MHRCF M I15 5 40 & o5 S Applied Mathematics and Mechanics
20194FE 5 H 1 HH/R Vol.40,No.5,May.1,2019

X E 42 :1000-0887(2019)05-0562-12 © N FHECEEFN 124025 2, ISSN 1000-0887

Newton-3E Newton BEFRMEX £ &K FEH
ENNSEFIER T

W% A
(BEZR24Be REVR TRE2EBE, Hlt BRFH 745100)

WE. REWIKihAess s R )y m B A EEAE M, KF A6 #Z0h E T &t B b A
HEAFARTE RS ISR, BT E R B AR TS, #2577 Newton-JF Newton XX & G 7K F
HARIH R BB B A Laplace B3 AL Al Fourier A BRAYSE 4 AL Iy 75, K45 T Laplace 25
[B] Newton-HE Newton XX & A AV H R AR B A A T 1) i A7 Al ) Stehfest $UE S 15 3] 7
RITCR IR 7 R 1 SRR I 2 P58 3R W R R E080U N AN R ) R 7 80ih 42 i
I, HE St Ze R AR (1 - m) /(3 - m) WHEZ SREAHEECy 1 0 s & k7
FEEHOBIX GG s 7KK B B A SR ) YA o B 45 S A i R 5 P A DX B L
K. PR, AKX R R S S Sl m , HIRZRRR RN (1 -m) /(3 -m) I
H4.

X # . BAEWUK; FRIBE;  Laplace BN,  SIREE;  KEIE

FESES: TE3I2 XHEFRERG, A DOI; 10.21656/1000-0887.390252

# 5 W M

c R, m’/Pa T MIX2EAE, m

L ZZ K m L, AFEH2RK  m

h AR m p JCB/NE BLFE S, m

5 JCRR/NE IR FE RS m P1sPa WX S XAE R T, Pa

P J iR fE)E R T, Pa o Laplace 23 [B] 7K -5 11, Pa

q AT T m’ /s q BER A, m®/s

r R ERRERS,m ' A BT s

S F B FH TEH W %,Y,z =Yz [ T AL B AL AR, m
kiky, A SMNXAERBER, M XYy ez, AR AR RALCE AR, m

C,,C, WX IRLGEEMEE Pa™ 1,1, M IX AMX R TIAEEE  Pa-s
m AR, TR b,,90, NIX FMX b E LB, To R
u, AR ARBEE  Pa-s M, P IX X AR B, TR T

« UFSEHEE: 2018-09-25; f&iTHHEA: 2019-03-15
BEL£WAB.: HNE &SRB H (2018A-097)
EHEBAN . WL HE(1983—) , B PRI, i+ (E-mail ; jianzhao_831024@ 163.com).
562



Ui g 4 563

u Laplace 25 & Ny PIX SMX A R R, TR
Lo(x) 1, (x) 7B H—Br B 55— B IE Bessel BR%L

Ko(x) K, (x) 703 92 B Al— B 928 — 2B IE Bessel PR%L

K, (x) ,1,(x) 28000 v B 2RSS — 2K MEIE Bessel PRAL

TR
D JCIA R A h KI5 1R
v A ELJ7 )
a7
- Laplace 75 [H] 24 - H FR4&5% Fourier A 45 &

5 H

B Wy R by At v T SR SRR ) R BT B, R SR S W A i B RO Newton-E New-
ton JEARZH LAY RUX AR SKP I 5 )2 2 ol TR RRUA, R 7 ke, 657 BT 972 3 BT
s BRI KPR AR S 2 SRR 2 6 2 TR v (5 A A BFSE Newton-Sl Newton
XX LB 7K AR BTG it 2 250 SR BRI —OR0OT o BAT 8124 T ZEE Newton
BRI AR R 58 7 1, A& Tkoku A1 Rameym XFZ LA T A9 AE Newton FEEE AR A
R B MURFE A% T F5E 5 Vongvuthiporncha 587 FE LAl [ 3F— 2575 1B T 687 i 48 R 28 B2 20
IEENA KA T BB TCER K HZ Laplace 5 [8] 04 B A 76 58 65 40 SR T 0T ) S A R AEWT 58 07
T, [ N2 R 25 8 57 T Newton-3F Newton 52 25 Wi B 18 i B #i , & H Laplace
AR f# 45 Newton [X JF Newton [X f¥) Laplace %5 [H] HI T RO IR S E = e B AR R N
3E Newton FEFGLR, /N7 128 JEIFFIEEE 5 3R KON BB W BUH R, O =i & 3Kk
IR IR SRR AR NS 25T RS R SR [ 9 ] M ALl 857 T AE Newton FEAL I AARAIAY
Ko B A R AR A AR E W AR L R A A AT , D9 AR Newton FFEH AL A Y 1SR A 42 1
TR SRR RS ST T RE IR A BRI AL, A Ay Newton-
4E Newton JifAR S AL il TRIRL Y IRZEMEROR , PRIHCR A FR 22 05 SRR A T 5K A 5 k22
SRS T SR R TR T 2 B R AR A S TR T A S R A AL L
O, 25 0 T ASTRI SR 1y 52X N ) B J3E 6 IR T S s s Do g 4 57 1 SR G Ik K
P RE TR, S W R BN P RE R RE AL 25 BT IA | X S 5 Wy AR 1O i BRI R e B T
BRI X TR YIRS I ) S8R E A IR A8 AE A UK IR )
AT IT I, AR W SEER 2 A AUX B it 53 J7 # IR Laplace 2845 475K A, A1) A2
TR R B )7 SR R AH X 4570, Ozkan 25 BET Gringarten 2510 5223 18] 55 IR BR B BT ST, 95 HL 5
3] Laplace %5 [, k25 JE it 198 B 52 WA B it 22 P TSR B8 1 R A 1 Sl Chen 45077
Zhao (84 T o ) %™ T A5 U5 PR BEAR B X6 LK A2 A5 T P 4 (0 3 i A A A 7 T A
G5 EETAEN  E LAY N T Newton JiiA S A UK T IR BRI R HIA BRAY 34
Fourier FUM IR AT oR Mot s 2o ;0 A5 @37 T /KPR 2835 P IX 1 52 4 B Newton Ji 1401t
ARSI SR FH A U5 pR S N 2 R A TSR A 5 S T S 5 122 ey T A AR = X B Il K
SRR AL, SR T Laplace 2845 FLA BRAY 52 AR 73 A8 e A7 [ 4 AN 55 IR AL AL B, SRy A Y
FERATT AR PR SR AR H TR i KR [T A X Sl )22 22 B PR KT AR HE TR I SR A



564 Newton-{F: Newton T JE A X & G /K- He 1 s 2 FRAE 5347

Tik.

ASCEET AT AR Y Newton-3F Newton RUIX & A 1 H: LA LK A H 3l - i e A5 28U 5K Ay
B MR SR RS RE B HEST T Newton-JF Newton XX A2 A JH L) BRAR Y 38 3 La-
place AR FR A3 5% Fourier 758 4K it H 5 5 pRB LA fi SR JE X 5 IR R AR 345 Newton-E
Newton & £3 JHI/K - H - A R f AT A 5 J50J A Stehfest B0 R I8 2 4R A5 52 2 1) I
WETE I 25 T IR ) SR ) S B B R AE 20T AT 1 S R A

1 SRR Ay N7 55K A

1.1 YRR R

FEXT IR WA AR AR SCHY P B A T il 52 R Newton It 1R~ Newton {3 i A4 41 AR 11
WX A (B 1) L IX A Newton it SMX R HE Newton T i iA, P9 IX 24220 r,  HAR(R
WRMIT .

1) IO THZ bl A JE K S5 S5 2.

2) & DA Sy BRG] 4 A4 | 228 T R4S D R R

3) & XA & RS .

4) KFEHAKFBEER N L, .

5) PIIX 5 A0 X2 i A T AR BN s ) .

6) JF Newton FIAZEE AR M Ostwald-de Waele FEff i A Y AR P8 SCHR[ 2] , Tt AR mg AL
FhE SRR EE AU FUAE T LU Newton X A8 MR AR 8L, Bl

B _ [r”j - (1)
2] TinD

z

e

= s

, (1.
L |
/—__‘ ey -
__1/ 5 b 1y Cy -k 7=0 4
B 1  Newton-IF Newton & & [X s JF ) B RL/R 25 ]
Fig. 1 The physical model for the point source in the
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1.2 Newton-3F Newton WX & & = iF & £ i
HRAE IR Yy PR 1R | =4k 23 R TC R UGB I o Jr B A
1 a( 9 I py 9
) Por + le: Dl’ lgrl)srin[)7 (2>
ry Or, ary, 9z}, oty



w % A 565
/\qj
_ 2 2
p = (xD_wa> + (yp = ¥w) -
FNX TR B s TR .

1 9 ) a*p ap

[rm - vk ]2])2 = T Mo ﬂ’ T S T (3)
ry 8rD aTD Bz,) atn

y
+

iCrralitres
e ou,C, b, Gy |

TERI RIS 2, AN X T ) AHAE HAR ) SR 12 TR )

Poi(rp,2p 5ty = 0) = ppy(ry 2,8, = 0) = 0. (4)
M T ACEI T B N B F#HZE T, e, BRI R B SR LS

Opp(ry,zp = 0,1)  Ippy(ry,zp = 0,1p)

=0 5
0z, 0z, ’ (3)
d ry,2zp = hy,t d ry,z, =h,,t
P (Tp 21 DD)=pD2<D D DD):(). (6)
0z, 0z,
i m TERR R Ah i 5 R
ooy =+ 00, 2y, 1,) =0, (7)
Wi F %R
. [rer2) P ~
gygj;wmyz{;yg(rp arnj mgb}ckD == qp(ty)py - (8)
N X 5 0 X BT Ak F g s B A 45
Pot lry=rp = P2 lrp=rip 2 (9)
0 0
M, Do = o2 , (10)
arD D = TinD arD D =TinD

5

))

A (1) ~(10) FESEB TR E LT .

r T x y z [k
'n =75 I'imp — s Xp = 7, RS e
Y Lref 8 Lref ’ Lref v Lref ’ Lref vl
Xy yw Zy khl h h k khl / khZ
Xy :77 W :7’ Zw = ) :7’ = IR )
" Lref Yo Lref v Lref kvl ’ Lref ! kvl ka
L, 2wk, h 2mk, h
L}.D:r,l’m = (pi =P1) s P2 = (pi =p2),
ref scl 1 scl ™1
. byt - q() L, c c
DT, A 20 qD = ’ D = T
b1, Cy Lil’ q 2w, C, hLil’

R TR AR A3 (2) ~ (10) & F TR [E] ¢ #5417 Laplace LU/ He | 15 3]
Laplace %5 A3 I 43 5 R R B 2544, FEXT 2, HEA T FRAY 5% Fourier A8 $ fli A8 4 2 (11) Al



566 Newton-{F: Newton T JE A X & G /K- He 1 s 2 FRAE 5347

(12) B RS Fourier 25 Fli AR 4 .

nmz, )
pDL(rD,n,u) prl(rD,zD,u)cos . dz,,, i=1,2, (11)
D
B 1 < nmzy .
Poirp,2p,10) = h le(rD,O,u) + ZZle(rD,n,u)cos 1=1,2. (12)
n=1

hy
733 Laplace ZZ#FIA FRAY5X Fourier 845 2 J5 B T o3 5 8 S L A 26 an F

1 d dlgm + n’m’ =
el =+ —
rD er Iy er hf) Pt

1 d m dﬁDZ m—1 + k nzTrz =
I r s = url[l n b
ry drp\" dr,, b h,z) Por

P 2( r[) =t o , 1, u) = 0 ’ ( )
- - 13
p D =TinD = pD2 rp=rinp ?
dpy, dpp,
M., — =
2 dr dr ’
D Trp=rinp D Trp=rinp

. dpy, = nwz,pn
;;E})(r[) aro ) . =- qp(s)hycos w )

A (13) AN X S5INX BB T B A AR A 55, Horp N X B9 38 iy O B R By
Bessel 772, SMX (B U T 2R v B Bessel 772 , 3X P53 7 F2 A9 38 i
Em :AKo(gnrn) +BIO(€JD), (14)

8 &
L= Crf)l'"mK,,(ﬁ: r/[;)) + Drglm)/zlv[lgu r‘;]. (15)

HR4HE Bessel pRELIPE AN AR D = 0. FRARE PN X 55 40 X A AR 14 FE T3 A%
MR A ARSI R LA, B, C EMASRIAAIT .

A=

‘;1) ’
( 1-m)/2 é'l l m é’l
12 mD fK (gnrm[) ) K E nD mD 8 K (8 rmD ) K E r"i;nD -
B = ~ ~ 5[) ’
(1-m)/2 8 I-m~ 871
M,e,1 (‘9 rm]))rml) K, E Fup | T IO(gnrinD>rinl) &K, E TinD (16)
C= MMy, _ (?D _ ,
r e
" M,e,l, (N/irmn)rfnln "72K [ﬂ inDJ +1 (‘9 rml))rml) ‘9nKv [ﬁn rinnj
n=0’1’2’3’...’
Krp
(nm)? R n’m - 3-m 1-m _ .
0= , 8, = |[—5kytu,B= ,» U= ,u=u7]12r;';n.
hy hy 2 3-

B FEf R RECA,B 1 C AR AR (14) Fn(15) , IF45 AR (12) B4 7% Fourier
WA AR 3] Laplace 25 [A] XX 5 Ayl e DR At , L e =R .



Ui g 4 567

Poi = ‘71) {Ko("%ﬁ)) + Bly(&,ry) + 22 (Ko(e,ry) + Bly(&,r,)) %
n=1

nmzy nuz,p
cos cos . (17)
hy, hy,

1.3 Newton-3E Newton XXX & & 7K FEH
1£ Newton-3F Newton 38 i X X & & 5 I bR B LAl L, XF i R sR e « IR - L, 3]
L,, Bl534533] Newton-3F Newton 13 i SUX & A RO IR (18] 2).

z

R

SFe o o =

2 Newton-:ll: Newton WX & G 7K V- - Wy #A R R 215
Fig. 2 The physical model for the horizontal well in the
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Fig. 3 Wellbore pressure characteristic curves of the horizontal well in the
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Fig. 5 Characteristic curves for different vertical positions of the horizontal well
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Transient Pressure Analysis of Bi-Zone Composite
Horizontal Wells With Non-Newtonian and
Newtonian Power-Law Fluid Flow

JI Anzhao
(School of Energy Engineering, Longdong University,
Qingyang, Gansu 745100, P.R.China)

Abstract: Polymer flooding plays an important role in enhancing oil recovery and the horizontal
well has great advantages in the development of thin reservoirs. Based on the physical process
of polymer flooding, a well-test mathematic model for horizontal wells in Newtonian-non-New-
tonian bi-zone composite reservoirs was established with the basic theory for point source func-
tions. The analytical solution of the well-test model for horizontal wells was obtained through
the Laplace integral transform and the Fourier finite cosine integral transform. The well-test
curves of the pressure and the pressure derivative were got with the Stehfest numerical inver-
sion algorithm. The results show that, the smaller the power law index is, the steeper the
curves of the pressure and the pressure derivative will be in the outer zone, like a line with a
slope of (1 —=m)/(3 —m). When the power law index is 1, the model can be reduced to the tra-
ditional model for horizontal wells in bi-zone reservoirs. The longer the horizontal section of the
horizontal well is, the earlier the radial flow stage will end. The larger the flow ratio is and the
smaller the inner radius is, the higher the positions of the pressure and the pressure derivative
curves will be in the outer zone, where the pressure derivative curve keeps as a line with a
slope of (1 —m)/(3 —m).

Key words: polymer flooding; power law index; Laplace integral transform; point source func-

tion; horizontal well

5| AZ<3z/Cite this paper:

%2 73. Newton-3E Newton FEHH AU E Gk V- HE I SIZSRAE T [ T]. BEHECER T2, 2019, 40
(5): 562-573.

JI Anzhao. Transient pressure analysis of bi-zone composite horizontal wells with non-Newtonian and
Newtonian power-law fluid flow[ J]. Applied Mathematics and Mechanics, 2019, 40(5) : 562-573.



