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Abstract

Fractured carbonate reservoirs are characterized by well-developed natural fractures and large
formation thickness, whereas the perforated intervals of production wells are generally only a few
meters long. Therefore, investigating the pressure solutions for partially penetrating wells in such
reservoirs is of considerable significance. To this end, a dual-porosity reservoir flow model for par-
tially penetrating wells is established in this paper: the radial outer boundary may be of constant-
pressure, no-flow, or infinite type, while the vertical boundaries consist of four Dirichlet-Neumann
combinations. The radial boundary determines three types of Bessel-type similarity kernel func-
tions, and the vertical boundary determines the corresponding Sturm-Liouville eigenfunctions, ei-
genvalues, and normalization factors. For the first time, the similarity construction method is intro-
duced into this model. By applying the Laplace transform and the finite Fourier sine and cosine
transforms, the seepage partial differential equation is reduced to a boundary-value problem for a
second-order ordinary differential equation; the similarity kernel function is then constructed from
two linearly independent solutions, with the undetermined coefficients determined by the bound-
ary conditions. In this way, a unified analytical framework applicable to all boundary combinations
is established, yielding a unified expression of the analytical solutions in the Laplace domain for all
cases.
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Figure 1. Schematic of the partially penetrating well model in
dual-porosity reservoirs
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Table 1. Eigenfunctions, eigenvalues, and normalization factors under different vertical boundary conditions

1 TRIEEAFFHTHHER Y, FHEESA—HETE

e 1] 3 5 AT 5 (25) A N,
D-D sin(4,zp) A, =nn/h, hy /2
N-N cos(4,z,) A, =nm/hy Ng =hy, N, =hy/2(n>=1)
D-N sin(4,zp) A, =(2n-1)m/2h, hy /2
N-D cos(4,2,) 2, =(2n-1)m/2h, hy /2

S LA (L0) A fitn kT 2 4 R Fourier A2 4t :

DOI: 10.12677/aam.2026.1511429 28 I3RS


https://doi.org/10.12677/aam.2026.1511429

3
i
-
t

P(fp 2y 0)= [ P(15.25,U)8, (25) 025, N=12,-- (13)
ALK (L0) A T A — MU g IO A 43 77 RS ) R

4P, 1 dP,
+_
drl 1y dr

- ﬂnzﬁfo =0
BP,=0 (14)

dP,

of L1 ™s(2)dz
dry uL, @0

=1

He:

ENipUR S (15)

Po (0,4, u), T KB
WLGERTH], J7FE(L4) RIS IE Bessel 7RI ME A, H— MBS s A Bl AL BT e i b
(bR A MBI R S A — B30, R TR PRV R 0 55 0 P8 B R Ak R (L 4% 2) 38 B e

Table 2. Correspondence table of variables between the reservoir model and the standard boundary-value problem
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