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Abstract: A numerical simulation method for hydraulic fracture pressure of perforated surrounding rock under hydraulic
coupling is proposed using the FVM based on the coupling theory of fluid flow of porous media and stress of surrounding rock.
Firstly, considering the influences of the initial geo-stress and fluid flow in the perforated surrounding rock, the stress
distribution of the surrounding rock is obtained through the coordinate conversion and superposition principle. Secondly,
considering the stress sensitivity of permeability and porosity of surrounding rock, the fluid pressure field of perforated
surrounding rock is determined through the fluid flow analysis. Finally, on the basis of discussing the fracture criteria for the
perforated surrounding rock during hydraulic fracturing, a mechanical model for hydraulic fracture perforated surrounding rock
considering hydraulic coupling is established. The flow equation and the stress equation are discretized by the finite volume
method, and a numerical simulation method for hydraulic fracture under hydraulic coupling is proposed. The method realizes
the coupling of fluid flow and stress of surrounding rock, which can accurately calculate the breakdown pressure and time of
hydraulic fracture of perforated surrounding rock under hydraulic coupling, and can also accurately describe the fluid pressure
field and permeability evolution of surrounding rock. The results illustrate that the stress sensitivity of permeability and porosity
induces the more uniform distribution of fluid pressure, the permeability and fluid pressure near the well area increase, the
seepage influence range expands, and the fracture pressure and time of surrounding rock decrease. The relevant results enrich
the researches on breakdown mechanism of hydraulic fracture and also provide important reference for practical engineering.

Key words: hydraulic coupling; hydraulic fracture;

perforated surrounding rock; finite volume method; fracture BT, EHERREATH (51890014, 52179119): L% [
pressure SRR HE & TH (ZR2019MEEOO01 ) 1 A4 il R £ 6] 37 2 4 T H
(2017D-5007-0314)
RS EHA: 2021 -05-10



410 "+ T OB % M

2022 4E

0 5 =

KT REARYE 2 N T P AR H AR
IR A I BEERIS LI HE R 3 35 [ R
775 5 i U4 K R R D7 e Fe I N VA R
JIAN WG KA 1 2 7= A 7K ) 34 8% 5k T R A R4 Fiy
IRBIEAEIE 77, 5 FlE P ) 0 L oS RS
TR T B RARZLGE R BB DU TIARDG, itk
JE VLRt T 1) BB SO A K R R
JIVHRAA 2 BT R H )2 1) Hubbert-Willi (H-W)
AL Haimson-Fairhurst (H-F) AEAIE91 Hodr H-w
BARY A2 L A VBB A8, AT AR B 3R i) B PR
fH; H-F BRI E T B AN mBESE, BRWMAED
(1R BRAENOY, My SN T R AR B Y T H-W
BRI Jo 6 I AT AR MR 2 U], 43 )
FEAL T RRHR RN S LS S AR SRR T R LR A
B SRR AE2IE H-F AL AL % 18 T8
WEERIIN A, - T H AT IS FLFLEE B 7 4
i, BT B TUA S ALK K R ZETE Bl P
24, USRIRGEBT ORI RN R AR ZIAE TR MRS 3 b
SRR = K R S v e S (P SR SR
Wi, 4T H-W BB H-F B84, @7 7 4RIR
SEFE AT T BIA MR I R, f R o T AL
SEFE G A N 7 A 2 [ R EE RN KT R4S L T Bl
JE it B B )R SIS S A N it
W, FBEEENUKERNE W, BT EEE A
RLIHENTIE AL . R SRR T 2 R R R,
H7K I 2 R R NS IR Bl Y ) A 1
FH AR Ko

IKFTEZLRFFNRAARIE 77+ Bl RIS R
FN BRI, KRR R, BEE
WAREN, WA I8 mrs R ER T~
TARFFEE NSRS N, SRS R B T2,
L5 A N 3 TR B, 5 L P 3 45 4 () AL
S RRRARRL I3 FIREA s LA B PIRAS 15 S 2
HEN, LR AR, DR AR R 1 R AK D
L T MUK TJEZGERE T, SFLEE N 13 R
PRI AT A LR AR FH EL 5 0 RAH B 11 20 () 7K 4
GRAS . BB TN I B UBE 2 F T 7K 4
G, Fm R ESET B - MTEA IR
5, INNBIERIHATE T R AR T A A LB AR
¥, HBEFabAREENEnEER TR 5K
2 SOV 52 T AR IS D S O 45 ) 59835 R B S iU
PERIR R, YN R B AT RIR 1B 18 R AH N7 1)
KR BEAGBEEPMRYS T A FVEIE R 5 A N U

PERUERE, YOS RB RS A B BUS R S g
7B, MREE R E 0 N B R “SEhE)E
27 WA, HARBIE S A A o B iUt .
EIRWE TR, A BB AR AL L A ) R AT
TR TEZ MR, (R B 2K SR E 1Y
BT A R

ER PR, B IR 15 SL B BRI 7T
B2y e bk (B SRS MR LSE - RERTIWIND'E 35
o FHLELA RS REA RS, SES SN
TR IR GRS S 22, HARSCEIE NPR
ST AERR S . AT BER LR N A
UYL, M T B RIS T B N TR £ R L
FI A R IR R AR, R T IR A RIER
TIKITRE AR R AL B 7K ) e SRR B E Ty
%, BEMYSAE T 759 M IER T .

1 BRSNS
1.1 ERE R R

EER AL T EAHR ) o, « KRR T oy
AN ) o RS o BB LI B A o
FLARIIER RS, TR /) 5 WK E J11E
R, X3k A B ) A, Bl N A,

RN T HER BT ST FLERL A B IRES B BN B
W O ZEH AN SIS R 2853 2 FLA R,
HHEERLA AT N ARIRES s @ 5 RS
UFEF, AKJEZRGSRE i Befil; HE 5 HRER LA
R, ANEEHESHEEMMHATAER, IR
HE5HERAAERIA, RARE SRR, 6
TEB T B AN R R 1 @OHE A fL
WIRARIE JIFE%E, 162 NI P800
1.2 #HEEERDSH

2 6 L 0 1t 37 iR 7 A 5 P IR R ) 3R [
TERT (F 1D, 858 HRBRUIRE, FIH SR A
IR AL AR 2R T B BN ) A2

NERLEY L

-
- — % o
H
—_ — :> .
Of— @ - OH_ |-~
— -
—

FrrrTs .
Oh

IR EREE

Oh
FEAE MR
bl

0
N

"Jf"/
WHEAEM BRER

Bl 1 FEEEDFRE

Fig. 1 Mechanical model for surrounding rock of well
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Fig. 2 Mechanical model and coordinate transformation
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Table 2 Model parameters of numerical simulation in FVM
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perforation azimuths
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