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Abstract: To address the unclear coupling mechanism of flow losses and the lack of optimization
direction in supercritical carbon dioxide (SCQO,) centripetal turbines, a 150 kW SCQO, centripetal
turbine is concentrated in this paper. Based on entropy generation theory, different boundary
condition settings, multiple numerical simulations, and vorticity analysis methods are employed
to decompose flow losses, identify loss sources, and analyze loss characteristics. The simulation
results indicate that under design conditions, the flow losses in the centripetal turbine occur in
the following order, from largest to smallest: leakage losses, stator losses., mixing losses, and

rotor losses, accounting for 44.43%, 31.82%, 11.98%, and 11. 77% of the total losses, respectively.
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When deviating from the design conditions, the proportions of leakage losses and stator losses

decrease, while the proportion of mixing losses increases, with little change in rotor losses. The

primary cause of leakage losses is the relatively high clearance at the inlet tip of the rotor, which

leads to significant leakage through the turbine; reducing the blade tip clearance can notably

decrease the turbine’s entropy generation and leakage losses. Stator losses predominantly occur

in the mid-to-late regions of the passage, while rotor losses increase sharply at the mid-section of

the rotor. The findings provide data support for the aerodynamic design and profile optimization

of 100 kW-class SCO, power cycle centripetal turbines.

Keywords: supercritical carbon dioxide; radial inflow turbine; decomposition of flow losses;

entropy generation theory

i TR s A AL R (SCO,) 3 11 & 48 1 42 T
T8 I 3508 5 kN 3l 00 4 R B O T B B R
AT A SR AE 2 AR K TR A 2 32 31 T MR 6 L B
HEARBEFE R A Z L A TN SCO, B
e B BB 10 35 7 1 R sh M RE X T A
TER R IREA B EERm

FE33 T 1B T B B T R FH I 80 4R B
RS T4k £ T50 40 2%, O 2k AR Ak LA RSP sk <3 =
B, ST RE I BRI SR G HR A AR . Rt
2 FOE T B R B R M EOCER E ., 20 it
ALK, 22 I R T Z R i 8, L AM
RIS AMDC A1 KO #5858 Craig F1 Cox
PAFHI) Bennner 12 AR A1 S

Bl 5 TH A Bl T 2 B AN TR R R ER A3 A
BUE RS R 5 it ol 3 2 1 AP Al 25 SR R A7
TR T — 2@k UL B, Uusitalo %1% X —
HINFREY N 1 MW 1 SCO, [0 15 JE 1745 2 43
B B BB T8 45 R 5 AN [ 43 2 A58 180 1Y) 1 8 2% SR
77X . Wang 50 R FBUE AL 7 06 1) 0> i35
SRR A SR ML AT TS, OF S SR
LBl R B Y SR AT . Persky SNV S T LU
CO, 1 R143a by T3 19 ] 0 i A28 T4 T
(A8 R AR 1 L 48 T — i B B R R B i R B
AT L CO, F1 R143a Sk T (9 35 - HLAR S s i
53 AT,

B T SR F U 8 6t G AR, B 43 24 3 R R R R
PAVPAR V- 13 SR . 1E R IR A W 5T B O K
R T S R AR HLHE YT TR 28 M AR 1Y L JOF
R SRR REARFR T T ARG T HERY R
R4 . Hou U IBFSY T RBEAR H O A2
Xof ARG R 35 - - I %) S BE R UL R R R R Ok Y

LA

zkxb. xjtu. edu. cn

Db 56 T35 - 1R s B sl B 2% 40 W 3 A
T U 3 41 g B TR E R 2k R TR AL R Bl 2k
Denton"" 7£ B figt i 48 ML AR S 3h 453 5% 19 2 5 52
JPHA T B A R B AT DR Ok 3R
fiE, T A S 1k R B, 3T K Fh O 35, Wheeler
USRI T — 3K R A ML O A )0 35 T Y
FR Al R H T SRR IR R 2 1 ik kA K
0 B V- HEAT TR o0 . Keep 51 R H 5 SCk
(18 JAH [R) 4 48 2% 4 Mt O %, W98 T TR S5 %R 300
kW MK L% 3 SCO, M0 iV, il RS 5h s
TE B0 78 38 1 A5 R R VR, 45 B3R I, i BE Uk 4
IR RE AR B E L KA T B R A AR L , AL T
R T8 458 G v i R 20 ) R R A 1 B A% B
o |2 A 08 7 T S50, e 451 % 32 B iy B O (AR 2 M 45
BBt R E R MR AR R . Zlatinov YR H
AR AT sh B . T i
T A TR B 185 0 A 08 7 2 W P AN 2 3 S 5 2 T A )
TEPR R 6 VEAR 355 VP BB I, 20200 2% 18 by 2 sl 0
B R ST R ER A S L4 AT 35 S G
PR AT O 0 KN L 4R 9T 48 AL T A RS RN B
RAREEFERIFA T

M54 7 B IS . Yoon %5121 3 i X 4 A~ 15 - ¢
AT BB, R 9T T & 00 5 b3l e
AN 3B K B A0 R A R RN g i b A3 A
a9 R LN TN - N L1 I =201 i B N
SR AT B 51 0 AR 2 R AR, g5 R R gt
R4 fe K, 2 i AR sh i 2 1) 1/3 PL . Duan
AL BT PR S X — B 100 kW 1) SCO, [ L i
S R AT T 0 H A 4 SR AR W e P A 00
7 A A AR R TR BRI M B R g 5 R A 3 I
Jik 29 2 e PN S i S RE B P Y R R L RO
SE R 7= 40 AT R /N . Wang 5509 3T J 5




98 W % o M

NI it

LETE S R ERIN- NSRRI IR o S RSIE SN
R BFSE T T JE] B R TR S 0 B 4 % 3 B 4 2K
S 45 L 2 W I DA 0% o 0 7 DX Y O R R IR
SIS, it PR = 7 DX ph T R e TR SR .
Sy R 7 B T e S R e R
05 77 i - T R) T 9% DR T 15 A0 37 7 B i s R A
Yy L N EE NI TR 7 N T S S
FH 7= R0 7= 38 3 SCO, Bl it 375 - #E 47 81 2%
IIRRITSE A5 R BRI O 5 T R R 2 T T B 2R
38, 23 %, I O b B B R A R R, R
9. 68%% » ly I P 1Y L T 451 2K 55 i BE R R 4R O L
ZENEIN R IR 15.39% .

R B FE 2 B U B0 A5 O A 1 o A M 2 aE
PEXT IR ML R B & 2 2 B2, R pL & —
AEACAL B AEAEFERH Ty o] P AS B S5 ) L, A1k
AR A AR 3 g 2% 07 B LAAE PR D R
150 kW Ay i 230 = S0 Ak e 1) o0 338 OF- g X % I R
12K 3 M SRR VE S B BT L ARAS B Ok KON ¥ A O
BT 0 8 AR R IR L E T R I A
AR 1) 0 335 7 1 R Bh T B AR Ak T Tl B A A
X
1 i sh 2k o g 7 ik

Xof 375 V- 25 1 T e WL . B U B VDN g I AR
FBE Sy R B TEFE . MR8 e L R
R s SO RN O N BRSPS T o D S
AR SR AR 7 f A7 7 7 i Al T P 5 AL A RE
5, BIVSE 7 9 1 i sl 4 2k

A SCR I SCHR [ 18 48 iy 7 iE 8 2 SCO, [0
375 V0 & TR Sl 40 R L % 1 R T UL Bl R AE 9 4 4R
TR 3 £ S B AR 43 2 | ST ) A v R (E
B0 53 B B R, 1T 76 TR 1 2 30 BBl P9 L) b 45
Pk oy b, ARV BT B B T T IR £ Rl i
SR A DL 25 2 B 2 1 o L, 38 8 el LT R
SR A SRR AR A DU AT R D 25 R 2K L BF
FEA T 1 o Lo WY S 2 O A Y S X B
B S, WK1 R, SCO, [ .03 F 1 2 £ B 4y
/O RILIR/E 78NN i Y /1 NG VRTS8 % i B N R
B X e 45 2k, AT G e TR ] B S e Y 3
W b B AR A TR B K fh Bl R A A R e
B 2 5 i BE YR UL A0 R A E T o R AL AR R Ak K
TR ST R R L AR A T A T aE K B

zkxb. xjtu. edu. cn

Uit B 5 U] 1V 3 CRIAE W S 0 4 2% R T B RS A Bt
) A A 5 28 T A R R 4 2 AT A B 4 2K 1 A% A
KH 2R

SR T ’
A T
S e
v
S S A A
| P | | —— |
= %
| R R || AR S R |

A
LR EES SIIRIES

1 SCO, [y - 45 2% it 7 12
Fig. 1 Method for decomposing losses in SCO,

radial inflow turbines
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Table 1 Boundary conditions of SCO, radial inflow turbines
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Fig. 5 Proportion of flow loss under different flow conditions
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Fig. 6 Proportion of flow loss under off-design conditions
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Fig. 10 Accumulation of stator loss along the flow direction
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