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Modeling and detection of rotating stall in axial flow compressors, 11:
Experimental study for a low-speed compressor in Beihang University
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Abstract: Early detection of rotating stall and surge in axial flow compressors is of great importance for improving
the working efficiency and stability of the compressor. Based on deterministic learning (DL) theory and dynamical pattern
recognition, this paper presents experimental research for approximately accurate modeling and rapid detection of stall
precursors, and then employs a low-speed axial flow compressor test rig of Beihang University for online experimental
verification. Firstly, by installing high response dynamic pressure transducers arranged circumferentially around the casing
of the axial compressor, the dynamic pressure data are collected. Based on deterministic learning theory, the system
dynamics underlying prestall and stall inception patterns are identified. Secondly, based on modeling results, rapid detection
of small oscillation faults is used to perform the detection of stall precursors. Sufficient online experiments are conducted
to investigate the efficiency of the approach. Results show that, in different working speeds, this approach successfully
detects inception signal of aerodynamic instability of the compressor 0.3 s~1 s in advance to the start of rotating stalls.

Key words: axial compressor; rotating stall; surge; fault detection; deterministic learning theory; pattern recognition;
online experiment
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. AR, 2 KATIRES . REPURAS . 3 O mAR S5 K]
ERW, R FE WA LIERAZS €. Rlitk, EdEs)
P OT AR DA SR Lo R0 AR, 1S IR SNLTEE
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BOCHEE et BH0FEH, NIRRT T2 gk
TR 9, A S REGEST AT R R
FEBL N P 43 #1012 2% ) A S iEUIIEE. 2000
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T8 Ik B [ 7 R A IR R AR B, /N i i m] A
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SHRSEHL RSN, 3N REE N REERIE
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AR F S, I SRR 2R3 1 I BT b LI B
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sen®G OV B 2% i3l F S, B R iR |
J7 W Bh 7 F ) AR I35 5088, I BLAHSC /3 prik, SEBR
THERT0.07 sELIEI R IHE K.

] Pyt e S LR IR SR AT RIS T K B SEB .
SCHIR [ 171003 7 4 B it A ST S LK) 128
EHARAT T 4T, 2T BB LA 4 (fast Fourier
transform, FFT)J7 ¥2:, A £2 %€ Hb 78 = S ML EE ML 2% 3K
H10.01 s~0.05 shix I 2| Jig %% 2Kk 3. SCBR[1817E 5 X
BR (17140 R RS, 0BT RAS - 5 BT 07 Z 204,
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PABANAR H 23 (8] 43 A (1) 77 Nk . DL EARE AL
R A, FFTESNASIE T H T ahaS stk
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PRS2 WT 1 VAR 25 e IE AR I A
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T/ NRZE R NEAT S W, 53 TR 1 M 12 W 7 v
AH LG SCHR [25]), 2 T8 2 2 31 I 2 W 7 vk 1)
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2 TR S R B AR S (Stall
modeling and detection algorithm based on
deterministic learning)

AT S A B SR (26188 H A TN RS)
PR A 0 P T e SR TR ATT G PR B AR 7 v A S AR
BRI 07 EIUERF. HLIR, 38 T X S2 58 & B he s 2k
TEA UGB ARSI 5.

2.1 e R AR R A B BUE (Modeling of rota-
ting stall and simulation)
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PaduanoFfIMansoux%§ #EMoore-Greitzerts & # 5 1)
FEA b, S 3K IR O 20 7 R AL (R STHR 12717 1
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43 75 & (ordinary diffrential equation, ODE)f& 74[28-30]
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Fig. 1 The comparison of the measured flow coefficients

and simulated flow coefficients
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Fig. 2 Approximation of unknown system dynamics
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ing and detection of rotating stall)
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E 2 TR E SR S A R G
FUSARATCIAHERERTS, IR RE 2 S A (T)-(8) Bl RESE
DUAERREERE, A R TR S I S L SERR AL AT X L
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SCRARAT I3, BRSNS SRR HT S KRR s AT
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ealIke 2 naniE Yl ib e e

FLR, FERTBT B, ORI A S UIZRIIET RS K AR
HHTBUR ARSI A I R A AT AR R
{ERBFfHI £ M 45, I A0 IR AL 0 5 3RS &
FLAAN AR QB2 B A R 5 P M 2 e
N, REATE KA Shasflvh88:

& = —bi(BF — 61) + WFTSi(im),
k::l,---,K, )

Hrp: QPR BN BB RRFRE, o B LHTESR
WLSEE & BIFE NI 5 FPRAR, @i N 2GBTS
SEEG & B i RS AN S FLARER AN rR S K
PRSI E, WETS, (i) 2 BEVNZREIRT S LA R TH
BRI W BN X 1) R G sh AT AR HE
RBFMIZ M4, b, > 0TS

EN G = ¢F — ¢ hFE, LK

- 1 ¢t -
I6£@lh = 7 [, 165 @ldr, t>T >0 (10

HFRZEWIY L T4

Bf 2 27 > B TR (1 BN iR Bl e R A vk 24 4
H, TR O BRI RS & 1R 24 BT S AT R 2k
BT PBHECS B R FE S J B R TR aG P
X NIER GRS Z A Z2 I USRI . X
MG YRS B e R, xF
MR RIEYT A HRBN H 5% ZE 0 A 4 B /), BT A
T SAT LR A AR 2R

BRI, 6T SCHR [241 BB IR B SR I 7 32, A
SCER L UNT RIEVI LRI v Bk R AN e
SR REMER, EX AT € {1, KWk,
FEAE— AN BRI 1%, A3 42| oF (%) 11 < [lor (89) |1,
TUPRT LS e e SRl B A A
3 SEE % (Experimental equipments)

3.1 SER & Z#I(Structure of the test rig)

JER AR AR LSS5 & 3 2 A R
EASHL WRARSE . sh 308 RHEGI RGN R
GRARE 3 R SEI6 & 2546 T B B3 7, Bl 4(a)
FIE4(b) A H T S5 & 450 K SER B (RS I SE
YRR R ARG SRS & I TRGE g5 | SEae 4
KRR G0 v WL SCHR [32]. L5 & IR . W& A
B E AT

13 ARILES,; 2 ST (3-294); 3 IR AHLEL T 4 IR SHLE T
5 RAB T EBIN;6 HUEIE; 7 TR A RSSHIRK A
O-O W& EATH; 1 - 1 #E 0 S B4, I - I KM ZhSH 5
DA TOI-TIO o 0 P B A IV -V H 8 s R U

Bl 3 AREH R HLSER & G5 fa ]

Fig. 3 Sketch of low-speed axial compressor’s structure

(a) LA

(b) SEHBL
Bl 4 fRIEAS LS & Se s

Fig. 4 Pictures of low-speed axial compressor test rig

SCH & ARG S A K, B D4R
TR KB AR E . IME T EEHE, 33 E &
HEHRs. B3R, 19388 DRSS, I REE
AHLEE I B SLAEYS) HO BES A s )37, W RAGRAIE
BESUR 1) 359 LA R g D IR R 2 4 a8k < B S 4
s 31493550 0 IS Ve TR 1 HE; 5O SEg
B N E- PRI 64 B IHHFEE;
TN SER B DR E AT R, A T R SR E RN
AR 321,

LR B RES T ARREQ. = 2.4m°/s,
BIEFFAP* = 1500 Pa, 4888, = 85.0%, H4&
FEBSHIERVRP. e g7 2y
KAICAm Y. FEve vt i RErp, A3 KHe it i
RUTSH, AL A P FMEIE 2] T 0.95. RECZAE
et B2 B AE TARAE R ) 0 B4R AT, A5 THESE
B PRI B R R B R A B, AT REb IR
ST FTIMEBE ).

F 1 AREH R A E BT AR
Table 1 Main design parameters for low-speed
axial compressor

a2 e Res SHE
Mz D2/(mm) 450
WAL ng/(cmin~Y 3000
PRy ug/(m-s~ 1) 70.7
Ekth d 0.75
LRl e E| 2 19
ianiavard=| s 13
HAMRAIBAENE 6 = 6/h%  0.89
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3.2 WA ARG (Testing system)

YR S MR B ARE, 723l & vy RS ALk
AT ML ERE TS50 2= A, 1 EB3HT R, WA
AN KRS SEINR A O-O AR ENEALM, It
W E AL T EASNUHHERT, BE RS ALHE DR A AT
SFHB0.25 DAL 1-UA#E O S R E & m, 7 T RS
MUEE O S AT R A50% 0 B, B AE 724
S FR A 22 258 R TI-T14 2 [R) 3 A i 3 Il B 48 1T TII-T00
A H O W & AR L, A7 T # D Z20%407
TV-IV 2 H 1 A AR i 2.

SEI6 K F Kulite 2 7] AE 7= 1 /N Y 5y R R ) %
SRR (XCS-190 K PN AR ) 2 I A% ks, W & 3h 2
BETH#R . T 3haS 48 as f th b i, o
EAR/N, IRAMEE B T o047, BRI AE M 2 ATk AT

55O, SEI A % BRI AE 5 R 28— 165
PRESTONS300AUSF 15 5 KA 132.
4 SEEGHEFT(Experimental studies)

ASCRI 252275 B 77 VEAE AL AR T Bl <L
SER & B RIAT T e R B A B 2 AN
ARSI AT
41 RFEEME R 5 Pr(Modeling and analysis

of rotating stall)

B 5E, TERSAWLIE BE & A B SIS E 115
JRRAR, B IR T O A Y U B A R SR LR PRI,
R BT B EHABE A 75 i A R R T S IR
HENJER T, PR R T B AR SR E 2
FRaEIRA. 2500 r/min, 2700 r/ min, 2900 r/ minAl
3000 r/ min 4™ 31 Y 2 N SREUE S LI FT AT R IE

SeIRHIBNAEIME T HESRE RSB T R,
AERR R0 7

FIFH A3 B R T1E S1E A & M 4%
BN, X AE— /N YR I AT20% (prestall) . 2% 3
BT 70% (prestall). PA K 2% 35 4] 45 B Bk (stall inception)
R, SR 2279 P R R 27 S R (T)—~(8) %) SR
IR IR I P B RGNS HEAT S, FF M
FH 5 [ERBFAH £ ) 265 21 St 1) 5% T Ry A1 e 3 R T 4
AR,

RBEMIZ LW TS, (i, ) HIFT B 40 R o0
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42 BN 5 %5 R 4 H71(Off-line detection and
analysis)
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Fig. 5 Detection result of 2900 r/ min for stall inception
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Fig. 6 Detection result of 3000 r/min for stall inception
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res and related analysis)
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Fig. 7 Online detection of stall at 3000 r/ min speed
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