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Experimental Study on Monitoring and Prediction of Rotating Stall

in an Axial-Flow Compressor

by Hiroshi KOBAYASHI, Kimio SAKATA
and Nanahisa SUGIYAMA

ABSTRACT

It is important for the security of aeroengines to protect the fan and compressor from dete-
rioration of performance and destruction due to rotating stall. An experimental study on the
monitoring and prediction of rotating stall affected by inlet-distortion was carried out with an
axial-flow compressor.

The data on transient phenomena of rotating stall were obtained by the following methods
which did not disturb the compressor’s inner flow: the measurements of pressure fluctuation on
the compressor casing’s inner wall were made with flush mounted microphones, and the measure-
ment of sound pressure variation was made with a microphone in front of the compressor.

The prediction of rotating stall was obtained by the observation of blade stall immediately
before rotating stall, especially using the time domain arrangement, not frequency domain, of
data from the flush mounted microphones. Both the flush mounted microphones and the micro-
phone in front of the compressor caught rotating stall, independent of the existence of inlet-
distortion, but the flush mounted microphones were more effective than the microphone in front
of the compressor for the observation of blade stall.
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T, HEA~Z M AFRRIC L 5 BHEBOHTCE, RE=
12, A8~1 2 &dC, EEKEREES L2 b0 L
RHEL 2, TOEMICRET 2R LZIEEERRIT
ELALNTNWT EDBHLMICE /e,

3 7, MERSEFRECESLE TO, EMHERNC T
BENEBRCFTELELD, £@%FEv~r (0.A SPL;
dB, ref,2X 107 N/m?) & BHRFI 1 KRB BEEEHEL
(fg, = 36N/60) BAMCE - TEETEDD L IRDRRIC
Bhbo BEEVALERIPFICEMETRHL, F£1RES
WA EFICERSIOR Lk £FE Vv~ (dB) I,
G = 4.976 (kg/sec)F COMEFHENIE T3 AICHE 5 T
bERCEAT A2, OMEST100dB, FMM 5T
133dBRRE L% 5 TWwhe LsL, EESKEOFHEA L
72 G = 4.560 (kg/sec) I\ Tid, OMfEH T 102.2dB,
FMM 55T 1474 B EHIKEIML Tnbe T4, D
Bk, FMMESOHNRKE e —7F, RBEEK
Hofg, AL, OMfES, FMM EEHRICH &# 5 &3t
KESFEVSALERP L TED, FTORDEEFMM O

FHKE V. T, ¢OTENDL, EFE LV~ (0.A,

SPL) TR ZTO&EMEW I THHIOIEE RS NREL
Twab EEL DR, fp WA TRERSRICESBICE
NETFHTARAZBARERALEBZWC L0358 50

fgy
@ ®
) 1

a) FERESLEIRTAD <=4 707 2y

—+t }4— 10 (dB)

0 2000
Frequency (Hz)

G (kg/sec)

- (4.56)— (4.98)->»
- (4.98)— (5.02)>

- (5.02)— (5.13) =

(3) —EHEHTHE T EMNICENLI L BED,
PR ZE S BE EOHROME
A EREUC 51 5 e [0 R A R RT—> B O it Sl A A
LIctE %2 5B EOENLH 10 KRTo a), b), ¢)HD
FNFNOEEER, M6k HTAr30LELLTH b &
MR 5N HERIC, HERICHE > T, BRO2IETHH
FOFEE, Tok, HAUEOWMHE, &% %L kb
FKFE~OFREH BT 5 Ensihiskbe T - THIRORR
%, BREEM 2B EICEZ 9 ROETE AN 248
Bl o e L, EFEREL 2 L BOTEKO RSO 2
REWL 5T, ERNZMERLOBEE, BENWEL
OHE LD HEMNRBR CERERRNFEE L Tn b,
chid, REOBNEEZ LN L2, FlLirE, N=2900
(rpm)T, MEEKERESBTE L TEFIRED 4.56
(kg/sec) & 4.45 (kg/sec) ~BHE L Tw 5,

%3 e RBICEDL T TOEMEHERN - N TO
BHE=~NZ b v OFEAL

NO—1ID, N=2900( rpm) (#A7dB)
m = FEAERSAMI (COM) | BhEFIRT ( PMM)
G(kg/sec) | Gp' anbin | SPL | xHin
5.232 | 101.3 95 133.1 129
5.133 | 100.1 91 132.7 128
5.024 99.7 88 132.3 128
4.976 | 100.0 87 132.4 126
(484,560 | 102.0 87 147.4 122
fg:
@ ®
! !

b) B RIETO FMM

—» e 10 (aB)

Frequency (Hz)

B9 MEOBRBNWCLEZANZ P 40%E I (NO—1ID)

(N=12900rpm) (Af=4Hz)
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a) N=2200 (rpm) G=23.52 (kg/sec)iif§ (#D)
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b) N=2600 (rpm) G=4.38 (kg/sec) il (L)
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ARy -

HEARABALI

—— 0.1s00 === f-— o — .

- i3 7.0 BT T o J—
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32 AsLwheFyx b—a3Z2B5A27:88

12Vvy b T A=Y 43 %52 ABEOEENI,

Bk L7etn <, E&EHEN= 2600 (rpm)CE\nT, BH
2DDF 4 A=Y g ROV TR otko BT 4
2 b=V 3 YOEEBRADHREROK 21 55411, 2F
fEERELTHEI, 12KARTWML THD, cTrign
KTdrho, BIRL¥AOLOLENFHER Lo B
11, FH¥ECECOMBAIMEERAAF TS Y,
K12 a), b) L, MAEKHM20° 80° 140° L& (BIHR
BYEtEl b ) TOXBRFALERKIH TH 20 1 vy
b T4 R =2 v (IDDEREI L LAHOER

(NET) ®<=2%>27 (MASK) DELR TWAN BT
BEICR LAABRIC, 0%~ 30°% X (¥ 150°~ 180° @ & £
Tdhhkd, TOBLTOLEBRENFCKE (, HWn
4V y b F4Rb—v53(NET)DBEEHE (Pt
—Pa)/q, T20%, 81>V, b
(MASK) 0388 T60~80 % Td 5, BH KL LR
PFEN W MBI EFNTH, TOEBLRTTNET ©
BET10%, MASKT20%BEORERAHRBD bh
o B, HBEBALDIRDBILRILT, MADA ~
Vy b Ty Rb—=va ¥ TOENBEREAHKTS
75, TOKE 3L, MASKDENKE W,

T4 RAb—v g

N=2600 (rpm)

AYVy b - Ty R b= 4 >Ob5BE0OEBSE
e LT, N= 2600 (rpm)K2WTHE 13730
IYVy b FyR b=V YOBRANE, ZOEBHE
HEEN LR, BREMCEHL TWAC EXNRIAT
Vho

) 4>vyb-FrRrb—v s L AEAAER

HERWMOEAL

T2 OBBICL AESOBMERIC L A2PHTELT,
BJ14, 15, 16{C, 1>V y b T4 X b—v 5 >OF
WER LRSS _BE 5L BEOENESNF T, B
EHREIC LAY 75 7TRT WFER 3 N= 2600
(rpm)Td 20 THOLOROHEBL L, 12Uy b+ F
A A=Y 3 YOBEDLVEBBICL > THBEEIRE
A0, TOIEFRRRELES LUKBEECEL T TO
REVEXNCEETDL T L5 5. BlH, FMM &
TUHWIRL - T, BRPILZREENELL 60, (K
FPLE) XD ILKIKBTRF AL T, &
ENRER LT, EERRCERLTWAT EHELLS
NTndo LEL, 12V y b FyR b=
H5CECE 5T, BREFOEFEDAINI Y, % AlEE
KEBFOEBEEOEREBS NE{, ThLORR 1 >~
Vyb T4 A=Y RIS TEDLRTWG LE

1D G (kg/sec)

O MASK 3.901
A  MASK 4.401
O NET 4.260
VvV  NET 3.955

0

-0.2
G
Sl
a.
!
o
< o6 |

(A148) .
Mid Span
_08 —
-1.0 R 1| 1 TR B !
30 60 90 120 150 180
Gz (deg)

Bi1l 4>vyb FsRb—vayOEHFHIHA
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3 | N=2600 (rpm)
=
£
S 80l /r“\
a i no Inlet-distortion
'éf 60 |- /\NET
: H
6 i
/MA
sl xFEERRRE TN
o femElkERES Inlet—-distortion
3 4 5 6 7
wm B G (kg/sec)
B13 HEMEERECHTA I v o b
FAARN— Y s v ORR
Abhd, T CHLOFETERFORER, K3+

DXHIDATSDY, WwTIho IDOEES, BERHEHLE
AADOEM TS %0

Kic, E5ORBBRRICFT H2MTL LT, 17,
K18 KB FHEIC &3 58 <1 2L U FMM 25D
EERNZ brkRlko MPOHRIED | KEHRFIR
ﬁ@%ﬁ&féé(fm=36x%®ﬁ0=me{h
e L URIERS DN, 1V y b - F 4 2L
— v a3 YOFEREIBBICL - T, BHRIIFTO FMME
BEEANZ PARBKE ZE(H AN 03 B0 —
5, EREBNAS<12 (OM)DESTIHID-NET &
LU ID—MASK ELLOBE I BEBEE DS
OEFEE( 1y, /2~ 80Hz ) AGORIH, TORED
BAXbs5~10dBECHLATWE, ThKRLTT
{ A=Y 3 0EnHEE (K8 ) T, ZOBRKEK
DORFOHEL VS5 ~10dBEL 2 TWnd, TOHR
HIEDK MM Do FRONTnD, 5T, {p,/2
DEACESTAXVy b =Tt A= 3 YOBEYL
HEITE DL LEL bl b,

19, 20, #1iBK 9 LERIC, FIEOMBICFT S
AR I EER IO T, B19ik, ID-NETDH
EONE<4 2 £ IGVEIO FMM, BRATO FMM © 3
A, B20ik, ID-MASKDIBEOAE~1 7 LBHEAT
O FMM © 2 BOEBROWTRLAko WTFh DK}
MR FEOERKEREMBO X2 b LECKE R
FAHid A AR bR, BIOTRT 1 RBRTIEB
BERE fg, OEAH, KEICL 5 T5~10dBETL
TWbONRBHbhbe 3/, ERREERKTORANS b

AMERT 4 A=V s v EWBRLEFABRTH 5, LAL,
FA RV 303 5B8RENHE<1 2 R IGY
MOFMM R IAEBDO2~2 F nERIE, &b Kaxn
EDB b ThwEine, thid, 4R bt—v ¥tk
> TAOBOWN2E AN 2 A2 ELT, &FERLLEND
EHOEREOMAOEEINL bh b tEL bh
5o

EMBANO <1 2L AEE50LEFE LV~ r (A,
SPL)F LU fp, KFTEZFERANZ b A EERARFL
o THICARTRRIC, fg, B, N¥~4127 OMES
FMM E5 &L s KIREB D ICH - TEBA L, #EE%EIC
EL,TKESE I LTWE, 2 /40ASPL Hii gk &
BEADD %L, FMM 5T, EEAERL L - TK
E(ALTWwA, 1>V y b FyRb—v ik
- T, OASPL fEdK2<%b, OMES, FMM
EBH]HICI~ 11 dBOEKAR LN B,

Fa4 Arvy b - FyRb—vyr&, EORLE
KELE TOFEELOBEK

(@ NO-—ID, N=2600rpm, (BfidB)

W B | MM (OM) | BRSIE (FMM)
Gkg/sec) g?ﬁ X«f'g'b/v g?ﬁ Z«f'g'ltw
4.573 92 81 121 118
4.460 | 92 80 121 117. 5
4. 383 90 77 120 115
4. 210 90 76 134 113

(0 ID—NET, N=2600rpm (dB)
I
W & | S E(OM) | BRI (FMM)
i OA. f OA, fB
Glkg/sec)  gpT, | xpin | SPL |2~sin
4. 286 100. 1 95 130.9 127
4. 260 100 94 131. 2 126
3.955 100 82 i 146.2 120

(c) ID—MASK, N= 2600rpm (dB)

W OB | FEAm(oM) | BR7)I (FMM)
O.A. B, OA. 15:3

Glkg/sec)| Spr | x~ppn | SPL |=~7tn
4.817 | 100.6 95 129.5 123
4.401 101.2 96 129.6 | 123
3.901 | 100.5 95 130.7 | 121

I
3.862 100. 8 92 142 i 115
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a) N=2600 (rpm) G=4.57 (kg/sec)

b) N=2600 (rpm) G=4.46 (kg/sec)

Bk 5 b e
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i T § 3
3 £ $ oty
¢ = y 'y ) B e 2, S—— - Y Yo 1
- # 3 [ - - ; i So—e : 3
» * . : ¥ ¢ &
¥ ;A ; 3 3 'y )
T ¥ ¥ . | : § TE o gl
3 T 11 1 t : 4 & % | ; 5 )
2 2 13 : 4 - 5 3 : - g i
i

¢) N=2600 (rpm) G=4.38 (kg/sec) FfF (RBRLD)

14 [EEHEN=2600rpmiC 1) 2IEEHIER
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(b) N=2600 (rpm) G=4.26 (kg/sec) ID—NET
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pa

oA\ e S o TN
et A G e e

(a) N=2600 (rpm) G=4.40 (kg/sec) ~MASK

v @it
AR H

& Pk e ¢ il 2 4889 G
546 ARBIEBMINIEES 15 SIS

e —— S ——— i

e 6

S =

(b) N=2600 (rpm) G=3.90 (kg/sec) ID—MASK

(¢) N=2600 (rpm) G=3.86 (kg/sec) MASK

16 HELICHLZ SENEBHRUEEZS (AvVvyb T4 A=Y 53 —MASKODOHAE, N= 2600rpm)
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ik O 1,
G (kg/sec)
l
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el
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© fB!

3
130
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VL G (kg/sec)

(1) (3.96) — (4.26)
(2)  (4.26)— (4.29)
(3)  (4.29)— (4.59)
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P s g s
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—] l—20dB
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(2) 4>Vvy b FyqRb—v,yrOBRBITILED
SHEFEE T TOME

BIE(INC —ER~NTHLDT, T TRI> vy b -
74 A b= 53 Y ONET Lt MASKOBEDO LB ETT
%%, ID—NET I, EGBRAOKERO 1/31242#8
B2t OTHh, ID—MASK1/3DMih %%
3DOTHh, B11 5 5HERRIC, MASKOEHT %
b=V oa AN, FHEME FOREKRREELDL, T4
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Bo L LZNBEIB LARIKT + Ab—¥ 5 rOin
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Kiz, ®M17, 1BOFERA~7 } rOEREL L, RES
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& MASK OICHEEN ZZE D 2o
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SHIC L HEALE, OA.SPL TIIEK, fp BHTHE
BLEaTHbh, zhy4>rvy bt -F4 2 b—v
2 YORBICL AHEENAZERIT 2o
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Magnitude
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