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Abstract: For overcoming the impact of renewable energy fluctuations on grid stability, energy storage
technology is considered as one of the solution paths. Carbon dioxide energy storage (CES), as one of
the new energy storage technologies, has the advantages of higher energy density and lower geographic de-
pendence, which becomes a promising energy storage technology. The turbine expander, as the core
component of the CES system, has a direct impact on the performance of the system. The basic principle
of CES technology is introduced first in this paper. Then the different types of CO, turbine expanders and
their main features are further summarized. The study on the design methodology and numerical analysis
of expander are summarized. The influences of partial intake and sealing method on the performance of
turbine expander are discussed. Finally, the existing CO, experimental systems are analyzed and the de-

sign parameters of its turbine expander are summarized, which provides a reference for the design and de-
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velopment of CES systems and their turbine expanders.
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Fig. 1 Flow chart of carbon dioxide energy storage system

XFF CO, ERERSE, i CO, MAFREIRATI =,
A A HRE T FRL I LSRR 5 ik 3 i T X
LA N RE A A D AR
M RGE, T EA R AR GERES L A A5
FEARVEAG LR RE . HRTHFSE CO, fERE R GEMIE
KL S 80Nk 1 PR,



559 1 WARES 55 . A bmhitie R 405 FIZ KDL 9T i Jg -3
x1 CO, iEEER GBI SETLE
Tab. 1 Comparison of turbine expander parameters for carbon dioxide energy storage systems
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Fig.2 Schematic diagram of turbine expander structure’
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Tab. 2 Comparison of turbine expander loss models

Pk Qif3! Hu!®!  Persky'?! Uusitalo!?)  Lyu!'®]

A5} Whitfield Glassman Glassman ~ Whitfield

Glassman
E Baines Wasserbauer Baines Baines ~ Wasserbauer

[&] B Futral Baines Baines Jansen Baines

AR S E R A A D) 1) R 5 R, AN TR
BRI ST R T RS R T AR, EH K
Wasserbauer #7 =BLIFHE ) OSP4 358 | TR
E, Baines SR & T R AR LS5 S8
X TR B SE I TS A R (H AR X
A, [RIBRA RAEAL B JE 2R £ | Futral #5878 H 52
B RS 15 3, Baines IR 5L 45 R BNV G
3 PR A R 3 i 2 o

BTN AR BT 7 L2 B 2 37 T [ T 2R 1 AR
b, Wang % N2 27 ] B 2 TR G5 458 2k Bt 35 F-
R ARG, S5 R W 35 7 DR 38 e it s
RN U5, 325 T 1) ) B 2 DA 5 375 1 D 3 fn el 2
W5 TR G BHZEAE AR 55, BGB RFEAR

351 B4 ABE AR 220 R A S 9 BCHE 4005 Tk, B
ZEA LT AT IE , X i e 0 2 R BRI
JE M B e B S A T, BRI LA
[SiERro I B AT
3.1.3 ek

— YRR AE CO, B AR HLA B
WA B T 45 5 (AT S8, W8 S5 A0 S 80 L
B, HEEWSEHET —ENLREEN, HIf
JEA ST R M T S, D o A5 B A A T AT
K2k, KR 5 — e A g & T L
AR IR e 2B AR A
W SRR G 15 B ARk Bt se AL, & WL it
PRI T Z ORI B | 8t A% Bk SR K
FRENT

Lyu % A" St 42 ) i A 0B B9 AT T
Ak, SR FHINURE — Ok F0) B0 Al S 1 T R Ak Sy
— ZRIE AL BRI T [ B, DL A8 Sk H R o
B, AR EE SN BE 45 R R S AT Ak,
G5 WR  OUACHT S 3 T B AL 83, 1% 127t
1 85% , H U 1 451 2 At 38 B 4 G i/ . Uysal
SENPIHBET T HA G R CO, R aiE T, g
K053 50 DU R R, I R A 3 B a0 A O
PXRTHSEGHT LA, L I =E T i SR
R 81.55% HTFE 82.48% , WUl 205 F 1Y 5
FHRCR H 76. 84% 1R TFZ 80. 42% , 7¢I VU L A =X
BTG R

HE—AEBE TR AR AR SR R 4 s TSR



-6 - #o fe

8 o T

2024 4

— M LA FRCR A D H AR R R, U HE AR EE
FONEE A B RO ARG, DA £ R LB <
NS G . PRI B S H B
MRS JE

— A ITE A B T RIE T A S 2R Y
W I HA A R AR ARk  fEEF it
{UJE) RPN I/ CES Wi i) 7 QR A LN [ b
Wi O A [ ANG= Vv o s SRR e L S O 21
MESE BT I g 48t B Al 3 228~ 9 1 900 2k 4
/NP IR AR TR B2 AL O - 19 R M L A
%, BMERE 22 B O RS20, R0 5 0
I Z L N S I Y R LR R oA oV
it TP I 1 5T | E] BRI A AR 45
KI5 Gy R 7 - D AR A A2 fe . e, A
MR IR B BT 25, BIE E E B4,

3.2 HESH

B S ATV S A A B T B, T TR T2
RIEATHIAEBGAUE , LI X S 347 2, B 4
TR BRI T3 1% R TR T A AT , AR 2
MR HE TR o 7 PR 3 B2 A NUMECA |
ANSYS-CFX “ERDV AR AT, H = e n] LITE F
S Hb S W - P ER R A IR L

75 P RALL S SR FH 08 i I S 78 S 2 T T T3
PRI — R, e, B R
BL A58 — 7 BRI AL 5 SA A — Oy PR AR AL A
ik —e,k—o FSST k-0 B8 | 3 3 B4 T 765
RRALL A SR AR A 4370 il A 2 i e —
BEALFN — 7 BB 1) AL B L

R3 ETEARVRDEERRT

Tab.3 Comparison of turbine expander simulation models

FEAIE AR Ei] A FRSE/C A FEJ1/MPa TRk bE Be/r - min ! &
SST k — 3 b 392 13.5 1.75 45 000 65.70
SST k — w3 B 420 15.0 1.67 60 000 77.00 ~79.00
SST k - 3 Hh 500 15.0 1.35 10 000 86.00 ~91. 80
k- gl S 400 19.3 2.53 40 000 82.50
SST k - '3 [t 560 17.0 2.20 247 980 83.19
k- g3 (e 500 20.0 1.67 37 000 84.80
SA 37 Ui 550 24.6 2.90 42 000 85.70
k-gt3] &N 500 13.0 1.63 45 000 85.00
k—gh (i 430 20.0 2.50 130 000 80. 00

FEBLAUL CO, 37 - B SR FH 52 bR AR s S 1
(Real Gas Property, RGP) ol S RS AR E T R, LA
PR UFBUEAR L AW St ARt . Odabaee 25 AP
3 5IRFH RGP SCAF S BRAMRIS T XS 100 kW
G A CO, R P AT T BUEB, X He 25
T SLBRARRE BT BRI 238 &7
HAR KR, i RGP SRR 452 5 REFPROP
BRI AT R I R 5 52 B A MAOIR Sy R A
M B BT F X R IR AL B A A T
OYHT, RIS AL 65 1 AN 7 A 1 S -4
TLIE . FH T ST Y U Bl A R W A /N R
WA I R WEHE Y 1 SR AR ST 5 TR I e R
e R 4T S A AR R A T IR A AT

Zhang NI 51%3H T 1 6 15 MW 1 CO,
HIRB AT A 1.5 MW i CO, BRIRIBEF, XF
GV TSRE AT, SR R KN
IR KA T AR Bt 2 4 3 0 368 0 i 386 o, il 3 =X
75V 1Y) B K )RR IR 18 43 0l R 646. 79 MPa Fil
0. 061 mm , H iz KARIE A7 T 0 5 T o 5 448 9k i85 1
(Y e K 7 FAE T 3t 433l R 702. 74 MPa F11 0. 446
mm , H 55 KARTE &t BAE 3% 7 B R, Y940 F #F
BRI 7K AZIE P
FI B A s T F 4700 25 50 uF, B
AR YRS 2 e S EOE . T 2R
FH—J7 A& R = 5 F i B A, HOBCHBLE >R RGP
SCPE AR AEAERT T CO, BPERE T, IR IERL



559 M1

RS, 45 S L tHfE

R G VI AL 5T ik J -7 -

(R DL WA SO R o i e o RE R UL T AR 5
B V-SSR BT MR B e £ 1 & B e KRR P i
HBTERE Syt Fr THOA , it g 5 20 gk A7 0
e

4 BMHHESAFXMZFHAR

4.1 FW|oy#HSANX

TEARTIRIKTE T, CO, 3BT AR RN R
FAFR A 05 2R ARSI A O B4R Rt g
50, R AT e | U383 1 I ) e sh M e
I g A 8 AR T b T [ it B ﬂ/'\TIEJ%Aﬁ{FﬁL
I AR A S A 2 5 B A1 ) i XU 2 RISty 46
I, XA i 2 1 ASCRE AU/ INITT 3G R L 5 et
HES AT B PR

X HEARE BRI, T ER I O R g
A FHEAREY A E AT E  SIZESE T 1 B,
2R 4 A ES s % HUfE/INT 1 A 25 5 R
NS, sk (3) B .

A ZPH

=4 " 257rH (3)

K. e —&B 5 s A, —HA A H A, m*;
A, —WEE /\,nf; r—mHEE A O, m;
H —M A&, my 2, —WiHEH 7% P, —mi
WEF R, my B, —WBEHE 0, m,
ESEE DN 1 M B RO R
CO, it V-5, Bt T — T3 75 kW
AR 0.3 AR E T IR T BT,
S5 RER] HEAORBL N IR ) AN RO A
B AR AN N i 3 25 AL BRSO A e B iy
AR, IeER Y BE I T T Co,
rm =B rERe R 25 R ORI
T ) ARSI Bl 8 BGE F T sl 4 2k A
RERLiR . XS A D E A R T IR S
A&, DA/ INER 30 A0 30 35 S 2503 R i 1 D R Y
2% . Huang 25 A B3 T IG5 CO, #r HES
i =GE T T E A S R i T K
PLE A AN 4 s, o3 B, 3 2 kSO iE 40
AR S SR A 2R S B4 1 % B P BE iRl
k211 St N e NN o Griom BV &
%, 1237 V- B B RS RICR R 53.43%

B4 FoBSBRAEFERILAERTIEER
Fig. 4 Schematic diagram of partial admission

axial turbine expander geometry
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Tab.5 Comparison of operating parameters of turbine expander for each experimental system
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