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Abstract

In common heavy oil recovery technology modeling, the impact of pressure is often neglected, or the
isothermal pressure diffusion equation is used as a substitute for the non-isothermal pressure diffu-
sion equation for calculation and solution. In this paper, pressure diffusion equations that account for
the temperature effect and pressure diffusion equations that consider both temperature and con-
centration effects are established for two oil extraction techniques: Steam Assisted Gravity Drain-
age (SAGD) and warm VAPEX (Warm Solvent Extraction for Oil). Taking SAGD as an example, the pres-
sure distributions obtained from the isothermal and non-isothermal pressure diffusion equations are
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compared. Itis found that as the temperature increases, the differences between the two distributions
gradually grow, indicating that in oil extraction techniques affected by temperature, a non-isothermal
pressure diffusion model should be established.
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Figure 1. Cross section of SAGD/warm VAPEX
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Figure 2. Physical model of transition zone
2. ETYIRRAE

2.1. SAGD [EiBi BiES

H o R SRS RS RN :

3(ps#) N o(pV) o 1)
ot OX
Horh g RALBRRE, B, ASTERILBRE NS p, BB, kg/m®; V FoRXNASEE, "L
WRIEIETE AR HAA T
Ko
V= Ho (6xj @

Hor k NgaxBER, ATk, NMAHABIER, TEN; p AEM, Pa; u, AFMKE, Pa-s,
I EURE 5 IR 5 R B
InIn(4, ) = -3.6261In (T +273.15) + 22.8339 )
O A A R 2 T) BRI 9% 2SR HH Sharma AT Gates MBS, 1T AHGHE 3 28 A0 7 A F B2 22 1] (R AH 5%
P2 Corey A K 1E[4]:

T-T
S =S, +(S.-S ) 1-—r 4
0 or ( oi or)[ Ts _Trj ( )
s -s Y
k =k o or 5
ro ro,rw (l—swc —SorJ ( )

Fh T MIRIE, Cr S, IS, ARV AR R TIAE, EEN: S, REAUKMAE, TR K, .,
R BN SRR F A AAHEE R, TR, T AT, 45 sBuE e AFE RIE, C: mJ Corey
¥, TR,

S A P T R

Po =P [1+C (P— Do) - B(T-T,)] 6)

DOI: 10.12677/jogt.2024.464059 474 1 RARR AR


https://doi.org/10.12677/jogt.2024.464059

#
s
48

ESNliepS
po¢:¢poi|:1+cf(p_pﬂ)_ﬂ(T_TO):' ™
Horpc, NHMIESE 2% Pats pONFTIMAIREAK R, CT WNES RS M — i
o(p$) . (op. oT
T_¢p°i(8t Cs ot ﬂj (8)
FIFEHh,
kK,, (O
poV = Poi |:1+Cf (p_ pO)_ﬂ(T _TO):I|:_,U_O(6_§):| (9)
b NIESE 7 RE A2 — A 3
¢ T gl Kafp]]_ o 0 op) Kk, &p
{( axﬂ” o (axﬂ (L (P=po)-A(T-T,)]- LX[ j(axj PR }}
(10)

th T HE 4 R RO IR R AR/ 1+, (p—py) - A(T-T,) =1, LRl

o DR o

JE46 R B R B0z /T 1[5], EaRargksiu i .

8(p&/)=_fh{jz(5ﬁij(apj Kk, p} 12)
OX OX\  u OX u ox’
R, BTN
op  oT
0 (E f__ﬂj
(13)
~ K., (@jkka%
p°[6x( ] ox)  u, ox }
AR ARSFIR SR T B Ry BOT R
2.2. Warm VAPEX [E3&Ri/ &S
FH 0T B ST R A B T RN
opd) V) (14)
ot OX

o g NFLBRE, KRN, A CBRABEATE: p R AERIRERANEE, kg/m®: V
AR, A ARYE A T A AR R

V:_H&{ﬂq (15)
Mo\ OX

Hor k NXTBIER, 18VG; Kk, NMAHAEXNEER, TTEN: u NPMAERR S HIRE, Pa-s; p
LoRIESE, Pa; AR RERIMR E 2 (Rl 12 22 % Sharma 1 Gates MR, T AH NS % S A0 75 1 Al

DOI: 10.12677/jogt.2024.464059 475 1 RAR R AR


https://doi.org/10.12677/jogt.2024.464059

#

7 A

JEZ IR 2% Corey HIAHIRNE[6]:

S, =S, +(Sy S, )[1—%} (16)
C
S,—S, )
k — k 0 or 17
ro ro,rw (l—swc —Sor j ( )

Horpc NIEFIRIZ, m*im®s S, RIS, 7 BURVIIARERARMMAE, TEREN: S, RE A KB, T
M K BN E KM TR MAHZESR, TREMN; nj Corey RE, TLEN.
FEEFIR A T RS TT 12

Po = P 1+C11 (P o) - A (T-Ty)] (18)
Po =Py [1+C, (P= o) =5 (T-Ty)] (19)
5 AR R U 5 1
p=(1-c)p, +cp, (20)
H(17) (18)77 A\ (19) 13-
p=(1-¢)py[1+c, (P=Po)~A(T-T))] )
+epg[1+¢,, (P= o) =S (T-Ty)]
AL
po=dp=¢{(1-) po [L+C, (P—Po) - A(T-To) [+ cp[L+c, (P-p)-A(T-Ty) ]} (22)

0
P9) _ ¢|:_%poi [1+cf1(p— o)A (T —TO)J+(1 C) poi (Z? Cy, —%ﬁlﬂ
(23)

+¢{ Ps.[lJfoz(p Po) = ﬂz(T_To)]JFCPsl(aatpcfz_%ﬂzﬂ

H TR R BRI R BN [T+ ¢, (p—po)—B(T-To) ] =L, [1+c, (P—po)-A(T-To)]~1,

PN s S SE
o(pp) [ ac op T
“a ¢|:_E (1 C)pO'(at Cy, _Eﬁlﬂ
op oT &
+¢|: Psi +Cp5|(at fp _Eﬁ2j:|
pei s 7 UK G EI
o(p#) _ N »
“a #(Ps — Poi) ot +[(1 C)Cflpoi +szcpsi:|¢ ot 25)

_[(l_ C)ﬂlpoi + ﬂchsi :|¢66_I

DOI: 10.12677/jogt.2024.464059 476 1 RARR AR


https://doi.org/10.12677/jogt.2024.464059

G

RIi F

PV = {(1—c)poi [1+¢, (p=po)=B(T-To)l+cpli+cy, (p—po) -5 (T —To)}}-{—kkf[g—iﬂ (26)
%*ﬁ“' e 7 T 3 A 3
V

21z, 3

{%pm 1+Cf p po)_ﬂZ(T _TO):I+CpS|(apCf2 aTﬂj}

: U

(1 ¢) o [ 1+, (P Po) =B, (T =To) |+ cpy[1+cy, (P Py) - ﬂ(T_TO)]}

EA G

a(g(v)={%poi (1- )po.(gscfl—z—lﬂlj}
{Z v (B, - T )
-[(1-c)py +Cpy | { ( ](

Q)lQ)

1+Cf p- po)_ﬂl(T_To)J (1- C)pol

o

2 |

@7)

fa -

()
1924
k( pj (28)
X
ro a p
ox?

pringeszg: SZECEAIR

a(;XV) {2)(;(100' psi)_[(l_c)poicfl+Cpsin2] +[(1 C,Do.ﬂ1+c,05./5'21 }kﬂk(gzj -
kk,, (P, kk,, 0°p
-[(1-¢)py +cpy |- {ax( j(axj u ox }

F A AV R 0 R 48 R B I Ik R i i/ T 1, Bl Bk gk R
o(pV) _fac, ] kek @j
ox {ax(p" Pu )} u (6x (30)
o oKk () Kk, 8P
[(1-¢)py +Cpy | {ax( u ][axj L oK }

#(ps — Po )%‘*[(1_(7)01‘1/% +Cf2cpsi:|¢gt_p_|:(l_c)ﬂlpoi “‘ﬂszsi]¢ﬂ

(31)
TN TE: A [0 (Mo )(), Kk 27
- {ax(poi psi)} u (axj+|:(1 C)p0i+cpsi:| {GX[ u j(an u 6X }
BB ARSI AR A N 25 RS TA R RN ) PR S 3 O 2
3. XMEFRSIFFRERY HTE

Ui SAGD AW, X ARSI BOTR L %R . SOk R E R 072
(ke (6pj+ﬂ.62_9 9 .» (32)
X OX Hy ox? k ot

477

Bk, ELLITRERAL Y-

DOI: 10.12677/jogt.2024.464059 IR IR T AR


https://doi.org/10.12677/jogt.2024.464059

#
I
48

XTI RE(18) 5T RE(B2) A B, A SCEE L AR SRIR R i g B R 5 SR b A IR T s g O REAH B,
AN RESIAFAE T SO0 22 6 PR — i A0 0 32 300 LA L I 0T BT £ — B Al S T, (EL 77 A2 (13) 22 17l T e
A FA Al 5 00, 5 LA SO i 2 DAy i PSE 0 s o 1 R A0, T SR AR i 5 PS8 AR B0 o . I AR AR B
AT DA B A SO AR B Oy e TR 7

58 0 BT B 0 s R Bt e (A ey G P R DU ) 7 T s SO ol
R R A 2 AN BT, T 2 S B 5 RE L S R AR . AL S AR B AR R [ 7]

E=x-Ut
1z, )
BEMAFH]:
0 0o o -
ox o0& ox o0&
A2 42) ) o
6_: OX _ o¢ _ ¢ %26_ (35)
ox? ox ox o0& ox 0
2 00,000 0 0 )
ot o ot or ot oF or
F4(32) (33)F1(34) 7 N7 FE(12) 45
gL o (T, AT a0 [ Kk (P, Kk O°p
‘W%iK U8§+arjcf ( U 8§+arjﬁ}_p°i{8§( , J(8§j+ 4 agz:l (37)
IR
p(0,7) =350 kpa (38)
p(L,7)=300 kpa (39)
p(&,0) =300 kpa (40)
bR 2R AR TTIE N -
or oT or oT Py O \|_\ 0T
(1-¢)p, cps[—U §+E]+¢C‘m {po [—U %+EJ+T[_U oc o ﬂ_ K, o7 (41)
TR E %A
T(0,7)=T, (42)
T(L,7)=20C (43)
T(£,0)=20C (44)

W T RN, C p WEABRIHRE, kg/m®s p, ABHMEE, kg/m®: c, Mlc,, 285
PRE BLRBI AT LS, Jkg-K s KOARSHRAREL WI(m-C).

sl 3 o, MR BRZINER RS BOAEATT R, 215 30 RAFNRZ T A R i 5 3 2y
fihse. MEHATCLE ], AFIRE T, WBE T RS B R oA i 2ol 3R, iRl 25 256
B R T R B, (EGRR BRPS AR AT BT ZE A o AR SORERAS B () s SR B A A R B A, R R
FPRARTS, T SR R SO A B 0 I SR A LRGP AR, TR BEAE S M BR B AN, R e e

DOI: 10.12677/jogt.2024.464059 478 1 RARR AR


https://doi.org/10.12677/jogt.2024.464059

By

#

PR, IF HIR R, W S 1 22 K, SRR S SR SR O AR T A RN A R 2 =
Jt MR REEAE R BRSO o, A7 05 B 3 AR S5 IR e o gy U A

—O— A SUE MY BB (30C) ‘

345 —E— SRR B (301C)

JESR(WR)
S

3.15

3.1

3.05

HECk)

3.5G T T T T

—O— AR HURT (40T
=B SRR R (401C)

1

'S

[
T

HS B (A )
© B e 4w
N (4] w (3] S

w
o
T

3.1

EmOK)

3.56g T T

aa5l NQUE —e— A USRI (50T)
’ - —E— SRR R (501C)

HE B (07 )

w w w
wooL ey Y »
= o N oo w o s
T T T T T T T

w

=}

a
T

0 02 04 0.6 0.8 )
BB (K)

w

Figure 3. Comparison of pressure distributions calculated using
the different pressure diffusion equation at various temperatures
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