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Abstract

In this paper, aiming at the seepage model of horizontal wells in three-dimensional dual-porosity
cylindrical gas reservoirs, mathematical models are established for two cases, namely excluding
wellbore storage and skin factor and including wellbore storage and skin factor. On this basis, the
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Laplace transform, Fourier transform and Duhamel’s principle are comprehensively applied, com-
bined with the similar structure method, to systematically solve the models under four types of top
and bottom boundary conditions (constant pressure at both top and bottom, closed boundary at
both top and bottom, constant pressure at the top with closed bottom, and closed top with constant
pressure at the bottom). Furthermore, the similar structure of the dimensionless bottom-hole pres-
sure solutions in the Laplace space is derived. The results clearly reveal the correlations among the
solution expressions under the combination of three types of outer boundary conditions and four
types of top and bottom boundary conditions. This paper expands the application scope of the sim-
ilar structure theory and provides a new method for the in-depth study on the seepage laws of hor-
izontal wells in three-dimensional dual-porosity cylindrical gas reservoirs.
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Table 1. Eigenvalues, eigenfunctions, and similar kernel functions under different boundary conditions

F 1. FAEDOFEHTHIFHERE. $FERE. HIMZE
TR T A FEE FHERE AU R
K (F,(s)r) N
—FM (S)KI(FL (S)rl,)’ VISUE S PN
TR SE R , —sin(kns o o) A (E()n)K(F(5)R,) =1, (F ()R, K, (F(s)r) o
i o bt o LR )R (R~ L (R R)E ()]
LEORKEGR) LEGRIKES)
-F, (s)[l,(F ())K,(F.(s)R,) - I.(F, (s)R,)K,(F, (3))}’ T
K, (£ (s)n) :
K (E () SNAFTETT K
TR A _ — cos(knz o) B(E($)n)K (F (5)R,) ~ 1, (F (5)R,) K, (Fu(s)r,) i
J([:z) a, =kn 4, =cos(knz, ) 4.(r,05) = LR (R ORI LA OR)E (R O] Sl T
I\(F;k (s)r )KO(F;A (S)Rl))+lﬂ(1::A(S)RD)KG(FM(S)FD) bt R R
O (R O)E (R R )~ L(F R ()]
K, (£ (s)n) N
. FL (K (F, (5)) HMARTT K
1 5 35 4] '
3 o (2k=Dm —in[ (kD7 e 1,(F(5)r,)K, (B (5)R,) = 1, (£, ()R, ) K, (F, (5)r,) ]
I e e BB oo v e T A
Il(F;A(s)rD)KO(F;A (S)R[,)+[ (FA (S)RD)Kﬂ(F;A (S)ru) 9*‘7;@;*
G K (R OR) LR ORIE(E )]
Kﬂ(Ek(“)rn) > 23
. RO SMURT TR
T8 &
Rt V) SN ¢/ L RN B (O LA LA O L R A LA L LA LA
p [(B55) st I R O R ORI e enee
1(F, (s)r,)K,(F.,()R,)+1,(F, (s)R,)K,(F,(s)r,) SRR
O E K FOR) - LEORIEES]
SE ik
[1] Barenblatt, G.I., Zheltov, I.P. and Kochina, I.N. (1960) Basic Concepts in the Theory of Seepage of Homogeneous Liq-

uids in Fissured Rocks [Strata). Journal of Applied Mathematics and Mechanics, 24, 1286-1303.
https://doi.org/10.1016/0021-8928(60)90107-6

Warren, J.E. and Root, P.J. (1963) The Behavior of Naturally Fractured Reservoirs. Society of Petroleum Engineers
Journal, 3, 245-255. https://doi.org/10.2118/426-pa

g, W E AR AR K A7 O E A BB TR R ST T[T, A 43, 1981, 2(3): 10-20.

BRI, B, TR, S OWEAN I IUE SRR R IE I Z A RRIED]. RS TR 2 S A (B AR R AR,
2019, 46(2): 212-220.

BoeiR, NG, FEE, . OWEN RS R RHMET T[], RARRIMR ST K, 2013, 36(3): 50-53,
57, 4.

KEG, LHmE, TR, S5 EN B AT H R B ] ZRAEAHIR 2R, 2018, 42(6): 95-
103, 11.

ZENGAT. 53 T8 RUALAY B S R o M A ). BUR bR 33t 2, 2002(5): 60-62.
VRN, T RS #5920 T AL ER [ B AR R ) M [D]: [t 2207 18 3C]. BEAR: PEHE K2, 2012,
WM. st ANA IR B0 T AT ER R B AR AL AR AR LS F[D]: [l 224018 5], el PR, 2023,

DOI: 10.12677/aam.2026.154182 566 N H it e


https://doi.org/10.12677/aam.2026.154182
https://doi.org/10.1016/0021-8928(60)90107-6
https://doi.org/10.2118/426-pa

	三维双孔介质圆柱气藏水平井渗流模型的解
	摘  要
	关键词
	Solution to the Seepage Model of Horizontal Wells in Three-Dimensional Dual-Porosity Cylindrical Gas Reservoirs
	Abstract
	Keywords
	1. 引言
	2. 求解一类二阶线性齐次常微分方程边值问题解的相似结构法
	3. 三维双孔介质圆柱气藏水平井模型
	3.1. 物理模型
	3.2. 运动方程
	3.3. 状态方程
	3.4. 连续性方程
	3.5. 渗流微分方程及定解条件
	3.6. 无因次数学模型
	3.7. 模型求解
	3.8. 模型讨论

	4. 总结
	参考文献

