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Abstract: In order to explore the similarities and differences of the loss characteristics of carbon dioxide and steam
in turbine cascades, the flow characteristics of the two kinds of working fluids in stator cascade and stage were
studied by numerical methods. And the optimal Mach number for efficient operation of turbine stage under subsonic
condition was obtained. The results show that with the increase of Mach number, the flow loss first increases and
then decreases. When the Mach number is lower, the diffuser has a large range and is easy to backflow, which makes
the wall boundary layer thicken and separate, and increases the overall flow loss. When the Mach number is higher,
the strength of the secondary vortex in passage is larger, and the shock wave will be generated near the trailing edge
of blades. The reason for the larger flow loss is the secondary flow and shock wave. Compared with steam, the
dynamic viscosity of carbon dioxide is slightly higher, and its density is about twice that of steam. Under the same
Mach number condition, the mainstream velocity is lower, the boundary layer is thicker, and the overall loss is
larger. When the Mach number is lower than 0.30, the total-total efficiency of turbine stages with carbon dioxide is
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lower. While the Mach number is higher than 0.50, the efficiency of carbon dioxide is slightly higher than that of
steam. When the optimal outlet Mach number of balde is about 0.60, the efficiency of both is the highest. The
research results will provide a reference for further improving the design level for axial flow turbines of steam and
carbon dioxide, and further understanding the loss characteristics of different medium in turbine stage.

Key words: steam; carbon dioxide; turbine stage; Mach number; flow characteristics

RECHLAE H AT K DL AR BHBE R R FL S
RGET L g N, R EEDEE, N
TSR I EUE DL A SEIG AT 78 e AH IR N 251, 4
1o JE VR R B R SR FHR B WL A R A D 2
A, RS EE O B I SR
RBH, n— KA FLA, —IRFRIRE
A 600~ 630 C, Ji7JikF) 31~ 35 MPal®l, A
I, EEL HA BRI LS A B B — 2R 5 1E
FH IR 700 CHEEIR TN, o m RS
BAEARR LA N, SRSt d R, AT
N, RS AT, XA
PSR E, —M 0.8 A, HEES.

TR B BRI FHR L, BoE I 5
JE77, T HEE R, BPEE. FAE 20 4D 60 4
1R, Angelinol®fl1 FeherlOlgh & B 1 PA AL A T
R FADJPEIR AT LARIE N R, R S s
M BERFHARRRE, £XH ZREKR
FHREH R AR R, BIG —E ik (S-CO2) 3l
FIEIR B0 I SEEG = T FRAE ALK 1] B B A 1) ol
TR yE -4

375V S-CO2 A BTG PR 1) SCE AR A, 3r 84
SR T E NS EE T2 O . ARETESR R
D1 RAER, T — AN B & R EIR
B, RIIRECRIIAL B o iR, H3h
I P R0 2R R T Y 90 2%« Peng &5 A [R6153 3l R
F CFturbo A1 ANSYS/CFX A3 AT B T FI A A
LT A R R0 T S5 A AR v ORI AR T N
I NJPRIL. SRR, HAE R ik H
M BRI ERE T NI AT A AN R R 520 .
B SR FL T S-CO23% - il it B it 11 J2 0 |2
MBNILR, FHBEBATE RN 1 o BE T AN A
J TR R i ) D RIS AN T, R T S-CO2 i
Vb i B BT IR AR 3 JE TR BN LI . Ying &8 A B8R
H =4 B S R RSB T A T T — 68 TR
Gt S-CO2 Iz T WA RIL, K I S-CO2 17T 1)
J& 5% L AT T 8] PR 45 L ART 2 ok i it i B A R 2
SO o R SR IOE o B A 7T TR b 3R AR
AR XTI TR AR LRI, 455
KW, XE R R KPR, AR

http://rlfd.cbpt.cnki.net

MR 2, N USRI T3 BRI RN

PR SRt B A S, WAL R
A RN, K TE P B B
Denton201isf i 3 P-4 2 (R SR I AN 20, 4 H g1
R R R AF R E AR IR R G, KRR E
BRIEZ —. Han 6 NRURIF s S CRX X
MIHETE P9 () AR e IR S A AT T BB 7T . R
FA TG AR B o3 B 7 VA 9 T v R i A 22
UG 2 s e . 45 IR b 7B iein s
PRI T WL EE . AbdEIDayem & A\ R25% i £
Rl AR AR 72 7 Ak ] S-COp 3R AW 47 H Sl
B RIVEANR, RIS (] b s e B,
TERILE - DhER 4 AN B #ar 5 A7 CE B M b
22, AR R B 3 B 7 AR E B w22 . H
T k-e BEALEE BT Bt e (1) 400 FE R BN B AR 1) 45
TR, K 2 B E v BB T R R RO
RUBAR I 4E R 3. Salah 25 NBILL 25 HHLEHE
R (ORC) F S-CO & V-1 3 MANF RAHIRZR A
F 4 5% (Bl Dunham 1 Come. Kacker Al
Okapuu- Craig F1 Cox 1 Aungier) X 4F % # TAE
PR RE TR 2 B P 22, R BRI 453 AR A 2 5 5
NGO E S 37 Py R R (e T SRAN AN
BTHRLRY (R TA] B 5] AL A 453 2K

MHT K R H DL EOK PR BE R R LSS R G I
TRASR A T R LK 287, SRR T Ak T
Jo3 A 325 1 W A AR 20w FR 408 O AR 1 DA 5 R o
IKZESII AL, IETOAH G SCHRIRTE o 150 itk 1]
AR SR FHHE 77 14y SN, 1 /K 28 S0F0 A A ik
TE V. 3 F I AhE DL AR 4 SR BN 0.5 1%
PR IR BRSBTS T IX 2 B RAEA
[ L VS50 S AR EIOR A T IR BRI, 3RAS T
BT T IE PR S RO AT R S AL

1 JUR B R EETT%

L1 BRI REN

BT TEMBE R BRGNPk
) LRy B, HRAE 450 mm, iy
20 mm, MLWE 1 PR, JUTSHLEK 1. BT A
(7]t 1 A0S T G B SRR, A SR A




54 kAE R 2023 4
[ ER T pi R 2k, JEach VR RS R 2k, PRI A RO, Hog LR
St O AR EL, AN 05. e —h,
L LY ®)
W B ho =y
- }J; A b 9 O, kikg; hy J9HE DRSS,
AN Kilkgs hy AHECUEHKE, Kakgs has At 125 R

r,

~
N
N
N

B

!

1 HESH
Fig.1 Blade geometry parameters
2R AR S B S AT Lol g 1 2%
e, BARNER 2. OB ERE, (0 O%500
LR EAE 0.2~ 1.0 YU AR AL . — Sk T BT A1k
H O 78 8.21 MPa, 34 Tt FUIRES

#z 1 MBS
Tab.1 Blade geometry parameters

TH Hufl
BECUUATA o (°) 0
H LA B2/ (°) 80.00
S () 4528
%K b/mm 21.73
i) 5% 1 B/mm 15.00
AT %2E4% ri/mm 2.50
R4 A% rd/mm 0.25
FEE t/mm 17.57

®2 EWAELREY

Tab.2 Boundary conditions of numerical calculation

IiH iy
R/ 873.15
1 44
AT 184 E/MPa 28.00
O EIRK 840.00
R 261
1184 [/MPa 22.00

FER A WBUE T B T R AR B 7 2
A NUMECA FINE/Turbo, FH 22 5 & AR DL
Je Bk ZE G V2 i W S, 7 B4 [|) 22 40 4%
AOAHOZESY, XTI B R X, JE] 0
SR AR R FH DU B TR K% 2 15925 (Runge-Kutta) » BB IE 5&
WU, BRI AT AT AN, AT
SN 2 5 2% A e e e S 2 A

THEI, ZKZ AR AR 38 K H SEBR =
R, Wit 3dE >k B T NIST Refprop 44+
1.2 e RAFIES X

TEFFIAHEIE Py, RSN R AR SRR BN

http://rifd.cbpt.cnki.net

Eeks, kdikg.
TEREFENIAEE T, R SERRE (R

SRR RAE L JFAE A TE R RE A
Z, He XinTr:
A :—* * 2
Tt he — 2)

X hy AR, kIkg:  hy, A H TSR
HkS, kdlkg.

K W S BORAE 35 - 2 N /5 IR 3 40
&, BEWKE ZEOEN, ULEEESURER, HoE
XAnR

g= Dot P ©)
Po — Pis
AH: Procant N, Pas pis NHAERE, Pa;
pp i CLEJE, Pas

HMHEE N AR BRI SR, 2 REBERREK
SRR 2z — o IS TE S DL T AR e i 1) 9 R A
B, AR R AR SOV L, SCR TG E AL Al E X
R

o, = (-2 @

A HOAME, m; U ASKRIMIERE, mis; u i x
iR S, mis; vy TREEFEE, mis.
1.3 P& Fo K T IE

AR GCIRAT v 34T W% 6 KM IR AIE
GCIl J7 i A B J i B 3 8 RS A ZE R Y
1% ORSTELB r=hcoarse/hfine>1.30, FH:H1 heoarse A
WA R RE S Nifine J9ECEE IS R B THE H bR AL e,
FIFH 3 T 15 R (1) 25 F i e AME(E, SR )5
THEAMEE S &% WS A R R 2, R R ZEE—
SEJEEN (KT 10%), T XA JE K 1 B0 0E 5E o

PAFRHAI A5, SR HOH B S5 R0 kRS T3 43
THEE, PE G RETHI 2 1 2 P4 JE B % B 0 8104 mm,
YHEZA 1, iR AR SCR AR SST k-0 BERIELR o X
WA I r=1.31 (L BIREAT NS, RS A ] 2
Fiizm e MRS 39 12 J5 30 JiF1 80 Ji. LAt
SN SRR 0.5 I [ = R F kA AR




% 63

MBS & AABRA K 28 A - HIDEE Py 9 S A X L 55

TBRHEAT RS, AN TR XU PR 1 il 1 358 S I 7
AW 3 k. BB 3 %1, SMES 80 J5 Mk
P SEaE RRE, B b N imEEfiT, mheRIA
Ao AFEPRE D R R ZE LR 3 Gl
12 73k A 1, 30 MR 2, 80 JIMIEE A 3), Tk
WHRAMEEIL 2 GCIE, BKIRZEL/NT 10%. 45
AT, R 80 3 MAE THE TS AR TG AR . BRI
FA s AR T — M R 8l (50 J3 A 4D
8%, FEFEEHOSHEE 0.2~1.0 JuE N
1, BEEER. MEER S, JEIE N RsE R
[, TR RS T ok R
BRI o

B2 it EWE
Fig.2 Calculation mesh

1.0 —
TR
0.8F < ‘L) )
: )/)';/"./
B L
i | =2=1271 v/
- 0.5 =30/ .’,f/
= ----807 I\
= 04 SR
0.2 P
et
0 1 1 1 1 J
15 20 25 30 35 40
v/(m-s ')

3 HOMENEREAM ST
Fig.3 Outlet axial velocity along blade height

% 3 TREIMEH A EERERKIRE

Tab.3 Maximum error of axial velocity at outlet of

different grids
, FRAE%
R
WHE 2—PH% 1 Rk 3— Ptk 2
IEDABN R ZE ea 9.21 9.54
AMEFIRT IR Z eext 8.32 8.63
KU STEEL GClext 9.06 9.25

T i BIIEM R OG0 60 F3H1 120 1
2 WAk o ANTRI RS T A BT PR HH 0 2 o 3l R
AT 4 Fion. HE 4 AL, USSR E] 60 T
PLERS, HEEERAE T8, {H2 10%F1 90%
AR BT, 60 T MRS RIS 80 JiA
120 J3 A& ZE AR, T 80 J3 AR AT 120 T3k 2

http://rlfd.cbpt.cnki.net

BN, ERAHXSIRZENN 0.7%, EIAT PUFREAS
it 80 J7 WA T AT A3 A% oA .
0.8

0.6

0.4+

A X -

0.2

15 20 25 30 35 40 45
v./(ms")

4 A[E) DO 4T e B0t O A ra) R A S

Fig.4 Effect of grid number on outlet axial velocity
1.4 i B IE

BT SCHR[25] Al 0.9 AFXT - iy Ak 1) s
RABIIHE, 36IE S-A. k-e Yang-Shih. V2F. SST
k- 4 Pl A B (R FOMAS 2, 45 R 1&l 5 B
Horh g R E0E L9

c,- plocil,s — Pis (5)
Po - Pis
e Procals N4, Pa.

M 5 FTEAE Y, 4 Pl S v 545 2 1 45
RELIEIEINE —EWWZE, (H2 2 WA
No RHRTTI 5 SST k-0 BERLAG R 245 2R 5 SLIRAE Y
HfFEAE, LA R SST k- SR AT A
AHETF L RADLH- B PN ) -

1.0F $ - — e — -
0.5r
@ Of V2F h \\..,/)’1
- - S-A : ‘
k-¢ ‘
_0,5' —SSTI’(-[L)
1 1 1 1 1 J
0 0.2 0.4 0.6 0.8 1.0

1w 1) 47 B2/ B
E5 EMet e EREBEERSLHRERI L

Fig.5 Comparison between numerical and experimental
results of static pressure coefficient at one blade height

Nt — DI e A E P, BT AT
MR, A Rl i A T SeiE L s AR )
A2k, S5RWE 6 Frm. ATUEH, 4 Fiimii
RITHRAT BN A A ZE BN - HHITSCREI R, V2F




56 kA%

2023 4

BRI S-A BT RARRINEIR Y SST k- A
LR, ke BEAUEIZE R/ o RIE, S55 1 5 A
K6, AU SST k- HE A BEAT BB AU T 5

1.0F

0.51

G

-0.5¢

0 0.2 0.4 0.6 0.8 1.0
% i w47 Bz/B

[El 6 90%Rt S 4brt R E R EEELS RAT L
Fig.6 Comparison between numerical results of static
pressure coefficient at 90% blade height

2 ITHERR A
2.1 BAITHEIE

RS ST T K 2SR A A AE A
TETE B RRE, FE IR S R b D AR A
K7 Bis. B 7)1 70)5 AR RIESH TR
S, HE 7 TLUEH: BIRR R R &SR EE
ZF, BEEH OSSR R 0.20 FREHE K, K&
AR AR R B ) 2 S KGR, &
0.60Ma 7r A B R IA B i e 4 SR BT (5
JEAM ARSI T 0.35, B 24 5K T 0.55),
IKFERIRBIBCR M AR BN P28 B m T =5 Ak
WMANRCRE, YA T /KSR, AR TR
T IR IE PR . AR i, BRI
Bl TR ZE IR BN . R RE, KZES M
AR T SRR 0.60 At .
94.0
93.5F
93.0
92.5F
92.0F
91.5F
91.0F
90.5F
90.0

89.51

89'0 1 1 1 1 J
0.2 0.4 0.6 0.8 1.0

/%

a) i [ 5 AT

http://rifd.cbpt.cnki.net

94.0
93.5F
93.0r
92.5F
92.0F
91.5r
91.0F
90.5F
90.0r
89.51

89'0 1 1 1
0.2 0.4 0.6 0.8 1.0

Ma
b) ftk JE % F

7 R ER ST L
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