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Investigation of Spike Stall Inception and its Propagation in a Low Speed Axial
Compressor Rotor
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ARTICLE INFORMATION ABSTRACT

Investigation of spike stall formation and its propagation in a low-speed axial-flow compressor is the
main aim of this study. Experimental measurements are performed in a low speed axial compressor test
rig. Measurement parameters include instantaneous velocity and static pressure at the stall inception
process. For this purpose several hot wire probes and a high response pressure transducer are used in
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data acquisition procedure. Instantaneous fluctuations of velocity at upstream of the blade row show
that spike stall inception is accompanied by flow separation from the leading edge of the rotor blade and
subsequently, formation of a vortex. This vortical structure extends over the blade span. Stall cell
propagates with a circumferential speed lower than rotor wheel speed which is equal to 66% of
rotational speed in this compressor. Furthermore, wavelet frequency analysis is employed for detailed
investigation of spike disturbances and the capability of this method in distinguishing the spike stall is
presented. Wavelet analysis, by representing the temporal variation of frequency spectrum, shows
dominant phenomena in the transient process from stable operation to the stall inception condition.
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Axial compressor
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1- Bell Mouth Air Intake

2- Spinner 7- Bearing #2

6- Bearing #1 11- Increasing Gearbox
12- Coupling 72
13- Oil Cooler

3- Axial Compressor 8- Spiral Collector

4- Outlet Duct 14- Electro-motor

15- Inverier

9- Bearing #3
5- Throttle Valve 10- Coupling #1

Fig. 1 Schematic layout of axial compressor test rig
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Fig. 3 Frequency spectrum of velocity signal at design point
b 60 Shee alais )5 S pu Jirms (onlS 3 il 3 S

¢ PSD; Power Spectral Density

113

90 (sslune (slassly Jolsd po Els o miwly> Ol 4 ped (gejl 5o
labod Cop plejpn jobo 5 4235 )13 s9m a8 aoe (gal e e
e Lm&rfo)b;‘ u.:‘ \.\....SLSA 6}.50)‘..\;‘ JL...:‘ )LCT ..\..;T)S Gb ‘) L)l.\):>
Lze aeliy (Glhgo Jll (oS (SSfz L bLS I o (mls S 4
Ji..a N LS;)‘)S le.iaul,a_\.o u.;‘ el 0 u" )L.....J Ceyw g )5,...:)...05

] 00l o0ls oles 2

ECrgo pow (il B Jubox 5l (S xe -4

2 o8 Glpime a pliws sl JESew el gl b, 5l eolizal
Srge Jiks mr ol 50 20] el e (5 (650 (Sl gm a8
Gl 1 5] Gy Lalazdl 5 bl sngoy asdllas (gl celio 43T S
(211 50 ol | o Jis ol 5 3 g s B g,
@ Jll 5l anlp (owyp Gln ) Sorge gy fas S6 b Getss
g odd (Bpme sam So Szge o a4 ol o ep 8
0y o0 B o 390 o] e il

2] 555 o iy o5 (1) alaly Gillae " Sge gy (san Sy oS

il
§5 Tomizan ol @i Py 559 JiSewx «Szpe i Wakal, 0l 5o
@ o onl )3 el bl ol e 5 JUiS! sl el )b o 5 @
(5= 1/F) 5,0 bl uilS 3 L osSan b

2 83 I b b aghie o alaly ool o 1/4/IsT by
5 Szge Joad o alal) il anglie JB 5 alie i glaubiie
ool Ol BB @) dlall) &g @ 4598 Joos
WX (s,t) = Vs{F X () (s0)}e @
wiy wPw) s XW) wrygd usSae hod S FTH Q@) akl, o
toles 55 e o 65l JBx ik el P (1) 5 X(0) 498 Joos
D98 o0 Al (3) alayly Grllas
E = |WX(s,t)|? 3)
sl " Soge ol b s Ltgs jl b Syge 4 E Lguls
sl bl o 0 Soge hoss pole &b plpre 4 PO &b 09l
@b ol Slp 0l s Johie 403 9 Cand S5l oy g a8
oo 48,5 I 4 e pole bl addllas ol 55 el ® S 5T e

WX(s,t) = x(r)l[) ) dt (1)

ol

compressor
cassing

(b} (a)

Fig. 2 Configuration of hot wire probes around the compressor
circumference

sy eS daemme 5al e EIS s ez oS ez 2 S5

! Liao

2 One-dimensional continuous wavelet transform
3 Wawelet spectrogram

* Morlet

°DOG

5 oplaids 17 055 1396 3l yo o0 Suillo wise



Obe 9 335 ybed Je

ORls S pa S)9F0 Jga 3208 295 K3 ) Sl JUiwl i piwnS 9 (5 a5 JSibs

Pressure

.
Separation

150 151 ‘1‘52 153 154 155 157

\ ¢ (Rotor Revolution
1

z
E
==

F

216 217 218 220 221 222
t (Rotor Revolution)
g. 5 Velocity and pressure signals at the stall condition
Jead 585 Ll 5o )12 5 et o sl JUioms 5 S

TE

LE

S P
Leading Fl Upper end
edge ow moves Flow
separation circumferentially

Lower en
moves downstream
along suction-surface

Fig. 6 The vortical structure and propagation of spike [8]
[8] Liwl, ol o o1 oy 5 Sl elad JlisLos 6 S

along casing

5 ] Girogs bl el o ools i 55 e 5 Yoy jes]
o a5l by Gl 4 e Ol 0555 augly Gl (Jll 5le]
a5 oas dloul lals 3¢ ralas cul dwlal jo 098 0 0 (g sm Ceows O
0975 olszrb ;S0 d ) ssmeS o S5 U ak 5l ol eps
IS5 0 LSan g Y gone el gl 5l ool b Jbil (6,05 JSs
18] el ouis osls Les 6

ol Jll el anlp o 1) glabod cepu glo S 7 S
200HZ adad S 3 L 38 oml ikt O b lfn sobod 4 005 oo
ol o0 Jlasl

50 Sobewl clalesdl prass s5, e eell63 b bl oley o
3 ok ol Byo laal 3 o wlalasdl ol )95 o0 iz & JiSem
(168 1l599) 198, 0hgo 5 4 pe 3l Sloj (b wams oo (LaS ] 0y ales 4
Hlie 51 300 b Jlud Jobo ol 0 428l anngs Sl Ji! & Joos
Sy o] by oniiind JUiSew y oilizél sl com iy 5 5 o
D9 50

3 el ool oyl wad llug 7 USKE 5 odd a5 ez las
Jaite R0Se @ |y jgmpeeS Laze (gl JUl Joho S0 252
Ly o] ao,y b Ol witass gy Jlil cud o sl alols .aiS
)50 sgeypeS 53 S o Gene |y JUl Jsbo (g Sy o )lez Sl
Oz e Casps oad ool las T SS (o aS 45T les aslllas
el 955 Oy Sy 66% lp Jliol Jobo

55 1800 rpm - ily50 ey j0 Jliwl g585 013 45 e s Slilugs

5 oplaids 17 095 1396 3l o (o0 SuilSo wdise

18 1800 rpm
o RS I
S I'req.
12 - 4
o or
g s}
3L L‘ 1" Harmonic RS Freq.
0 o~ Sl e
L 1 n 1 I | 1 | 1 1 n 1
0.0 0.5 1.0 L5 2.0 235 3.0
10 1300 rpm
(@)
sk
RS Freq.
6
o) 1" Harmonic RS Freq.
v 4
-9
2k
0
I 1 L 1 I | 1 1 1 1 n 1
0.0 0.5 1.0 1.5 2.0 235 3.0

/ot (b)
Fig. 4 Frequency spectrum of velocity signal at the stall condition
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