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Comparative Study on Nozzle Control Methods of Medium Thrust Aeroengine
WANG Song, GAO Ya—hui, DUAN Shao—dong, WANG Jian—feng, WANG Zhen—hua
(AECC Control System Institute, Wuxi Jiangsu 214063, China)

Abstract: In order to improve the working performance of medium thrust aeroengine, the comparative study on nozzle control methods
were carried out, and the control method of equal pressure drop ratio and slip control of nozzle was verified by bench test. The results show
that the slip control method is more conducive to accurately adjusting the performance of the engine in throttling state than the equal
pressure drop ratio control method,and can reduce the specific fuel consumption of the engine, which is more suitable for the nozzle control
plan of the medium thrust engine. The typical points of the full-envelope are verified, and the slip control method can still meet the
requirements of engine control performance,and the implementation is convenient and effective.

Key words: slip control; pressure drop ratio control; control method ; aeroengine

. | B MR FPIREE R AT % SO LRI

JERTDR S S DU ALY SNTUCEREE gyt de e s A DR AR5 5
AR K T I BT 00N | i e L
AR T FIDE AL AN SR BBLRIRIEI | o i o ot P o). BB (T 1
22 SNEEEAE D FEMEARI O WFERURIE 3 g5 oy e b 05 1A WEAGIREE B9
[R)FE SR A shHLPE ] 2R S B9 B B4 R o0 , A el AR e 2 o B AR KU 0219

W B R RIS I | s S LB TS
e AMISSVER SO TARARGIO I 3 e et 2 P £ AT I

AT CHURVR SILIERBH) MR SIRSIHUE e s gy 1t s s LA RO
R RER F s e
wECE ey O e L b | 1 SR REITTR
e 2R 1 BN S B C R, | SO0k Sy 2 LS9 e B A 1
RS RIBET RVIBE (R0, AT | FER. SORFIEIER P, bl g b

KR EEA:2018-12-25  EETR:i7s 2y EatBr s B v )
YEZ I : FHA(1986), 53 Wi+, TRU, F2ENFias R A= AB G TAE; E-mail: songsongwang@126.com.

SIS EM, BT, B S 1D S A7 i 5 48 S pILIGE I 25 1 77 32 % FE BT 52 [J] A0 25 & B 8L L 2020, 46 (2) : 30-33.WANG Song, GAO Yahui,
DUAN Shaodong, et al.Comparative study on nozzle control methods of medium thrust Aeroengine[J].Aeroengine, 2020,46(2) : 30-33.



2l

RS R R ST 1 D5 vk X HAESE 31

PID A5 g ARz FAT BT i 25 72 , R g
A5 A [ St 81 s i Y L A R 1A T AL Bl
(P BB NUARE (RIS SR BRickilvw R abP ST
T, PR VRS AL, TR E B A T i miA
AT PRUEVE TR EE Py AN]SR e 2R 8 1
W T TR AN /N T B/ IN 22 A TR, M 42 1w o e

JINETTBR IR A BRI, Horb, O TARIERE O E

A A R I 07 S R 0 T 1T ER 2% PID JE T 2R
R I AN R A B S PID P 4. S S R0k

B LA RS RIS ERE, TR ORI

I, T AR (I s FLAAs il [T % ) 52 31 & SR 25 14
SO 38 T A B AL B S rh BEA T, AR B
£ K ShHLILTY 1 He LB e S AR 1 Al =
S0, BRI 200 U L o 1 i 5 T R 3 (5

1 il [ ) 32 28 5 9 TR AT AL A 5%, A2 R sl
ARSI, 18 5 AEE Y BRI 5 2 TR AR Al
(] e PH PR BN 1 142 SR n]

P {E

B OSSR GIRE

G5 T e T KA 2 shpld ZEn
TPRE T RFER SIWLENUREAAS 1 oS4 ) & 3h
LA L P SRS, ZE RN RSP 24
REF P REPRE P, AL 5.23~6.57, A4k [
20 1.34, R EE AR Vg R L Py 1953 BRRARAG, B
P, ZACAR/IN, & SMUIR A S0 A AR AR T, M LIOKS 16
BRFHURZS . T HAEZE RIS, R
JE AR Py, ARMER 10 sl B 0015 2, 1S

BRI, A TEP RS TR P A AT REBCA P ER
Pl o TR S R SO TETT RS T BRI A2
AL RESR I AR RS W — B2 3 /R

4 A RS RIS PAU S0E F
Sl FESCHLS A Bl -l o 4 P B e

K VR S SRR | (FLR R S i R e L AT
AR A BHLINFE
HALEZ T RHET i b A ShHIL EE 254 T & Sl

975 R L P ARG SR 2, ISR RHE Ty & shbl

i, g RSB P EPIRS T PR 3.8~10, 78

WIERIZ 0 6.2, B EHES AL P, A2 i
(1 4.63 2T, UL, RIESTIR b K SRR MRS Py
MBURIEESRIRZ .t TRHL G AR, R ShtLxT
TEF PR T BIPEREEOR MR, sh a1 R sl 3

RS, DL EOR R e R A T

ML 1142 Tl D RE T RE R T R 7 21

B, VIR EE Py W 4] A8 F2 42 ) -l x
HEE A R S GE , I07 E TR 1 R S5 B0
M T4 1 59 o

2 HEEFIAE

BE YA v 25 4 k2 ShAILR S 4 12 LUK 5
HUEE 22 Ry A, RS 42 ) XU e 3 IV, G5 )

R R AN R RE T R R S
B TR , RV L 1 2 T U T A

18 AR B P RPIRES T XU 233 N, 22460 40.7% ~
98.7% , ARG 29K 58% , PR g 47 il A5 1k XU Jad B

CN AR BRRAR AT LU R SO XU e NV, SR FRS

WRREE K LT RS HERR R B 19 3 BLARSC TR
HI A £ 2 e 2= 45 BB R AR S MILRE T 38 e 25 4|
JEERUNPE 2 FFR o MARIHRAT UL, SR F A% 22 0 ok 3295
T ER 3 AL 5 2% PID IS 25 P P02 S5 20T 14 il
DR E , T2 Wt 1 e [ (66 8 5 i B ) b 4 71
W VA THLA A , T 2 A IS VR st s Fn G
FEIE AR i o, 2 0w VRS AT A0 B R B0 B Yy
W B A . 980, R T HIETE R EL P Y], 7Ems
F1g il HP IR/ NE T Py I KIEFE EE P I
AN T BRI ZE A g BRI o [RIEE, HR 2% PID WT 519
CPNER” R AR AR L B 3K PID S 2%, AR IEmE

P A e W B A, 4 2 R B

A HLAE S5 R A 5] LA RSB AR
RANLAETHARS T — EZ TR A, 00 0 ERSTISIATER

AZE(H

ASE

N SEDAE

2 WEOFEEIEHIREE

3 XBEIEIE

JET LA I R 71 SRR b S e ) K Sl
B AR TR I E , K 2 R A SR B A
TR RIBCR

WS 11 26 8 s BE A RIE 10 5 2 42 il st s ALY




32 it =

ko Bl

5 46 &

BARRIL I 3457 % e
PR N, BRSO 7

60
i’?gii’AS_dem j‘jﬂﬁmﬁﬁ:l, 1518 P (x5)
B9 I ' ™
Niaw F9 R 5 38 3 22 20 P OS) Al O

10 AT

{8), V&R e sk Akt 2000 3984 4968 5952 693.6 7920

time/s

ZEHIRMFEXT L nE 5 B 3 EELbiE A sk
fiis o 3EIEXT I 3.4 1] 110.000

100.648 N.J%

WL, R 2w G, BT | ey 1 v
MABZARAS B P R T 7250

N, ol %

63.239
N BARIERDR, P e e
D s vy 35.182 Aod () (x2)
PR, BEUSIE AT T zs.;;}o é

A 7C) (x2)
2022.507 2315.396

time/s

4 FEEIHHRL

16.478
1729.618 2608.285

T XL N 1
AR A % 3D L B
FAES S B AU FE I oo e
K T EEREE
R R OE e E e
SR BT IS BIENR S s N\ NN

K SHLIFERT 1 TH3%2 om0 \Q -
FHIBE 194 FE Rl 5 Soeis

VoA D B " T e
INBRAIER A BRI, T3 E5 2 RS ETRE
SEERVEIE L P R s, H H AR AR ZE ST L
A IR AP G A RESCBLVE He HE PSR s i, 3 LA
TR A R 5 B R DR R 3 & sh LT DR S
PERE R S Ha] UL, SR RS 1 3 2235, & shplim
FEA B O

TR T EN-6 b X 2R 0 25 R 5 it
ATHRUE, W 6 ~ 8 FIr7n o MR AT, ks 2 42 il
T A WIS H, e G EIN RG A EFR
FEI YIRENH R S I BRI 2K

120 P (o) 120 o
107 —7—,&,‘%( 107 Q,' /r( !
94 N.1% 94 N,/%
i Ayl M‘{ Mad (D f*
68 68 = —
55 55 Al €
42 42
29 29
16 16 L—
3 3
-10 -10
110 148 186 224 262 300 110 148 186 224 262 300
time/s time/s
6 H=0km.Ma=0 £#F E7 H=0km.Ma=1.06 £HF
R % R 2k

AN, G e i L A v A4 T % sl
AT T HUTH B4R . = S B R & AT 5
UE, WA 9 ~ 11 frs (B Py il T AT A ), PR RE
BRI 1, BT R 9 ~ 11 A 1 A WL, KU 5

N, BRI EAE 0.13% AN N, R TE 1.5%
LN, FHETE 1.7% W, FRSHUEEE N, 45T bR
WAEFEFRIEFEIN . I % L BB ST 2 i S5 ) &
SIHLRHIGE 1 0 B K

120 PJ (%) 110

30
\ 20— “' T

10 —
461.0 4758 4906 4906 5054 5202 5350
time/s

—-104
110.000 148.287 182.533 218.800 255.067 291.333

time/s
E8 H=11kmMa=08£#F B9 HHAZKIHLE
HEIXIE Hh &

104
26245.0 26277.6 263102 26342.8 263754 26408.0

time/s

-10
7740 7904 8068 8232 839.6 8560
time/s

B 10 H=9 km.Ma=08 5= B 11 kfTidems
LA TS th 2k
£1 RBER
ZH Pzl R T it
N, 0.13 1.5 1.7
N, 0.08 0.5 0.4
4 HERIE

RSG5 B X H BT, SR PRI 11 459 T L
a7 32 NG 1 A 2 4 1 7 32 X P A T R L
REASZNR o 2 R 7 ik A 25 SRR B, Wt 1 7 22
Pl i 5 T RSP IR S T YERE AR EE , 5
HLAHE TR AT W S I, B8 510 54 7 e 3
ATLARISE 142 8l 313 o AR SR H A 11 e 24 1 D 06 5
i T HAb P AR T RSB, HLS2E )T 6 BORGS
X e A ) A sh AL AP R AT EE B A

SE

(1] FRARAL, % 12 i & SHLE BEIM]. P82« PU b Tl K%
2005:79-83.
LIAN Xiaochun, WU Hu.Theory of aeroengine[M]. Xi’an:Northwestern
Polytechnical University Press,2005:79-83.(in Chinese)

[2] A, 2308 , 5K . —Fh R ST R EE R R SE AT I I A .
HEEHUTEL, 2014,31(6) : 111-114.
LI Jie,LI Na,ZHANG Liwei. A simulation method for engine nozzle
area control system[J].Computer Simulation,2014,31(6):111-114.(in



%2 o ORASE P AR A R S HIUIE PR 5 R RIS 33
Chinese ) control laws of feedback exhaust nozzle area to reheat lit results[]J]. Gas

[3] 325 Mias MRS IREE & shLIFRIIM . B 5« B S 2s MR K2 Al
#t,2006:35-43.
WANG Qinfang.Principle of aviation gas turbine engine [M].Nanjin:
Nanjing University of Aeronautics & Astronautics Press,2006:35-43.
(in Chinese)

[4] 75 AL R S B AR M AL 2 Tl AL, 2016
55-56.
ZANG Jun.Modern aircraft engine control technology[M].Beijing: Avia—
tion Industry Press,2016:55-56.(in Chinese)

[5] Wk ot as K S LA BRE T i T H i R GE ML - 28 Tll A
#t,2014:194-197.
YAO Hua.Full authority digital electronic control system for aeroengine
[M].Beijing: Aviation Industry Press,2014:194-197.(in Chinese)

(6] H R AR THUA AT 2= K ShBILeE sl 8RB L I e FOR
2012,33(6):968-973.
JIANG Yi.Controller design methodology for aeroengine nozzle with ac—
tuator[J]. Journal of Propulsion Technology,2012,33(6):968-973.(in
Chinese )

(7] JRI3HE, Tk, 22 gUds St 2 S BT LIBE 171 WO SRz W 5 23 A (D198
IR 55T, 2016,29(6) : 34-37.
ZHOU Yan, WANG Xi, JIANG Xiaofeng. Diagnoses and analysis of the
failure of an engine nozzle control [J].Gas Turbine Experiment and Re—
search,2016,29(6):34-37.(in Chinese)

(8] XUZAS, 5121 25 i b 26 Sl AL 3 A3t RN 11 47 o) 28 496 ) A F 50
IS 22 8hHL, 1999(1) :25-29.
LIU Jie,ZHANG Shaoji.Research on the influence between reheat fuel
and nozzle control system of a turbofan engine [J].Aeroengine, 1999
(1):25-29.(in Chinese)

(9] ARIESR , F A", 2 Y0 I8 I AR XA 25 26 SN B 45 2R
SRR S BT, 2017,30(3) :6-10.

HAO Xiaole,SHEN Shicai, GAO Shasha. Investigation on the impact of

Turhine Experiment and Research,2017,30(3):6-10. (in Chinese)

[10] Bk, F EFE A2 KAWL AAREE RS A RERIE] A2
1%, 2004, 19(2):247-253.
YAO Hua, WANG Guoxiang.A study and flight evaluation of full au—
thority digital engine control system[J].Journal of Aerospace Power,
2004,19(2):247-253.(in Chinese)

[11] F A, %, 22380 S TR i ot BT R gt it DA
WL, 2017,43(4):23-29.
WANG Jianfeng,ZANGJun, JIANG Dianwen. Design for vector nozzle
control system based on model[J].Aeroengine,2017,43(4):23-29.(in
Chinese )

[12] AbS, SREFHE. 22 T2 R SLIN o] R G RO BIF SRR S ). ek
iR ,2001,22(2):89-91.
PIAO Ying,ZHANG Shaoji.Research and development of afterburner
control system for military aeroengine [J]. Journal of Propulsion Tech—
nology,2001,22(2):89-91.(in Chinese)

(13] W EHE, ATRI, BN —Ffias RSP 22 5k A,
201718006291.X[P].2017-09-28.
GAO Yahui, YU Gang, WANG Song. A dispersion of rotating speed
nozzle control method for aeroengine: China,201718006291.X [P].
2017-09-28.(in Chinese)

[14] XA, Hias BB (M) dbas: BB Tl B Rk, 1980
154-160.
LIU Changfu.Structure of aeroengine [M].Beijing: National Defense
Industry Press, 1980:154-160.(in Chinese )

[15] K5 = , A, DR A A L OB A o, ff BE W)
I AR ST (1025 K 8L, 2014,40(5) :23-27.
ZHANG Xiuyun, CUI Lifeng, MA Duanjie. Failure analysis on abrupt
changing of engine speed at min/max nozzle status and o, angle of an

aeroengine [J].Aeroengine 2014, 40(5):23-27.(in Chinese)

(il BLLTH)



