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Abstract

In terrestrial salt cavern gas storage facilities in regions such as Jintan, China, the development of mud interlayers in the formation
causes sediment to accumulate at the bottom of the cavern after water-based dissolution, occupying nearly half of the effective
storage capacity. To revitalize the void resources of sediment and optimize the rotary jetting drilling process at the cavern bottom,
a CFD-DEM two-way coupled numerical simulation method was adopted. By considering both continuous flow of the drilling
fluid and the discrete mechanical characteristics of the sediment particles, a numerical simulation study on rotary jetting drilling
within the unlithified sediment of salt cavern was. The results show that: Through the coupled numerical simulation, the full-
process dynamic characteristics of sediment particle mobilization, migration, and accumulation during the rotaryting drilling
within the sediment can be reproduced, and the influence of different drilling flow rates on the sediment fragmentation efficiency
and particle upward migration rate can be quantitatively analyzed. Flow rate and the structure of the drilling tool significantly
affect the hole-forming effect of rotary jetting drilling within the sediment. Increasing the flow rate can enlarge the hole and
depth, but the increase in drilling efficiency slows down after exceeding a critical value. At the same flow rate, the drilling tool
with a small-diameter nozzle exhibits drilling efficiency within the sediment, and the nozzle diameter has a negligible effect on
the hole-forming area. The drilling tool configured with a 5- guide impeller and3 rear-mounted reverse nozzles achieves the
optimal drilling performance, and different nozzle structures correspond to exclusive optimal construction flow rate intervals.
The research findings can provide a theoretical basis for the selection of drilling tools for salt cavity sludge, optimization of
construction parameters, and the resource utilization of sludge in salt cavern gas storage facilities in regions such as Jintan.

Keywords

Salt Cavern Gas Storage, Unlithified Sediment, CFD-DEM Coupling, Drilling Efficiency

“Correspondence: Yi Zhang (lotos_zhang(@126.com)

Received: 8 June 2026; Accepted: 7 September 2026; Published: 14 September 2026

@ Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/sr
http://www.sciencepg.com/journal/181/archive/1811405
http://www.sciencepg.com/
https://orcid.org/0000-0002-6445-9326

Science Research http://www.sciencepg.com/journal/sr

IS ERE RS TN SIS T BT

R, WX, TS, F5E?

U 58 AR A BE R AT PR A R R A (AR B Fe e, Bilg,
2 rp A BRI R SRR S AR AT, s, A
SHHEARS (B Al LR, B, PE

MHE

IRl P e 32 25 X Bl A 5 XA SO AR R BOR SRR KV I i i ST B L~ AU R . NS T R
WIS AR e #dt T2, RA CFD-DEM WA R & HUE AU 7 i, MBS HROE S 5 UTE R & U A5
fiE, JTe 7 EEA BCE VT A e P B b BURT BT Tt . 45 RR . Ol Holal & 07 31 T AR BLUTAE P L H e b 4t
MR PUERR R 3 B SR SRS SRHME, AT DB A R Bl HEE S TR AR . R LR R 4%
RIS AL @85HHER 5 L RS 2 25 S T N e Bt s ALARCR . HERIRTI T R AL S b iR L, (Hi
L S E R B ROE IR SR FSEHER T, DEEBIEA S IR L TRAETTE AR RR T, BB LR
WSS ORCE 5 M SR+ E 3 AN B a5 FL T R MR RE R L, AN IR 454 0t B % Ja B It it L HE
RIX[E . TSR TG In S X B XA U TT R ER Ui P ik TR R L il T2 pb 5 T =S BR B R4 A F 55
FRALI IR o

R

HIUESE, ARUEUTE, CFD-DEM f&, Hifl3cE

1. 5|

Bh A R IR TR AR O R T AR S SRR, IR S AT R [7-9], TR
HIAZ O FERE G, BB R K. e i T e v 75 R % e 2 B s ) A ORI A
PESSH RS, e 5e 3 E A ARG R (BB B HE RS, BRI BT S T 1 ph R

ZANEETRRL-8]. REM T UFZEMIT TR SOERE, 20 EMIERL. REVTEREL fLERE
FEAHDURR $h 2, 5¥g A st 2h AN H], HUZ e . 40%~50%. JBiE %, IREUIELE LB HEESEMAT
WERZRE, Jea b s S AR & B, S1A. WA PR, FLBR R 2 22%~30%, BURLIRT R,
WG LR LR S B W E8%-30% A4, & BRI A AN S8 A, 5 R A A LE,
P EL A IAS0%. R NEIRZ BEHR . AAPIRACH I RUTE RO R] R G R 22 . MUGE AR, B A ReE IR
oA, shE SRFRELERE, MZEARY IR % [4-6].  &[10-14].

[ Y ER R 2 R AKIE P RIRIE I, oK A R+, ARSI T R RN AR RS 2 VIR AL,
MR R R R 25 B B RS R B v, ARSI CFD-DEMIR) 2 JUREAR 22 AR X A 48 5 BB A 7 2%
FREEAE I (A SR HERUE A A UUHE . PRER RS S A R0 P e 2t T 20T e S AU, SRR TT T
AR ER, B EARERICERER S E AR, DTN R T TR R 3. B BRI,
#gtit, Al$is. s BMNGEEEEEE RN XE T 7 AR S5 S BN HE HER R U0E A AR AL
B ARAR 5 6 A AR R 1/3~2/3, KR FRAR 1% e RICR, DRJF SR IR Y i Rhlidt , SEBL S i v 2 B 4
THEAMMER, RN TOEER SRR A, 2mja A RO A (g 75 B BER Ll

366


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

2. HRETTEYERMERMSILTE

2.1. T RNLE

SRR S SR, TR NS AE e
H TR E S Y UR D SEAEIR SRR, R DTEE RRY)
R AR R ACOKIEIENE TE, AR KR
SN ERA T, RBURZAE T sk, B S
FRERIR IR KB HSCHE, £ E ). sKIEER N2 25
SRR o SRR IS 2 AN )UK IRE L ik, REDRCREE At
YR, AORLETEYINE K SR UTRE, KA R A 7RI 1A R
O EHER, TR TR . SR IE B S H . iR
B ZKER IR AR, 2R J2 P TORYE JE AN I 2, A0 0R H
TR LI, AT 2 B PR AR A R
HULH, RS A A3, 9, 15, 16].

2.2. HBEUTEYIIMERE

(L) LB YIRS

SR X 3R A O KA E Y UOE FE A S T R
SRR PBEEET YRS AR A A, HHIA
45%~79%, NEZH Y B LIS EZ415%~15%, LR
Rl AN, B XK G BRI s, Rk R T &
BB R, SRR RIS S RS Y R 1
PWAEIS A [17-19].

(2) PUBRLAR S A FEAE

K 0 4055 3R 2 R i KV 5 TE BT AN T 4 v
BEEATRAR T, 2R E LR, REA AT A
FEAR 2347 [X 18] 40.05~50mm, ZRHECIR A4 BHE B &, Hrpiit
VR AE K /N30~40mm 5 LE £ K R126.25%, 10~20mm 5tk

#116.10%, 5~10mm%12.81%; K JZFAHLITELNERL & Lk
T, URLES U R RIS IE S K H ERE, 4
SRS e R R LB, R R BT R (17, 18], K S A
IYRRIE, BB SEUUEBYE IR EER RS, BN
Jie vk 3k i AR P R B IS RS S HEVE R AT R B SR
[19-21].

M W
S v S

[

SREBED M%)

25 125 063 0315 016 008 005
SAER R E A (nm)

S w

| | I
5
R

|
30 30 20 10

£
<

B 1 AR f AR U HER AL IEE 23 A1 1] o

(3) YL 3R ESHL

TRIEUTE A BOE AR B K, o AN SR, T
RAVERS & JBE IR -EAR s B DN, AR 5 P ey RO R BF 0 &
S R SE R SR, HLREHEAR IR L2 0 2 72
Fo RIZANEITEAR A JURSE, FURLF AP eas
VERG 22, BRI EEAAG P il B s SEUT AR R AT A
FHTRBURE S S 1R 5 S A RRE PRI T, 9 5 200 W 1 K
TR B e s s ST R 52 T 3 S, ORI A/ P AR 53, 70
EUERERAL, S L e B HERE BRI E R AL, ASIF
LT UL O 98 E S AR IR -

1 RRETR T BTSRRI SR,

VS ETH WE} C/kPa
RIZBTE 2~12
R R SR 18~35
TR v R s SRy 50~85

PR A (9 Fo MRt 58 & /MPa
22~28 <0.03

29~33 0.05~0.18

34~38 0.20~0.35

CEAERIRT - He T IR X BRI R DT & A =i 70 2 e 5 B [ S e R S5 R, S HIX R 2R & S IEOCHRES, 7, 11,

17, 22-24] ZEsSE R VA9 EE .

2.3. HEridierrsiTE

e B S b e el AL A — L B U R
A A R R AR, S e FL . R B )
R A A S WL, T 5 36 IR R AN Bl 9 B

WA FARPESR sl A SE TREPR, 02
) P i S I 1 A 7 A ) v T e e S TN IR DT HEAT
JA B DI AN 6, SCBLITHE N e Bt s M TR s
WA 7 A PR I ) e B A S o X T 7 A SR AR
DX, S0t e A P S 2 R A I R A B s Al R, S
Bl R iR, R, e e TR A R 7 i


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

SMER 7, AN T B iE e R At AT BERI BN ), BT
DU S A, B st ReR [25] .

BT Gt i X ER U T8 LB R LA PR AE , B2t
TRl AN A TR N RO e AL TR, 2T R
%:TCFD-DEM & BB 715, XL/ B AN [F) 4544 2
O EL AL B AR R TV N IR T h RS LR R B LK
R, RONELTEA SRR B O EARAEE K
SR st T ESHER.

KFCFD HikitEiinik, RHDEM k& itH
BB FIRAE, WX T BRLE R, ¥R E/AAE
B R RO 7 AT U IR R I CFD-DEM . #5431

£ 2 LT BEA L
EIELL
>
— HOERE SoEt

(mm) Z¥
E! 8.0
TER2 5.5

FiE,

FHE3 4.1 3. 4. 5. 6 M,
Jr% 4 a1 552 64mm
HHES 41

3. VIBAMRIEREER L ESHRE

3.1. EDEM Fkrigiigizl

FEEDEM B HITTR 4%, BRES MU B E X TR
ORI HERVERNRS SE MR BAT EER M . O S A I [
Ay IEARE, BURLAL RO | 0K [A] BE R AR . IS

(B DL 7 V5 B 0 #E ffy b At SR FURE RIAL A (R 38 3 15 0 2
Z I AR AR -

EIERER

B 2 ERIEAS A TR Y i R AL TR

SRR T R SHER.

J5 H B

SR HOE#& R 2 5 T B fheR e
™ (mm) f (O

3 4.1

3 2.9

3 2.1 30

2 2.6

4 1.8

() 20 K 140 38 458 I 25 8 B UKL AH 110 12 2 38 AN A A (1 B
() FUEE, /N B[]0 K ] DA s RO IR v Al 1 (E 3
T VR s BB T SR AR A S S A AR
eV, T EARARASTA S T T IE A T s R AL JE AR 7Y
TR 1) JBE PSS 70 2 S s AR AR AR FH 1) S, AR 4 0
FEITER S KA R R, 4838 224 1) lf J5 52 75 A B8
FER o DL PR 0 8 o e il e A R | BEL i Al e A TR A
Mo E R R 2126, 27]. EDEM B BT 3K il 2 B S 50k B
WH3FTR .

R 3 HHUCKBSEESHE .

SH & ZH 18
UL YA A L 0.3 4% 55 (kg/md) 7860
AR 5 (GPa) 18 B RV R CBURL-00RL) 0.579
RIURL 2 52 (kg/m®) 2200 SHESIE R E CRL-FokDD 0.00192
WA AR 0.288 RE B CER-E 8 0.487

368


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

ZH

1% B DA 2 (MPa) 82.3

EDEM

B 3 EDEM B icyy B,

s S UL B B O ERTEURE, R4 et Hh X
RERLAR 53 A7 SE A6 MR KR, AE BRI i 3 N 2 FLARAR
Bk, LIRS N TS AR

{1

RS, R UTE BURL RS 1 B OR8N, /T 1. 25mmii
BHIRLGE— N1.25mmiifE, Ak EEA22.72% . 1 58 T
WORLPTRLAR AT BB TR R M S B JE 1 )
S ZEDEM E HUTY) BRI N K3 R, K % 81200mm,
{=9700mm, AR TR 2 B 4L H 1540874

3.2. Fluent FiffiRiE

TEVH IR AR S 5 R A, BUBESHU 1 B T30
4 LA I A A e M B R TH LR AR R
st DR RO B 5] N T a2 SN iR BT B S e
SR B RN

AR AL SR AT N AHELE, (5 T =
SPPE L SRS EMRE R E RS . BT RO R
R AR FURL A FAE 855, R - Rz 22 AH B 2 e
e ARl TR S i B S it 2 LY € ALY € A Y
TRABE T AT BB AL o E2 ST Fluentifi A 1847 35 45 780 40 (<] 4 i
7, K N1200mm, = 700m, #5788 R A% K1 4 3511102559
AN AL 550192 [ HK .

R 4 IHERAE AR GBS RO E .

e 21 Ui

AR 1000 kg/m?3
AR B 0.001 Pas
SO AR R AR 23 2 ~60%

AR AR 4> % ~40%

T— — T

-
Bl 4 Fluent il {4 s BRI e HL R 4% 4l 70 B

¥ Zi=A

TR Y PRk k-¢ HEA
CFD a5 K 1E-4

DEM I a)25 & 5E-6
AP K 1E-4

a0 20 S0 0 it

ial

200 [Ty

B 5 Al SRt

369


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

3.3. AA%ME

WG B ESHR, NAARNEZEND, HEOB
RNEFHR O, WEAKRAE, HARICHRE LR &M,
FT FIABA, RS BUEBITTE, ST T A
S L T RSB REHHEE NS AN R E LR,
3 HINE RN C 100, 1104 1250 180. 200, 225.
275.390. 475L/min, X\ 134 537 790.211. 0.232. 0.264.
0.380. 0.422. 0.475. 0.580. 0.823. 1.002m/s.

4. TIENSEEBERESH RS

4.1. TERYTENREME#IERE
K FFluent - EDEMXY R &5 & 7 AR RS FL T B A £

JEDTE R e el eI A, 5V A2 Fluentd: T-N-ST5 2
RARBEREG I, IRECG SSRGS 045,

Velocity(m's)
2.00e+00

1.60e+00
1.20e+00
8.00e-01
4.00e-01

1.48e-06

Velocity(m's)
2.00e+00

1.60e+00

(c) TR O X FURL 78 73 J By

EDEMKFE 25 HC B8 RAE DUV kL (] e . R4 L k%
IS5 E D, RIS R DT MR . BiFIssh s, fHisa M
)4 7 S LB S A8 L, AR S T VR SR T AR A I
TSR TR S O ORI B H0OS B RFAE

DUV Y e Rl 3ERE A B 25 R e R . e AT L
EH, PIEEIRET, JUEER SRS SR, NTHE
THAFAERR /NG B R AR 4R 30 5 B FL 1 BAE U T A FL AL
i, T HE e W s B AT il id i s, RIZDHE
Wk a s, W THRAMIER; T RIS, i
I R RTRY R, T AT R R R X, A Xk
WbigE 78 7y Ja s, R R MEREEaE PRiEkiu
FElE— 54K, TH A ke B AR 52 #0538,
SERE LT e R B s HEE B A

3 B RE A 1 BT DU BT A T e b gk i
PR YU R G 2 128 5 MR AR B S RFE, 7T LA
AT AN [F) A S B O R R R R R A
VRS, At S T X R 7 S T R A P 3k it
T 500 2 B v IR AR F S AL B A 4

Velocity(m's)
2.00e+00

1.60e+00
1.20e+00
8.00e-01

4.00e-01

«
(b) RZVGERRLR S 7 shizts

Velocity(m/'s)
2.00e+00

1.60e+00

8.00=-01

4.00e-01

8.722-08

T

(b) TR JHA%E AR HER 58 R R4

Bl 6 Hifl THRITE N e Rt i A B A 2 A

4.2. TRUTEATEHEILERTHT
(1) AR AR T A LR b7

S UTHEEAE SR HERL S, UV N SR e v ok el 2t A
TR . BURLS B s AR . IR RN [ 4
FIgFL T B, TR FIHERE R TR0 PG S o B
BAoMr, SdRNET7T~EIR.

370


http://www.sciencepg.com/journal/sr

Science Research http://www.sciencepg.com/journal/sr

39498454 4600541

(a) i 200L/min (b) Jii&E 275L/min

(a) & 390L/min (b) & 475L/min
B 7 7% 1AL T HRRHERE T U0 B R ES LR B .

(a) & 125L/min (b) & 180L/min

4924370

(c) ¥k 225L/min
8 7% 2 BhAL T EASFIHER T T BRSPS LI

HEATLLEH, AL TR, HRBUN, JOEm  JOENBRERE S THRBIWE EAR RN R, FHHE TN
AL RSN, UUE A BGBERE P T LA BOR . BRALIE ELARMEME 7 2R S AU B T v s O A B LR B i, (H
AN ; BEAE HER IR, TRRTRBIHE R e, AL AR S W EAR RN R RA K. B, X T AT R
B R S e RO, DTN R Sy b BRALEE I, BALD R, T N e RO AR AE R N R R AU HE
Bl R R P O RORE S A S s e i i A ALIR B HE a0 SR AL TR S HEE 79300~400L/min, 7G24T
EBOR, AL RAE DT T e R LR R JAEN R i iR 9200~2500/min, 7 534 fL T H S iRy
BEBER BEEOR, (HAREN KRS —EMRE G, MLRERE  120~150L/min. I8 -EE A AN R D B S5 M AN A HEE R
R AL SE, W77 RIS TR, A F(390L/min)s, VOENBALRCR , 4G sl s e 2L B . iy =
ARG IE21.8%, B LIRS UG IE0.7%; fEMFEHRT,

371


http://www.sciencepg.com/journal/sr

Science Research http://www.sciencepg.com/journal/sr

HERRIVE S BORE, RN ERIE DTSR TR PRI B
I RAE A AL 2 B A SR BRI

450
BSRAEATE  wGRsIIA
350
300
250
200
150
100

E5FLFLTE/mm EEFLER /mm

B9 AFEEALTH 125L/min HH-E R YT A BHESFLRCR X LR .

(2) I S IR T $0T125 UmindRE T BAL T RLAEDT 1 065 FL A AL AR
RAFRIGILLI, THA B0 A a1mm, 3 LT T IR R IR S R A R
AR E A 02 dmm, TRAPE ST, B RUPRILACRE, % R 105

(a) 3 (b) 4 M}

(¢) 5 (b) 6 M
10 B LI EA [ T SR 45 H R YT AR AL SR EE

HIE R DA B, B fL T RN EDURA R R8I SR (ERCR R, Femt s fLAR iRk DU A Bl R ANl
WG 25 0] LY GBS (R e SR, SRR OB T G FLEALAT BERCR e

VOB NG, TR 5 B A K S b S T B B HE (3) AN[F)J Ty Wi A L7 SR FLASCR 2 #r
VUBTURL, By LB IO R E B LA HERR, Bl LA T 52 ) B AL L i 1 55 R B 0 S R R RS RS FRD J T  3E A

WA R oxof A FLACR B B S s ar OB, it U i R AR B I 0 R NE HE R R N AR T
FRHISH I, mR AR R S T R A L TR AR L YR ELAR L W ) S A L R O A
(PR A G SONI I N = S L NETE Y Ak

372


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

LTE, =My THEBNESHH SHRMHFE, [ g
PINBERAIMm, 5 RBEEEEM EAREAME, HER
M I A5 R A TR AR A 2, O B T 125 LimindEE

3219929

(@) FHE 3 A JammHE. BHE 2.1mm)

=R T AL T BAE DT N B RS I, X b T AN
2] Vi g K B R L A% T i L B AR TV P P el LR AL K
R, ERWELLFTIR.

4360629

(b) HE4 QAJFRBHE. BHA 2.6mm)

520.9633

HES (A ERBIHE, H7E 1.8mm)
B 11 AN 5 1 B AR 5 Ak FL LR DT AL A FLARSC R ST R .

HIE T BUE Y, EARRHER 2 AE N, Bl AL B S g
WERCRI S . BB, TR S b SRR O,
VUBRRL 5 HRERE /s, TR LRI, J5 5K
IFLAR L P2 5 SRBALAR 2485 X b = A5 Sl FLARCR R
T P e Bt AT BUA L, i AL TSR T2 ) [ g i 7
J I FLAR AT FLER AR A foe /0y SR FH 3N S I M i I Al LR J5E
B SRHIAA i 1 W A Aty FL RS FEE 5 34 2 1 W A A 22
AR LR R, BALIRIESARN, Hhidtid R
SHRERERIEEE . Bk, 8L TR BB 3AN S In]
B b IO A B HERCR B A

5. &t

G 1 S5 b X O R s SR D 2 et A 2 K i
it fEd, YR ZE . VR DURMERR R K E &
JE ST R AN VA R T RS, Al P 4y B A% L TR 4
FeAY, RELEAL. @i, (KR, o2 B Syh
FRHAIE

CFD-DEM #6751 M it 1 Ak a3 i & 2 A
JR AR 5 LT SR 1) 25 BUOZ BRFAE 1T )25 RAF &L H %
SRR K IR S DU ROk B EORE B L IS R HERL AT O,
FERCES P T L BE P Al B s L B VR4 4 i R B AL

HeAURRT, PO T ACFLIARE S, TUE PRS0
iy BfLAE; BB HERIGAR, T E A0 m v e i o 773
Ko S ]V Js gk 38 K, O P R R4 2 e 1

373

S FHEEDBOK, Bl AL BAE DT I e T R FLAR R
YU WA HER LR, (HHFER KR —E RS, ALK
PRI R AR 2« AR MR T, DO A Bt
RIS TR AR RN B b, BRAL T AR 5 W ELAR K
NREERRANRIRITE .

B A KB, BhifLLHE A B F 24
Je B3N S IR W W 5 A IR U Y Bl E R S v RIS
M 2H 5 SR B L L, AR PAY e Rt I B4 1 o
PEHFEVE L, DL 0l kI m] AR A e AR O TS O H0e
Mo e R S A e AT IR T

27 3R

[11 &M, ZTE, $RYL. JE S B N A7 AT AT 1%
9T (3] BA 1% 5 TR, 2005, 24(24): 4409-4417.
https://doi.org/10.3321/j.issn:1000-6915.2005.24.002

[21 #EM, 4R, B & EREE TF ST S
FETAE[M]. dbaTRE2A AL, 2013.

[8] #4530, P EER S ERBREER [R]. bt EA
MR R0 F e, 2014.
[4] Berest, P., Brouard, B., & Durup, J. G. Creep of salt in storage

cavities. Oil & Gas Science and Technology , 2001, 56(3), 223-
240.


http://www.sciencepg.com/journal/sr

Science Research

http://www.sciencepg.com/journal/sr

[5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Thoms, R. L., & Gehle, R. M. A brief history of salt cavern use.
Solution Mining Research Institute, Fall Symposium , 2000, 1-
20.

£, Bi%E, FEE, 5 A M EERHERY 2 KK
BRI S THE [0 PO R AR 24 (B 28R 24, 2018,
40(2): 142-150.
https://doi.org/10.11885/j.issn.1674-5086.2016.12.06.02

TR, HE, B % ZRELY SREIEM SR
PEM SRS [J]. A fEIE, 2023, 42(4): 450-456.
https://doi.org/10.6047/j.issn.1000-8241.2023.04.011

farey

TR, REERR, TR, & IERRGER N s R
TIGIR AR IIHEE S H [ KRR Tk, 2024, 44(12):
137-150.
https://doi.org/10.3787/j.issn.1000-0976.2024.12.013

P, BEM, FR, & HIUKREREREHARY
BERNES KM [ &A% 5 LR, 2016,
35(1): 114-122.
https://doi.org/10.13722/j.cnki.jrme.2015.0025

MG, 2R, MR, RERNE. 2R KCR TR A
FHE SR IVET [J]. & 715, 2022, 43 (01): 76-86.
https://doi.org/10.16285/j.rsm.2021.0847

W, G, T, MR, Stg, HEM. DAL
T R A HE 1 K -BRE B AR IE B MR AL (0], A
F12 5 TRESEAR, 2026, 45(01): 218-235.
https://doi.org/10.13722/j. cnki.jrme.2025.0442

BRAERE, ZR4R°7, b, &5 2 E 80t R g SR SR
BRI 7L [3]. %5 1 71%, 2016, 37(11): 3297-3304.
https://doi.org/10.16285/j.rsm.2016.2869

W, B, B 2 ORR TR B IE S
SEeJIVE [I]. B 715, 2022, 43(1): 165-173.
https://doi.org/10.16285/j.rsm.2021.0847

Li P, Li Y P, Shi X L, et al. Frictional loss and permeability
estimation of sediment in salt cavern: A combined approach of
mathematical model, experimental validation, and numerical

simulations[J]. Geoenergy Science and Engineering, 2025, 244:

213497. https://doi.org/10.1016/j.geoen.2024.213497

WEM, T, ek, gk, SEtg. IR KE
GRS RPUA T RIS LN D). AR % 5 IR
24, 2023, 42 (04): 918-929.
https://doi.org/10.13722/j.cnki.jrme.2022.0527

374

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

L, FEE, AT, R G R RZ A T
Z--DA R e s b S ) [J]. whAAEiE, 2015, 34(2):
162-166.
https://doi.org/10.6047/j.issn.1000-8241.2015.02.010

KX, Bk, 2=, % FIAREIE ST KA
EHLEE 4T [Cl. 5 33 A& E KRR ERESIBTE (05
SRS BT REUHE). A ol it Rtk 2023.

Yi Zhang, Kun Zhang, Jun Li, et al. Study on Secondary Brine
Drainage and Sand Control Technology of Salt Cavern Gas
Storage [J]. Sustainability 2023, 15(10), 7793-7805.
https://doi.org/10.3390/su15107793

Yi Zhang, Jun Lu, Jun Li, et al. The Flow Law of Brine and
Sediment Particles in Gas-Driven Brine Drainage in the Sedi-
ments of Salt Cavern Gas Storage [J]. Sustainability 2023,
15(16), 12613-12626. https://doi.org/10.3390/su151612613

B, FEh, e, % AT HmERN A E
W IR M ATRFAE []. T UkIZ, 2017, 36(3): 279-
284. https://doi.org/10.6047/j.issn.1000-8241.2017.03.007

BEM, ZRF, TR BACNERE AR ERLZE
KRS [3]. A 7155 TSR, 2017, 36(S1): 3456-
3463.

Wang J, Li P, Bai W, Lu J, Fu X, Fu Y, Shi X. Mechanical
Behavior of Sediment-Type High-Impurity Salt Cavern Gas
Storage during Long-Term Operation [J]. Energies, 2024,
17(16): 3983. https://doi.org/10.3390/en17163983

B, BROP, RS, P, XY, e, MR fifRE Sk
JEE ANV DO 0 IR 52 5 L9 SRS [J]. Energy, 2022, 249:
123752. https://doi.org/10.1016/j.energy.2022.123752

ELW, ZEE, ERE. Six s SE IR ITE Y
JIFRFE RS A [J]. Ah AR, 2018, 44(3):1-6.

Zhang Y, Zhou W D, Wang R H, Xian B A. Design of hydrau-
lic self-rotating jet bit for coal seams [J]. Natural Gas Industry,
2008, 28(3): 61-63.

DEM Solutions Ltd. EDEM 2023 User Guide: Theory and Ref-
erence [M]. Edinburgh: DEM Solutions Ltd. , 2023: 45-78.

Chen, X., Li, Y., Zhang, H. Influence of particle contact pa-
rameters on simulation accuracy in discrete element method.
Journal of Agricultural Engineering , 2021, 37(8), 30-38.


http://www.sciencepg.com/journal/sr

