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Table 1 Compressor impeller geometry parameters
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HE B R, /mm 2.537
#OREAEE R /mm 9.372
e A b, /mm 6.935
H 48242 R, /mm 18.681
HE I R B by/mm 1.712
A ) 4 B L/mm 159
PO F A B,/ (7)) 17.88
HaRg R Aae,/(°%) 50
B AB/(°) -50
IH-T0 ] B2 8/mm 0.254
AT R £, /mm 0.762
Ja 2kt R R R t,/mm 0.762
R 2 6/12
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Fig. 2 Mesh independence verification
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Table 2 Model mesh scheme
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Fig. 3 Structured meshes of computational domain

2 EESREES R
B BUAEAT N AT 0 e e oo iy BT
(TR M AR A 4 N T R A3 DA
(S RSN (1)
(U CN RSN (2)
(B8 1 i 2 ) R BB Ar 2006, 0047 4 A
TR o, B VNI o, KW

Ay =y (3)
AR L AR A PR A R P A R RN R
AT\ =[ A A A Ay =T, (4)

DMD Jr 2k (D) il T, ol i A B s 15 20
R B AR T 2 2 AT SRAS R B AL 0 AR AU 2 , 75 38 HLAp
SR AR R AF 17 4
X R T, TR SE A
T, =U3V" (5)
K U——m xr B IEAS H B 5 rxr XA, Hoo
B R E/INHES A5 AR, SO TR R S v R A
Vi—rx(N-1) B IE 5, 4 A3 T B 37 3 14 sk i) A
ZHME R .. HRORAX (D), G s 14
UAU=UT,V3"'=A (6)
A A——A BRI LR R, B XA B A AT R A0 531 -

P o, —— R e BRI R, Bt A B RR T RHIEE . AR
AN RIS IR AR pe, 38 1T SR T I SRR A AR R I 6

+iarg(,u,j)) (8)

1 1
a)j:thn,le:E(ln ,LLJ-

A o048 WSS HORFAE A 5, |— R 88 4o

M
(10, )55 e ) | AFUE I ().
W A BRRIE SR BE y - LA (6) P U Ry A B HFAE
M ¢
(bZUyZ[Uy1 Uy,] (9)
R A R AIE 0 B 3 1] SR A AN [R) B 45 X6 1490 63 9 3 1) 5 T
FREE 8 UBASHRIEN o, AR T2 j MBS R I, B it T
FKRA
a;=y;' U, (10)
X U'—U WY B
£5 b, DMD J5 ik il AR AN [ S () R A (EL A0 KR
SERT 2 B MUK R 0 37 5 M e R AR S

3 sCO,EFBHEIE FESEES T

31 WERESHEREESH
NPT sCO, AL A6 VR 85 — 4 AR 5 5 i 2 ) U 3l



96 X Mm% R 4748
ik A UL, XS —/ N B T8 0.80,(0.64 ke/s) | 7e « 1GMEEZS (0 Ha)
Tt T8 1.0Q,(0.8 kg/s) Fl— K i it T4 1.2Q,(0.96 ke/s) T 6 * 2[M 53 (916.69 Hz)
B A R ot EE S A 0 3 IES (14666.41 Hz)
g — A R G g DME Ty R IR T BB AL B s « AMEAS (16499 37 Ha
250 3 A T RS 2 S a o HAMIAS
i PN o P = 4
& 4 SFpAS[A] TR B2 1Y) R e B340 A1 P, AR SRS =
[0 35 - 5% 3 7 55000 w/min , th 146565 B3 % £ 1 24 20T 3 ® 3
N 2
_ n__55000 _ |
Te0" 6o 01667 Hz (11) A B
A 5 B A o LA 46 Y M B Z T AR B M 0 10 20 30 40 50 60
S /kHz
}/Fﬁﬁfm'}‘:
Ffn=2f,=12%916.67=11 kH (12) o 120,
.= N = . = VA 1 v, He PN=)
e e e B4 RIETEUT DMD AT RE bk RT3 i
Il 4 HRbR it 1RERER RS RO BT 4 BIARAS . BT 00 R A9 1 Fig. 4 DMD modal energy and frequency distribution under
B ASEAS AT 0 Ha, 8RR O SEASBES AR 3R TR & W i diff . y
ifferent working conditions
TP B FR R AE , R BRI S AR A AR AL T AR
I BEAS 5 2 BB AR AT N 916.70 Hz, Bl 1£,;3 .4 Bt &Y XFIE 5 A5 EE AR 18 A AT . /NI o 5 R U i 0 TR 4 By
BT )R 3663.81 Fl 4580.30 Hz, 54T 5 22N 4f, .5/, R FE AT I Ry f, BEEAS AL

AR B, HT 4 By BB RN £, SRR

RS KRR TSGR oA 55 T,
NFRR T O KR T O R 1 BR800 He, A3
AR 2 IR BB 2 43 3 Ol 916.56 T 916.69 Hz, X i
L A5G 3 3 B REAS (1 0303 43 ) Ol 14666.63 il 14666.41 Hz,
XL 16 fi556 45 s 4 BYBLZSHTUR 50 4578.55 F1116499.37 Hz,

. o 125 (0 Hz)
o 2/ 575 (916.56 Hz)
3RS (14666.63 Hz)

o 4T IHAS (4578.55 Hz)
3 o HAAMIES

0 10 20 30 40 50 60
A /kHz
a. 0.8Q,
6 H .
° o 11545 (0 Hz)
5 « 2W 175 (916.7 Hz)
354 (3663.81 Hz)
L] .
4 o 41575 (4580.3 Hz)
) o HAMiEs
i 3
=
2
1
0 Je e e e o) PRI,
0 10 20 30 40 50 60

b. 1.00,

Bl 5 AN T 00T BB ASRAE (B 20 A, P R ] 7 4
REBGAL T AL b DRI T AL A o A s T
BLIE F AR R MRS B TR A A AR 5 4w T LR Y
URAVES BN TR 7EA R ABE S UL ! @R VA R I VAL E R R

1.0

[SS€] e
e e o LW
@ o ™, el
& EIRI
0.5 fo o AR
o HeAS
g - s filp]
j=aX
5E 0.0
5 op :
8
-0.5 %&O
@]
(S‘Q) o) M
-1.0 - ©065 oo
S0 05 0.0 0.5 1.0

o 1 fsiAs
@ 2[R
3T
o AP
O HARBIZS
=7




614 AR sCO, BO TEAFHILIE 148 A AR R U sl i A 97

o 1Rz
o2 [ itiEs
Jigien
o 4[N IS
O H A
ALz

0 : G :
-1.0 -0.5 0.0 0.5 1.0

c. 1.2Q,
El5  RETHLT DMD B FHAEE 431
Fig. 5 DMD modal eigenvalue distribution under different

working conditions

MRS R AR TR A RTE T 3 A4
B R (4 sCO, FE 4 HILI e V2 - 7 AF 22 B i 315340
NS, B A B g DAL B 2 B, Bir ATER 5
AR SRR DG T HE PR 45 T O Jles Bk oA o

32 EERIEETELRE

BTG MR AL N IR A R X 3 TR
AT 4 RS HEAT 44T RS R B 6 iR, AR a ToL R
i 4 RS 5 BN 3 fis.

I 6 Rk 3 AT F R TOLT 1 BB A A
B, RBEE ] AE AL, HRE R 557473.87, & Hak B T A
BAEE Y 51.88%, ERE AR KB E 2 MESREE R
433776.24, 5 [LiKE T 40.09%;3 B fl 4 A Zs i BE & 5 L
9 1.18% 1 1.12% , NIE AT 75 2 B A28 0 4R i B 8K T
3.4 RS, N TOUT 1 B SR 477725.10, (5 &
A 1Y 51.39%;2 B i RE 1t o0 387261.67, 5 Hhy 41.66%;
3.4 BB RE 20 3R 6819.20 F1 6692.01, i A AE LAY 0.73%

60r -

40+ ,/

—40 )

-60 I

-80 . . . . . .
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 0.0012
I fe)/s

a.0.80,

801
= | HABAS
60 P - - 20
it N 3RS
401 , oo A IS
% 20+ v
i
=20} \
7 \
’ AY
,40 L /l \\
,60 ..,’/ \\_

80 . . . . . :
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 0.0012

I fil/s
b. 1.0Q,
80r
60f . e
\ ’
40' \\ /I
AY 7
=
or
)
K
s
20} \ P,
40} \ ’ -- ZM’I‘E?S
‘. ! 3[5[‘*%1\?
60}t N L AR IS

-80 . . . . . ,
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 0.0012
IR/

c. 1.2Q,
Ko AR THLT DMD R 4 B2 i i [l 28 A H
Fig. 6 Time variation of first four order modes of DMD under

different working conditions

H0.72%, 1T 3.4 BB RE B AH 22 A K (AR 22 BE RO,
JIT LA e ] 75 b il 2 A A A ARUEL 3 BRYBEES R T 4 By
B, R LT | RS REREIAE] T 691915.28, di &
e & 53.65%;2 MBS BE & b 51609113, 5 b ik 2] T
40.01%;3 .4 MBS M BE & N 10566.2 1 6969.52, 4 Ltk
0.82% 1 0.54% . AI& h, R TA0 TR 1.2 B ae it
B T T, RN T AR A 1.2 B, B Lok
T TR 1 BB MRS R ECE AL, 2 B s 09 45 i
[ il

TEFTIRFER 3 A o0 A EE T 1.2 BB, 3.4 Bl
AE et KR B A, 33 1 AR i 3 1 4L R] B AR R AR B O
WAk b IS TR B8 B R 0 % 35 BT LR L B LA 3.4
AR 25 6 I 3 B S IR G AN B 1.2 (RS . /N R TR AT
4 BB S R B S LAk B 94.5% , Fe it T 00 F AT 4 B 45
) R BE I (5 Lk 93.92% , KU i T.00 F Al 4 Bir s 245 0] 3k 5
95.02%. St DMD J5 i v 58 i e 1 e e (AT 4 R s 3
TEFEAS A AT



98 K 5]

ab
He

ne

o 474

®3 FARTRTE4MEEEESH
Table 3 Specific parameters of first four order modes under

different working conditions

Q, Wk HRIE(E BiRMz  RERE ARG %
1B 1.0000+0.0000i 0.00 477725.10 51.39
28 0.9986+0.0523i 916.56 387261.67 41.66
080 3F 0.9933+0.10031 14666.63  6819.20 0.73
4y 0.9875+0.1558i 4578.55  6692.01 0.72
1By 1.0000+0.0000i 0.00 557473.87 51.51
2B 0.9986+0.0523i 916.70 433776.24  40.09
Lo 3Fr 0.9945+0.1042i  3663.81 12754.66 1.18
4%y 0.9878+0.1563i 4580.30 12260.51 1.12
1B 1.0000+0.0000i 0.00 691915.28 53.65
28 0.9986+0.0523i 916.69 516091.13 40.01
b2 3BT 0.9942+0.1044i 14666.41 10566.20 0.82
4%y 0.9876+0.1563i 16499.37  6969.52 0.54
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Fig. 8 First order mode velocity cloud diagram under

different working conditions
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Fig. 10 Second order mode velocity cloud diagram under

different working conditions
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DECOUPLING OF UNSTEADY FLOW IN IMPELLER OF sCO,
CENTRIFUGAL COMPRESSOR AS TURBINE

Miao Senchun', Ou Yi', Wu Jiangbo', Shen Zhengjing', Wang Xiaohui', Du Xiaoze'"

(1. School of Energy and Power Engineering , Lanzhou University of Technology , Lanzhou 730050, China;
2. School of Energy Power and Mechanical Engineering , North China Electric Power University , Beijing 102206, China)

Abstract: In order to study the high dimensional unsteady flow characteristics in the flow field of supercritical carbon dioxide
centrifugal compressor reversed as turbine, the research object is centrifugal compressor reversed as turbine, the CFX flow field analysis
software was utilized for numerical simulation, the dynamic mode decomposition (DMD) was performed on the simulated results, and
the first four order modes and their corresponding spatio-temporal information are obtained. The analysis results show that the DMD
method can decompose the unsteady flow field into modes with distinct energy levels and frequencies, including the basic mode with the
highest energy contribution (0 Hz) , the dynamic and static interference mode with the second-highest energy (at the blade passing
frequency) , and the high order harmonic characteristics of the dynamic and static interference modes with lower energy contributions (at
multiples of the blade passing frequency) ; The main characteristics of the basic mode are caused by the geometric parameters of the
impeller, the main characteristics of the dynamic and static interference modes are caused by the dynamic and static interference
between the impeller and the guide vane, and the high order harmonic characteristics of the dynamic and static interference modes show
the subtle flow characteristics in the flow field; Under low-flow conditions, the first order mode exhibits a relative liquid flow angle
smaller than the inlet blade angle, leading to flow separation on the pressure side of the blade inlet; Under high-flow conditions, the
relative liquid flow angle of the first-order mode exceeds the inlet blade angle, resulting in flow impingement on the pressure side and
flow separation on the suction side of the blade inlet. The DMD method can effectively decouple the unsteady flow field within the
impeller and extract transient flow characteristics.

Keywords: energy storage; centrifugal compressor as turbine; supercritical carbon dioxide; dynamic mode decomposition; impellers;

unsteady flow



