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Relative permeability model of polymer particle dispersed phase for oil displacement based on
fractal theory
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Abstract: In the later stage of water injection development, the rapid increase in water content significantly degrades the development
performance of water drive reservoirs. The non—uniform distribution and viscosity enhancement of polymer particle dispersed systems
effectively reduce the water phase flow capacity that occupies the flow space of large pores, thereby mitigating inefficient and ineffective
water circulation. Currently, studies on polymer particle dispersed phase for oil displacement are primarily based on laboratory simulations,
focusing on the migration behavior of polymer particles. However, limited research has been conducted on the oil-water flow dynamics and
relative permeability curves during the oil displacement process of polymer particle dispersed phase. This study first analyzed the non—
uniform distribution of polymer particles in porous media and introduced the red blood cell dendritic volume fraction distribution theory from
biological fluid dynamics. A viscosity characterization method was established, considering the effects of the polymer particle phase
separation mechanism. Subsequently, a relative permeability model of polymer particle dispersed phase for oil displacement was developed
based on fractal and percolation theories. The accuracy of the model was validated through comparisons with laboratory core displacement
experiments, and the effects of various factors on the relative permeability of polymer particle dispersed phase for oil displacement were
analyzed. This research holds significant value for assessing the development performance of polymer particle dispersed phase for oil
displacement.

Keywords: high—water content oil reservoir; viscosity characterization; fractal theory; relative permeability curve; polymer particle dispersed

phase

e B #5:2024-03-20,
FE—EE R AR 1970—), B A 202, RSB RIS S HIF R AR T TEE TAE. Mk 1R 75 5 & XA VT % 66
5 BB : 266580, E-mail : ccz2008@126.com
EEWA : H K HRRF LT H “SU% i 2 B 2K 2 H A IR s X S EU L 7127 (51974343) 5 B ZFHE B K £ 000 2 2% Wi b i H 2
ERM R AR (20162X05011002) .



20254F
CAARESE R

B A5 T 00 B 0 3R S WYKL BRI ST AR 0 7 15 AR R 89

TEATK ARG R R ICRAEER X 7K R 38 2 v SR e R
LA BB H LVE R, SRk — ) 0 22 2 4 T A
SRR SR T 2R A UKL 43 B 2R 1 VE AR B I
TIN5 325 33 ) e sh H B, A5 AR A K 9K T 7 7K
R TS BE 1, LB it T ATKARSAE IR R TC AL 3R, H
I, T R AR HOH IR I R 78 R B4 . ORA
Wy KL 53 WO R A G )2 T Xk LB B B 3% 1 i ol 5
IO QB T b IR I ALy I R A
PRI 43 O BRI 3 R, AT K B TR

T E PR MO SE B, LIU 2 T — B 19
X3 R T A4 22 (DDS) | i 35 5 0 3K 52 50 3F 4 T DDS
TR Z B IR RE s LUO A5 58 20 O JR O S 0 P P4 1 2R
B Y ALE S0, 95K UKL (CM-NPs ) 75 £ 2K 1 S48 B0
i 1 6 b )2 mh s 2D B K A M R 5 SUN SR Bt s 1
AR GHEE I RIURE (SMG ) 7K 43 BORAEFL BRAZE B rh i) kL
FA SR GE i 2o A FRASEADL 2 06 % B0 SMG 0k 55 455785 T
oy TAAE, AT DL A 9 s A XIS S X800 60 43 7
DA W58 R IR W 0K 43 IO B AT 35 AL BT KA 3
FHARRAE . S SLREAE ] DASE SE R AL , PR ALK AR AR X 5
TLAE ST, T2 A 192 A K TCROKAIE IR . (H X e 53
ARV K BRA 0 AU 3 IOAH DI 1) T 7K AF 6T 58 3 R A
T T RA W BURL A ORISR, JCHE 430 98 % 43 i
F U S B A URUERS S M TSR U FH Y 2 R W
TEAERL, 2% T 3 U R AR IS Bl B i AR 5] 4 A
R B 30 R 5 ), CR 0L 45 5 5 2R A W Ok 43 Bk
IR B4 B SR S AR 250

NS T S IS B RS 1 AU & S L 7 Tk
SYHORHBR A B B . HIRR G YR IR
Ao A KA B AR RRAE M SERS 32 B S 5B
BRI, F 7 TG UKL 43 EBORH BT 1 7 7K AF X 15 i R A
TR, LI Ay e 5 7K U3 o O R B AR S

1 BRI 2100 A7 1 3R 5 W) UKL 23 B
FAZE R AL

1.1 REYRBAIIEY 55 M HHE

RS W ORL > B 35 vh RS W UKL AN 51 2 B
JE— T HORIRIAR & o 5 R A YRR BE AR,
RAEYWRL D HUA R B TS R T, R A Y B0RL R 25 [A]
IR AR IEAN TSI BV MY RURL S0 AR 2R AE 2 AL A TR
3 S IE A UR AR AR R BOT A AR TR, B A 20 5 B
Z. ARV EH™ EME B R ER T, BREYH
KR BEREA ELARON 2 wm OB 72 AR 5 pum BB
T AR, FE B 10 pum GO IR S W ORI VRO
AL JH o0 A5 A IR AT S A I, R G 2R

B P BORLAE S R T AT AR 20 pm PR
FLEL, R 80 T HAR A T 8~500 wm FLEZH A . LA
b2 G SR AT ST R RE S UL, 76 2R 45 W UKL 2> B 22 9K
i B AR AEAR S BE I G , BV ER A W UKL I 24 AR 43 A1
RE.

O A7 ST MBS 3 MR B 0 R R B A 0 B
BRIR A T U5 3 b 5T U] 1 S Bk BURAT O RO AS Y
AR R WYOR KA K IS AR AS A TE K, S
52 IO I3 A AR 1o i 3 O Ak s 7% S RS0 RL
B/NT 1 wm B A7 5 S AL, MO AR RS B0k T
PHOHLBRAE 24>t 1 PR 20 o A 9 5 25 0ROk AR KT
1 pm IR Bt 82 A7 ) 3850 o T 3R 0 4 0 4 T
R BRI CAL , RITE ST T 2 e PR ) i i
BRAY Y 3 TR B GO A R AR B4R
IR THEARR R R

1.2 REVBASBERERIE

FH 3 B IR AL L W AR T 27 0 T A 1 22 53 A
Feo MBI B 5256 A BL, 74 A2 22 AR KA 24> 52
o R INE 2 SO 2L AR AR il TS 2 03 5E
A TP 2L A0 B R AR BT LA, FORLAE AN [R] 23 52 P Y
IIATIEAT ST o AR SRS WBORAE Z2 LA B P R 8h
5 2T 40 A S AR LA REE , 51 A AWK g 2 vh 21 4
BERSARFR S B A 23850, IF R AT B I i R A
Wy JREAE AN [ /INL B rp A AR 20 A 1) PR3 oK
B

BRSA n B, BABE R IR BIRR N -

q;
fi=—

qu'
K RN BN E; ¢ N D BEMN R,
i em /s3n WS BB, BN BB SRS .
IRACRE K S5 Uk 1 ST SR AR B0mT DL 3eos I Ak s
Y PR

,1=1,2,--n (D)

€00=€0ini(1 +SR)3 (2)
Ko, WK IS G WRORL R TR I35 0, AR T K
I} SR W) RORL AR BT S, I IIRAT A
T SCEA B N AR B
Qzé— (3)
A0 8% i DB RG Y BORAR R B0 s 0, 0
i BER RS YRR
FIATHAE SR T A AR SUAFR 73 Bl o d R ik U,
AAHER n D BE IR G YRR B0 5



90 B A5 T 00 BE 1 3R 5 W UL 3 BRI AR X 4 15 R AR

2025 4F
B 1M

Jo=fyi= 120 (4)

0f)=a+ 12}“, i=12-n (5)

ﬁ(4)—ﬁ(5)¢:fjﬂgﬂﬂlﬁgﬁi MEE NI E o I
RAH S R AL

H1 Krige—Dougherty 7 & J7 21, W A LLAS 2 R4 1)
b A1 NN i W

L
(pm

Kb AR WAL R R BHE S mPa-s;m N
FIBERE , B0 mPa-s; B A Einstein % 50 o, i B A9 kL
RRIRFUM L

K (6) 1) B LA K @, 9 9256 B 5 B B S
MRAE(6) B REFRIAA, LI A B4 WORLIR R - B3 i A
KA K I 0K BGRB8, T A4 30 2% B A 3R I
MIERIE .

HI T ORLAH 73 BB, & 20045 B A8 A AL A FR 7 B
AT, B AR B4 B A IO WA B AN ] o 7
KA TBAG , WORL AR B RO, T RS R 1) 286 P8 K, i
KPR B RSN K, A M T /NEE R
ARSI

2 FEAE WO S O SK A A 2 8
Y
21 MEZSELANY

-Be,

m=mn, (6)

B HERER

FEMMFE Z LA B, AR T B AR A Y FLBR Y 2
PO R 43T BB S 20,

/\max D‘
N = (A) (7)

KN N ERAMET HAR A BFLER A 2R A 1L
BRE AR, ﬁﬁﬁ(*m')\ ﬂﬂ%ﬁﬂlﬁ?ﬁﬁ iﬁ(‘m-DJﬂ?L
BT TR AL :zﬁﬁl <D;<2,=H4EH1<D <3,
FLIR B A gion] i3 (8) T4,
D=d, - "¢ (8)
10 A /A )
K d, AWILRGAEEG o 2 AL B ALBREE 54 N
F/ ML AR, B4 em,
— MR UL, Z LA TR A 2 LR, PR e] DA
K (7)Ao A, i — 2 T A5 B FL R oA
9 PR

F(A)da = - d (9)

b N AL R
2 (9) T HY ZR AP BT «

()‘m‘") =0 (10)

11111 W)<107,
lﬁﬁt(lo)ﬂ!){w/@ Fﬁué}i‘L ﬁTuFﬁﬁﬂif%ﬁu
iR Ab

P T T 22 FL A 5 A4 I 20388 T T 0 DR e A
L A R TR AL A R, i
1B 445 1 S K B S 0 T s B Y

L(A)=A""rL,"” (11)

o LT M B AN 1S BR A, BT emi; Ly R T 2
LA TR MK, B em; D, N TE MR 4R %L

T ih A AR R
In(7) (12)
In(L,/X)
JEOF- X3 W0 B 5 A R IR 2 FL A T

D,=1+

A7 2 AL
LA, B em.

2.2 EEREMBHSBRKMAESERS TR

T 2 FL A 2 1% R i (B 2 LA
o PRI , BIE—AR E 4H A8 BL4 23 A A TR A KORE D
o Frlh, A B4 B ARE AL T AT i SRS, B2
ARSI, AR A T A 0 AR AE S 1 T R AR 6 A2 43T B
T AR E T A AN 3 B 485, 220 ST B, 20
TRF T, B A0 BLAG AR S B ARHR A, AR AR 1 B
HAF .

H 4 Hagen—Poiseulle J7 2 AT 15 28 B 4048 B9 TR Ui
A R ) RT3 R A CRORD ) e o 2 ik

_ oy A
g,(A,) = (0] o (13)
wAp A

(14)

0(\)= 128L(AW)MW()‘-')

A (13)—2N(14) 2 (A )F g (A )73 591 Ry AR AL P4 e 3
TRA AR , 547 em/s s A FIA 20 5118 B 404 H i AR TR
PR TE FKORE AR 38 19 B2, B em s Ap RN T Z
FUA PR g 19 22, BRASE 10° Pas LA ) Ay AR A4 3t 3 i
B A0 A, B em; LA ) R K AR AR L 1B 12 #h B
A BB B emsu N R EE B mPa-s s A TMAHZE
BE B mPa-ssu (A, )2 KA ARG EE , BIAR & W 0K 431K
AHZNEE AR SR G W WUk A IO B R LR T B
BRI PREL, B mPa-s.

TR A SRS A AL A AR K AR AR A A B 43T 0 i R



20254F
CAARESE R

D, AD, A B A F kT

Drusz_M (15)
’ (A2 )
Dl',w - dE _ M (16)

IJMMMJ

K (15)—3(16) Hr1 2. S, 1S, 53551 2 73 T AH A4 R 7K AH T
PRE TR AR

THAF I A A8 T RN KR A i T 9 3 it B S R 4R S
Z LA T 2 4300 AR KORH ) ELARAE S A TR
TRAE AR B AR BRI k43 ) A2 U 28 I A 6 A8 A it A
PRFRAH AR P SR, 28 T AT T A0 R T AH R A R 7K
H A4 19 R RT LG 2o % 22 FL A B b f /N FL3E E
(A FIA ) B R ALIEE (A, FTA ) LA
A SRS T T g (A ) g, (A AT B0 R 3R A o AR 2
(9).20(13) A (14) , FATT LAAS 2 ZFL A T Hh A Ak
AR S R A AR

:jA wAp A

To py -
Ao 128L(/\0) K, Drotam ™A

Dy, +1)

dA, (17)

A A AL
.=, T

" 128L(A, ) (A,
K (17)—=RC18) = Q, F Q43 3 A T 45 A Hp il A It 4 .
S AR P B8 B emss A, RIA 4351
B ST A A A Y /N AR R B K EL AR B
ems A, RA, S35k AR A KA LI Y B P
BRI EAR, B em,

HARODOMAK(25) M5 A A S nT iy
TFAle o)l _— 3+ D,

/{1
— 1 ( )‘min,o
Consu L, (34 0= D) e

TR R 2 56 T B A FAR A pR B AR IR0 (1)
A (14) LK (18) , Al 1 5 5 1y JORE 23 HIOR (AR 44
TEAEEBE B o e IR AR »

Py P gy (18)

DA

max ,w

(3+0,-0,,)

(19)

[wnqy/lzsL(Aw)}(AwﬁAu“)

_wmmmmwj”{u&%%mb+DT—amﬂ

3+ D,

(3+D,-D.)( A,
)

Df‘ w max ,w
K (A )HFEAT LR ) B4 AR TR AR ) 20 Tt
HPER (4) (5L (20), AT HITEAT BETE PR
G YRR RO B e Be 3 A0 .

(20)

FEALR A5 LT3 BRAE 14 3R 5 W 0K S5 FIOAR IR T R X5 15 A4 Y 91
9(/\w)=a+(1_a) =a+
Nf(A,)
D A 3+DT_D'){ ) D,
(1 _ d) f,w max ,w — min ,w (21)
(3+D,-D,,) A

2P 00 ) AR BRI B P R E YRR %

WAE(6) , AT LATHEAL B R4 h R & Wk 23 A
EILE-D ¥

n(AW)=n{1 —WJ (22)

2 (22) FVE IR () \Einstein # 40(B) | [ /& kL
FR R B L KK AR K i TIOR8~ 32 (A FR o B A o
FIPAS 32 3R e At b 249 0 B, DR b 3R 5 A 20 IS 3R
FHEE AT A AR N G T3R A W RORL 0 B0 KRR AR i
HARH R

Xt 2B A0 HR KO 8 B A5 B KR A TR A i AR
T ORI R BE R E TR AR TR AR IR TE () B R KR, KA
SR AR KON -

TApD, A A\

£, w /% max ,w e i
e cad AR S TSR DU ) iR (23)
¢ 128L," fm“() b )

max 0

o, T(A, ) o2 5T 7K AL MR it T AR ) PR, He 3
SEWE

A 2+Dy-D, /\ 2+Dy-D,
T(1,)==" =
n(A.) "
Be
ap, (1 - a)aDr,w)‘..m,w}H)rivr)\ma..,w U‘% (3+0,)
1 - - A, (24)
n (3+D,-D.,)e.

MRHE (24) VT LAE X R B T(A ) AT RS2 AN AT
PR, AFL AR 11 52 BB DX TRT (A, A ) P T A 250
PR U

MR8 PG 2, AT DA 30 30 22 LA 5 v il 4 3 1
FUKFHTAR A 8508 185

k — Qulu’oLO — TrDl'.,o)\max,uS*»nT (25)
Co A% saL,” (340, - D,
T A T 0 W P
k, = Q;ﬁ: 0o TR [ (2, )dA, (26)
p 1284L, o

K (25)—3(26) v ok, Fl k43 51 S 38k AH A K A 3 A
HAROB A, B 107 wm? s, Ry 2R W) R 23 FBO AR
FEAZ LA AT B9 R0, WK AR K 5 R A 9 ok
Oy B R B BB BE , BT mPa-s; A A AR 40 &
LA B AR TE R, A em®s

HXFB B REAMBER GLINBE R E, 4



92 B A5 T 00 BE 1 3R 5 W UL 3 BRI AR X 4 15 R AR

2025 4F
B 1M

XHE 1 3 i 2 FL A B P AR R R Bl 2 B R
AR (27) R

3+D,
Ter/\ max

K =

1284L," (3 + D, - D,)
o KO Z AL T 4 X833 2

P, i 20(25) — 3K (27) AT A5 3l 7K AH ) A T 2 3

(27)

(28)

_(3+p,-D) Dﬁn()\ )3”
C(3+p,-D,) Pl A,
Df)lm“3+nr
3 (28)—3(29) 11k, Fl ke, 43 531 Ay e R 0 A4 FH 7K AH 378 4
O EpoRe 37
MK R ¥ 5) A At RIZKAR R 4K, TR G P ks
B, ZAAH 2R B 5, =0 (28) T Ak -
(3+D,-D,) b, ,(A _ )3”"
— W max ,w (30)
(3+D,-D;,) Pi\ A
BB RN FRARTE AR R A2 S, A A
AR AR T8 T8 AR TT fR R 25
A, =AS, (31)
A=A f1-5, (32)
AT LA H TR FIK AR A R RH2 3 3000 B 3m h %
IKABANE RN I AE 2 D, D, R D, (B D) I PREL . T X
P2 P e R S

3 AHNHE B R R IG5 R 20
3.1 HEWNSERERNWIERER ST

ko =(3+ Dy - D) [r(a)a, @

4, A (15) FI=X (16) 43 5350 K AR 53 TF 4k
B, G BV S 4R Rk (181 1), RS

Gy TE4EAL

1 1 1 1 1
0 0.2 04 0.6 0.8 1.0
KA

B RS R S AR

Fig. 1 Relationship between fractal dimension and saturation

OB AL IR 3 8 0.24, B /NFLBR AR 2 R 1 pum, B
KALBREARBEE ] 100 pm, KL HEAGHERCH 2.

W, 245 KA ATE /N T 0.04 5K T 0.96 i
SHEYEEL(D, 5 D, ) /N T 1, Ud TAE 55 7K 4R R B X [
P IHAH CE KRR AN EESE Y, AN TE T TR AR
I B 7K ARLRR BE B BB AT 0.04~0.96

HEST T 2 R W UKL 43 FBOR B B4 AR X5 1 R 4y
T BT RN 467K BRI Y AH X233 R A TR, T 8 =
PR Lo IO S SR RS X2 43 T R A T A T M 1)

% B R A W) IR 3 HORH SIS (4 AR X 18 1 2R 4 T AR AR
SHANT iR AW IR R G R R 1 pm, B KA
BOh 2, R A 43 B R BCh 2, W) BR BURAR R B0k 0.01,
Einstein %% B 4 2.5, AR WUOR e RARFR 3800 0,65, #5
TR FR AR 19 75 2, 9K 18 0.1 MPa, 43 A R 3
R K BIFEEE A 1 mPa-s, BERITHRZE L AN A 2 frs
N O IR IR 45 AN 3 Rt

— K, /K
— KK
0.8 — KU
K~ BB
30.6
£
K
02t
0 02 0.4 0.6 0.8 1.0

KR L

P2 KR -5 7 HOM SRR R 25 SR L
Fig. 2 Comparison of results between water flooding and

dispersed phase oil displacement models

1.0 - —o— K_—7K 3Kl
—o— K,_—/KYKih
08 F —o— K~/ UK
K~ 53 HOR B
B L
& 06
A
E o4t
=
02
0 02 04 0.6 0.8 1.0

IR

3 KUK -5 3 BRI 28 A O IR S SR X Y
Fig. 3 Comparison of laboratory core displacement experiment
results between water flooding and dispersed phase oil

displacement™



20254F
CAARESE R

B A5 T 00 B 0 3R S WYKL BRI ST AR 0 7 15 AR R 93

XF LI 2 FIEL 3 0] LUE ) B R A5 R 5 = O
IR S 4% L LA M R R 3, SRS 1 0K 43 B 3R Tt
B, AR A S 2R 35 KR TR 2 h T AR K E
KT R, T PURA 2 8, ok K 20k A H AR
BRI BE D, I o oAk R AR K, B R T i 8
FH 1o

FrAK MR 7 0.5 I, AR TR B AR B4 FR oK i 4%
EE P RE VIR AR R B . WK 4T LA
Y B AR KT 39 wm I, KR I B AR, B
BAF AR R HLE AR BOE I, BB AR XA P, 2 HOH
B A A AE A T 18.0~18.9 mPa-s, W R &)
TURE AR 338 50 B E AL X R B4 o s Y B B
F 10~39 pwm B, KA AR XT8N, 40 BT 2 Bl 2 6
B HARRBE K, A EA T 1~18 mPa-s, UL R
B PR I X B 4 TR A A ORI 5 s Y B A BARD
F 10 wm B KA EARXTAR N, S BOHBREE R | mPass, 5
SR BIUR ZR VA R K I 6 1 — 30, ULRA SR G W ORI A A
PEIX ) B4, X 5 P 2 i oW SR — 3

3.2 WAL BRMES T

HRAE (8) T AT, M d5e /N B A ELAR R R B 41 B AR
FEMIIEBLN , FLBR ST 4E U S Z LA o2 0 FL B BE A A
KR MFLBRE 2 BIEUE ) 0.2.0.3.0.4 1, FLB 4B 4
BOTE A1 1.64.1.73 1.80, 53 BT AN [F] FL R 43 T2 450
AT ORI AR B 8 R AR

WS s I AHAE X2 38 R L AR 22 FLBR 0 T8 4
BRI 5200 5 43 TBORH I A XS 355 8 Bl 3 L B 501 R R0 31
TN RAARR , 32 B FALBR M R0 K /ML B4 5 H
HRAEBE G LA 220K, I 1 43 #lA & i e
FHAT BN G , A5 4 A5 P 19 2 BORE R EE B

FRAE (12) 7], il B e S 2 L0 JBF- 3

20, 17
S U R
5 e T KA 10
1) - S~
. _ 5 L
g g
E 12t 14 &
™ =
= 13 g
8 i3
. , 2
=, o
& 4r 1y =
L 1 1 0
0 30 60 90
EH B/ um

K4 T EARTBAE o 3R W ORL 3 HIORF 1A 28 285 2 B KR
g
Fig. 4 Viscosity and water phase flow distribution of
polymer particle dispersed phase systems in capillaries of

different diameters

TE il BRI BIFLARAR G A NE AT B Fli K 40 H AR
W G B0 L 3 M B TR 455053 i U 1.4.1.6 . 1.8 B,
FHRANRILE #h B2 JE 4R80T 1943 SO AR RS 175 SRR

WL 6 JIT 735, T AFAH X 32 385 23 b 2 3 1h B 40 T8 2 5K
V181 R T S A PRI L 32 P T3 i o TR AR B0 K, It i 2
B , 25 7= AR B R A T BBE 1 5 43 O AR XS 375 5 1R
FRURIAH 7 BB G, 3 B2 20 U A 508K, 7 HORH 2 A7
VR TTA T AT, DRI 0hb 2 HORE 90K 300 1140 7K R R X8 385 23 i
T AT AR B R i

3.3 RAEMBHIERS M RES N

LGRSty R AU E IR GR YN - O S R 7l R )
0.002.0.006.0.010.,0.014, 53 ¥ 5 &9 WOk AR AL 43 Kowt 43
HCFH BRI AR 2 2 052, 25 S an /& 7 A 8 Fr s o

1.0
—KD,=1.64 —K_-D =164
— K, -D,=1.73 K -D,=1.73
0.8 1 — K -D,=1.80 —K_-D,=1.80
0.6
)
=
E 041
02
0 0.2 0.4 0.6 0.8 1.0

KA

K5 ARESLBR M EAERCT RA W MORL o B AR X 5 18 540 [
Fig. 5 Comparison of relative permeability of polymer particle

dispersion phase under different pore fractal dimensions

Lor —K_-D,=1.64 — K _-D =164
— K,-D,=1.73 K -D.=1.73
0.8 — Km—D,l. =1.80 — KM-DI =1.80
306 f
i
A
=
E 04 F
02t
0 0.2 0.4 0.6 0.8 1.0
EEN LS
K6 AR B B 4ERCT S5 WUk o O A XS 2 R

X EE
Fig. 6 Comparison of relative permeability of polymer particle

dispersion phase under different curvature fractal dimensions



2025 4%

94 FEARR A LT3 T R 1 3R G W UKL 43 BRI AR X2 i 4 A5 A EHARE A ]
. GIBOM TR A T LS A W UKL 5 8 1 43
— K002 — K000 A6 25 B 2 MO RO 5 ) 4 9 B3 % Hagen-
I\ Zioow oo Poiseulle J7 BEHEATIE TE , £ T % 1L S WR MM 5116 1 2k
P N BRI ¥ 3 B AT 45 2 4 A 2R B
% RSN T B T 51 2R A W OB ORE 3

& oaf F RO 5 7 5 S ABAD
1 2) Wi 5 P IR ST X R B, DI
HEHIREE 54 TR FLAT B8 (0B . X8 LK R
] V- HOHT SR 6 IR 3 28, % BLSMCHI Bt ) K

BRI

K7 ARG WIBURR) R RFRIMECR 23 B AR A 5 15 50 1L
Fig. 7 Comparison of relative permeability of dispersed phase

under different initial volume fractions of polymer particles

60
50 -
40
30 b

20 +

S/ (mPa » s)

10 +

0 20 40 60 80 100
BEHE/ um

K8 AR WIURAI AR R TR BT 3 AR R 2 3 70 A1
Fig. 8 Viscosity distribution of dispersed phase system under

different initial volume fractions of polymer particles

HI P17 AT LU 55 W BORE0) 4 AR o3 BoB ), .
IR AR B 125 AT T /K 3R B K AR AR XS R 1%
I T 3R G W URLA) 6 AR S BB/ N , 2 ORI 2R 3 2
HEAR , X ACHAR XS B AN & 8 nf LA &
JKALFIEE S 0.5 I, A [ 5 5 W OB W0 B R AR R BT 3R
Py URL S O R 2R B AR 25 B h I 0 A1, SR8 W0 ok
T AR AR AT R, R AR T A8 0 3 HEORH AR 3% 286
1, AKAHAR XS B AT IR O . RS Y ok pI 4G
PRRVP BT 0.016 I, 280 AR ALK 14 585 Ok 7
RERBE KRR 2R T R R AR B, SRR
JCIETHE IR AR B B AR 2, DR 8 )3
FAF R RGP BABLK T 0.016.

1) 7573 M1 55 W0k 73 BRI 2 S o 5 v AR 20
PR HLAN L, 5IALEY T )27 b 140 MR SRR

ARAFXS 5 425 A< ARG, R I H B 4 ) BRI AR,

3) MBUBS BT AT LUK B, FLBR 53 TR 4ERU LF- %
AHAERNE AR BAT R, (E A LS O, 70 O YA 2
75 AW AR 5 AR R X2 35 3R B A 5 il R 20 TR A Y
8 T AT AR, T 70 FSOAF AR G 2 37 38 B o 1 it B 0 B
AR S TG0 5 [ I, 5 G 40 JORE 4 ik 1A B 53 0B
R, KRBT B ORI 2R B8 R, 23 ORI Y
I EREROR. S SN Y SN (SR RE Y/ kB R UNAT e
ARIRT0.016.

2 % Xk
[ ol 500, S8, 45 . e TFLRURUE AYBRARER O] 4 iih

AR, T LR, 2024, 36(3): 110-120.

HE Juan, JIANG Shuai, GUO Cheng, et al. Study on microscopic

residual oil variation characteristics in carbonate reservoirs based on

the pore—scale research[]J]. China Offshore Oil and Gas, 2024, 36

(3): 110-120.

[2] SO, A, X TR, 45 BT SO 7 Ok AR A K

RERAELN]. Hh FEiE L3, 2023, 35(6): 98-105.

BAO Wenbo, XIAO Lihua, LIU Changlong, et al. Preparation and

performance characterization of novel fluorescent core—shell

microspheres profile control and displacement agent[J]. China

Offshore Oil and Gas, 2023, 35(6): 98-105.

[3] ArdEE, 2R, b, . MU o0 A UK i

SRR IR, = BT, 2024, 36(1): 84-90.

SHI Xianya, GUI Jingwen, WANG Guanhua, et al. Laboratory

experiment on enhancing conventional heavy oil recovery by

microbubble—enhanced S/P binary flooding [J]. China Offshore Oil

and Gas, 2024, 36(1): 84-90.

[4] AN, XUBEET, fThR, 55 . RIEGN K LT 2 22 2L WM R i A 3kl 2

FEBFFELI]. ALK, 2023, 51(1): 78-85.

YUAN Jie, LIU Dexin, HE Juan, et al. Experimental study on

performance and oil displacement efficiency of CCNF emulsions[J].

China Petroleum Machinery, 2023, 51(1): 78-85.

[5] ZEAE, 9005, dkAE, 45 . ROWURLER (0 5 I 23 1E M Ba BE I F 5

1. Al LR, 2023, 51(8): 34-42.

CHU Hengzhi, GUO Yong, ZHANG Nan, et al. Role of microparticles

in enhancing jet cavitation and rock breaking ability[J]. China

Petroleum Machinery, 2023, 51(8): 34-42.

[6] LA, KA . AL R S5 W R A 5 10 A i o K

BORWIFEL]. P Al R4, 2007, 3(1): 87-90.

LEI Guanglun, ZHENG Jiapeng. Composing of pore—scale polymer

microsphere and its application in improving oil recovery by profile

control[J]. Journal of China University of Petroleum (Edition of



20254F
CAARESE R

B A5 T 00 B 0 3R S WYKL BRI ST AR 0 7 15 AR R 95

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Natural Science), 2007, 3(1): 87-90.

S, XA, 25 RME, A5 . 5 R 0S8 KOG B A 0 A R e s 14 P A
ST AT IR ST &, 2002, 29(2): 103-105.

BAI Baojun, LIU Wei, LI Liangxiong, et al. An analysis on intrinsic
factors influencing the properties of pre—crosslinking gelled particles
[J]. Petroleum Exploration and Development, 2002, 29(2): 103-105.
BTG, i, STARIN, A5 . SOATRUSE IR BE S MORL oW 9K I AL 2 )
AL, Wibeh < H, 2022, 29(4): 567-571.

ZHAO Fangjian, HOU Jian, YUAN Fuqing, et al. Visual
experimental study on microscopic oil displacement mechanism of
branched- preformed particle gel[J]. Fault-Block Oil & Gas Field,
2022, 29(4): 567-571.

YUE M, ZHU W Y, HAN H Y, et al. Experimental research on
remaining oil distribution and recovery performances after nano—
micron polymer particles injection by direct visualization[J]. Fuel,
2018, 212: 506-514.

VEISOE, BHE, T, 45 . 5 T s AR I IO U O IR 2 24 1
2= B U B B TIPSR 0. I BT 5 0T 42, 2022, 12(3):
534-544.

XU Chengyuan, YANG Yang, PU Shi, et al. Design method of
plugging formula for deep naturally fractured reservoir based on
efficient bridging and compact filling[J]. Reservoir Evaluation and
Development, 2022, 12(3): 534-544.

VRTLSC, sk, 2Rt R, 45 B3 R IR X R4 A 5 B S e HL A
LRSI WiHEh S, 2022, 29(6): 842-847.

XU Jiangwen, ZHANG Guchang, LI Jianmin, et al. Experimental
study on influence law of temporary plugging agent shape on fracture
plugging[J]. Fault-Block Oil & Gas Field, 2022, 29(6): 842-847.
SN, AR, T, S5 T e A% IR 70 B o) D 3o e 1oz
PRI TSR 5T 4, 2021, 11(3): 452-458.

LIU Gang, WANG Junheng, WANG Danling, et al. Development and
reservoir adaptability evaluation of a high temperature resistant
plugging agent: tannin extract[J]. Reservoir Evaluation and
Development, 2021, 11(3): 452-458.

TUER, SEAR, R, 5 Rl SR VR ISE IR B 1 R B
PRI AT KA LT, 2024, 53(2): 107-111.

YU Jiliang, BAO Zhidong, LI Hailong, et al. Performance evaluation
of gel plugging agent for high—temperature fractured reservoirs[J].
Chemical Engineering of Oil & Gas, 2024, 53(2):107-111.

WANG J, LIU H Q, WANG Z L, et al. Experimental investigation on
the filtering flow law of pre—gelled particle in porous medialJ].
Transport in Porous Media, 2012, 94: 69-86.

FENG Q H, CHEN X C, ZHANG G. Experimental and numerical
study of gel particles movement and deposition in porous media after
polymer flooding[J]. Transport in Porous Media, 2013, 97: 67-85.
CHEN X C, FENG Q H, LIU W, et al. Modeling preformed particle
gel surfactant combined flooding for enhanced oil recovery after
polymer flooding[J]. Fuel, 2017, 194: 42-49.

LIU X Q, QU Z Q, YE W B, et al. A new type of double dispersion
system for water control in fossil hydrogen energy development|J].
International Journal of Hydrogen Energy, 2019, 44 (56): 29500—
29507.

LUO M L, JIA X H, SI X D, et al. A novel polymer encapsulated
silica nanoparticles for water control in development of fossil hydrogen

energy—tight carbonate oil reservoir by acid fracturing|J]. International

Journal of Hydrogen Energy, 2021, 46(61): 31191-31201.

[19]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

SUN Z, WU X C, KANG X D, et al. Comparison of oil displacement
mechanisms and performances between continuous and dispersed
phase flooding agents[J]. Petroleum Exploration and Development,
2019, 46(1): 121-129.

B, Wi, BRE . R A W IWOR A WL Sk RE S e R OS]
JEEVR S R4, 2014, 32(1): 38-40.

ZHU Xia, YAO Feng, QIAN Zhihong. The influence factors on
plugging characteristics of the polymer microsphere[J]. Chinese
Journal of Colloid & Polymer, 2014, 32(1): 38—40.

JAocTe, LD, T, 55 RELIRDT SR & YRR SR RONE
TEALIRLIL. VG2 Aok S (AR, 2013, 28(1): 70-75.

ZHOU  Yuanlong, JIANG Hangiao, WANG Chuan, et al.
Experimental study on microscopic percolation mechanism of
polymer microsphere profile control and flooding by nuclear
magnetic resonanc[J]. Journal of Xi’ an Shiyou University (Natural
Science), 2013, 28(1): 70-75.

FAIVRE M, ABKARIAN M, BICKRAJ K, et al. Geometrical
focusing of cells in a microfluidic device: An approach to blood
plasmalJ]. Biorheology, 2006, 43(2): 147-159.

MCWHIRTER S M, BARBALAT R, MONROE K M, et al. A host
type | interferon response is induced by cytosolic sensing of the
bacterial second messenger cyclic=di-GMP[J]. The Journal of
experimental medicine, 2009, 206(9): 1899-1911.

FENTON B M, CARR R T, COKELET G R. Nonuniform red cell
distribution in 20 to 100 micrometers bifurcations|[J]. Microvascular
Research, 1985, 29(1): 103-126.

AER . IOR IR A W ORS8O FR AR A AR W B AT 5D, b
AU AERURHEOR S, 2015.

LOU Yu. Heterogeneous flow of nano/micron polymer—particle
dispersion system in porous media[D]. Beijing: University of Science
& Technology Beijing, 2015.

KRIEGER I M, DOUGHERTY T J. A mechanism for non—Newtonian
flow in suspensions of rigid spheres[J]. Transactions of The Society of
Rheology, 1929, 3: 137-152.

YU B M, CHENG P. A fractal permeability model for bi—dispersed
porous media[J]. International Journal of Heat and Mass Transfer,
2002, 45(14): 2983-2993.

XU P, YU B M. Developing a new form of permeability and Kozeny—
Carman constant for homogeneous porous media by means of fractal
geometry[J]. Advances in Water Resources, 2008, 31(1): 74-81.

WU Z W, CUI C Z, HAO Y M, et al. Relative permeability model
taking the roughness and actual fluid distributions into consideration
for water flooding reservoirs[J]. Arabian Journal for Science and
Engineering, 2019, 44: 10513-10523.

WU Z W, CUIL C Z, YANG Y, et al. A fractal permeability model of
tight oil reservoirs considering the effects of multiple factors[J].
Fractal and Fractional, 2022, 6(3): 153.

B8 G AR IE S RN TOK SR M K S 98 A R LB X (D],
Aeat: P E Rk BT A B QB TR K T2 WFFE ), 2010.

ZHAO Yuwu. A study on laboratory experiment and numerical
simulation of nano—micron polymer flooding for Low—permeable
reservoirD]. Beijing: Chinese Academy of Science (Institute of

Porous Flow and Fluid Mechanics), 2010.

(44t %)



