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Influence of Equivalent Prewhirl Radius of Guide Vane Passage on
Performance of Centrifugal Compressor

LIU Tianyi', QI Datong', TAN Jiajian!s, WANG Rui’, HAN Fenghui'
(1. Department of Fluid Machinery and Engineering, Xi'an Jiaotong University, Xi'an 710049, China;
2. Shenyang Blower Group Co. Ltd. , Shenyang 110142, China)

Abstract; Research was done to improve the performance of a centrifugal compressor with adjust-
able inlet guide vanes. The concept of the “equivalent prewhirl radius” of the guide vane passage
was proposed, and the method for improving the performance of a centrifugal compressor with
adjustable inlet guide vanes was presented by increasing the equivalent prewhirl radius of the
guide vane passage to raise the flow efficiency of the inlet guide vanes. Then several improvement
schemes were designed for the guide vane passage of a TR400 single-stage and double-supporting-
type centrifugal compressor, and for each improvement scheme, 3-dimensional numerical simula-
tion was conducted on the flow field inside the compressor with the software NUMECA. The
simulation result shows that when the best scheme is applied, the efficiency of the compressor in-
creases by 0. 6%-2.1%, and it increases more when the setting angle of the inlet guide vanes is
large. This effect can be obtained for both positive prewhirl and negative prewhirl, while the pro-
file and the airfoil of the vanes remain almost unchanged.

Keywords: centrifugal compressor; variable inlet guide vanes; guide vane passage; equivalent

prewhirl radius
R TP O AL S TALPERE, AT TR EEALACE. 3 O 5 i 0 B T I AR

PEC AT B TIRLRRCRE TAIC R X TE AT S AR B R RS
PFRCRAOFAN, I A HE i i SR B oM g LS 5 IS 14 45 ) R 2 DDA D6,

Wk H . 2010-06-17.  AEF RIS XIK—987—), 5B WA B RFE R RN, B 242, 14 S0,
[ 2% H4 R IFTE] . 2010-12-01 2% H Rk . http: //www. enki. net/kems/detail/61. 1069. T. 20101201. 2111. 001. html



92 [ I N ]

PN 5545 %

DRLIHE 38 5 A g Pt ] R g a1 S R
AT o 1500 P AR LAY S T DL R RE.

AR SC i 5 P A Rt S i B PRE L B S S
IHF-38 3 8 JLART RO () B9 56 28 8 ST e e T Y
PR AR BOME S . 312 7 38 o 19 i S E  2  T
Jre AR P i O R 4 LS T AR BE Y BB T
PRI BRI O TR A LAY T 38
it T T 5 R NUMECA Bl bt i i
BRGNS 24T T BUE R B ZE R 5
TR T B B T AT

1 ol

AR 2~y B ] R 22 T St
L5 22 AR ATIE 451 2% UM AE L I I 3R A 1
SRR LAE TR A 48 I A SRR 0 R A
FESEBRARAFHE T HURE A A/ PR AR S LA i
P AR AT A B AR MOk AR . MR
XN

R
M:J " ygrdm (D
Ry

Aoy g UMY A 1) B 3 s - O R B
s g B B AR S R I TE (43 TR
T EBEFT. — M OL T BE 1S Al ) ke Sy
TE LT AR SC LA e Bl I 7E AT CT SCRIFR A
S AU T B T 7 1 =X (D R
DX, T IR Ak 1) 0 T A BE AR R AR R AR
BH Ry Hl R+ 3XAE m=mpv. (R§—RA) , Hrf o Al
v 3 R SR T S I TR B 2 R Rl ) R
in o

fBBE oy oy Al oo YIAE S 3 2 03 A, 2
ARG SN A5 A 0 Z T YA —ErE . AT
SRR (D 22 RS

M = £ .0, (RE — Rip) (2)

bEss pvz:ﬁﬂl vp=wv, tanf fX A (2) I 15
2(R% — R} m?tan
3(RE — Rip) pA

A A=n(RE—Riy) » AR 3 7 I 485 T 1740 308 9 1 .

i R:%&ﬁzﬁwﬁ%
M = mv,R 4)
SCOERWT R OGP L. R L
PRI HE o, e 30005 o A SRR 1 44
A I 24 30 L 05 T S P 4 T K A R

M= 3

http: / www. jdxb. cn

RS 44 3 LR, TR A% SCH R B 0t
S0 L

2 (3) R 7m0 M —E IR TR 5
tang/A T L5 35 010 2% 5 tand R A%
55 A RIS P 0 R BT LU (1 S0 e
RN 7 A A 0 U o ML AR 1
RS BB A S
AN S WES

PSR TRA0O ML 2 1 S
0 FE ML TP 95 X0 2 5 S 30 47 T i
B,

TRIOO FEAHFHLIE 1 50 % %03 3 ) 32 % 2%
o U 1% b AL T4 (i 10
B 1R AL, SRR P )
B A AL Ry =60 mm,Rs=147. 5 mm.

SRR A

%9
\i/

Bl 1 TR400 E4EHLEE D SR = E

-
i

147.5 mm

60 mm

Rs=
Ry=

AR 1 o S o 2 e B A Y S B AR
P 2 PIrs IR S L A SCBET 1 LAkt 5 2.

L, \E 'F S,
Sy \ L, / R
——————
L, J .
L/ = "
Hy —C B
D A4
o
R
G zZ

B2 Sty R s K

[l 2 v, jE 2k R AR U 58 S E I ) N LS MEETE
4k ,504 H,—A—B—C—D—H, f1 S,,—E—S, %%
A ERGHE J R S8 P MR TR £, R il F—
G 546 2 (8] B AE T A e BE 2 S R T R AR 7 %8, B
—CXETFF—GXR,A—BHD—CETF—GXf
FR.ARHEARIE Ly Lo Ly Ly Ry WRs T A R Y
T, Hop HAR PR 3 APy % M21,.M22 1 M23




%3 R SO BN F 0 B L TR A LY RE R B 93
A RSFNER 1 R, i, in. 0.6 out 4 P ERIETAYAL E LI K 0 6 #kifTZ

N T BRI E T7 S R s iR 7 58 2 18] B4 nl B
RCHE Ty 58 v R A 5 L LSRR TR BRI L B SR
SFYY G IRATT RFEAAIR , AU B _E AR T
IR LS AN [ ) e S A AR

%1 Rs=177 mm L, =131 4 mm,L,=107. 6 mm

IR E S €
Uik hsa M21 M22 M23
Ls;/mm 10. 8 15.7 17.8
L,/mm 10.7 68. 6 115.4
Ry /mm 61.9 74.6 84.5
R/mm 128.7 132. 7 136. 2

3 Wik

ASCH NUMECA B4 %8 48 HL R AL 6 it
AT T = 4EZ 1k AT He 47 BP0 8 G BUE B, 4
FARE T RAAPLA AR T o0 MERE DL i 45 2 1Y
PCHERICR.

3.1 HEARZE

HR A SCHRL4-6 T EE A SC LR AR LI T T400
SRS R P AR T  RE Lok A 2 AR RE i 2k
W DAL S B PR AR AL A AR T 0P RE. X RE A AE AR E
LAY AT SEPE  SCRB R R H(E T A A A

ARAFIR T Bl 2R 1 S48 kT R ek
MR AT CRIE A 0=0") VT TE4EHLH I
1R EAE ML TE TAE 5 3 R 38 B 1 I &, P00
FEARHLAY 25 TIPE BE S0 5 [ DU B 9 0 AR TR
A HAMIZAEAAS , DL 0=04E Jy ik 5825 [v) 1F i e
B FIURE 7 Tl AT R A R ARV AR v DN
A5t A B2 B R i ML TR e 2880, AR 1 PE B S 4L
1B (AN H 7 RUERAE) F 3 R B L e ) 28 Tkt 26, B
FEARHLEYIH PR B Hh 2.

D5 BB RS2 Ty 2, 4 AE 9 BN [ A A
F—20°,—10°,0°,10°,20°,30°,40°,50° 60" , X} J&
ARHLR G 7 2800 5 iR HLN SRR S T T 80E
B QSRR A RS R MUAE i R
60 I A3t 1t M Aok 3 kg/s, BE B FR AN T I AR RO
65° A A L » LAME 5 [ 0 7 28 LK.

3.2 HEAERATEESHR

BUE AL AT X Ik an i 3 fros , Horp 6 &
1 N1 20 1) o /A N = BN 1 e 7 LS LR S
TARIEBE B EE R AT Le s, FE T A T R

http: / www. jdxb. cn

[] F6 DR A% 241 A ] L 6 AT 5 out #R 1A 22 J8] | in AR
50 FH Z 18] 9 19 A% $0 F 045 A8 AR ). 7 S 7R
W, 2 T S AR AL Sh LA L 5 PR T S AR
TS 0 B B A5 R LR 2 146 T, T 2 )
M6 TE MR Bl ST =2 B 4 A 1) T R
D7k AT AR B DAGRAIE B 1 | BT A | B T 1E. DL
USRS T2, 5k A Navier-Stokes 75 2 il B 1] i
AT oK A, £ H Spalart-Allmaras Jiii 3t A5 54 1
R 220 VE R B ks . 4R 5% 3 9 900 r/min,
BUE RN 4. 291 ke/s; A BILE IR 298 K,
SR 95 kPa, #F A7 1) Sl s T 45
SEYER RN 101, 325 kPa.

in,out: JH5 XA A T, A
0 it Sup 4843 S s 6. 901 0 A
[ 3 TR400 FAtLiHHE X IR & &l

ARSI FH 34 R 7 Y e AR L R 28 B0
JEARHL N R sh 7 1 2 He e vl 5 A, PRt i
T TR400 JEAEHLAY N TR 5.

4 THREER Kot

HRPFHEAVEAE AL F AL 3 W in 03X 2 4>
I AR s S HCR TR SE O S i R B R0R B
&l 3 7 6. out X 2 ANEH RIS S EOR T R 46
HLI R RES B FEARHLE 1 S () R Sh R R4
HLISRCR (U L IR ih Ze dn il 4~1& 6 B .
N A BT UL AE SR T OGN S SR FH ekt Ty 48 B
PR T HE O R T SRR, B T B Y
TANRCRIE R 2 100, 50 B 5 K R 305 vl 42
1R 420 LA s FEBHAR SO 1 1 T A AT R R A 1.

5.1 6 o Bty SRAE DR UESUE AN
AR [ [R]s s T DASE R PR AR HLA G50, FLrh sl R fe i
77 %8 M21 B RCR$E R T 0. 620 ~2. 1%, B
T BN FUE AR B v R A LR T e A el
SRS T B B RCR.

XFECIE 4 B 5 AT L & B, AR T T R
Jr% M23 BRI T S ROR  H AR bR




94 W% o ol ok ¥ R %45 %
T R EEHLECR R I R AR ML T PR eR e 2CR

IRA BT R I R SR A Rt — 2B A

100

95

B RE/%

1 1
3.4 3.8

2.6 4.2 4.6
FER R R/kgs™
s U E S RN 2
851
801
X
> 75F
¥
&
R0 —— RIRT R
—0-M21
65 - M22
9=60° -0 M23
60 1 J

1
3.8

1
3.4

2.6 4.2 4.6
RR A B/kges™!
5 AR
1.281
1.261
1.24r
R 122t 6=0°
% 0207 —— T E
1.18f -o—-M21
—A— M22
116} o M3
1.14 1 1 1 1 J
2.6 3.0 34 3.8 4.2 4.6
SRR R /kg-s™

6 ZUK LI 2

5 %% 1B

(L) AR 5 B4 REU S 7 8 At 5 - Je e ] LA
P B0 I AR HLAE IE L SATIURE B AY 2 T 00Tk BE.
I+ DB S P A TR i e O TR 4 LR T
PERE R — Pl 1T AR L.

(2) B4R 338 3 114 24 FUE - A2 ] LA A%
& gt 1S I B SR AT B2 55 B TR A LAY
A2 T UL RE.

(3) 3G T I8 3 9 24 8 PURE A2 ] BE 23 AR
FEGEHLE AT CIF O R T s A 1 i — 20 Wt
¢ A7 BE MR — T3 T R » DU A B IR B A ) Rt

http: / www. jdxb. cn

(4) 5 Irt3 3 2% FB A7 1 25 A8 NS 4% i 11 e
AR P RE = A R I 2 e~ A U R A —
AN ER R N R RS SE0E T b A e X S il 2
5 B0 R iU AE T 00 1R BE 22 18] B S R AT TR
FR G AT A T T T R R B R A 4G
AT IR S ) ISR

B 3k -
[1] s, B A AR KA, A5 B Rgaplnl P82t 0 &

WA EE LR LT ] RLEEA . 2006, (3): 44-47.

TAN Jiajian, MAO Yijun, QI Datong, et al. Research
overview on adjustable inlet guide vane for centrifugal
compressor| J]. Compressor, Blower &. Fan Technol-
ogys 2006, (3): 44-47,

RODGERS C. Centrifugal compressor inlet guide
vanes for increased surge margin[ ] ]. ASME Journal of
Turbomachinery, 1991, 113(4): 696-702.

R B0 EEHLE EE LML A6 5T ALAE Dol Rk
1990, 146.

ik S AR TR] A, S, BT AR AR
HEVET TP BE A SR OF ST [ ] 7 22 AW R A A AR
2008, 42 (5): 583-587.

ZHANG Yiyun, QI Datong, TAN Jiajian, et al. Ex-

perimental study on performance of inlet guide vane

[2]

[3]

[4]

with improvement of blade airfoil and cascade solidity
[J]. Journal of Xi'an Jiaotong University, 2008, 42
(5): 583-587.

ik Sz AR IR AR A, A5, 0 XML AR L i
TR SER R T L) ). 74 22 S0 KA 2A 4l 2007, 41(9) .
1044-1048.

ZHANG Yiyun, QI Datong, TAN Jiajian, et al. Ex-
perimental study on inlet guide vane with straight
blade in a centrifugal fan[J]. Journal of Xi'an Jiaotong
University, 2007, 41(9): 1044-1048.

[6] ZHANG Yiyun, QI Datong, MAO Yijun. Experimen-
tal investigation and improvement of the inlet guide
vane with plate vane in a centrifugal fan[ J]. Proceed-
ings of the Institution of Mechanical Engineers: Part
A Journal of Power and Energy, 2009, 223 (A4):
401-413.

COPPINGER M, SWAIN E. Performance prediction

of an industrial centrifugal compressor inlet guide vane

7]

system[ ] |. Proceedings of the Institution of Mechani-
cal Engineers:Part A Journal of Power and Energy,
2000, 214(A2) . 153-164.

[8] SWAIN E. The design of an inlet guide vane assembly




5 33 RNR— 4 - T3 2 B OGR4 0T 880 PR AR ML RE A 521 95

for an industrial centrifugal compressor[J]. Energy 1994, 371-376.

Saving in the Design and Operation of Compressors, [11] TAN Jiajian, QI Datong, WANG Rui. The effects of

1996 (13). 11-22. radial inlet on the performance of variable inlet guide
[9] ARMAN M, ERIK G, RENE A, et al. Novel IGV vanes in a centrifugal compressor stage [ C] //Proceed-

designs for centrifugal compressors and their interac- ings of ASME Turbo Expo 2010: Power for Land, Sea

tion with the impeller[ C] // Proceedings of ASME Tur- and Air. New York, USA: ASME, 2010 1723-1732.

bo Expo 2010; Power for Land, Sea and Air. New
York, USA: ASME, 2010: 2019-2029.
(10] st 3 KALF W IM. JE5T: HLA Tl i Rt

(Umf Gk

http: / www. jdxb. cn



