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Calculation model of heat efficiency of steam flooding
in multilayer heavy-oil reservoir based on heat interaction
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Abstract. According to the thermal equilibrium theory, a mode!l for predicting the heat transfer between the injection layer
and non-injection layer was estublished considering the heat interaction effect. Moreover, a formula calculating heat efficiency
in multilayer reservoir was put forward hased on the Mandl-Volek model, and Laplace analysis transform and Stehfest numeri-
cal inversion were used to calculate the model. And the effects of interlayer thickness on heat interaction and heat efficiency
were analyzed. The results show that the more the sandface steam latent heat ratio, the higher the heat efficiency of the injec-
tion layer. Compared with the single layer reservoir, the heat inrteraction imposes significant effect on the heat efficiency,
and the thinner the center layer, the stronger the heat interaction, and the higher the heat efficiency.
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Fig.1 Schematic diagram of multilayer reservoir

(B EXRRINAF FHETHER, B (1)
AR L Ab 4 M, B & 2 RIS BB
REZWL; (2)SEHEMERER%, 3 R
AL (3) B R ARVEE S I 5 0 o 0 Ab KD %
(MDA BEENHERR WM,

L1 SEBEAGEEREEY
RS HAMZE | e e i s

N
L1l BAEARESFTE
WL RE R FE R, ATiG
du,, du,, du, aT, ,0T,
Bty e T Moy =M )

Hrp

=011, 8, =————M"Ai‘l+h M(;AC.
P, u HHEHNPGEE )/ (m® - d) ;T REZHE
FE.C e ABHA] dsx oy 2 HWAERH ] FAR | BRE
BAMEZE | MIEHE,2 FamE 2, CLLRE, 0 £
RUEZR UREESE,

ELIANER M (s) HER M(t,) Wt f
AR S Hooh s AR M A M AR M EE
FRFE AT HE, T (s) =L[T(8,) ], EH

HESRETENT, = L[ 1,0 ¥ meymm

FHET, = }:—zj f, T, dedy,

XA (1) TR E PR A B, H E 0] f1F
RS, Al
3H1: =O|‘ _QI‘(hI) ‘OI‘(O), (2)

W AN o), =j° j" M T h,dady, %
EABMERHQ = J-.,J’-m (Bul, %)dxdy/
O, MEHEGREN Q(h) = jju
(h)dsdy 67, 1 FH k8B EH 07 (0) =

[ [ uwioydndy/ 6,

1.1.2 TWMREEZGHEEFAE
#1512 B SR R B D, AT B

TR TR AR AL S8 /B, #R4E Fourier EH

H

aaf; =sMLoii—:=v”rc, (3)
Hip
v =6,/s/a.
KA,y ANKSRTE R o AIEEEZRAM,
m’/d,
K@ (3) 718
'T‘(z)-T"<0>exp(nz) (4)

KR4 Fick EH .u, —A — EXT:EQM) KEEH.

EJ (z) —’\LYI.TU (O)CXP(YUZ) ) i (0) = YAy X
¢ (0),
EREZNEEER AR E R
a(0)h? hfyL'/\lTL"(O)
07 (0) = & F: .

(5)



$I5 F24

HBE,F A TEAR TG $ AR d R R AR ET EAESY <143 -

i) 22, 15 T o 2400 Sk O #A
0 () = 1l ;5 L m;?::(h; )
1.1.3 BEPEIZAMEARGSEFR
B XRA LT HRWTE AL S SRR,
Fourier % M Fl Fick P REE M, T KB IR E 00iR
EaiEERER
TS (z) = [T: (hy) - T¢ (hy)ecosh{y Ahc)] x
sinh{A.(z - k)]
sinh(y Ak.)
’25(3) == ’\c')’c[Tc‘ (hz) - T;(hl )COSh(Y(jAhc)] x
cosh[A (z - h)]
v Ak
Mz =h B,
ao(hy) == Ay TS (hy)esch(y Ahe) +
/\(ZYCT(;(hI )co{h(‘)/cAhc)' (6)
Wz =h, B,
il (hy ) == Ay TS (hy ) coth(y Ake) +
AveTs (hy Yosch(y Ahc).
A B e] 5 4EF VOMZ IR E fE B RIS R
T, (2) = [T, (k) = T; (hy)cosh(y,Ah,)] x
sinh{A,(z - h,)]
sinh(y,Ah,)
@y (z) == A, ¥, [ T5 (hy) = Ty (hy)cosh(y,Ah,) ] x
cosh[A,(z - hy) ]
Y. Ah,
Y4z =h, A,
iy (hy) == Ayy, Ty (hy)eseh{y,Ah,) +
Aoy, Ty (hy )eoth(y,Ah,).
%z =k, HF,
iy (hy) =— Ay, T; (hy)coth(y,Ah,) +
Ay¥, Ty (hyYesch(y,Ah,).
1.1.4 #iafifk#
MEBVIERG R T.(2,0) =0,
NREMEHR
T, (hy) =Tg k), TS (hy) = Ti(hy),
T/ (h) =T (h) , T7(0)=T(0) ,
6;
h_z— )
o
E;

+ T (h)cosh[A (2 —h)].

—AycTi(hy)sinh[ Ag(z = Ry) ).

+ TZ‘ (thOSh[/\z(z - hz)]),

- Ay, Ty (hy)sinh[ A,(z=hy) 1.

az‘(hs)—"ﬁ(;(hs) =Q,1‘(h3)

i; (hy) =ic (hy) = Q' (hy)

g
ﬂ‘l.(hl)z-ac’(hl):(),l*(hl)h_;! (7)

2
7 (0) =i (0) = ¢’ (0) z—' (8)
1.2 EZEEHBESRTENORE
HBR(5) ~ (8) RAR(2) ,aIBEKEMNRE
H

sl (9)

7544

Hrp
A A W+ Ay, =C05h(7(:Ah(:) - Ry
T @ MAR, ¢ sinh(ycAh)
R. = Biaesch(y Ahy)
M T Boeoth(y Ahe) + W’
. _ cosh(y,Ah,) - Ry,
27 sinh(y,AhR,)
FEERMEMRE R

hy . -
Hy =02 [ T de = MBECTS () + 75 (hy) 1K, =

_ Ay
@ (A7)

MB2 TS (hy)(Ryy + 1)X, = MR T; (h) Ry (R, +
1)X,. (10)
H
cosh(y,Ah,) -1
B M BT (h,)Bh, =M E2T; (0)AR, =H,,
A
H,
He
_MR, (R, + 1)X,
M, Ah, ’
_ 1
2 7 [Bysinh(y,AR,) + cosh(y,Ah,) ]’
AoYo
RFHEZRRRR
H = YAy . ___CQ;
Yo MAR T Ts+4”
Ho

A (an

Ts+A’

R

(12)

- Yide
6° M, Ah,
L5503 )
. =7°)\”RE& . _DQ;
T e M AR T s+ A
Horp
D= YoAoRuRy
0. M, AR,

(13)




+ 144 - T EHEMAFFIR(ARAFN)

2012 %4 A

R 2 e Ry
. +A-1-B-C~-D,.
Ha:S s+ A gy . (14)

1.3 FREMAYEITH
R4S Mandl-Volek ZZ KB RIG AT ERE H°
B E ) Laplace 2581 T By Rk K

(1= & -7 (0)
AH' =(/I -1
(=TT

K, I HHERFESRAREZLH,

_g(H () = (1 - £,)AH] (5)
By() =17 oo ).
Horp
L,
S TfL, +CAT’
KB f, AHERER S FHIRERTEL,
HHEERKAE R, T/g:C, HKWERKE,
V(m* -y,
1.4 HEkRg
SRR B8, RRERNHEZ 1§
1.0
0.8 :
2 oo} g
¥t g
g oal ——mi
® | ka2
—e— Wi /2
0.2 -
| s
0 : T e g

0. 001 0.01 0.1 1 10

e e/a
(a)h,=1.0

MHEH =H, + H,, X H, FiBE 1 FEEEH
B H, BiRE2 R E T REEEREN
X RR, 2 2 FEIRAT G | e ), ST
1HEEMHZ 2 MR H, H =H, +H,; =
3 XERIFEIRL R ] A BAE B AT Stehfest
AR,

2 REEEXMEERFHAI MW

() ~ (14 FTFRER # el B ERINE 2R
MR 5 S MEE, U2EHNTREZENRE
FE SRR AR R G0 (2 Z01 M 0 i
FEERAA A, MWRIZEERN 10 m B, X
EHIMHDITEE by B 1 SRR S m 8 5l Z
I by 0.5, MUK E2HILE 2, B
P2 BTLAE L BURTEIRRY  BR 2 4, 2 3+ S 48
JEE 8] UK ¥ 2 8T8 IR 2 N R B B
K RIZEESHE, A THEEHNE SR, 0.
BRI HEATIE IS N 0.5 B, ¥R 0. 16 a J§ AT
FRIZFAT R R 1 8, 11K 0. 30 a A AL,

1.0
0.81
3 | e mEIEEE
™ 0.6F o M
g e K2
— Kii 11
HO0.4F m,zj
P —— 12
[ —e—TisE
0.2F
0 . .
0. 001 0.01 0.1 1 10
Bl ¢/a
(b)h=0.5

2 REMAMEER1MO.5HARSH
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