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Design and Performance Analysis of a High-load Single-stage
Contra-rotating Centrifugal Compressor

YANG Wenjie, XIE Hongyu, HUANG Diangui
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, China, Post Code: 200093 )

Abstract: With the design objectives of achieving the whole-stage total pressure ratio of at least 9, mass
flow rate of 3.70 kg/s and the whole-stage total isentropic efficiency of at least 70% , an aerodynamic de-
sign and numerical simulation study of a high-load contra-rotating centrifugal compressor were conducted.
Based on a one-dimensional design approach, key parameters such as the basic geometric parameters of
the impeller and the geometric angles of the blade leading and trailing edges were determined. After vali-
dating the preliminary design through numerical simulations, two key improvements were implemented for
the downstream cascade, resulting in two modified schemes as follows: increasing the cascade solidity
firstly, and then increasing the inlet relative Mach number. Numerical simulation results demonstrate that
the increment of cascade solidity achieves a whole-stage total pressure ratio of 6. 74, but the flow rate
does not meet the design requirement; after increasing the inlet relative Mach number furtherly, a
whole-stage total pressure ratio of 9. 80, an isentropic efficiency of 74.28% , and a mass flow rate of
3. 68 kg/s are obtained, which basically achieve the design indicators, confirming the feasibility of modi-
fied scheme.
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Tab. 1 One-dimensional design results of

upstream impeller
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Tab.2 One-dimensional design results of

downstream impeller
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Tab. 3 One-dimensional design results of contra-

rotating centrifugal compressor stage

Z (<)
R B 9.32
LS E R PR &) 92.24

1.2 HEEN
1.2.1  BUEAEHR

SST k — o i A AL R IETHRUE k- & AU
BIETE 3, HAZ O B 2 A i BE T L2 DA N IX 3t
k- o BE8Y A6 31 52 0 2 KM 0 X U) e 2
PRk — o 1R SRR G REIIE -0 5 k- e f5
RISk HAE LA, 5398, SST k - o HERLE % 1&
T B IR 7 B R, DTG AT i A R T AR A
v, FRIEH, SST k - o BRI EFRBIL AT .

V] = mln(i M) (2>
' w’SF,
ok . ok ou, .
o Vo = T gy -B ko +
J
9 .k \Ok
axj[(”“‘” Z)axj] (3)
ow w w U, 5
at +Ufaxj TR o, - Bo” +
9 0w _py Tk Ok do
axj[<1/+0'm1/,)axj]+2(l F)) w ox, ox, (4)
4o, k1"
F, =tanh{min[max(2ﬁ’5001/j’0';“,,2]}
B wy’ y'w /) CDyy
(5)
2
F, = tanh{ [max( 2_“/E ,500/1’)] } (6)
B wd’ d’pw

A b T B BE ; o — U FE TR o, — 3 B,
B0 31 S—R AR Zak it AU ; F,—4i Bl R 3 A A A
82 28t B X ek R A0 AL A HR TR 5 R R TR B R
I 8] 23 ) A A A 45 7% (30 % R P 2
WHHSR A2 LX) 5 U—F 273 BE 1) 435 (R AE
K 2 TR 29 2 B ) s v—Ii ik o 712 5
itk 240 o " —H TR SI6E & 5 B il 5
BoU— e, — W ik o, —H TR
AR o P IR F —HT k- o AR
5k - e BIRIDI 0 091 & PREL o, — T R 0 O
SHRE k 5 L AEHUR & 28 XY HUE 1E AY 455 70 5 4
B —FTHHI HLARE R o #E B AR R 5 %L y—F)

BET Y7 01 B 85 5 €D, — T I RE & 5 HAEHUR o i
1875 FEZ 18] 1 28 A B0 2R B w— AR 1 B0 0 Rk
PERB d—FIE K s p— AR B

SST k — o BEHILEL THRE k — & BERIA | — o £5
B[S /W W N1 B8 IR S UL R S )50 1) I R T |
Rl 00T B B S B B, % 18 %)
BN R N PN AW NG WA W L e A= <
) = YR S RRAE AR R T SST & — o 1
AU RANS Ik AT B a0
1.2.2 GRS TC OGBS IE

AT K R ANSYS Turbogrid %44 58 A 4=
TAESE R A S X A3, T B v
I PR B O GRE B E UG B 8 s 1
SEMB AR B E N O M 8 e, T
AT GE B B R R R A | A B S A7 AEAS [R] 3
PRI A R 43 S F 75 5K, R L 1 SE7E Bladegen &
HSE e S T T U G O A Ak AR B 43 A
Turbogrid A= A1 T Ui 3 38 WA , feJ5 8 A [R] R0 A
AT ANSYS CFX F & #4778 38 K 43 92K i,
25 AR BSR4 an b 3 B

NS e
-/ 3t 118
B3 ks

Fig. 3 Fluid domain grid division

BUERAA A BE IS SR THIRahit
S, LU T N S AR A L, =
1.932 x 10° Pa, B M4 i H #2245 000 x
10° Pa, SR 20 WS JC PRS0 1IE 56 W, B SE Xt
U AR HEA T RS TC O B, 7 S 2 S BT Y
SR S L i a W R R B L R 7 N A YR
R SHRESEA G, MR ke i iE
556 DA% SRy iy, X U0 5 A T PR TC PSR
W s TG S 0 0 5 A0 R RICR A R A, 2 SR



WS, 45 < e AT B e O s U LB S PR RE 27 -

K5 s, HiELS mln, S U BN R M- 4E Ak
THETET D0, WO Jode Y AN B s R i B v, 3L
RWBUR, BEH R R R e 1 H BRI AE, o
R R R T R OB AR, BER T H ARk
R SRR i [) A0 R e, 28 T 0k A o 9
DX, SR AR T IE R T, A Sl A L U T
1+ BT A F T AL PR A B SR R A e 1
(ERCIV-SNAN S EI b

85

83r

/%

82r

81

325 330 335 340 345 350 3.55
FRBRHEC/Kg « s
(a) BN BB R - R R R

6.0

55113
4 TR,
93.21 .
l/
& 93.0fF
;
M o92.8-
;‘g’ u
prc]
s 92.6F
=
& o924l
92.2 L L L
0 100 200 300 400
A& E
(a) W52
84.8
-/. .
o 844r —
N
s //
M 84.0F u
&
prc]
) i
= 83.6
g
83.2f |
0 110 220 330 440
W& T
(b) TUEAE

B4 ITEMETXMERIE

Fig. 4 Grid independence verifications of the impeller
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Tab. 4 One-dimensional design parameters of

downstream impeller after increasing cascade solidity
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Tab. 5 One-dimensional design parameters of downstream

impeller after increasing the downstream inlet Mach number
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Fig. 10 Contour of relative Mach number at 50% blade

A\

height of downstream impeller after increasing

the downstream inlet Mach number
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