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Measurement Techniques on Unsteady Flow at Impeller Exit
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ABSTRACT

This study presents the measurement techniques on the periodic fluctuating flow such as the discharge
flow of a centrifugal impeller in an unstable operating region. During rotating stall, the flow at the exit of a
centrifugal compressor impeller fluctuates periodically with a lower frequency than that of the blade passing.
To observe the blade-to-blade flow characteristics during the rotating stall, the phases of all the sampled
data sets should be adjusted to those of the reference signals with two processes, in these processes,
DPLEAT (Double Phase-Locked Ensemble Averaging Technique) can be used. From these measurements
and data processing techniques, the characteristics illustrated a blade-to-blade flow with high frequency, but

also a periodic rotating stall flow with a low frequency at the centrifugal impeller exit which was clearly
observed.

1.M 2 Fsigon, Inoue 57 A gl UFAZ vl
O wole] 4 B TS WMEAA i #2as

ANgrEsle gLo ouFoz oumelz e 3L, Maksoud 57, Pinabasi 5 CFA WA 4F
29: g%0 =) A9H, olgT 459 Fus o BE UF 54& naIE T AHE 7
AE-FRet-wake) FHZ 93 Q= Aoz dejx  AAYANE dHoR F Avold AE-FF AEE
Atk B8 oldd GEe melgd ¥, 2E, AAz L Sl vy g2 Berdgs 9oyl
So) gy o8] wsle Ao AXse) gt P FAugel wRHTh LDVE o8¢ Eckardt"el
AE-3%2 TAYE #5859 FH Dean™e) A7E  A7E AB-FF F5 Fue] dwHQ Ader A
NZoz ge dage B gyl 9u sl gt AL SR, o)F B Agge] Bokards
A48 BusAg Qda 7 45 o B2 o f5de Adas) HA0% 28 1 F Krain®
& ORE JMESA T LDV 98] o]Fo] A ¥ Hamkins 579 A7l old] ofF ok Fejel 42
At AHEEAG o] g AP glo, So Ve W F 7 FEo] BAHAUL Fekardt FFHANE F
A% JAee oz g 7 F%d i & 4R WY FH/F 22F 96l Hamkins®) B2
efolrle eiR shztelel A Uerstth E# Krain

* TP EA T A/KEA o TAE o ATAE 9=y Rl AR AE-F7e

SHIHKL H2A, H1S, PP.81~67, 1999(=2F=21;1999.12.23/1998 SHIIHARNLLHS| LH=2) 81



=8 f5 Fe7t il SN AR
Al Watd = slo] AFEA ol AT A
o Aolfe TEHE JdY 7 £59 F74
wE Axz AztEw w3 o3 giRre o
< AE71Y AYE AFIGE FAE o] FoALL
§E717) deldg T e

W gd Edol=9 IHFHAHTG e Fr]H<

il

-

oL, :_4 rﬁ

2 o 2

4

b
H
Nl
e
i
ko
ot
-3
i3
o
ol
A
o
fu

B AT 4717 Bok AF dgda M3y
o Egol
1 Z24% do|E

=
g Y 52 AASa glon, 2
A

to o lo |t Up
ol
K%
2
-0,

RE OFAE

A 44 &V A8AAY AFEE Fig. 19
et dFAE 598 3718 2o sty
gFA &7 838 (collecting - chamber) & A3
a4 4+ EHd@lenum)dlE 23 gEES A
Aste] FY 37 T o]BAS Ao, &%
A8 e &7 YE Eyo Ay dBq g

ol West g J)ojg AXdn 2YPREES

@ impeller

o) rotating disk

A

@ vaneless diffuser
@ collecting chamber % bearing housing
6) shaft coupling
7) photo sensor(main)® photo sensor(blade
By S

skt

JBY T #F N2 IAF,
deraE g ATEYY] T8 oFoF glo,
o] i 44e 19 9d gHDantec 55P1E ] &3}
Aok 488 27 f% 4L e OFA U+

(/eml0D) FrEhFEe) GNTEDE FHE F 9
£ TYS dAAYeH, URA WY SRR
(eml200) THE AXsel 3FHS FHANBIE
%, YHLES FHY 5 YEE HuTh TF B4
o= B3 NEE HSe] Aste] Ay fEeT

of FANE FAY 5 =S
1

ek 7142 volg HS5el olgHE =aA A
E BN oJa HAER o2 99 Bl Zd 3
ABe AAsAT.

g4 uA £ SHde AAZTZEE AL
Schmidts} Okiishi’’e] 32td Z4w#e 18 @4
Mg o]g3le] 2319 Ao $-&3lich wEkA Fig.
20 Z& AAZZ B ALHe fEuEe iy
Atolo] A AN dHZH(g,) B EZEH HIZH
(6,)& GLdEAAANE AAH 2 (DT 2o] ek
3 megh

a : hot wire probe
b : static pressure tap
c : pressure transducer r/r.

Fig. 1 Centrifugal compressor test facility
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Table 1 Dimensions of test impeller and diffuser
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Fig. 2 Hot wire configuration
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Fig. 3 Hot wire measurement accuracy

o>
}O{l

lo

=il

oz

“

g

i

o

A

ox.

O

3

by

ofrl

= A
Mo 1e Ay

(o3

° g ¥+
344 A oA EfolE-Ey o=

=
A3 2ol F e F714] FA dolEd ¥

0.
olft
=2
2
oo ok o N

mr o

&

oy
ot
fol

| photoelectric oscilloscope
" {riggering circuit | |

|HF i
! hot wire

T )i
HE ol § | waveform
anenometer . LF low pass filter I - amalyzer

computer ‘
i

LF :

! Amplifier |
[

- phetoelectric i
| F triggering cireuit
‘ | pressure transducer | ||
e e =i
hot wire probe = ‘ photo sensor

(main)
photo sensor (blade) ‘\ /
S rotating disk

— .

COMPressor

impeller
» shaft

Fig. 4 Measurement system

9g 27t ek $44 Pdele HAFREE 5
2 pAsgon, o H Bde|=e SAFIE &0
ok, QelA) AR wieh 2o ARA% F/1d T
Sy 23N AEdse olgds] el uFus

Ak TR QS A7) s dHFA W

7F 12020 Al AFspAT E=F A5 A FU)=

Az gyol= 74 Fur Hu Aoz =a
Z 100Hz olde] 1% e AF% % =
(Krohn-Thite 33898 &3 AAsch dde] &7
dAxzHE AXsgen, FHFSEAL] FHAYE
AFn 54 "EE AXA gt o] | Edol= T3
F34E a#ste] 16kHz oY iFH FE2 Al
Atk 4 4719 &% A5EL Bz FY
A g okEE 7189 el Mz 24 steR
ol 9 Uy Fe Aol BANE FH)
of Beol=d F¢d R HHe AAE &+ A
agiek £ FAA 3 EYol= AA AZE S
Azl YA LEIFS oA F AlsAele d
Ejge) ojf ATAAe] TSR] FF ST

AFy T3 EEHE A I Ase AEEA
(Analogic DEXWE)Z gt o W §= AZs F A
Z R ATEA)e] 42 o Add dEHH, §@
Ade 18 AZYHDHL G2 e AHe= WE
HAF) ek zen EYols EYA 415 4 g¥AlsE
77 3% 4 A& AEY grk o]FA AE™E el
T AFHE dgHo] $A AgE AXA At

£ atlMe Bdolze B3 FuE aeEle, 1

)

SHNATL M2, WS, 1990



| oMol o

& A9 B9 (Bns ABIE aRew, AL
% o] Belel= el ol kel Eg7el e
R A% AEGE 09med] 7712 AEY 900

5. HIOlE| X2l ¥ YATTIIY

ZF Adell A Sl 4" 409 A5 E Fig 5l

HeERRATE a9A Eeol= F3 AT(A)E Az
Zo dia) 109 SHA Uk SAE HelHE A
a1 e 5 el SRe AN e A 8

FAE Boly M3jdsst Ade 4Y
o= 100Hz2 delgd §Fy 437
71% Az AREHET g A sty A)d
(auto—correlation function) & o|§, A3
& Fopfar 1 S]] s5o Fig. 59 (D)9 &
AT Aoz & A9 2 HolE #& o A

& dlole]l Tog wHFTh o] uf £
T 2AdR o AY 2R Holy

—

AGE
To=
_cH)J-o]

3 2AYLR)Y oy 2%
= ol AH=E ﬁ}t’i PLEAT(Phase-Locked
Ensemble Averagmg echmque)<13 52 H&std 9
AEd 298 48 4 glvh

| inpeller ore revolution (edk passing sigel)
\

WL g

(B) ‘ 4“5“1‘“‘” “‘h“‘\ H
'
H inpeller one revolution velou;y sgres
© R Y [P

Fig. 5 Instantaneous voltage signals of hot wire, pressure
tfransducer, and photo sensor

SAINAME M2, H1E, 1999

MR 58 Iy

= WA 3R ANHeR BE 298 BojE B
Hol= B3 Aot e s 2gste 3olth of
AL 249 4 &5 AN E g8 o= FY
W gewzlg, dEue ofEd 7E A7 e 2
Aot AL LI BHolt B 4l5s £ NS
Atelele Edlol= Hell A% Far e} dzape)
Zx 927 dheel dis U vk Wz G
A%13, B9 AF ok RS ARCEE I3
o] gkt gtk e 71E AiRe Byel= e
o= "olq A3 HAE BHole 53 Mg ol8e
& 9tk Fig 601A Hiz upeh o] H3jds Ao
da 94 24 71FEQL Q2, QT EHol= F9
W e ged aoles AlZEAZF AT fEWE V)
zog 4L x4 & A5, A WA delE=DelA
= oag, T oA HOE@AME an SHEY A
et gtk kb 4 s e ol#g ATkt
W2 24 Slejof &, 1% A 24& AAL v
& AEYE A &% Adse dEEe 4w
gl A2 §iifel dASH %D} Fig. 614 s 2 p= 2+
7t Edwe EE s el Zlojth

—— hot wire signal (HF)
- - hot wire signal (LF) B pressure signal (LF)

s W Ty

Q

n=1

P

L4t

S—

reference line

—= time

phase averaged signal

Fig. 6 Phase averaging process

85



—= voltage
>

assage

B

lade p
/

l
:
LA

'\'1']"

(a) /b = 0.02 (hub side)

-——= voltage
>

— HF blade passage
—— LF  extended 'At'
B
s
A,Ayn'u“.»,“ \

TV !‘1‘1‘!‘!‘]‘1’]‘! Wv"

(b) z/b = 0.98 (shroud side)

Fig. 7 Phase averaged results

Fig. 72 o3 2 Wog dd4E7] X3
A AhdA gl &7 £5d ¥ =4
(z/b=0.02)% FH$-=W(z/b=0R)lA 272 Z4%
A#E HAF Sk a-A b, z& =
2 HEHE VEeR @ WY AYE

i
Y

Mr e N8
S N
_ELL_%

N HUmR

o

3 - P u

2 gsA ge .
BHE Jdele] wasek] dis) 35° 2 125°

T ¥ H (B 1 ko
2 U o & 2 ¥ o

o

6.4 &

B ATE 9377 294 A5Gl AnAs
53 2o FHY SELES FUG W Bl
7 45 247 A2 P8 2 FHE dolH
449 Ay ¢ AN F e A
AR RTD ZHNES BHE A% DA%
I $ELF W oh)e} Leol=-BHo|=e) WA
A FEE Fho) BIAE AL ¢ 5 A 59
FEPEHNG RN GEES FYAY THo
4 Fgo] BAHYT o|F Tl 4525 A
A QEE &7 ¥ 542 BT 4 dE adEe
Page FAsd ¢ 2 PEe 39 45 5
A= A7 Hgol Asstnz B4 DA §5 3
HE 9 5 9e ez 4ger

3DEs

(1) Pinarbasi, A, and Johnson, MW. 1994, “Off

FHIOAKLD M2, 1S, 199



de] F7oiMe vlEe 75 5H 7Y

design flow measurements in a centrifugal
compressor vaneless diffuser,” ASME Paper No.
94-GT-42.

(2) Krain, H, 1988, “Swirling impeller flow,” J. of
Turbomachinery, Vol. 110, January, pp. 122~128.

(3) Dean, RC,, Jr, and Senoco, Y., 1960, “Rotating
wakes in vaneless diffusers,”
Vol. 82, pp. 563~574.

(4) So, RM.C,, Otugen, MV., Baban, F., and Hwang,
B.C, 1990, “Phase-averaged measurements of
unsteady flow in a vaneless diffuser,” AIAA ],
Vol. 28, No. 6, pp. 1038~1044.

(5) Inoue, M., and Cumpsty, N.A., 1984, “Experimental
study of centrifugal impeller discharge flow in

J. of Basic Eng.,

vaneless and vaned diffusers,” J. of Eng. for
Gas Turbines and Power, Vol. 106, April, pp.
455~ 467.
(6) Maksoud, TMA., and Johnson, MW, 1989, “Stress
within the vaneless
diffuser of a centrifugal compressor,” J. of
Mechanical Eng. Science, Vol. 203, pp. 51~59.
(D AH3 A3z, £9A 1998 “98 g=7) 49y

tensor measurements

SHOIIKHE e, M1, 199

9

(10)

11)

(12) ¢

13

7 50 B3 294 4P, FN2HYFT
3 =24 ) 104, A 43, pp. 483~494.

Eckardt, D., 1976, “Detailed flow investigations
within a high-speed centrifugal compressor
impeller,” J. of Fhids Eng, Vol. 98, pp. 350~402.
Krain, H, 1981, “A study on centrifugal impeller
and diffuser flow,” J. of Eng. for Power, Vol
103, Oct., pp. 683~697.

Hamkins, CP., and Flack, RD., 1987, “Laser
in shrouded and
J. of

velocimeter measurements
unshrouded radial flow pump impellers,”
Turhomachinery, Vol. 109, pp. 70~76.
Schrmidt, DP., and Okiishi, T.H,, 1977, “Multistage
axial-flow turbomachine wake production, transport,
and interaction,” AIAA ], Vol 15 No. 8§ pp.
1138~1145.

AGE 199, “dAISEE Y ME S B3 A
A A7, vhabere) e, ghbr Sl
1981,
aerodynamic and turbulence measurements in

Lakshminarayana, B, “Techniques for

turbomachinery rotors,” J. of Eng. for Power,
Vol. 103, April, pp. 374~392.

87



