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Abstract : Compressed-air energy storage in aquifers (CAESA) has garnered considerable attention as a crucial large-scale
energy storage technology in recent years, under the context of global energy transition and the “dual-carbon” goals. This
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study proposes an underground CAESA system and presents a transient simulation of the cyclic injection and extraction of
compressed air within an anticlinal aquifer structure, conducted using CMG software. Data interaction and calculations
were performed using a Matlab/Simulink platform. Under the design operating conditions, the evolution of bottom-hole
pressure throughout the cyclic injection and extraction processes was simulated, effectively achieving coupling between
dynamic operation conditions of the surface thermal system and the real-time evolution of underground aquifer injection and
production. The simulation analyzed the response characteristics of key state parameters, adiabatic efficiency, and input
power at each stage of the compressors and turbines during compression and expansion. The results indicate that, under
the design conditions, the outlet density, temperature, pressure, power consumption, and adiabatic efficiency of each
compressor stage during the compression process, as well as the outlet temperature and mass flow rate of the high-temperature
heat transfer oil, exhibit an upward trend. After three-stage expansion, the air pressure decreases from 2.087 MPa to
atmospheric pressure and the air density drops from 19.09 to 0.904 kg/m’. Owing to the progressively decreasing
expansion ratio, the work output of the turbine stages diminishes, resulting in sequentially increasing outlet temperatures.
When the adiabatic efficiency remains constant at 0.8, the power consumption follows the order W ;>W,,;>W,;; the mass
flow rate and temperature of the heat transfer oil increase first and then decrease as heat exchange occurs during the
expansion process. The above-ground and underground components of the entire system operate smoothly, and the
energy storage efficiency under the design conditions reaches 62.77%.

Key words : aquifers; compressed air energy storage; energy storage efficiency; dynamic simulation
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Fig.1 Schematic diagram of an aquifer compressed air energy storage system
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Fig.2 p-v and T-s diagrams for compression and expansion processes
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Fig.3 Physical model and mesh of an aquifer with anticline symmetric structure
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Fig.4 Flow chart of the compression process



232 BRIEAEZE

K5 Woap RGOS A EE R, ik
ABRIT BN KSR S8 AR
W ARRARIE T pp e 2 0 B 45 R0 220 T B anh 3L
T, o BEISHAEREE B g, EBO(E T, T
=GIRGEHLIEAT IR B4 TS, FIRH R R iR Bl
HETT pyp e IR BRIy A AR IK BN A ¢, 9k
AR EZE p, 5 RAUS M, RIETHRES BN
AL OSSR, RS W2 15 3 31 a5 45 400
6], AR B, W AR — B 2P, R AT
Fie, LK B 5 E REAPLIN 6], e S A 0 LA AL 4

3 FHREWNE

3.1 IR TR

Bl 6(a) R 1T AL dERIFIEH R 122 1
Mhzk . HAEH RS R IR R R IR
S St RS A5 R AR e A R B, i ] AR
WGIG R 2 TR, M S I R R s A Bt
K 6(b) fan 1 1R e s ) 78— R 46 82 K118 246
ITa) A v AR b R4 R AR L 8 b, M) R ) R 2k
LT AFIE O B T SRS B I K R R T RRLE T
K, SRS A5 IR B B g [l . EAE R R B B T R
I, B e ADl A SO A Y i R AU D K ) B [

> iﬂﬂ:qm

EULCE JiSVEL i

(]

WA REAEREE HpraflE4HTTE
LB 7 T AR BE Ton

|
,—b’ BE:gm ‘

*:
HER B K \

v

]
kst =qmenn p, T W

p,,=101325Pa

WA TR RS K

T ESEARNNITRSH

RELIBER
LR (8]

#IHAR |

(SIS SURESik L]

Fig.5 Flow chart of the expansion process

MR SRR — K B T AL T A, SR AL R TE T 20 000 m? | AIMTTE 55 7K )2 R I Al <%, REAS $2
PEFE RGP B0 AT o ERIERTAE 8 h, HRAE N 28.76 kg/s , USSR 4 h, %
B 4Rz A RETE R AHAE 8 h, BEAE 8 h, iIX— B 5 L 7 AR S8 H 8l A I AR DT I, REAS 1 AL 3T 8 h

ECENT N

(a) 18 [

FEJEJE /1 / MPa
E B

0 2 4 6 8 10 12 14 16 18 20 22 24
I TA/d

(b) 17.0

FHIEE S7 / MPa

16.5
16.0
15.5
15.0
14.5
14.0
13.5
13.0
12.5
12,0
11.5
11.0
10.5
10.0

<

— B
R

A B RS TR/ IR

8h \ 8h

IR
4h

1F I B
4h

0.0

02 0.4 0.6 0.8 1.0
I TA/d

Fl6  HRHKFBAEARFR R A ) 1 ) 3 1k

Fig.6  Evolution of pressure in the horizontal section of injection and production wells during the cycle of injection and production



52 i Hw B % 2026 4F

3.1.1 CAESA Hu# R 45342 3) 451

K7 8 7m B e O AU B S 2R B 7 Ca) WEATFTRER IR T p, FUKEHE TS p oy, BT (D) TR
AL S it i, A 7 (a) IR p, MUKV p 2B B S BT ES JFH p, 1 E
Fa#h 5 p IR LRF 3, B THEAN RS SWE )RR, SE3OF 0 R S H 2R T IR E T, Ktk
P IRERT p,oo B T(b) AR TEURSGEE R A T & Ui i RO READL 5 5K, o It i 4E 47 28.76 kg/s IR
FEAAE, BEA p,, WOTHE EAHLAY T B8 BT TS BUE 4R DL 08 W T

(a) C T T T T T T T T T ] T T T
15.5 ®)g 5601 = g,.1128.90
150 | 7 Pw . L
14.5}F . 9520 e
14.0 } E ~28.80

i 1 ~ 9480} ~

s 135 T 128.75 '»

= 1BOf 1 € 9440} =

= 125} ]l & 12870 &

2, = =
12.0 + 4 = 9400t {2865 =
115F :

‘ I 428.60
i1l 9 360

128.55

1051 ] 9320+
10-0 . . L ! L ! L ! ! T T T T T T T T T 28.50

0 60 120 180 240 300 360 420 430 0 60 120 180 240 300 360 420 480

7/ min 7/ min
(@ p,,Mp,, (b) EAEFER S R ERE

B 7 TEAGE AR 1 sh AR
Fig.7 Dynamic characteristics of gas injection rate and well pressure

K 8 R ije = IRAELIL DI S EBER A A28 a5 (a) B, (b) 7, (o) MREZ, &I 8(a),
DRGLBRIEHG EEBIIER, hE 8(b) , B AEBHRIEL)T L BRI, hlE 8(c) , B4t
B IRB B T,> T, WE R AR AT TOEW KT T, A Rt b 1,5 74808 JFH R ST T, %
PIEARHL B R A S A R i 2 A8 Al ke 14 2 SR s 3 b T R O 7 TR i AR G PR 23k
Bl KME, X BAEEIE th TR e b RGN R L B BT, SRS R T &, &
SRIRAFHLIG UL IR 3 2o THEG R REI0 PR L 2 B Y, THES R W80T LR E THE . THg i i
FIELFE R P ) 2 SEURGRLIL 1 BT

(a) 100 — T T T T T T T T (b)14 B T T T T T T T T _\0)560 : ; . . . : ;
20r AAAMA‘“‘- AAAAAAAA‘AAAAAAAAAAAAAAAAAAA 55 e
80 i AAAAAAAAMAAMAAALALLLE J12F | aassaassssasettt 1 ssor MM sssssascosesceee |
shhdhbAAAALL s osen
~or 1 10f {1 s45¢ T pansntt .
T 60f s ol = || sa0f e R |
s 50 F A s 2 e T,
= L IS - pl E S350 a .
E ‘3‘2 - a6 1 s3of <
r 1 4 525
A 520
10y * 1 515
ol 1 i [ aun
1 1 1 1 1 1 1 1 1 i | n ' | | N N N 510 1 1 1 1 1 1 1 1 1
0 60 120 180 240' 300 360 420 480 0 60 120 180 240 300 360 420 480 0 60 120 180 240 300 360 420 480
7/ min 7/ min 7/ min
@ P, P, il Ps ®)p,,p, g D ©T,, T, Al T

K8 =ZUEARHLI 13 S HBES 18] 59 3 254
Fig.8 Dynamic characteristics of outlet thermodynamic parameters for a three-stage compressor over time
9 7R Ay = S AR A S B 1003 B AN S P i i AR A B (a) SR FHIREE (b) S HGR
i, I 9(a) g S L TR R B R R R TR, R T, L5 T R, R T
T 10, B AT SR TR EE 5 2% BRIl s PR AR A 30— B, = RE RS0 )5 R T, Al
L A S SR IR LR TR . I 9(b) g, 0 3BV AP 0 S Pl i i TP AR, A 42



Heths TR T

550

=N

B

/}l ﬁﬂﬁaé/%j\jjj qm ,oil, 14>qm ,oil, 12>qm ,oil, 10 ©

(a) T T T T (b) T T T T
sas | 14.0 " :
AAAAAAAA:

401 e L aakAAAAAAALS ] 13.8 N AAAAAAAAAA‘AAAAAAAAAAAAAAAA‘AAAAAA |
535 oppeanaccd ] 136l ]
530 [ esnesneeeeernititsdt 4 =

v 525+ A“‘AAAA s :0 134 T dmgiioff]

= 520 Lol = ® il 12

3 —o— T = 13.2 e |
s1s R VI o

oil, 14 S 13.0 4
510 R
505 - 12.8 .|
500 F = ] 12.6 7
495 - e
490 1 1 1 1 1 12'4 7
0 lee 20 200w W 0 100 200 300 400 500
T/ min 7/ min
(a) Toxl 10° o:] 122 —*u Toil,l4 (b) qm,oil,lO’ qm,oil,lZ’ —*n qm,oil,l4
K9 =g b SR i DR RE A A i AR R

Fig.9 The variation trends of heat transfer oil outlet temperatures and flow rates in the three-stage heat exchanger
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Fig.10 The variation trends in power consumption and adiabatic efficiency for the three-stage compressor
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