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Research on one-dimensional/three-dimensional coupled modeling for

seal and cavity flow of centrifugal compressor

TANG Yonghong, XI Guang. JIN Zhihong, WANG Zhiheng

(School of Energy and Power Engineering,
Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; In order to reduce the modeling complexity of the centrifugal compressor
while ensuring the numerical prediction accuracy, a source term modeling method for the seal
and cavity flow of the centrifugal compressor was studied based on the one-dimensional seal
leakage calculation instead of the complete seal-cavity modeling. The results showed that the
simplified seal and cavity modeling based on source term method could accurately reproduce
the overall performance and key flow details obtained by calculation of full seal and cavity
modeling, allowing only to impose the boundary conditions of leakage mass flow, total tem-
perature and friction loss source term on the mainstream channel modeling. Compared with
the complete modeling, the absolute deviation of the isentropic efficiency predicted by the
source term modeling at full operating conditions was less than 0. 65% , and the relative per-
formance deviation of the total pressure ratio and the isentropic efficiency was less than 1%.
The method could reduce the number of meshes by more than 50% while meeting the accura-

cy requirement of matching design for downstream components, and also significantly im-
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prove the economy and convergence of the calculation. The calculation accuracy of the leak-

age flow was the most critical factor affecting the accuracy of the performance prediction for

the source term modeling method. The coupling modeling could adopt the recommended seal

leakage coefficient value of the one-dimensional calculation.
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simplified modeling
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Fig.1 Meridian profile and section definition of the

complete prototype model
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Table 2 Different modeling schemes of shroud and hub seal-cavity
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Fig. 2 Flow path schematic for the source term modeling
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2 FHRIDHMITIE

2.1 ETHMRRYHRENEEN W

B 5 g5 T AN TR IR 7 58 e A ) s 6 i
T 28T 1 T Uk RO L P iR PR R
B Preasese 7€ O MW U450 A PR R B Z ML .
L5 R AT AR ) — 4 3 B T 2 2T A U
LG 52 R B 0 Y i R R 5000 ~
100 % - e R AT 35 2 80k (1D_S_ML) 315 )
kT i 22 B /D o 3 2o R R A I T R A o ]
PAARAS 15 58 6 8 e el A i 15 i s — B0 T 45
R FMWIA IO — 2 5 ot O 0 58 28 L 5 v 9
00t Y ) BE o DA DR TG T O R P AR R, — 4
YRR BTN 5 I LG Al — 2 P R T 4 7
TN B e R REL. 55— T T AR SCER 4R AL
Sy v A O B AR RO 4 BIL - 4 T TR O A PR A A
F R AE B A LU AR /N % f B 45 A POk i U

FEABA TR X (8] 32 S W 1 JEE 8 A8 BAORS HY 1TA
THT I BIPIR 2 B 52 00 JF A 235

0.05
I ®m Full SH (baseline) ¢ 1D_S O
| ¢ ID S OL ® Full S (baseline)
e & ID_S M 4 1D_S ML (a=0.8)
’ - - - - ID_S_ML (a&=1.0)
'S ——— ID_S ML (a=0.6)
i i ID_S_ML (0=0.5432)
03E === 1D_S_ML (a=0.4)
o |
0.02
0.01
0 L 1
2

& 5 A[R)E a2 2 2 s el B S0 0 U A Ok R B L
Fig. 5 Comparison of leakage loss coefficients predicted

by different shroud seal-cavity modelings

[ 6 2 7 S )2 B 2 Bt TR L A
REBY S W0 XS B R )/ g 9 AR 2 2/
e ORI HE o 5090 L 1) 25 5 O R O
N TG S Bl A SRR T 3 B 4
RE4RTF R BT 2%, WA 4 A TOIDRS i 1) Fh i
B o B MO R B /A & S B
e T T 7 — 246 4 B 4 75 19 5 0 000 R SO (L
3 TP S 500 A 8 A 0 1Ll 55 B
R ) P O T 7 8 T 4 LA e B R 7
R B 7 5 R R K

fffffff Full_S (baseline) ——1D_S_ML (a=0.6)

—=—1D_S_ML (&=1.0) —e—1D_S_ML (a=0.5432)
— 4 1D_S_ML (2=0.8) —e—1D_S_ML (a=0.4)
1.02

o (KES)

&6 A ) 25 5 itk U 2R 500) 1 B 9 52 Wi X LE
Fig. 6 Comparison of the effects of different seal

leakage coefficients on performance



oMW

J K L A 0 TR A L e B 2 T U B ) — 4/ MR A AT O 2043

2.2 AEBETZES R SEMEENRIG

Bl 7 JEIR T AN TR 46 2 d A 7 42 0 S0 M e X
Foo 5984w % B @A (Full_S) M 1L, T 6
2B A BT (None_S) JE 45 ML B 2% TR B A 25 R
BRI S 1Y% R 2% A b s 2R — 4 = i il
RIS PR N 22 W N . o PRI G
E 5 56 Mk U O O A RN R 7 A Ak R (1D_S
O/M) , iFh J7 48 5 55 J5 58 1 AH T Bt 22 34
FE 120 AP s it Jon e i JEE 482 4 % R I i B A% A )
(1D_S_OL/ML) , V-3 Z ¥ ik 09 °F- 35 14 7E et 25 oF
— 2B IN T 320 5 2 B0k 1 7 Y 1 e i 2% W A 1
Ko I8 5 B e AR 500 ik U 5 50 0 B AR
6T 3 i — B (= 0. 543 2), - 1 B0k 1Y M
il i 22 DA 70 A 22 78 Sy 1 A 25 o AH X i 22 475 4 1l 76
1AL o S HE 320 5 2% v UG C 1t 3 38 19 98 3 £
CAHH D E Xk 2 A R 1 5 i) R (2. 2 L {HL 2 ffi
Bt itk w22 5,

77777 Full_S (baseline)
O None_S
¢ 1D.S O
¢ 1D S OL
1.04 -

a 1D S M
A ID_S ML

1D_S_ML (&=0.5432)

- - - 1D_S_ML (a=0.5432) A

oo (LS

7 O[] 4 a8 3 s i B A 1k B X L
Fig.7 Performance comparison of different shroud

seal-cavity modelings

B8 45 Hh 1 AN TR) s Ly 52 T 1) 46 ot 7 B e
PR s i 3l 22 9 X B (B R AT = T — T
FY 45 2R TR 7 4 i 4 A1 s i it o JEE 4% BRI 0
Jer » PRI A 5 el 110 T 22 i 22 /N Tl
1/2 e rp SR ISP 2 2 500 A B B 45 B IR0
AFARATI B R 7 5 S B o8 B R Y B it
FEGP A AT G (H by P74 SR AT 4 A
WU ) 0 A R 22 S R R P RE 19 22 T Y
A K.

LR X IR B B 1 B A S o BUR TS
T Y 9L B DD AH OC L U T G O AR L R A

BRI LB T TR R R D i T O
Je A S PRI A e T Y R PR R B A %/
PR s i 11 3 DA U B DR 3R 1t D O A A R
AE Y2 MR B /0N o (ELRES 5 S U0 P 114 o A8 1 O
A it O 2 TN o 1 ) R T e A RE
2 Ui R R A O Y I IR ) £ 7 Y R
WA . LRk RS EE (ID_S_ML) (R 8t
H o B B HER R o o B R TR A A it T e o)
R — B UL TS E A0 00 A 22 P PR TE 104
WL IE 7 R

80 ©1D.S O a 1D S M
- ¢IDSOL 4 IDSML
i ID_S_ML (2=0.5432)
60 - ®  Full_S (baseline)
swfF ¢ * 0 .
1 r ® 000 o
= L
< . *
20F N
r 17
L faa A
0r po 8 < o (o) O OO0 O
i N
a
L 4 Aan A
20 P R TRTI RSN R EIA V. |
2 3 4 5 6

G o (KE/S)

Bl 8 ANTR] %t o 2 B B 23 s M 000 1 8 1 R 25 4 L
Fig. 8 Comparison of total temperature difference
between inlet and outlet predicted by different

shroud seal-cavity modelings

2.3 MBERHHABEXBRNSHSN

P9 &y T A [ e i YR 0 S Ty SR AR R
T I AR R VR (1 25 Ja] 1) P 24 SR LR Y
JE I 43 AT XS LG o AAHE T SRR L 43 AT AH L
T B P A Y I A A R 8 B 5 B )
FoE Y T 45 235 2 4 0T — 2, 3% WY 5 0 A R 8
P 2 b 48 o o B e R UG A S = R ik D
W S0 AN 5k B8 AR T g ) R e B W A LA L 45 9
A AR 7 1 T ) S TR AT 22 5 R K5 S 2
5 R O3 SR 2 B T v Y O e A AL 4
SRR SRR PR IS L U R 9206 ~10025 X
SR PN D (LG L B 00T 56 S A S PR 5 4R e it
O 1) TUNRG B2 RE A 10 I 20 B R R R R
S B O S A 5 3 o 4 o U OO A L B —
A L M T 5 5 8 B AR — B

Pl 10 45 B T i TR A I A 1 R
li) 53 Aii (AR SCPI A A1 B 3% 5 SC 00 45 (o) o ke 32 7
e D . FE AR & 9400 i i 2Z A g U X



2044 LT

LRI

X 100 F
= L
< [
5 9F ¢ipso AID S M
= I 1D S OL AID S ML
= 80 F ID_S ML (3:=0.5432)
g [ — — — — ID_S_ML (@=0.5432)_ A
5 10k L] Full_S (baseline)
z I (o) None_S
T TN T NN TSI T NS NN T A SO T S |

90 92 94 96 98 100

r ——
100 ° *
E E [ ‘0

Z 90 F AID S M
3 I _S_ AID_S ML
N g0k ID_S_ML (@=0.5432)
= I — — — — ID_S_ML (@=0.5432) A
§ F L] Full_S (baseline)

S 70 F O None_S

Z { I T SR TR SR T S N1 |

280 300 320 340 360 380
7,/K

(b)
L9 mhgE 3k 0 (1) i1t ] 1) SF 2 800 6 s 1 Jee 1) 43 A
Fig.9 Spanwise distribution of the circumferentially
averaged total pressure and total temperature

at the impeller inlet (14#)

100 - o A o
80
I
E L
g oor o
3 *
N
= I & 1D_S
£ 401 A 1D S ML
2 ID_S ML (a=0.5432)
i - - -ID_S_ML (a=0.5432) A
20r o None_S
| o Full_S (baseline)
0 7\ L f U I SR SR N S N RN MR |
140 145 150 155 160

Relative flow angle/(°)

10 IR SR LT (18 ) 0 A0 8 R JE 1) 43 A
Fig. 10  Spanwise distribution of relative flow angle at

the impeller inlet (14 )

A TG4 i 5 B R AT A9 AR SR AR A 22 5 A
KB rl WM AR 22 /T 27, 55 5 Bl It e i
TR R L B 4R R T R R s AE 94 00 ~ 10006 I iR
(i It X R T A A 2k ) o R AT B B 2
BB R U A 22 TR S8 B OO A U
WF R0 AR Dt 26 2 /0 . i TR U RN AR
5 ot 9 P T TR] L 3 30 e i T ORG X A Y
M AL /0 o L SR 5 3% J) 3 ) O o A R R
X T B0 B A A 0 9 ) g P A R L
AR SCIN g 2 kSRR AL S AT DL B2 Y L 7 PR A
AR AN P 531 25 B8 T O O U A - LA i o B
s i 4 Y L U A A A B B e T

P11 7R 1 AN [A] 4% o DR 0 RS 7E BT R
A TR (2 ) S 1 - 3 S LT Y R 1) )
A Xb Lo Fe o T U 5 ke B IR L s R L A 5
HE FECTA U T i TR 3 DX v BRI MR S R
FEVIE 2 1R 5 52 Wi 3 [l 2 7 4 i 31 it AR DX ek
SRR MR TR TR ) A 32 A 0 e o
A ) R MR A [ N 1) 7 3l A s 32 ) itk U
UL R/ INFILE TR A R W o TSR A0 5 5 O 22
R R TS A 5 A A H 1 9 2l 2 B i 2 4
R 48 R » I P Tt i 88 40 2R R 2 i — 2 49 R
2% XMRRIE 5 B 7 Pk RE 2 s A — 2, AT DLl
T R it U AR ROR A R B DS

100 ) o
I e O
I e OOO
80 - Y O
i 8
&Q
E L 8§ o None_S
2 60 S @ FullS (bascline)
] o ¢ 1D.S O
S} ¢ IDSOL
E 40 - & ID S M
5 | A ID S ML
= o —1D_S_ML (a=0.5432)
I - - -1D_S_ML (0=0.5432) A
0 B 1 | - (I) L ]
170 180 190 200 210
p,/kPa
(a) BJE
100 -
80 -
§ B p
g | o None_S
 60F e Full_S (baseline)
3 | o 1ID.S.O
= 40f s DS OL
E | a IDSM
s | A 1D S ML
20 1D_S_ML (0=0.5432)
_ - - -1D_S_ML (a=0.5432) A
0- 1 L L L L 1 1 L n L 1
350 360 370 380 390
T/K
(b) ik

BLT W4 022 ) i Jal 1] S 29 50 LS B 8 1 0 A

Fig. 11 Spanwise distribution of the circumferentially

averaged total pressure and total temperature
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