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Abstract: In order to analyz the flow mechanism in the half-vaned diffuser and further improve
the working performance of the half-vaned diffuser, the research was conducted on the flow char-
acteristics of the half-vaned diffuser in the centrifugal compressor at different blade heights and
positions. Based on the research, the tilted half-vaned diffuser was proposed and its flow charac-
teristics in rotating stall were studied. The three-dimensional computational fluid dynamics
(CFD) method was used to simulate the whole operation of centrifugal compressors with different
diffusers under steady and transient conditions. The results show that compared with the half-
vaned diffuser under design conditions, when the tilted half-vaned diffuser is installed on the hub
side, the total static pressure ratio and total static isentropic efficiency are increased by 3. 80%
and 2. 74% , respectively, and when installed on the shroud side, the total static pressure ratio

and total static isentropic efficiency are increased by 0. 82% and 2. 11% , respectively. The results
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show that the tip clearance flow of the tilted half-vaned diffuser can dissipate the energy of static

pressure fluctuation in rotating stall, and the fluctuation amplitude of static pressure in diffuser

passages can be reduced from about 50 kPa to about 10 kPa. As a new type of diffuser, the tilted

half-vaned diffuser proposed in this paper has better performance than the half-vaned diffuser and

has a good application prospect. The results in rotating stall conditions can provide an important

reference to the flow character of tip clearance of diffuser blade in flow passage.

Keywords: centrifugal compressor; half-vaned diffuser; computational fluid dynamics; stall
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Fig. 1 Schematic of centrifugal compressor
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Table 1 Thermodynamic parameters of centrifugal compressor
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Table 2 Geometric parameters of centrifugal compressor

S8 e

TR DB Ry /mm 7.1
H-F A H I b /mm 10.7
M% T 2ER R, /mm 32.2
A RS by /mm 3.0
A O LT S B, /() 40.0
e AL 2 13.0
PR A A B 2R Ry /mm 36. 8
P JE &% = BE by /mm 3.0
YEREM A A DL B/ () 21.5
PR AR A AR R, /mm 43.2
PR A 2 14.0

R

B2 B0 R4 P M

Fig. 2 Computational mesh of centrifugal compressor
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Fig. 5 Schematics of different diffusers
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Fig. 6 Performance of centrifugal compressor (hub side)
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510 1

K TR B OE A5 <20 g R g X S A BIL U Sl B R TR A E(EL AT 93

(a)q, =0.336 kg + s ! (b)q,,=0.564 kg + s !
B 10 iR A N IR S IE
Fig. 10 Flow behavior inside the vaned diffuser

0.8+
i
IR
2068 g
=z 0.9
%0'4' +08
=02l 0.7

Tl =06

O L i L i
20 -10 0 10 20 30 40
il ()

(b)q,,=0.564 kg + s !

SinA/ ()

(a)g, =0.336 kg s
B1L P v i T 9 0 0 A o A e B D

Fig. 11 Flow angle alongside the half-vaned diffuser hub side)

1.0 1.0r

0.8 . 0.8
i < i A
%HEOG* hb'b;] & fiE 06k hy + by
= o 1.0 ) Fo o 1.0
1ug o
= o 09 = o 0.9
utu0,4- s 08 51?0‘4- 508
’E—.OZ- = 0.7 »EOZ» v 0.7

: 06 < 0.6
XS o

o ,
) 0 Sl Y
(a)q,=0.336 kg » s (b)g,,=0.564 kg + s !
Bl 12 kit v i s SO A o A e s mD
Fig. 12 Flow angle alongside the half-vaned diffuser
(shroud side)

0L "
=20 -10 0 10 20 30 40

K13 IR T2 it 7 R e B AR A SO A
¢ N 0.366.0.564 kg « s ' T.0 R ¥ TE % 7 18 4 Y
R A3A  B 14 JEIR T XTI B AE B . R T
FERS BN AP e R AR /AN TR P g
Mt B TR ) A 2 e i T ] B e R TR
TR G X RSN AT A G TR AR R T2 A 253
B, By 1Ay s it — 2P R, MR T
I Y= S R R 0 A T R N S i)
WL ) 117 2 2o it T2 8] Bt , 5 = 42 R A a2 U I
[ B R e . 815 JBoR T2k i i RS 4%

http: // zkxb. xjtu. edu. cn

BEAERE M N, g, N 0.366.,0. 564 kg » s ' T F 9"
JE A8 T PN R B A3 A L TR 16 J R T R Y I Bh
Bl o X TR REAERE S M 2 i TR AR YA R
g IR A R =Y O R R TR i
W& AW B sl . M7E/ N oL, H 540 %
FERC R A 5 i R 3 AR ROR 2L

0 35 70 105 140 0 40 80 120 160
S /(m - s™) WE/(m - s™)

(a)q,, =0.336 kg *+ s ! (b)q,,=0.564 kg + s’
13 P i s R = B S £ e a D
Fig. 13 Velocity contour and streamline inside the half-vaned

diffuser Chub side)

1 T ] R B
Q\f‘“ ~~

\ \ Iq;
ali— SV Y

e
.

(a)q, =0.336 kg *» s !

Bl 14 m it R RS N sl B G A D
Fig. 14 Flow behavior inside the half-vaned diffuser Chub side)

(b)q,=0.564kg s !

0 35 70 105 140 0 40 80 120 160
WUE/(m o+ s™) JE/(m - s™)

(a)q,=0.336kg s !
B 15 2@t By RS P = R B 4k e zE D

Fig. 15 Velocity contour and streamline inside the half-vaned

diffuser (shroud side)

(b)g,,=0.564kg+s '




o1 LR

PN

857 %

=
—+
App

E TR

LT
=
e

(a)g,=0.336kg » s !
K16 2 R A% iR sl o e w2 D
Fig. 16 Flow behavior inside the half-vaned diffuser
(shroud side)

(b)gq,,=0.564 kg » s

e Ab o TE AR 2 5 R A kT 0 )
U2l 55 RS A 5 R Y 23 B S AR [RE X
AR LA L e T M B LA 5 5 3R
0 T A g B H T o T 23 A2 B I T B O 3l A
FCdne i JUART 22 2% A9 B2 ol R i 0L R T 1] it
W E R E

3 RREEM R g

3.1 BEEMRT EROBEMERE

RREREM R Y RS E 17 R BREE A
JEAS W/ T R win gk B B N TS ot R
B AEARSCOP R m R YR AR AT R
JE 7% 56 BE I 80 %40, I VY U AH 2 R 3G L 5 St R
YRR SRR 95 %0, B hy /by SN 0. 80~0. 95,

gl Eics 4l

K17 RREE R R s B
Fig. 17 Tilted half-vaned diffuser

B R R 28 Chy /b5 SR 0. 80~0. 95) 54
o) 2 A R BN RN S 55 07 2 = i g T R AR Chy, /by
=0. 90 MPEREXT FL 1 18 Fras, FERHF T T,
ML AEAERE BB L A AR E R RS AR T
P2 i 0 B 0 R ML A B R L LB
R SCR A LT R T T 3.80%0.2.74 %, Y
B AERE T M B (R R i T e A A A T
R E R A B0 R 4R AL 0 B R B L R
ORI KRBT B 0.82 %0.2.11 % . AHF
3 2% Chy /by 0. 80~0. 95) 5 F " JE %

http: // zkxb. xjtu. edu. cn

TGP R 25 B PR RE AT X e L I 19 Bk, M T
i R H A% (T AR i i A TR AR A
FVES 35 M A, B0 R R ML T AR B 308 K T
3.10 %0 4. 55 Yo, MAE/NTL I A E T B0 R4 AL
G rp il AR BT R AR 0 RIS T O R YR
i T AR LU WS = T A R R AR

2.1p 80
201
3 19¢ B
= =
l—*ﬂ 1 1= 65

°-0.90(
17 =090
*0.80-0.9

i) ik 0ty

s - 0.80-0.95

LOF  =0.80-0.95(5¢ 1 1) S50 0.80-0.95CE i )
1.5 . 50— — -
0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.30 0.35 0.40 0.45 0.50 0.55 0.60
JFE R/ (ks RETE (kgs™)
(a) WL R H (b) B A5 R 0%
18 #bEmmt Y s S5 EE it Y R4S by /by =0. 90
B M BEXT Lb

Fig. 18 Performance of tilted half-vaned diffuser compared

with half-vaned diffuser of h,/b; =0. 90

75
X
N 9 M 70
o hy* b &
?_l.x 4].‘00 3 __T."_)S & 1.00
;D“f, o 0 i e 0
217 F OO0 0.80-0.95¢5% 1)

o 0.80-0.95(4¢ 1y
1.6F = 0.80-0.95(5 % iy

T gs| = 0.80-0.95(5E 1)

50 1 I
0.300.350.40 0.45 0.50 0.55 0.60
REiE/ (kgs™)

(a) B i K E (b) #4500
B19 #Emm Ay RS Ay RS, B3 K 4w
X

Fig. 19 Performance of tilted half-vaned diffuser compared

1.5
0.30 0.35 0.40 0.45 0.50 0.5 0.60
IR E R (kgs™

with vaned diffuser and vaneless diffuser

3.2 REEHREYERAEBISREFE

H T SRS AR e A I B A I R
A A ) S 246 BIL TR 4 90/ I DA SR ALy )
AR A0 A RS O A R S R AY
FEBERE I . THIA A 1 SR AR AF S AR S B R 45
— 30, T A BN I TR T T R R AR
B A RN R SRR R Z T (RN T2
0.3kg s ) IHH Ll Ja — 1B SO i 7 45
RNHME . B HME B O TR 4 HIL G I P T
Wk Pro ~ P G J8 1) AL B 93 A (Pos (P




%510 4 K B A 2 R TR AR O TR 4 LT S0 R A% BUE F 5 95
P4.1 \PS.I ~ P5,14<?§J§Jm1ﬁ§ﬁ%ﬁ)\Ps.l ’ ﬁnlzl 20

Fin. FEBESIES G R, Y B0 R 4G LR N A
R A D e S Y S % 0 sl B SR S
FFHE U s 2 S 5 — i ) H e e B e 1 12
JEWE Ry 25 B AT 5 T

BEAS BN ] A5 Ky 0. 01 ms, 5545 R EB AL 20
U BRI R e e — JE 4k 120 b AT, A
P A 2 TR ) S0 A T Bt 0 Ry T B MBI, I Bl
SUE BT 1 440 2P O 12 J&D 45 R #4750 .

Bl 20 B0 R 4 AL P R I A
Fig. 20 Positions of all pressure monitors in

centrifugal compressor stage

Xf T2 B AEHE B R i R i R AR B 21
B TP AR TE A T Py, ~ Ps.y, W00 A5 34 W
I JE A3 AE R 1 734, 3 Hz #8545 5 K45 HAH 4D
A 5 A A A 7 22, R W e 4% 0 1 o O
KIEBE A 1 iE# R AT . e R e T
P He A% R i TOU ] B U Bl AR e U P AR U
Je o) T S ] A AT DT A B 4 I T
L E 22 R,

3469 Hz 10 832.9 Hz
50 1 7343 Hz
< /1 ll |l Ps14
2 40 I I 1 PP5,|§
= I | P12
i / A Jpsn
iz 30 yimwan |-
s yan L I P39
R i -
20 /1 1 | ST
= iwwa s
™ /1 I I 55
10 7 ] PPS,A
| | p 53
R S P
0 1 23 45 6 7 8 91011 12>
A /kHz
21 Bb s P e A 48 A0 A B B R A T A
M # s
Fig. 21 Pressure signals at inlet of tilted half-vaned

diffuser at hub side

http: // zkxb. xjtu. edu. cn

0 40 120 160

80
U /(m e s

[ e—
Ar=0.2 ms

B 22 bl R 9 A O R 0. 7 Y TR 5 R
RN

Fig. 22 Velocity contour at relative height 0. 7 in tilted
half-vaned diffuser at hub side

Xt T 22 A e i O AR e R T R AR TR
A UL IE HT R E S B 23 iR, H Psy ~ Py
JFe M 00 a5 2 ) A 46 ) TS 5 A7 A R O AR 07 22
WA 24 s . X R WIAE YT TR 4% i R A7 7 4L 8 e
Ferl g R % sh B g . BRI B 8. X Bl AR L
ZEFR NI HE AL B (4 7 ik AL SCHR (25 170 AL 5 30
TIE e rh o ke 2 A3 24 O i P e A 0 % gl I Y B
R AR L RE R B IE | B 37 G T A 330 I T P 8
Lty 28

3469 Hz
2637.1Hz 8 188.8 Hz
50, 10 832 9 Hz
Jl.l |“1 Ll il ll Psm
%40» 4 VA Y ) — A (—
= { 1“1 | Ll /llL / [,s,?.ll7
230 (YA 71 -
= (VT AL p_359
[ Y 1 W AN 1 P, 58
%20 LT 1L 1 p ST
E 1 Il 41 A p. 3o
ol AT 71 L p.ss
H TR I Al 1 PS4
o W AN l P53
i NI U T Lo 1 Jp 52
0 1 23 456 7 8 91011 12°
B /kHz

23 BE R R A A S U A R A T A
H#IEfES
Fig. 23 Pressure signals at inlet of tilted half-vaned

diffuser at shroud side

B 25 J7R T Rk i i R 7 TR AR X R 0.3
Ak B ERE 2 B o I A T Y i O AT T A
i T ) it Ak ) U EL 44 T 2 G v T R ARG 3 5 5 114
UYL TR S RS WA R G AN R o R E TS
e N0 A T2 90 T R — B R T R A i 0 A 9 e T




96 W % oz M

PN

857 %

My v v v [
EEE RN T
wp b e
i I‘cl'. ‘‘‘‘‘‘ <;7.
Sop bbb
e L T T T T T
S T T B
1':/2.““(5‘\‘I L d
IR
- . .
0 n/2 m 3n2  2n
JE ) A

Kl 24 FREpEE Y G E 5 5 M s 4% il A C
FEAG 5 AL 22
Fig. 24 Phase transfer between monitors at inlet of tilted

half-vaned diffuser at shroud side

SHE S 2 g I R R AR 2 A e A 0 R G e T ]
BT A SO0 A B T A AR 43, OF N BE X
UL A A B BELAG AR T 24 R e T R
PEAE 8 T I AR DLW AR S o K AR T O AR E /N
APETR S ZEAAE B O TR A ML N B S5 000 A9 AR
47 s A FLAT B 5 0w TR R SRR T L B0 R Y
SRR

|-
0 40 80 120 160
MUY /(m + )
N AN \
N N\ -~
N \ A
Y B B B \
) . |
| ’ )
, / /i
4
—_
Ar=0.2 ms

K25 FbEEH Y RSN SR 0.7 MEE =
[ (5 2D
Fig. 25 Velocity contour at relative height 0. 7 in

tilted half-vaned diffuser at shroud side
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