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Research for online detection of aerodynamic instability

while aero-engine test
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Abstract: Based on the technological problem for lack of effective safety monitoring mea-
sures, the research for online detection of engine aerodynamic instability during aero-engine test
was carried out. By analyzing engine instability characteristic data, the aerodynamic instability
identification algorithm was designed based on time-{requency and wavelet analysis, and the on-
line detection system of engine aerodynamic instability with one’s own domestic intellectual prop-
erty right was was developed.Result showed that the system can accurately and timely detect the
engine aerodynamic instability characteristic signal, including excellent features such as, identifica-
tion system response time was less 50 ms, and the project practicability was high. The research
demonstrated the ability of online early warning to the engine test aerodynamic instability.

Key words: aerodynamic instability; instability characteristic; signal extract;

wavelet analysis; response time
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Fig.2 Principle of real-time computation to judging algorithm
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Fig.4 Principle of online detection system engine aerodynamic instability

4 XIGIEIE

B RBBAELR NI RGN = LKL A G
PR SEBRI T IAE, L E RGN AR, R
W) IR U TE KU /TR RHLIR S & B T,
PR G D RE , 36 2 Ko Rl B 6% A A%k
TGI8 08 2 1 R AR AR E S BUE 5 P i, —
e 1 AR Wt 80 AR AR T A Ky I g 28 48 2 A7 5 I
FIB, 55— B AE S Bz I I R G, A SIS RS
RARAFAE , LU 2 € 19 A RO LR S i s
8] o Hor, e AR 7E 4 Wi AR e i Jim it 18] O R 46
I B I ARAR T I B4 I 1] 5 A s AL )
F AL SR W R IE 2 5005 5 2 R 5 738 I 220 22 1] iy sf
] 22 (8. XIS R WK 5~E 6 firn o 45131

Xt F ALK 3h 0 A5 5, Bods b B T8 e 2
25 b 22 LA T 2 R R BRI /3133 O vk L T
W SRR A5 55 1 S8 AR S TR TE B O s R e s
I 2R S A — B o RRAE B Y 43 BT R 1 AU
KL A5 5 0 h BT A PR 3R 7 T 0 R AR A
5 19 Wk Bl 722 A BB PE AR 5 0 BT B AR K
ZE T T IR 5 10 K 20 25 Ak B M 1 5
A E T 2 IR o A A — FE PR il
B, 20 B 8 10 B e 9 PR o R IR R 8 AR
G AR AR . e gk R R R Gk B A
R IS, R 40 BN ) 5 R S B M
I 28 55 9 J5 Wi IOE I E) Az AE 14~45 ms 22 8], 1k F)
ke 2 $i X 3 W o #48 me 7 A () P8 T 50 ms 9 4
RER .



1884 it = 3

Lok TELUEN R GESERF IR
- JEAEH i B3 R

R W77 AR GE SRR
FA R4S s 1 k3l S

0 0.1 0.2 0.3
1/s

5 SR 4 AR A K 7 fik sl il ]

Fig.5 History of dynamic pressure on the compression
components while instability
60
S piseis eslais Sisic s e Sisie
B 40 - + ? R
&
3% 2 .‘? o?% i
20} ol [
B EAGRE AL * SE= X
101 & =g o RGN
o [Lx st RS AL
40 60 80 100 120
n./%

K6 4B {F 10 2 e g e 2 2R

Fig.6  Proving result of compression components test

Ap=(pi=pwin)/ ( Prs Do) (4)

Horbr Ap Sy FE S MR B B 4 po S K B R D g5/
1B o A VKN R 7 R AE

RFAAELR W 2 8 B X, AN % R = &

AL ALK, B UK 56 LA e & s LR il B BR

18 Wi 48 96 o0 F 9 S £, 3 2 e B R WL AR )R Y

ik 2 0 32 SR, LA A2 R B R R RRAE A 5 Pl

SR B SR 5 (] I R AR ) Dk Sl S TR AR 5 B A S P
HEAR T, — B Uk S HIL BT M 2R 8 AT 3
%‘—%1 5 B I AR G R AT AT R 3 [

B i W I 3R G 3% 4 ke sh AL E 1k 3 105 % .
WA RME L B TR, SEREW, ZRGEA

PUA R 5 & h BL A BN 3R 2S5 W, U
T 28 56 2R 48— (14 B TRURIR i 8, AN [) 5% 3 T 2% ik
il AN ), et B A T 2R 5 e g s TR] A R — B0, IR
e ) IR ) A G A K ﬁ%lW%kﬁﬁw
firt 23 W e KU R s HLFE & 28 6 EAT s TR T i
ﬁﬂﬁﬁﬁﬁﬁ%ﬁg&ﬁﬁ%%%ﬁﬂﬁ%
. TR X 4 RS 0 R E A &L
2 0 3 A2 S G ik Ak, L2 A G SR FH AR L

x1 BEREZHNRBER
Table 1 Test result Huang-Long engine

MR 0% At/ms BHiE

75 42.56 M 41

80 38. 56 Wi $i

85 33.56 Wit B

1.0 — -

TELR I AR G SR

0.8 | HHLE kS S D B B

0.6 ¢

S04
02} |
0y
1
1.0 L
08 F )
so6f |
F04f

02fF | TELR I RGE ST IT A L B

0 N JEACHLY D Bk EILE R S 15
.
1.0 —
0.8 F~3
o6 !

S04t
02} LT R SR T R
r HUESHLE PR Eh SR ST
0 0.2 0.4 0.6

tls

7 AR TR LA I 2R 58 AR i
Fig.7 Working conditions of online detection system

while instability

Kok S LA il R G2 s T SR A 0 238 T 1 6 R B
PRADFHEAF 5 PRl Wa D 220K, BN S HE £ R 9
BLE ET k3l S, X8 B B e SO H B s 28 Ak
1800 o FEMLZS K Bl s 25 iF S 7 W A2 G 56 o
T, Bl 5 % 2 47 M e 720 B B A A A TR O W 1
e, B A B A R B ™, R S ALK
AT E TAERDL . 5 & ShHLR R / = S BLEB 14
Jo WS R R BRI 20 3 Bl e T H B e
MR EE, WA R R KRR . AR AT &
B H AR RAT DR Ma, A [R5 E AR ZS n R R
F, & S HLR W 0 2 B ok B4, 7R 2 I &R
S sk i Ok sh R & ShPLBLER A B e S
JEAMLH H g [RIRE 35 s 20 B0 3k 2y, n &1 8 e
LRI R ME 2R, SR FEW R AIK
FFE 4R W I R 48 Be % A 80 T 1 R ShPL R R fs
S BA BRI R B TR S e T, KRR
2 W45 5 09 o 7 1] [8] 9 /N T 40 ms, [8] 4 3% 2 4k
5 307 XoF 18 Wit 4 1 i 194 o 02 R[] 82O T 50 ms (4



WL AR 2 R BHL B R AT L K g 1 R

1885

(l)é [ — 1SRRIk SRR B L
0.7
0.5
0.3
_0.1 L L 1 1
1.1
09 3T Ik SRR B AL

—0.1 1 1 L

(1) é —— SHSZII RS SRR B L

—0.1 1 L I 1

— AWML PR R

0 0.1 0.2 0.3
t/s

B8 SRt % shpLatt 1 bk 3 B R S5 R HLT OB R A2 fl
Fig.8 History of dynamic total pressure on the engine inlet

and compressor exit while instability

F2 KEBHRESNIKLELSE

Table 2 Test result of high bypass ratio engine
AT ni/ % At/ms /I
H=15km 92 36.72 Wiy 4f
Ma=0.75 100 32.63 Wi 4
H=—20 km 92 38.68 Iy I
Ma=0.75 100 35.42 Wi 4

5 & it

iz BB R RAEL N R G M EN A
FIAF A B 32 AR AL, HA 6 U R AL
RPN T T R EL BN G ), T~
SEFH PSR, BFIT R

1) R FH 3 1 A/ N AR 8l 2R AR B ARV 1
T 2 W 22 G0 % S sh B 2 e ) 0 ofe 1 B it RE AT
RUFR DT WS KPR h e 4 [ sh I EER
X A

2) FEL MM R G %t K s MUK 3 sl 2 e A

J3l) W 15 R TE) I T 50 ms, R 8K BE A ROHE L)L
M J57 P [8] 5 AN ] 4 T T 2K i % DDA G o

SEM:

(1]

[2]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

XU, 55 B WI4RAF 0T s R IR R R S LA RE P
53 HOR M Ab 5T A 2s Tolk s BH: , 2004.

FE By B2 R Tk 2 B2 0 25 MR I A8 A s LR E T
5 P 7 ik GIB/Z224-2005S]. Akt E AT 28 Tolk 5
— 4R B A F L 2005:15-20.

MOORE F K. A theory of post-stall transients in axial
compression systems: Part | development of equations
[J].Journal of Engineering for Gas Turbines and Power,
1985,108(1):68-76.

GREITZER E M,MOORE F K.A theory of post-stall tran-
sients in axial compression systems: Part [ application[J].
Journal of Engineering for Gas Turbines & Power, 1985,
108(2):121-145.

HYNES T P,GREITZER E M.A method for assessing ef-
fects of circumferential flow distortion on compressor stabili-
ty[J].Journal of Turbomachinery, 1987,109(3):371-379.
DAY 1 J. Stall inception in axial compressor[J]. Journal of
Turbomachinery, 1994 ,116(2):226-239.

TRYFONIDS M,ETCHEVERS O,PADUANO J D, et al.
Prestall behavior of several high-speed compressors[R]. ASME
Journal of Turbomachinery,1995,117(1):62-80.

BROWN C A, SAWYER S, OAKES W, et al. Wavelet
based analysis of rotating stall and surge in a high speed cen-
trifugal compressor[R].ATAA 2002-4080,2002.

LIAO S F,CHEN J Y.Time-frequency analysis of compres-
sor rotating stall by means of wavelet transform[R]. ASME
Paper GT-1996-57,1996.

AR, BRI AT 3 T (8] 410 23 AT 64 P AR 4 A
(7). M4EHE A, 2011,30(1):100-104.

LI Changzheng, XIONG Bing, HAN Wei.Compressor surge
detecting based on time series analysis[J]. Measurement &.
control Technol()gy 2011,30(1):100-104.(in Chinese )
ZERAE, AR B ST T UM iR A R ) 5 A 2R A [T,
e AR 2011, 32(3):318-322

LI Changzheng, HAN Wei, XIONG Bing. Pattern recogni-
tion and on-line detection for compressor surge[J].Journal of

Propulsion Technology, 2011,32(3):318-322.(in Chinese)

SRAD BTN 20N AT . 2 S G I ) S 24 A 25 43 7 vk
(I W28 8 13242, 2003, 18(4) :546-549.

ZHANG Pu,ZU Xueping, LI Yinghong.An averaged numer-
ical difference method for detection of stall inception[J].Jour-
nal of Aerospace Power, 2003, 18(4):546-549.(in Chinese)
R BNLL KA R S LR LS R R R
%&ﬁ%ﬁmﬁ%ﬁﬁ#ﬁzmam@%wow4
WU Yun, LI Yinghong, ZHANG Pu. Nonlinear analysis of
the process of loosing compressor aerodynamic stability in
turbojet engine[J].Journal of Aerospace Power, 2005, 20(5):
890-894.(in Chinese)

kAL R TN A BT R AHL AR R AR A I [T KR
SRR 55T, 2005, 18(1):38- 40.



1886 it = 3

VAR S

%536 &

[15]

[16]

[17]

ZHANG Hao, PU Qiuhong. Aerodynamic unsteadiness de-
tection in compressor based on wavelet analysis[J].Gas Tur-
bine Experiment and Research, 2005, 18(4):38-40. (in Chi-
nese)

452, Tl 32 AR 20 i 28 R 3L s 2 s ) e A2 1 g [,
i3 8 F1 44, 2014, 29(4):817-823.

TIAN Jinhu, QIAO Weiyang, PENG Shenghong. The ex-
perimental investigation on aero-engine altitude simulated in-
let total pressure distortion[J]. Journal of Aerospace Power,
2014,29(4):817-823.(in Chinese)

ZEARME , HEARE SRR AR L3R T A OGS T A AT R ok
JEREI 43 B [T]. A 25 # 4Rk , 2013, 34(1):28-36.

LI Jichao, TONG Zhiting, NIE Chaoqun, et al. Detection
and analysis of early stall warning based on cross-correlation
[J].Acta Aeronautica et Astronautica Sinica, 2013,34(1):28-
36.(in Chinese)

BT WRUEHC, BB LS AF L RUB /IR AHLR RRPFIR R LTS

(18]

[19]

WAE[T] R TR R R 5 5T, 2016,29(4):51-55.

ZHONG Ming, CHEN Hongmin, XIONG Bing, et al, De-
sign and experimental investigation of instability identifica-
tion system for fan and compressor[J]. Gas Turbine Experi-
ment and Research,2016,29(4):51-55.(in Chinese)

AL B T BB AE R Bl AR IR K B BL I )
AR W W [T]. % B J1 2441, 2018, 33(9):2242-2247.
PENG Shenghong,ZHONG Huagui, WU Feng, et al. Effect
on total pressure distortion flow distribution of engine with
the movable flat baffle’s plenum volume[J].Journal of Aero-
space Power,2018,33(9):2242-2247.(in Chinese)

BEAL M A, X AHR S L S TR H I e R B P s
Ji Iy W AR IS [T]. it s B 1441, 2019, 34(6):1273-1281.
PENG Shenghong, TTAN Jinhu, LIU Donggen, et al.Experi-
mental investigation on inlet total pressure distortion of mid-
dle-bypass ratio turbofan engine at high altitude[J].Journal of
Aerospace Power,2019,34(6):1273-1281.(in Chinese)

(mE:R F)



