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The Mathematical Model of the Flow of the Viscoelastic
Fluid through the Fractal Porous Media and Its
Numerical Calculation
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Abstract: In this paper, the mathematical expression of the effective viscosity of viscoelastic fluid was de-
rived, and the mathematical expressions of the fractal porosity and fractal permeability of porous media were
given. The mathematic model of the flow of the viscoelastic fluid through the fractal porous media was estab-
lished and the numerical solution of the mathematical model mentioned above was obtained using the finite
difference method. In addition, the Lagrange interpolation method of the calculating rate of flow under the
condition of stable flow and different pressure was presented. The practical calculation of the production of
five wells which were flooded by ASP in the No. 4 Oil Recovery Factory of Daqing Oilfield was conducted.
The calculation results show that the mathematical model of the flow of the viscoelastic fluid through the
fractal porous media and the method of numerical calculation in this paper are correct.

Keywords: viscoelastic fluid; flow through fractal porous media; mathematical model; numerical calculation

HRERESEZ AN RERNBFREREYEITE

k &, BTN, BER. K&z
AAvA R E A TR B, RERTT, P, 163318
Email: zhangb@nepu.edu.cn; tzp841005@sina.com, cuihaiqing969@msn.com

B OE: ALES T HREEAKRA SRR F AR, 28T ZINRNTILREFnHiSEE
EFRER, EZ T RS % IR RG R FAEL, A REN T B3t P S 63 F AR
AT T HAARE, AWML E T HERBLARERREN FTAZOEAE B GG %, o K RbmE R
)T 5 0 ZAE AR T EHATT EHEE, SRR, TTVAAA RIS R R RS %
FUAR B R AR o AB T S5k R EA .

KEEF: KRR, 5B INRBR, BFAER, A E

= AT
[l Chang F1 Yortsos" M40 TEBRE S | N3 142 LA I
° - 2 R

VL, JERRDGH RGP 5 1 =Je = A K™

Ky DTRSTECHINTFUABIRN, JF) 2 10
TP PR SRR AT O A S5 40, U el
BT ASORAERT A MR 2 P, f
PRGSRPESAARAL 73T 2 LA T PSR A ROR 1R %K
FRIEA, gl 2 AL RN AL M BB AN
B GR A, ERYERAA D IE 2 LN SR B
B, A R0 J5En BB AR A T U SR A
BT g TSRS SRS AN R s T R R R B H

THER: ERMEEXEIUNELIEMA (20082X05000-042)

[

2.1 MR EYEE
2.1.1 BIYIHERE
R AR BT UKL R ol R R AP
po=Hy" (D
e p NESUIRG RS, Pa-s; H WBE R
Pa-s"; y hiiyl, s n MR, TRK,
—E T <],

978-1-935068-37-2 © 2010 SciRes.



‘ogi* Scientific
® J
+* Research

AR T AR A IR TR

7 \1-n
sy =, (—)'
T 2)
A r AEICMERSS, m: 7 CHIEIREAR, ms o,
AR AL r =1 R, Pa-s.
2.1.2 BMERE
AR A AR SRR PR ey e SO DY)
D, =t,/t, (3)
Kb g NTARRASUIS TR, 8 5 ) JDWARRFPER A, s
ARG RS S R A BUDDRE B OC R R AR
ZT??'{I[Q
Iue:lus 'Cl(De)ml (4)
L Cy m BN HEHL TR, BT 20
AL UREAR IS ARRSE s o, A PRPERESE, Pa-s .
8 BT R (R38O0 A R T, R

4 (5
FEJRPAAE T, VARRORA SIS () 5 B DT A . 5]
DI g B B — 1 1) g 2 2 TRIAFAE B 516 R

, _L[Mj
0 .
2y T 6)

o N, =1, — 1)y = A7" B TR —
VNI, Pas 1, =y = Hy" HETHIR ), Pa
A n BEMESE, EHK. BN (6) Rep
"

=i - (m—1-n)
" 2H ™
B (1) . (2) v 3 v (5 . (1) "k
HETE
H! (8)
B (8) RN (4) bl 15 gkt
m(m—n)
_ClluwAlml /uw i r\:/nl(nl_n)+n_l (m,—l)n—mlnl+1
lue - 2ml ) m (m-1) N4

H n—1
9

978-1-935068-37-2 © 2010 SciRes.

2010 The Second China Energy Scientist Forum

2.1.3 BHHE
R AR AE 2 SLA U IS IR B AT ORGP R
%[9,10]
Hege = Hs + He (10)
Kby WABKE, Pa-s.
K 2> KA 9) AN (10D bl 1943 2ck;
FER Bk 5
Ly = Erl—n +Fr(m]—1)n—mlnl+l

QD)
HhE=p ™,
m, (1, —n) (n-n)
F:EXC1A1 1 ﬂw n-1 rwl 1
2ml ml(nl—l) °
H n-1
2.2 BT RES AR
2.2.1 HHFLBRE
Z AL T 3 T ALBRE il s A
¢ — Q ’/'D_d
G (12)

e @ AALBREE, TBIk: V hor Aok A itk
TR, m’; G RomHR R, Koo Frk
R IUERE RTE: o W ERELBEA KK
ZH, KRR D Ry Tedess, ok, RN T 4
TEAIUTREE, R TR SRR E AR d 2
I3 TEARKRN PRI 23 TR R 4R 50, G A i RN 2
Bk, Wid=2.

(12 RaTEH, @57 %, ghikier
R, AR WA BRI B =1,
N, A

Va b4
=—r

Py w

G (13)
Kb @, r=r  KFLBE.
(12) « (13) AR

e
g (14)

(14> FRI 2 FLIr i) 70 L FLBREE (R 4 2R0A
e

222 PHBIER



2010 The Second China Energy Scientist Forum

EZIRIIRINENI AT SiiE sl
K(r)Z%rD’d’e
G (15)
X moASREEE KNS, LK 0 5w
W HCREG O AR BEOY RS, TERIR:
K(r) hoykisiEs, m'.
fEr=r 4, K=K, N
malV,
G
Kb K hr=r bEEE, m.
(15« (16) Pi=UAHRRTS
jD—d—H

Md =20, AN (1) At

D-6-2
Lj
T (18)

(17> KECAHZ AN T BB IE R R IA
Ko N A7) XATLLEH, DEBIEFEAT L
B, MR R, BVRAA TR E [F
AL, S TABIERAMN S Z AN TR 5 AR (R 5k 5
FREEAT IS, T H S5 Mm%, 2t D
O Ko,

P mmd =2, G=2nh, AN (15 X5

)

K:

w

(16)

K(r) :Kw(li

r

w

amn

K(r) =K, (

QLY
X W WAHRRE, me.

23 HEMERESHES LN RER

2.3.1 fRigFs

(1) KRR RO IR Ai 1 (20 240
FEE L SIStk (3) —4EfR AT SRS
(4) BWSTEIm LBME T3, (5 2 mP A
i (&) BRTFERMBIER P TR, (DD
IR AN (8) LB BN (9) 249
BB TEH): (100 24U B S8R I 2 2 TR

A1 ZANREBRM S E D N, (12) BB K

P

HA R (13) 24N UL RS D 173
TEM RN R d JEROL RS b (d =1,2,3)
B R AL s IR 3 A U 2 T o

1629

7

% Scientific
% Research

»
%

9

o

&

2.3.2 FEMHE
Rk AR S 2 FLA OB R IR e Jy A oA )
-V, 'N(r)cLa_p:%
ot or (20)
Krfe N(r) WA, KRR C, WRAEES
Y, Pa’l g WBOTEIVE, mi/ss p K,
Pa; ¢ hmfEl, s,
233 KisHiE
Rt AR > T 2 AL BB R KRS FE A )
p =Pt D
Kb p ALK, kg/m®; p, BEE—
51 p, THBAER RS, kg/m® .
b o A /T N A D= Wil B i W

234 BEHHE
TEERRE T, 4
SAE IEIE TG E B
K(r)op
Moy OF (23)
K 0 BRI, m/s; SHIEBER K (r) W (19)
KR,
235 EhaHNS AR
¥igshifE (23) RERNELLE TR (200 K,
A1 BPRGBAETR AR 9 T 2 AL B0 B ) 0 A bk oy
JifE

TEZ AL BB TR I8 3 7 2

L=—

1 o’p
Erl—n+€ +Fr(m171)n—m1nl+l+9 87"2

E(D-0-2+n) ap .
O |:E7"l_n n Fr(ml—l)n—mln1+l :|2 or

_l_

F(D-60-2+n+mpn, —mln)rm‘("fn‘) ap
r49+n |:Er1—n + Fr(ml—l)n—mlnlﬂ i|2 ar

Q4

978-1-935068-37-2 © 2010 SciRes.



7

% Scientific
% Research

»
%

9

o

2.3.6 ERFH

IR SA
plr0)=p, (252)
HNL T E I A A
plrt)=»p. (250
WL T E R AT
2 :i[Erv;" +Fr\;n'("7"')7"}
orl,., 2mhK, (250)

e p A RT), Pa: B AHEIREL LK
O L, m/s.
A (24) FIE (25) MR TR SR AR B 2 SL
IIRE 3 OE G i
3 HEITE
3.1 EASHs AREMEERE
ARSI B R E T, BSR4 A% HX
, VAR A [ AN W R B, AR FRAR He g R
r=re = rwe’m(i =0,1,2,---,M)
S AR BRI S (TR
23[R AR E MR AT DA an R U7 U e
M= In(r, /r,)
Ax @7
Kb 7 SRR, m Ax AR K, m.
R ) Aty R (24) Bk san R g
o’p N E(D-6-3+n) op
x> E+F(r,e)™"™ ox
F(D-60-3+n+mmn, — mln)(rwex)m‘(”f"') 8_p
E+F(r,e" ymi(nmm) ox

i

(26)

— &[E(rwex )3—I1+H + F(rwex)(ml—l)n—mlnl +3+¢9] X 8_p
m ot
(28)
PRI 225 1) o S 00 v 22 5 2 BT 4 T i 22
SRk, ISR Ay iR (24) XA
ZIYJIFEN
Apli+Bp/"

(i=12,--M-2j=12..)

+ Cl.p”1 = Dipij

i+1

(29

978-1-935068-37-2 © 2010 SciRes.

2010 The Second China Energy Scientist Forum

2
joh A=1-2F7 g 2.0 ;|
2 At

Ax (Ax)*

Ci=1+_1r’ Di:_ Jy
2 At

I

_ E(D-0-3+n)
r E+F(rweiAX)m1(n—nl)

N F(D-0-3+n+mpn, —mn)r,e™)™" "

E+F(rweiAx)m1(n—nl)

J — %[E(rweiAv )3—n+9 + F(rweiAx)(ml —l)n—mln1+3+9]

r

A AtHERZPK, s.
SEMRSAT (25) NI 2243 T FE N
AP +BP +CFP., =DP

it (30a)
AM—1PA£12 + BM—IPAfItll +Cy b =Dy Py, (30b)
j j B my(n—ny )—n+
_POJ+1 +PIJ+1 — Q Ax |:E7‘VL_" +F},W1( 1) 1]
2nhK

(30¢)

(29) AT (30) A LIRS Ay =) #A B,
] LUK B AR TR AR R, SRk fifJ5 n] LATS 2AN[H]
e N A .
3.2 RENHETE

I A —H AR e VRS TR 1 S5 i & ) N EE
E TR SRS, AT PR B H AR ] SRR
TRSZUE SR P E. BT

BT m 41 45
(pl’Ql)’(p2’Q2)’(p3’Q3)"”(pm+1’Qm+1)’

Myt e {256 bR 2K

Lk(p):ﬁ(p_—pj), (k=0,1,2,---m) GD
jgg(l’k—l?j)
M T
0=2p, L(p) (32)
k=0
31 X5 %0

L L= (33)
= 33

«(p) 0,k=i (k,i=0,1,2,--,m+1)
fik,  (32) U RRMAE, BRI SR



2010 The Second China Energy Scientist Forum

SERCIRA M
4 FHEILH

LEW KPR FRAPY | 5 1 = A 3
W RS AT B B 2.3.1 IHTER T, i ik %
AR AR ARV S5 VA VA 7 6 5 S F o B

o
%
e

7

Scientific
Research

»
%

9

o

SR IR 1o R 1 ATLUE I, FHASCREAL ARG 5
PEFAAR I TE 2 AL TSR B B R LU 507
PRUTS R S R 2 TRV B AR R 22 T
10%. A BLA S A SO ST ARG SRR 20 T 2 FL A0 I
BUR IR AR S RV SR 2 IR

Table 1. The comparisons between the calculating production and the observed production
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