK R B2 )G X

AR AR AT LR el AR 1 A0 ) A B0 E A 2k

ACawT
4 . ——OQOriginal data AT,
& ----Corrected data
AP A Y
B 10 AR S IR R AU A5 = Pl

[Agl = Ag AL R
Fig. 10 Relationship of loss coefficient offset of
off-backbone points with [Ag| * A¢

e a2 R0 4% 48 05 237 19 b e A v DU
AT U 19 2 B4 T7 23R i Rk 5 4% IR
e B S o B AT IR AT AT AR 2
e ERE.



378 o = 3

PANE

532 %

2 RPN EREEEER

TEAS SCHE ST 1 2 BB AR ZS ML RE A A vp R
I SCA 48 19 2 B0k 3 7R 7 3% 19 T OPL AN 48 4
PE. Rl S B A B AL 4R S B PR REARL AL i
SEHHTBOE A S LTI o TR AL R B )
TEAE AR 25 7 R B HLI B 2516 T IR HLWI 55
BOE N AR i Ag s T 58 00 15 (5 B0 2 D A
LTy AR/ T X RERLH E T B LA 48 A A
f 8. R A s LA A AR 1 AR etk Oy FRAH i K
At Ao) 575 {EL A AR 22 PR 55 AN 2
2.1 BEUERSHEEMRRIE

KB AR E O AR UL 58 K Zh Bl
Vi RE D7 FLAE Iy H il 1 57 A o DA SO S Y 42
RS FAR Y Rl B A A4 G2 K S pLIE RERE L A K
LIS 4 LI B A RE B0 05 ERE ). TR TR
LR B 8 I R SR AL G0 19 e 2 1T il ik T4
R B LAA a6 20 HE AT B3I

G A6 P 2 DR 2 R A AR e 2 9 11 e P ol
S BACE IR T A0k FR A 6 4 1k A0 2 K fl
FORMARIE DS 12 FTAES 1.3 1 YRR A
2 GEARE R Cff A% G0 e AL AN i A R D) 1138 17 3
B IR W5 & S HLTE SLS(sea level static, B &5 &
b 0km, SE%ECH 0) 4Rk Z M ISA (international
standard atmosphere) & 1 . 40 X 47 BH %% 3 K
10026 ~70 %6 i 3 1 31 55 80 KI5 00, 3t 3F
T 7 A AR FE 3 14 A shILIE RE. X HE P b 23
FATRI EZES RN R 22 U058 1 B,

F1 eRSEBERSEETESERRIE

Table 1 Variation of steady state performance results of

full states model

5B 4 R SRR R 22/ %
WA HTIRLEE T) —0.53
FESHELR . 0. 25
JESHU T W cor —0.16
FESHEE 7. 0. 41
W E L 0.56
AR W or —0. 69
PE R 3 —0.11

F 1P EESH T YRR R EHTE 0. 7%
PATF. 228 R 2E i T8 4 DL B SR 2 8otk
Fo N VR PEREAT T RO DL R M U5 3 .

IR RS E REA L TH AT 2 A R UL AN B 1Y
AR R A5 1R SR R AR T 5 25 SR W) 5 B .
2.2 £HEHNITESHE

XF T A B HIL A AR AR R T L M S R 2 AR
FE A SHLIE 4 LA 5% 1k fE 13 B0 T i
HERL T T A Sl HIL A 451 Xk DK A o A DA B s T
Tl i 3o A R AT TSR UL LA U 2 IR ST 11
LA RS RERE L AE

i S AL AR S P REAR BUBLALLSE 2. 1 45
4 BBl W K S MLTE SLS ARZS I ISA Z6F T
Xt ) B2 T Ry 0-100 96-0 11 3o 98 25 3ok B A AN A
U R A 5 T L e BRSO FORE LA 18 %2 L
Fed o WAL T DU R R L RSl
o Bt AL A G P 11 B (R W O i oy EE AR i
T ¢ DI [E)) o 3 5 A B A o 5 A e 8 1
Bl 12 Jros CEEL AR n D AR G B )

120
100+

80+

60 F

W /%

401

20¢

0 10 20 30 40 I 50 60 70
s
B1L R gLt i 25 i Akl #E A

Fig. 11 Fuel law of engine transient process

0 20 40 60 80 100 120 140 160 180 200
s

12 kgl ad 5 2 B0 e 3 v i
Fig. 12 Engine Speed response of engine

transient process

R PS> O LU i A O3k Bl iy 5%
BrBe(0~5s) . R EhPLHE sh Pl 8 O 5s ik



wel it PESE R AS R S LA RS T RE A Y 379

S 5 R RE A A K QR I 4k SR &
18 2 AL o L 0 1) S ML T o & Bl AL ok B ik
T I R 7 8 TR T (5~ 35 s) s O 508 7 s
10's J& » R T 0 fat 2 394 o 38 05 JOR S i o it L &
Sl AL G T 2 R K i (48 ~52 ) @I R
EERAERE 10s 5 o BR R =00 JC BRI R B
RENHLAE B B 5 7 15 AR &R e LR (&
I3) VR T 126 W Dok 28455 42 (62~182s). AR (A AR
PLEE R T K sl I A5 7 v [ A5 A SE AR 1
Py B

s
S e
5
Z 80
=W
o
-
Z 60}
e
3]
= 40F
5 ;
I S _
£ 20 Relative torque
I A Relative power
= s L n 1 1 N
0 20 40 60 80 100
nl%e
13 R FNHLIRAEBE I %8/ BH. 7 Ly 3 Bl % 3 1) 72 4k
9%/%[21]

Fig. 13 Relationships of engine components’ torque/

power of drag with speed?!”

2.3 REMITESHNEEERE
il 2 S L A RS PERE R Y 7135 1 AN [) g 82
H R Ey B B 2% A T 189 A sl L ey XA e ek (] 14D

2%
—— [{=2000m
- o = H=2500 m 2
221 .e. H=3000m e
20}
a{ E
=18t
16}
14+
0.30 035 0.40 0.45 0.50

Mach number

B 14 R RAT SRR T R XG4 s
Fig. 14 Windmill speed of different flight conditions

R SR BE & KR I R ALK I W i
26 A T 58 25 - 0 48 i s UMY 5% T 2R A L
SHEAILE. EREAL R OLT BEE Sk
(1 58 T A 3L 1) 8y e 38 0 oF I X AL T i R A 1 e

LA e 7 3 58 L & B ALY XU ZE B e 2 1
I AE SR ECR A R I LR L B R R, —
J7 T KA BEW /N o — T T RAT R TR
F14) 8 A T /0N« R 300 1) 8l P Ui/ D & oF 3 % Ak F <
HIL I A5 T BE 7 06855« & sh AL %) IRV 2 B S R ALK

I i Xk & B AL AS HPoRR R B R S R AT
THUEBRL. CATIRS & EE R 2500 m, H R ECh
0. 4, K sh HLWI IR Fo 25 19 A0 X 9 3 5 58 B 2 Ry
70 %, TR RLR R = T8 SR8 S 1 B e
RN 15 Pios. &MU K G 7% 80T B OF B4
FaETE 18N A AT WY MU AR 5. 181 16 4 ihy 1 s th
U S R LR Y AR A . AE 87 ~
88's MY I B s FE ML I R0 % 85 ) A3 A G M 17
A AL B IR R T R AL 1 LS B i A
BB ERNBCRNZ s 55 1.1
A7 A3 B AL AR A AR s AR AT A

i 1 1 i 1 i ]
0 50 100 150 200
tls

15 Se gy fLzs vp ool o aod it ) 2 3o o) fo

Fig. 15 Response of engine speed in aerial deceleration

LOF

L

86 87 88 89
tls

& 16 R BhpLas o 2 b R ALRCR A2 4L
Fig. 16 Variation of compressor efficiency in aerial

deceleration process

M T < B S S L o il o A A B XA AR A Y
AR B A SO A 57 i R R L5 1 3 B AL A
75 i B A Bl HIL 4 B L PN A IR A R T R
REJ.



380 s

= 3 1 %

532 %

3 & #
TER BN PR B e 5% 38 1 1o 55 T
ML BEFEHLRNIR G 3 Fh TARARES. (£ S MFB0F 5
MRS T AR A A A TR S 8k %R T
0T LA SERE AR X 3 Bl T AR 2 A A e

AR SCAE 5317 16 A0 14 T A T AR 5 M 2 B s
TR R b oK R A R B LM RE AR
B 2Z v N T Al R A s R R e R Sl IR
A RE AR Y.

b T R AT B A R R A SR R A
RV RBE AL S 4 DL R RS T 54 Gtk RE AR
TR L, F SR B 3R 22 A i 0. 7.
SR FH A RS M REASE AR 43 551 X6 Hb TET 0-100 %6-0 11 2
Sl PR U Y o A R R ) AT A
TR KA R S AS AR KO A I B R AT
TRUE B 25 R W] R R A% X R S AL 4k
BPEREUEAT TSR R0, 31 5 4 SR 5 Ay b S ke i
T &R TOLF & shHL R T R A 3
A

S 3k :

L] SBERMVFR, RN UL F 10 8 & shAIL XU G4 7 11 31 53
5430000, Wias 42,1995, 16(5) :528-533,
GUO Bingheng, XU Biao, ZHANG Dengzhou. Calculation
and analysis of windmilling characteristics of twin-spool
turbojet engine[J]. Acta Aeronautica et Astronautica Sini-
ca,1995,16(5) :528-533. (in Chinese)

L2] 2o, WA 4. 5T RBE & W24 019 KA HLAT T 07 &
LI gk HE A ,2006,27(1) :30-32.
PENG Jingbo, XIE Shousheng. Compressor characteristics
simulation based on RBF neural network[]]. Journal of
Propulsion Technology,2006,27(1) :30-32. (in Chinese)

(3] JESCH:, 854 %, SEAET. I8 B R ShAL &0 1 ke sh i R LT .
M7 8 /12 4]/ . 2006, 21(2) : 248-253.
ZHOU Wenxiang, HUANG Jinquan, DOU Jianping. De-
velopment of component-level startup model for a turbofan
engine[ ] ]. Journal of Aerospace Power, 2006,21(2) ;248
253. (in Chinese)

4] FSCH. 4R REEHLEEEIEHRLT] fis
Bl J12F 41 . 2007,22(8) : 1384-1390.
ZHOU Wenxiang, HUANG Jinquan. Research on the star-
tup model of turbofan engine at high altitude[ ] ]. Journal
of Aerospace Power,2007,22(8):1384-1390. (in Chinese)

[ 5] Bretschneider S, John R. Method of extrapolating low
speed compressor curves based on improved similarity laws
[R]. Montreal: ASME Turbo Expo,2015.

[ 6] Saxton W R. A new method to control turbofan engine

starting by varying compressor surge vale bleed [ D].

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Blacksburg, Virginia, USA: Virginia Polytechnic Institute
and State University,2001.

Chappel M A, McLaughlin P W. Approach to modeling
continuous turbine engine operation from startup to shut-
down[ J]. Journal of Propulsion and Power, 1993,9(3):
466-471.

Agrawal R K, Yunis M. A generalized mathematical model
to estimate gas turbine starting characteristics[J]. Journal
of Engineering for Gas Tubines and Power,1982,104(1):
194-201.

ZHAO Qishou. Calculation of windmilling characteristics
of turbojet engines[ ] ]. Journal of Engineering for Power,
1981,103(1) . 1-12.

Jones G, Pilides P,Curnock B. Compressor extrapolation of
compressor characteristics to the low-speed region for sub-
idle performance Modeling[ R]. Amsterdam: ASME Turbo
Expo,2002.

Choi M S,Kang I S.Lim J S,et al. Analysis of windmilling
characteristics for a twin-spool turbofan engine[ R]Singa-
pore City: ASME Aisa Congress and Exhibition,1997.
i AN TR BH L SR B R Bh AR P A A A
TR AURCAR 25 AR A 0L LT ], 4 HE R L 2006, 27 (2)
146-149.

WANG Zhanxue, WANG Yongjie, QIAO Weiyang, et al.
Extrapolating component maps into the low speed and sim-
ulation of windmilling performance of turbofan enginel J].
Journal of Propulsion Technology,2006,27 (2):146-149.
(in Chinese)

MRS TR AT X T 0 L A — b 0 B 5T R 3 L XU 4 Bl
RO 10057 3% L1 %8 3h 01 2 i 2010, 25 (8): 1776-
1782.

YANG Xinyi, SHEN Wei, LIU Haifeng, et al. Numerical
method for modeling missile turbojet engine windmill start
process[ ] |. Journal of Aerospace Power, 2010, 25 (8):
1776-1782. (in Chinese )

B ) A KR A T AR Nk S B B Bl 5 R
WF5ELI]. A2 24] 2005, 26(5) : 540-544.

HUANG Xianghua, ZHENG Xusheng. Research on star-
tup model of aircraft engine based on stage-stacking meth-
od[J]. Acta Aeronautica et Astronautica Sinica. 2005, 26
(5):540-544.

W A o W1 L B AR T SRR R 7R IR BT R B MLk
S r A A R A R LR B T O B LT ] A 3 ) 2 4
2010,25(6) :1277-1283.

CHEN Yuchun, WANG Zhaopeng, HUANG Xinglu, et al.
Application of power extraction method in starting process
simulation and control law design of turbojet engines[]J].
Journal of Aerospace Power, 2010,25(6):1277-1283. (in
Chinese)

TTRLL L WROR . 2575, 45, T BP M2 N 4% 19363 B 2% S LA
PERFERE 72 LT ). BE <0 %8 3 30 5 B 9, 2003, 16 (4) : 15-
17.

LEI Jihong,CHEN Ce, LI Jun, et al. A study of turbofan



wel Jitd

TEAF . — P 25 % S L A iR A5 1 RE S Y 381

(171

[18]

component characteristic based on back propagation net-
work[J]. Gas Turbine Experiment and Research,2003,16
(4):15-17. (in Chinese)

I 3 2 o B8 L g BK B A B W Ok 3 B Bl R A
BT ] AR 505 . 2010.23(3) < 1-4
SHI Ruijun,ZHOU Jianbo, ZHANG Qiugui, et al. Analy-
sis on the modeling method of single spool turbojet engine
startup process [ J ]. Gas Turbine Experiment and Re-
search,2010,23(3) :1-4. (in Chinese)

Converse G L, Giffin R G. Extended parametric represen-

tation of compressor fans and turbines : Volume [ CM-

[19]

[20]

[21]

GEN user’s manual[ R]. NASA-CR-174645,1984.
Converse G L. Extended parametric representation of com-
pressor fans and turbines: Volume [[ PART user’s manual
[R]. NASA-CR-174646,1984.

Converse G L. Extended parametric representation of com-
pressor fans and turbines: Volume [ MODFAN user’s
manual[ R]. NASA-CR-174647,1984.

Jones G B. Performance modeling of windmilling gas tur-
bines[ D]. Cranfield, Bedfordshire, UK ; Cranfield Universi-
ty,2001.

(. ZE2E)





