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Experimental Investigation of the Unsteady Discharge Flow
in a Centrifugal Impeller with Splitter Blades

JIANG Hua'?, GONG Wuqi', ZHANG Wei', XI Guang'
(1. School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China;

2. School of Energy, Xi'an University of Science and Technology, Xi'an 710054, China)

Abstract: The discharged flow characteristic from an unshrouded centrifugal impeller with split-
ter blades is experimentally investigated. The effects of the main blade and the splitter blade on
the unsteady flow quantities are analyzed. An X-type hot-film anemometry is used to measure the
flow quantities at the impeller outlet and diffuser inlet in three spanwise positions. The result
shows that the difference between the splitter and main blade effects on flow becomes most signif-
icant at the mid-span position. At the impeller outlet near the main blade wake region, the radial
velocity reduces by 62% , the tangential velocity increases by 2%, and the absolute flow angle de-
creases by about 8 degrees, comparing with that near the splitter blade wake region. At the dif-
fuser inlet, the difference between the splitter and the main blade wake regions is still visible
though it has been weakened. The base frequency of the unsteady flow is a main blade or a split-
ter blade passing frequency. The base and second harmonics exert dominating effects on the un-
steady flow. Reynolds stress levels in the discharged flow from the main blade are higher than
that from the splitter blade. Especially in the mid-span region, the Reynolds stress difference rea-
ches to 68%. The absolute outflow angle changes more than 10 degrees in the spanwise, which
indicates that separating or rushing loss may be produced in the present two-dimensional vaned
diffuser, so a three-dimensional vaned diffuser seems to become necessary.

Keywords: centrifugal compressor; unsteady; radial gap; hot-film

Wk HL: 2009-03-22.  AEFfIN: LA o WA B RN B g M AERIR. BeETH. ER
B SRRl L4 % T H (50725621,50676072).



94

ZAR L AR IR R RO R R RE W R A M SR A 15

H T O A 25 R R B0 48t O 3l
PEAT T —SE SRR ST, Horr Tnoue 55 A HA 22 %
ELOM RS L AR A I AE ST T A8 %
46t H 337 (9 52 0 L Pinarbasi® SR BT T
B EARHLIT 3 # A  = 28 . Gaot™ R
ERHIETE T R s DR A AR E A TR 8. B2 i
SESLIG BT A SR S TE T Xt AR i
Gy R i o A R] RAs N2E B BHLZE
SR T RS R R O O R AL P A 2
TTZ R, 1992 4, Miyamoto 55 A ] T AL
BEXFA 22T A O MR N R R St AT T AR
THEN T — LA 45 IS5 IE 5 XU BB A5 N5 % o3 i i
P B B O e LA T T BB 2 b 1 2%
YL R A RIS e o7 R AN [] ] 1 5 8 ) TR LA =
AEREVE T BB RAERE R . HRTRE PR T —
BEXF 3 RIS L AH R 22 2R R B EAE L, 5
BT FERL /D TR XA b B AT A5 v H £
AR O AR S AT W ST A0 W) B e e o A
SE T EEIEAT o0 AT+ ] LG B 0 G v R X
M A E H A Sl B R L AT A s AR Y R
B3 RAFAY TR R E 14000 B o TR i AL RS (AT g
St HcH. S kg AR SO T X B IR X i A
AR W s T O 5T AR R T — L M E A S g
gER.

1 S B ML T ik

SIS AE VY 22 S KA MU [ K Ll S g
F B0 R ZE HL B AE T TR 5 I A R 52
e B BT, SR o — P 1.5 AR B
O EAEHL H A5 W] 2 b SCHRL7-8 . R 4a Pl ek
HE T R R A R e 2 AR —
A =TI O 5 A 20 SR A
H 10 AR arimmt B, 5AR 796 mm. ¥R a4
13 ANEAIN: 5 P R AR i By 2228 /oy 17°, i
FISA 15 AN AR 1S i 23 U mg 2 A
U 1 ST W NS (e S L PV P M ol {8 2 T
A 3 100 r/min, JiiiE K 2. 6 m?*/s.

K1 gyt 7Tizscsm & i S ik vkaeth 2, b3
A AT RN $=0. 185 By T N A TR,

e F MR T4 T 58t 1 QS D R
JeAwt QU 2) B P42 ) o7 B e R A 1 ok
WLEE S Y F1 A 3 28 AR 17 0 e PRI AT 2 SR WL
P AR A I sh 28 A DL AR BT A X P AL Y
3 AN T AT T AN A0 A B3 Al e £

0.81 1.13
0.78 1.12
= @
0.75 1.11
0.72 L L ] 1.10 1 L )
0.10 0.14 0.18 0.22 0.10 0.14 0.18 0.22
¢ ¢

(R 7 bl ¢ 17221 () JELE e il ¢ B2 1L
1 SEm G SR RR i 2

10%6 .50 Y% 90 % i 5 Ak,

SR IR SRAE B AR e P o )
I 5 BEAT A0 3, AP BRSP4 T 2 400 A By
1 9004MT 55 » A F 2 400 ANIF48 47 B AR b5 o
P, A SCAG T 52 30 AN i 2 PR an R . S
E150; Bl R 0. 67 di i 3R B 42500 s BREH
BHoH10.1 mm.

2 SEERERITHT

2.1 EFHEEMHRIEZESR

& 2 Sl 1A AN [ e s Ak Bl B 1) 28 £k O —
AN R g e JE IR A — A TR AR bR s B 2/ o) U
— AT AR o, /ue I e /ue FNLERT ¢/
wy) FIAH I ) T 35335 (&1, o] LU W v 7 1) s AR
Yo BN A BT YR S0 i B AR 0 s A
r i) i iR Ah 2% A 1 R B i LRI O R A
EEV- X5 3t LT 5 AR i) i 3 Ah AR AT R
K FAES BT i ad DX BT 3. S0 o3
AT s SRR RE T L SERR SR T TR IR YT
A5 3 55 00 R ARAT BB e Ay B 7 I S MG 5
L[] B 400 3 ol 30 28N 37E 80 7 2.

HER 1Y) 20 AN e 10 Ao it By AN
g3 MR o U i B — RO R s R R ) =
1033 Hz, X4 F 0 Fr 3 it it B — kit i
Wi f,="507 Haz. A& 3B o 1 i) D 335 K v, /]
DVE AR BB LL f2 R (— B SRR
HZBrds £ 2B, & T 20 LA B
SZMAAR /)N

FEMFASH O 1020 i ik, BRIl /1 P2k
(RS R K s JEEATT R LAt T vy B O ) 5% M o 37
BRI #E 50 Yotk , B DE £ BT AR
ST SR B W IRE BEART £, X637 3l Y 52 0 22 R, AN
REZI s 76 90 %0 Iy Aab, JEA £ JIF 7= A 1 5% i) A
TR Hem B il e e 7= A 1 5 ma AR /0N, ] UL, 7 # 55 4b
FE M5 AU X6 3 R i 2 3 AN K, Hh R



16 [T ] E 5 43 %
bR FRUREI A S B2 B DL A B (NI, S0t AR HE T B 11 i
00 VAR AMCH BRI TR, IR R EIRE SRR I R PP 2 10 B 7
S SRR O A ST M BRI E 260055 ML 3 5 T LATR i 2 10% 0
. B B £ BRI SRR 1E 50
N s RAL I £ 7 B0 R BT = i

04k — 10%M = 4k

- == 50%M & 4k
----- 90%Ht i 4t
1 1 1 J
0.2 1 2 3 4
t tl'Oll()r
(b)Yl
1.0r

's'0.6f
L T iR P ELLE LT
04k —_— IO%D‘I'IEL
: - == 50%M & 4k
----- 90%n 5 4
1 1 1 ]
% 1 2 3 4
ttl‘OtOl‘
(o) 4%}
161
14} 10%MH & 4k
- fi
g l2p ! 5000 5 4b
Zoop
2 8r 90%u+rs]5<t
E 6
Q.? 4}t
o
ol
(D IR

P20 Ik 1 A AS (] i g ) S8 28k A 2 5 i ]

P 3 Sy A 2 B9 AN [R] g Ak 1 S 4% o JBE RIA 7
(SR P Al LAFE H 51 42 1 1 i e A A AL
G IS O AL BEAARTR] L I BB > AU Rl
B [ BSEMAATISRAR B - i T B DAL i) I

W 1 XA SN PSR X B /) AE AN RE 20 5 £E 900
WF AL HEAIT £ FT 7 AR BR R RATE AR FT UL T HE A% v
IR P2 0 L 7T 2200

o-6r — 10%M &t
- - - 50%M & 4k
04F 90%Hmt i &b

1
& tmtor

()12

W&y — 10%M & &b
' - == 50%HM = Ak
----- 90% M 7 4k
0.2 1 2 3 4
ttrctor
(DY m

S0l — 10%M & &b
: - - - 50%M Hi Ak
----- 90%H: i &b
02 i 2 3 4
ttr_oltor
(o) 2%t
N10 10%H 7 4k
s
J6 50%”f'ﬁ15t 90%0 i 4t
§ 4
: /
Q., (2) J:zl : le |f1 fb__fl
f
() Py

B3 DA 2 AbANTR] g A S 1405 B A )y 4 i ]

AR v (] g A R AU R 3 )
SRR 18 2 391 B R 30 i A0 0T ARG 450N o T i
rey AR A Y 11 FE e R X G A i A R X A A
16 2 E /N 6206, Ul ) LR K 200 s (64 T Ak



94

ZAR L AR IR R RO R R RE W R A M SR A 17

W2 AT RS (LB e 4 RS He 43
I H R () PRI FE A 1754 DL A 44,
IS iy VR AR 1, o T o BRI 3850
B LU FE AT TG P G R
B TF IS LR MR 5600 B9 TR 1AL 3 5
a1 T 50 AL 3 0 3 5 9 HE RO
2.2 miREENEEN IS

P4 2 T 1R 2 SRR 9 —
MR B ¢ o RO WL S el /. AE 102
50 94 BiAL  BEIER ) T 1 EE54 th B O R IX
05§15 P10 S F DK T L 90 6 1 5

12r — 10%M & 4t
- - - 50%M B Ak
ol LT 90%HM- 1 4k

-1
1 rotor

Ca) I A 1 s 0

9
I S AN = Sy
Ta
3 o
o 3 — 10%H E Ak
- - - 50%M & &b
. S
0 1 2 3 4

tt}

rotor

()M x5 2 i it 588 52

0.67 — 10%0t R4t
- - - 50%H i Ak
0457 90% BAL

0 1 2 3 4
t't;oltor
(MG 1 FHUENE S
0.4 — 10%HM 7 4k
RS - - - 50%MH Ak
" 02 T 0% b
e N ,3 I~ A\
2‘“‘ o i N
< &
0.0 !
0 1 2 3 4

(D& 2 TR S
P A AN [ g Ak i L 56 A0 75 5 1L

WIAR Bz, F20 i XA e DX R i ) 22 AR
TEE 6 M F, 3T o M0 g5 K TR U N ) 22 Gk B T
A2 v Al b 22 A BN T 6826, I A MIGAE) T
1526 LA b B0 R gt 11 3R 2 SR 9K B 5 L g
REAE T
2.3 EFBHBNRIIBEIE

P 5 45 T A [ I 5 Ak B 5F 3 4 53 3N A o
GE SRy i sl 75 a1 5 (8 J Y 1) I £75) 4341, 7T L&
TEM: 7 Rl A E LK, 4 0 ol 20 3 Rl 5
T AL A [ o S A e 28 o 5 o o] 301 12 246 %o ik 20
FF1 B0 (R B 5 T o A R AAR Y. W v 5 1] DA
5 BN ES B S AN S T TE 90 Yo i v b GUE 24D
2 WL A AR R B/ )N o PR TG I A B e 2% 32 11 B
JEERAR. FE R R Xl AR LA R R X
i) /22 A NP XL e T 3R 1) = U VA N e L =
DX LA S S R R R Sl DX
2t %o i ) £ 26 AR A v ] i v Ak i R R XA
Zd K IRF 8T BB RGO E D AR
FEi A 22 27/ A R AT e AR AL R B R
Hent 4 Ak i o B AR R X SRR R A
B ERTF =Y Y A

— 10%H & &b

30 - - - 50%M &b
----- 90%M 1 Ak

20
< 10
i3~}
OF S
_ J
105 1 2 3 4
t'troltor
(MW 1
30
20 NN
~ T 0% A
< 10 - == 50%HM 7= Ak
L T 90%Ht i
(1] SRR L RN
_ 1 1 1 ]
105 1 2 3 4
tet7)

rotor

(b, 2
L5 AT i s Ak Y45 4 X6 3 £ A

3 45 it

ARSCAE T XRS5 1 1 AN s g 2R A
[l i Ak B AR SE A S AT T DR B LR
ghie.

(D) i T 5Bt rh 2% 08 1 T a] B2 1 555 A 52



18 [T S N ]

E 4

543 5

Wi, RO 1 S TR AN RE ), SR BBt

Tk HL
OHAEE # 8l LLE 7 8 i i — ot i

T A A A8 Ay HEATT , BARUR G — B i ) e E A

T 2R EL IR s AR .

(3) Hp{a] i g Ak 3 i 0 I X AR E I
B2 Y 22 5B RS 1 2 R X L A
- 0 IXC 4 4 i 2R 38 2400/ 620, 1) i 38 6 R
200 s FEY He ik 1 7 25 22 305 BT ol iy o E M i R i
DX Hb 433 R 320 X A A8 1) S 8 /N 17 06, B ) 3
JBEW/IN AV A A

(4 FE It R 5337 i i gl DX R I 22 53
BT W 1 0 v ) I g A i K B A B 7 ) 22 931 3
T 68%.

(5 W2 1 10 3 I 02038 I O 80 DX I 4
VLBl A 2 R 7 T [ g Ak i R DX 25
R IRE 8L L B s gtk 1 3 © MR, A
2 27k A,

(6) it M e A2 Al 24, i 10%, SR
Hemt Fr P Heds i 23 B9 AR 0K T BEXY 23 BOR A b
BT = GEn T A
[1] INOUE M, CUMPSTY N A. Experimental study of

centrifugal impeller discharge flow in vaneless and

vaned diffusers[ J]. Journal of Engineering for Gas

Turbines and Power,1984,106(4) :455-467.

[2] PINARBASI A. Experimental hot-wire measures in a
centrifugal compressor with vaned diffuser[ J]. Inter-
national Journal of Heat and Fluid Flow, 2008, 29.
1512-1526.

[3] GAOLM, XIG, ZHOU L, et al. Experimental and

computational investigation of a centrifugal compressor

[4]

[5]

[6]

7]

(8]

[9]

stage[ J]. Journal of Power and Energy, 2005, 219
(1) 25-33.

MIYAMOTO H, NAKASHIMA Y. Effects of split-
ter blades on the flows and characteristics in centrifu-
gal impeller[ J]. JSME International Series: [[ , 1992,
35(2) . 238-246.

X AR R B AR M o X R LM RE
fRemaL] ] TR B, 2004, 25(2) . 223-225.
LIU Ruitao, XU Zhong. Effect of blade number and
splitter blade position on the performance characteristic
of the compressor J]. Journal of Engineering Thermo-
physics, 2004, 25(2). 223-225.

Tg s, e EEAE . S BB A RRE O A R
G BAEMTTELT . VU ESSE R oA, 2007, 41(1D)
1275-1283.

WANG Baotong, ZHANG Chuhua, XI Guang, et al.
Numerical study on internal flows in centrifugal tan-
dem-blade impeller[ J]. Journal of Xi'an Jiaotong Uni-
versity, 2007,41(11):1275-1283.

ZHOU L, XIG, CATY H. Experimental study on the
influence of diffuser and inlet guide vane for the per-
formance of centrifugal compressor[ J]. Experimental
Techniques, 2008, 32(5):26-33.

I A T I Sy (=N I S S e o A S T
MSERFFE T, P scil R g 224k, 2006,40(9):993
-995.

XI Guang, ZHOU Li, WANG Zhiheng, et al. Experi-
mental investigation to combination of simultaneous
adjustment to inlet guide vanes and diffuser[ J]. Jour-
nal of Xi’an Jiaotong University, 2006, 40(9); 993~
995.

JART. B0 AL N Bl /FAR T 3E 58 W 3 B S
LRGSR D], V9% . VY238 E R AR IR 5 3 ) TR
B% » 2006. (i A

[ FI#8 5K sc ik s 4 ]

SR X Z A B3t B o Rt e Bok. % 3B K AR, 2009,43(6) : 123-128,
B vH b JUAT I T 3 A B PR AR 69 R, T % 38 K 5 4R, 2009,43(5) : 46-50.
BEIILe B S RAUA AT R, 8% a8 K5 F4R,2008,42(9) : 1117-1121.

B b ib il ik A BT RPERR A R, T % 3B K F 4R, 2008,42(7) 1 807-810.

B REGHIB R A6y o RS, B% a8 KSR, 2008,42(3) : 273-276.



