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Design and Study on Near-critical CO, Turboexpander

and Internal Flow Equilibrium Phase Change
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Abstract: The turboexpander with the inlet in near-critical region, outlet in two-phase state and mass
flow rate of 5.5 kg/s was designed and the basic geometric parameters of expander volute , nozzle and ro-
tor were obtained based on homogeneous phase theory and hydrodynamic conservation principle. The char-
acteristics of internal flow phase change in the expander was numerically analyzed with equilibrium phase
change model. The results show that gas appears at the nozzle inlet, the mass fraction of gas is 27% at the
impeller outlet,and the isentropic efficiency is 65% ,which is 9. 729% lower than design value. This de-
sign method can be used to design the two-phase CO, turboexpander, and the equilibrium phase change
model is suitable for studying the internal flow phase change characteristics of CO, turhoexpander.
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Wi B EA 2020 -12 -28; {EiTHHF.2021 -01 -22

BE&WE : EFEFHEERLT(2017 -V -0012 -0064)

Fund-supported Project: National Science and Technology Major Project (2017 -V -0012 -0064 )
EEEM:E 20973 -) & AU A ERBORF EI .



111 % AR ORISR COLE VI AL P T A AR 5 <21 -
HEUH 70% 21,

Ay — T HY AR T AL m

e — LAEHE A LT H6 X0 BT , m/s
h—H {8 k] ke

h,—REHEALE LA, k] kg
hy—TAER N ORI k) ke

hy — AR O 2R A

b — IR E A1 k) kg

Pt () —HE DU R BOAEFRNE (E, KT/ kg
Proay o () —JE 138 AR AT THEE, KD/ kg
BRI ks

T T — A AR A 1A B4 B
S, —MEiREL

8 s — S R Y IR HE IR0

uy— T AESRHE P /s

o, — M TR, ()
Bi—L{E® AR HAH,(°)

oy —IBEHEH LA L (°)

o — LAESE AT i | kg/m?
Po~pp — A AR BB HE  kg/m’
w; — LAERE A DA R, m/s
Ex—MEIE BB 1T 2 R %L
E—TARR RNk R L
Ex—REEHUR R H

E— R EEEM AR

£— Mk EEH K R
nm—mﬁ@?ﬁ

T —LAERE MO R A

Ty — WG R B

w—H AR L
p—HEEE Pa - s

Ap— S AR, W/ (m - K)
Dy—M5§HE 11 542, mm

51

i3

FLAESK, COL UM — AR e A . €O,
MBI IF K S CO, IR FF 28 G LT 1o FH (1) gk ™
I, V2278 JRIT T 5% CO, B3 3 48 S ik AL
IS o

FUAT, BT S AT G 5 X 0 ) 1 0 3l LA
LR R WIAR L Sl BRLIE A 58 3 , B0 2 Ko 7 30 Bl
i PR A K 22 Wi S AR S BOR UR AL 1 — S Ak
TEIKHLE BT SEAL TSN B . BUA BFSE 2 BB AT
I, BUE AT SE RO EAR A, HLSE 0 {0 PR Tl i 57
PRSI ESFAZOTIE , BEARAF T Bl LB I K AL
SRR 55% ) AR AE I IK LS R T

X B SARZE R CO,IEIKAL, H T2 T A
FM SCHRZ MK AR AR B AT 5T, 51T T 52 S KK
(ERE T IR ORI LT BA o (B Al TR Al
IR E D24 T —LBFst, R %A AR
A AH AR AR TR R AP A AR AR L T R A
HIPIARIZ IS . T — KSR X CO, AR
A Y K CO, I shit EATE AT 1T BB i &
AARALRTSE, HoF CO, ¥ ¥ B , A% B AHAE , X
WML A P D S S P AT BE R, 153 T
JRAIL P EE 8 B | AR R AR, LA A X iz ik
AUEAT S0E H AT I, 5875 2 K 1L 1) S5 28
FIRF T 42.3% 127 OiiE i " A T A
FRBCREFIEZIAL CO, TR RGEIEREAY R, K
BB ISR o 60% i, R GEPERE R BT
FERGIL 30% o USRI BB B T 5
St IR S CO, PUAHR B L, I 1 AT Z A B AR
LT B ISR T RI34a 5] 5148 Y 5250 Kl , B0
5 | 3 A S eI T A 2R 7 | A R B XHR
FEIRAEN 9. 4% AEFT HEZ T N, $eiiE T P AH A
AT 5 CO, PIARRZIK L 2h 45 Bl

AR SCRIFFE 4 R AL DR ZS AL T Il A BRI
I R 9 B AR AL, CO, I I A s b P 5 8L
BRI M A A2 3k A (AR A IR R 3
CO,MERRHLBET B Py A HERF ST A 9 2k,
ST RS R A g <y AR IR, BT E g ik
AL TE IS AN A48 19 B A LT 2 80, A FR A
CFX )2 A AL 280 3o J2 B AL A 3 A 28 R PR AT
{EAMHT AT St CO, 25V B IR AL BE 310z ] 44 436 B

W HFo
1 girEE

BRI 3252 i e 7 B R S8 2 A T
(A 5 S P A T 450 43 T 30 W b S AR kA
WS 2 J5 , TR T B, BRBERG N, IR SRR 5 2 I A A
M EA ARG, TR ARSENZ K , P it B2 A
i 4k 2 AT, 3 10 (0 38 BE eh T o 4 i o 0l 2 i
/o

FEVCTTRE R A 0 T8 o T A B B ek il 34
FH , SR AH A AH R IR 5 3%, Rl — T



$22. #RE B

BT 2021 4

BT AT B R LT, A X 1 2
RSB G YTE. AERA 300.76 K|
KLE K 6.830 7 MPa, 11K A7 3. 485 1 MPa, G
Vit R 5.5 kg/s, B FHE S 1T 240000 1 g |
FeR9IE B AR e AR SR A R, AT
15 2B R LT TR AR

A AR
I S
D = ™S P, T SING, (1)
W R - e
= Qm
by = plcl'n'DNTNsina; )
AR P AR
Dim = ,‘LIDr (3)
S LN AR
B =, 58, -2 (4)
s
i 1A%
B = R, o2 (5)
)3
LRI SRS 2 B A ) TC - 3P
R . e S B R T I R 2 T R

FE , SRS C TSR R ST T B . A B &
FRZAKCALm | 4 R A G R SRR 1 R
BB =4E LA & 1 FR

F= 1 BHMERHLASH

Tab. | Geometric parameters of nozzle and impeller

% H #ofE
T4 23
S/ (0) 16
B -5/ mm 2.6
St 12 R/ mm 50
St 24/ mm 38.5
LIS 14
Bl O 242/ mm 46.6
Zu 4R/ mm 24.9
B AR/ mm 22.5
SRR e 72
PSR % 97
Heii/r + min ™! 21 965

1 =il
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Fig. 3 Numerical simulation results
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