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Abstract

In this paper, the mathematical model is developed for the problem of countercurrent
imbibition phenomenon occurring in inclined oil formatted homogeneous porous
medium. During the secondary oil recovery process, when the water is injected in
inclined homogeneous porous medium, at the common interface the countercurrent
imbibition phenomenon occurs due to the difference of wetting abilities of water
and oil. The mathematical formulation leads to one dimensional nonlinear partial
differential equation. The homotopy analysis method has been applied to solve
nonlinear partial differential equation using appropriate initial and boundary con-
ditions. The c0-curves are obtained using Mathematica software.

AMS subject classification:
Keywords: Countercurrent Imbibition phenomenon, Fluid flow, Porous medium,
Homotopy Analysis Method, The c0-curve.



2 Mahendra A. Patel and N. B. Desai

1. Introduction

Spontaneous imbibition is the process in which the wetting phase is drawn into a porous
medium by means of capillary pressures and the curved interfaces between the wetting
and non-wetting phase without any external force. There are two types of spontaneous
imbibition: (1) Cocurrent (2) Countercurrent. In the cocurrent imbibition both wet-
ting and non-wetting phases move in the same direction while during countercurrent
imbibition both move in the opposite directions.

When a porous medium filled with non-wetting fluid is brought into contact with
wetting fluid, then there is a spontaneous flow of the wetting fluid into the medium and
a counter flow of the non-wetting fluid from the medium. This phenomenon occurs
due to the difference of wetting abilities of the fluids is called countercurrent imbibition
phenomenon.

The imbibition phenomenon has been investigated by many researchers such as
Brownscombe and Dyes [7], Scheidegger [26], Blair [5], Verma [30], Graham and
Richardson [10], Mehta and Verma [19], Tavassoli, Zimmerman and Blunt [28]. Many
researchers have discussed this phenomenon with different point of views. Blair [5] has
found the numerical solution of the imbibition of water and the countercurrent flow of
oil in porous rocks. Bourblaux and Kalaydjian [6] have discussed experimental study
of cocurrent and countercurrent flows in natural porous media. Pooladi-Darvish and
Firoozabadi [24] have discussed the similarities and differences of cocurrent and coun-
tercurrent imbibition and pointed out the consequences for practical applications. Mehta
[20] has discussed analytically the phenomenon of imbibition in porous media using
a singular perturbation method. Yadav and Mehta [31] have discussed the mathemati-
cal model and similarity solution of countercurrent imbibition phenomenon in banded
Porous matrix.Joshi, Desai and Mehta [11] have described an analytical solution of the
countercurrent imbibition phenomenon arising in the fluid flow through homogeneous
porous media. Parikh, Mehta and Pradhan [22] have discussed the mathematical model
and analysis of countercurrent imbibition in vertical downward homogeneous porous
media.

In this paper, we have discussed the countercurrent imbibition phenomenon in the
inclined homogeneous porous medium. During secondary oil recovery process, when
water is injected in inclined oil formatted homogeneous porous medium, at the common
interface the countercurrent imbibition phenomenon occurs. The main objective of this
paper is to measure the saturation of injected water at distance x and time t for horizontal
(θ = 0◦) and inclined (θ = 5◦, 10◦) homogeneous porous medium. The nonlinear partial
differential equation for the countercurrent imbibition phenomenon has been obtained.
The homotopy analysis method has been applied to solve this governing equation by
using appropriate initial and boundary conditions.

In 1992, the homotopy analysis method (HAM) has been developed by Liao [12]
to obtain series solutions of nonlinear differential equations. This technique has been
successfully applied to solve various partial differential equations such as solution of
the linear vibration equation [1], solution of diffusion equations [23], solution has been
established for the well-known Richards’ equation for unsaturated flow of transports in
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Figure 1: Schematic Diagram.

soils [9] and so on. As pointed out by Liao, the convergence for the HAM solution
strongly depends on the value of the convergence control parameter c0 which is obtained
with the help of the c0-curves.

2. Statement of the Problem

Here it is considered that water is uniformly injected in inclined oil formatted homo-
geneous porous medium. During the secondary oil recovery process, when water is
injected in inclined oil formatted homogeneous porous medium, at the common inter-
face the countercurrent imbibition phenomenon occurs due to the difference of wetting
abilities of water and oil. For the inclined homogeneous porous medium, the velocity
of oil and the velocity of water are considered under the gravitational effect. Hence
the gravitational effect will be deducted during imbibition fingers of oil occurring in the
opposite direction for smaller distance and short time in the inclined homogenous porous
medium.

For the mathematical model of the countercurrent imbibition, it is assumed that
Darcy’s law is valid for the investigated flow system and only the average cross sectional
area occupied by the fingers is considered, the size and shape of the individual fingers
are neglected. The porosity and permeability of inclined homogeneous porous medium
are considered as constant. The saturation of the injected water is then defined as the
average cross-sectional area occupied by injected water at distance x and time t and is
denoted by Sw(x, t).
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3. Mathematical Model of the Problem

Assumed that the Darcy’s law is valid for the investigated flow system, the velocity of
injected water Vw and velocity of oil Vo can be written as follows [3], [4], [21], [27]:

Vw = −Kw

δw

K

[
∂Pw

∂x
+ ρwgsinθ

]
(1)

Vo = −Ko

δo

K

[
∂Po

∂x
− ρogsinθ

]
(2)

where Vw and Vo are the velocities of water and oil respectively, K is the permeability
of the homogeneous medium, kw and ko are the relative permeabilities of water and oil
respectively which are functions of saturation of water Sw and saturation of oil So, δw and
δo are the constant viscosities, Pw and Po are the pressures of water and oil respectively,
ρw and ρo are constant densities of water and oil respectively, θ is the inclination of
homogeneous porous medium and g is acceleration due to gravity.

The equation of continuity of injected water is

P
∂Sw

∂t
+ ∂Vw

∂x
= 0 (3)

where P is the porosity of the medium.
When two immiscible fluids are in contact in the interstices of a porous medium, a

discontinuity in pressure exists across the interface separating them. The difference in
pressure is called the capillary pressure (Pc), that is

Pc = Po − Pw (4)

For definiteness, we assume that the capillary pressure (Pc) is a continuous linear function
of the form

Pc = −βSw Mehta[20] (5)

where β is a constant quantity.
We assume the standard relationship due to Scheidegger and Johnson [27] between

phase saturation and relative permeability as

kw = Sw (6)

ko = 1 − αSw (7)

In countercurrent imbibition phenomenon, the sum of the velocities of injected water
and native oil is zero [26], that is

Vw + Vo = 0 (8)
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From (1) and (2),

Kw

δw

K

[
∂Pw

∂x
+ ρwgsinθ

]
+ Ko

δo

K

[
∂Po

∂x
− ρogsinθ

]
= 0 (9)

From equations (9) and (4)(
kw

δw

+ ko

δo

)
∂Po

∂x
− kw

δw

∂Pc

∂x
= −

(
kw

δw

ρw − ko

δo

ρo

)
gsinθ (10)

Solving equation (10) for
∂Po

∂x

∂Po

∂x
= −




(
kw

δw
ρw − ko

δo
ρo

)
gsinθ − kw

δw

∂Pc

∂x

kw

δw
+ ko

δo


 (11)

From equation (2), we get

Vo = ko

δo

K

[
kw

δw
(ρw + ρo)gsinθ − kw

δw

∂Pc

∂x

kw

δw
+ ko

δo

]
(12)

Using equation (8) and (12)

Vw = −
kw

δw

ko

δo

kw

δw
+ ko

δo

K

[
(ρw + ρo)gsinθ − ∂Pc

∂x

]
(13)

On substituting the value of Vw from equation (13) to (3),

P
∂Sw

∂t
− ∂

∂x

[
kw

δw

ko

δo

kw

δw
+ ko

δo

K(ρw + ρo)gsinθ

]
+ ∂

∂x

[
K

kw

δw

ko

δo

kw

δw
+ ko

δo

∂Pc

∂x

]
= 0 (14)

For the investigation flow system involves water and viscous oil, therefore according to
Scheidegger [26], we have

kw

δw

ko

δo

kw

δw
+ ko

δo

≈ ko

δo

(15)

On substituting values from (15), (7) and (5) into equation (14), we get

P
∂Sw

∂t
= K(ρw + ρo)gsinθ

δo

∂(1 − αSw)

∂x
+ Kβ

δo

∂

∂x

[
(1 − αSw)

∂Sw

∂x

]
(16)
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Using dimensionless variables

X = x

L
, T = Kβt

δoL2P
,

Equation (16) reduces to

∂Sw

∂T
= ∂2Sw

∂X2
− αSw

∂2Sw

∂X2
− α

(
∂Sw

∂X

)2

− αA
∂Sw

∂X
(17)

where A = L(ρw + ρo)gsinθ

β
and Sw(x, t) = Sw(X, T ).

We choose appropriate initial and boundary conditions for imbibition phenomenon
as

Sw(X, 0) = X + X2

6
(18)

Sw(0, T ) = 0 (19)

Sw(1, T ) = 1 + T

3
(20)

Here, Sw(X, 0) = X + X2

6
is the initial saturation of injected water, Sw(0, T ) = 0 is

saturation of injected water at X = 0 and Sw(1, T ) = 1 + T

3
is saturation of injected

water at X = 1.

4. Solution of the Problem by Homotopy Analysis Method

To solve the equation (17) by means of the HAM [12], according to the initial and
boundary conditions, we choose initial guess as

Sw0(X, T ) = (1 + T )(X + X2)

6
(21)

We choose the linear operator as

L(φ(X, T ; q)) = ∂2φ(X, T ; q)

∂X2
(22)

with L(f ) = 0 when f = 0.
Now we define a nonlinear operator as

N (φ(X, T ; q)) = ∂2φ(X, T ; q)

∂X2
− αφ(X, T ; q)

∂2φ(X, T ; q)

∂X2
− α

(
∂φ(X, T ; q)

∂X

)2

− αA
∂φ(X, T ; q)

∂X
− ∂φ(X, T ; q)

∂T
(23)
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The so-called zeroth-order deformation equation is

(1 − q)L(φ(X, T ; q) − Sw0(X, T )) = c0qH(X, T )N [φ(X, T ; q)] (24)

where q ∈ [0, 1] is the embedding parameter, c0 �= 0 is a convergence control parameter,
H(X, T ) �= 0 is an auxiliary function, L is an auxiliary linear operator, Sw0(X, T ) is an
initial guess of Sw(X, T ), φ(X, T ; q) is an unknown function, N is a nonlinear operator.

When q = 0 and q = 1, it holds

φ(X, T ; 0) = Sw0(X, T ) (25)

and
φ(X, T ; 1) = Sw(X, T ) (26)

respectively. Thus, as the embedding parameter q increases from 0 to 1, the solution
φ(X, T ; q) deforms from the initial guess Sw0(X, T ) to the solution Sw(X, T ) of the
original equation (17). Expanding φ(X, T ; q) in Taylor series with respect to q we have

φ(X, T ; q) = Sw0(X, T ) +
∞∑

m=1

Swm
(X, T )qm (27)

where

Swm
(X, T ) = 1

m!
∂mφ(X, T ; q)

∂qm

∣∣∣∣
q=0

(28)

The convergence of the homotopy series (27) depends upon the convergence control
parameter. If the auxiliary linear operator, the initial guess, the convergence control pa-
rameter c0 and the auxiliary function are properly chosen, the homotopy series converges
at q = 1 and

Sw(X, T ) = Sw0(X, T ) +
∞∑

m=1

Swm
(X, T ) (29)

Differentiating the zeroth-order deformation equation (24) m times with respect to the
embedding parameter q and then dividing them by m! and finally setting q = 0, we have
the so-called mth-order deformation equation

L(Swm
(X, T ) − χmSwm−1(X, T )) = c0H(X, T )Rm(

−−−→
Swm−1) (30)

where

Rm(
−−−→
Swm−1) = 1

(m − 1)!
∂m−1N (φ(X, T ; q))

∂qm−1

∣∣∣∣
q=0

(31)

and

χm =
{

0 if m ≤ 1,

1 if m > 1.
(32)
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Figure 2: The c0-curves of SwX
(1, 0) (Solid line), SwXX

(1, 0) (DotDashed line) and
SwXXX

(1, 0) (Dashed line) for 10th order approximation.

Assume H(X, T ) = 1, then the solution of mth-order deformation equation (30) is

Swm
(X, T ) = χmSwm−1(X, T ) + c0L−1(Rm(

−−−→
Swm−1)) (33)

subject to boundary conditions Swm
(0, T ) = 0 and Swm

(1, T ) = 0, m ≥ 1. In this way,
we get Swm

(X, T ) for m = 1, 2, 3, . . . successively. Hence,

Sw(X, T ) =
(

X

6
+ T X

6
+ X2

6
+ T X2

6

)
+ c0

(
− X

8
+ αX

18
+ 5αAX

36

− T X

6
+ αT X

9
+ 5αAT X

36
+ αT 2X

18
+ X2

6
− αX2

72

− αAX2

12
+ T X2

6
− αT X2

36
− αAT X2

12
− αT 2X2

72
− X3

36

− αX3

36
− αAX3

18
− αT X3

18
− αAT X3

18
− αT 2X3

36
− X4

72

− αX4

72
− αT X4

36
− αT 2X4

72

)
+ · · · (34)

is the solution which represents the saturation of injected water at distance X for time T .
The equation (34) describes the analytical expression for the saturation of injected water
for the countercurrent imbibition phenomenon arising in fluid flow through the inclined
homogeneous porous medium.

The values of the following constants are taken from standard literature: L = 1, g =
9.8, ρw = 0.1, ρo = 0.3, β = 0.1, α = 1.11.

As discussed by many researchers such as Liao [15], Abbasbandy, Shivanian and Va-
jravelu [2], Saeidian and Javadi [25], Abbasbandy and Shivanian [1], Paripour, Babolian
and Saeidian [23], Ghotbi, Omidvar and Barari [9], the nonzero convergence control
parameter c0 is introduced to construct the so-called zeroth-order deformation equation.
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Figure 3: The c0-curves of SwX
(0, 0) (Solid line), SwXX

(0, 0) (DotDashed line) and
SwXXX

(0, 0) (Dashed line) for 15th order approximation.

Figure 4: The c0-curves of SwX
(0.5, 0.5) (Solid line), SwXX

(0.5, 0.5) (DotDashed line)
and SwXXX

(0.5, 0.5) (Dashed line) for 20th order approximation.

The convergence of the series solution is dependent upon the convergence control pa-
rameter c0 and thus choosing a proper value for c0 provides us with a convenient way to
adjust and control convergence region and rate of solution series given by the homotopy
analysis method. The so-called c0-curves are used to find proper value of c0 for which
the solution series converges.

Using Mathematica software for BVPh [18], we plot the c0-curves of SwX
(1, 0),

SwXX
(1, 0), SwXXX

(1, 0), SwX
(0, 0), SwXX

(0, 0), SwXXX
(0, 0), SwX

(0.5, 0.5), SwXX
(0.5,

0.5), SwXXX
(0.5, 0.5), SwX

(0, 1), SwXX
(0, 1) and SwXXX

(0, 1) in the figures 2-6 for the
inclination θ = 0◦. We choose proper value of c0 = −0.9 with the help of c0-curves.
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Figure 5: The c0-curves of SwX
(0, 1) (Solid line), SwXX

(0, 1) (DotDashed line) and
SwXXX

(0, 1) (Dashed line) for 25th order approximation.

Figure 6: The c0-curves of SwX
(0, 0) (Solid line), SwXX

(0, 0) (DotDashed line) and
SwXXX

(0, 0) (Dashed line) for 30th order approximation.



Homotopy Analysis Solution of Countercurrent Imbibition Phenomenon 11

Figure 7: The c0-curves of SwX
(0, 1) (Solid line), SwXX

(0, 1) (DotDashed line) and
SwXXX

(0, 1) (Dashed line) for 25th order approximation.

Figure 8: The c0-curves of SwX
(0.5, 0.5) (Solid line), SwXX

(0.5, 0.5) (DotDashed line)
and SwXXX

(0.5, 0.5) (Dashed line) for 30th order approximation.

In the case of inclination θ = 5◦, we plot the c0-curves for SwX
(0, 1), SwXX

(0, 1),
SwXXX

(0, 1), SwX
(0.5, 0.5), SwXX

(0.5, 0.5), SwXXX
(0.5, 0.5), SwX

(0, 0), SwXX
(0, 0) and

SwXXX
(0, 0) in the figures 7-9. With the help of c0-curves, we choose proper value of

c0 = −0.5.

For inclination θ = 10◦, we plot the c0-curves for SwX
(0, 0) and SwXX

(0, 0) in the
figures 10-11. We choose proper value of c0 = −0.25 from these c0-curves.
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Figure 9: The c0-curves of SwX
(0, 0) (Solid line), SwXX

(0, 0) (DotDashed line) and
SwXXX

(0, 0) (Dashed line) for 30th order approximation.

Figure 10: The c0-curve of SwX
(0, 0) (Solid line) for 30th order approximation.

5. Results and Discussion

5.1. Numerical and Graphical representation without inclination (θ = 0◦)

For this case, we put θ = 0◦ in equation (34) so it represents the saturation of injected
water for countercurrent imbibition phenomenon in the homogeneous porous media
without inclination (θ = 0◦). Numerical and graphical presentations are obtained by
using Mathematica software. We choose the proper value of the convergence control
parameter c0 = −0.9 to obtain convergent homotopy series. Table 1 indicates the
numerical values of saturation of injected water for distance X and time T .

Figure 12 represents the graph of saturation of injected water vs. distance X for
different time T = 0.1, 0.2, . . . , 1 and figure 13 represents the graph of saturation of
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Figure 11: The c0-curve of SwXX
(0, 0) (DotDashed line) for 30th order approximation.

Table 1: Numerical values of the saturation of injected water in inclined homogeneous
porous media with inclination θ = 0◦.

T X = 0.1 X = 0.2 X = 0.3 X = 0.4 X = 0.5 X = 0.6 X = 0.7 X = 0.8 X = 0.9 X = 1.0
0.0 0.0231599 0.0471921 0.0724362 0.0992933 0.1282463 0.1598903 0.1949826 0.2345284 0.2799370 0.3333333
0.1 0.0254093 0.0518122 0.0795584 0.1090685 0.1408571 0.1755716 0.2140553 0.2574587 0.3074506 0.3666667
0.2 0.0275444 0.0562090 0.0863562 0.1184278 0.1529744 0.1907019 0.2325514 0.2798426 0.3345601 0.4000000
0.3 0.0295647 0.0603800 0.0928225 0.1273579 0.1645762 0.2052483 0.2504250 0.3016224 0.3612071 0.4333333
0.4 0.0314699 0.0643225 0.0989504 0.1358455 0.1756402 0.2191763 0.2676272 0.3227338 0.3873230 0.4666667
0.5 0.0332594 0.0680341 0.1047336 0.1438776 0.1861439 0.2324508 0.2841057 0.3431054 0.4128262 0.5000000
0.6 0.0349331 0.0715126 0.1101658 0.1514414 0.1960650 0.2450354 0.2998057 0.3626584 0.4376200 0.5333333
0.7 0.0364906 0.0747557 0.1152411 0.1585248 0.2053812 0.2568935 0.3146691 0.3813058 0.4615895 0.5666667
0.8 0.0379317 0.0777617 0.1199538 0.1651157 0.2140708 0.2679879 0.3286359 0.3989530 0.4845984 0.6000000
0.9 0.0392563 0.0805287 0.1242988 0.1712029 0.2221125 0.2782818 0.3416440 0.4154975 0.5064860 0.6333333
1.0 0.0404642 0.0830552 0.1282712 0.1767756 0.2294857 0.2877385 0.3536303 0.4308301 0.5270634 0.6666667

injected water vs. time T for different distance X = 0.1, 0.2, . . . , 1. Table 1 indicates
the numerical values for figure 12 and figure 13.

5.2. Numerical and Graphical representation with inclination (θ = 5◦, θ = 10◦)

Equation (34) represents the saturation of injected water for countercurrent imbibition
phenomenon in the inclined homogeneous porous medium. Table 2 indicates the numer-
ical values of saturation of injected water for different values of distance X and time T in
homogenous porous media with inclination θ = 5◦. The convergence of the homotopy
series is dependent on the convergence control parameter c0. Here we choose c0 = −0.5
to get convergent homotopy series.

Figure 14 represents the graph of saturation of injected water vs. distance X for
different time T = 0.1, 0.2, . . . , 1 in homogeneous porous media with inclination θ =
5◦. Table 2 indicates the numerical values for figure 14.

In the case of homogeneous porous media with inclination θ = 10◦, c0 = −0.25 is
used to find the numerical values of saturation of injected water for different distance X

and time T . Table 3 indicates its numerical values.
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Figure 12: The graph of saturation of water v/s distance for fixed time T =
0.1, 0.2, . . . , 1(θ = 0◦).

Table 2: Numerical values of the saturation of injected water in inclined homogeneous
porous media with inclination θ = 5◦.

T X = 0.1 X = 0.2 X = 0.3 X = 0.4 X = 0.5 X = 0.6 X = 0.7 X = 0.8 X = 0.9 X = 1.0
0.0 0.0022572 0.0055912 0.0105527 0.0179908 0.0292399 0.0464591 0.0733081 0.1164850 0.1900465 0.3333333
0.1 0.0024311 0.0060196 0.0113537 0.0193412 0.0314102 0.0498805 0.0787155 0.1252695 0.2054031 0.3666667
0.2 0.0025899 0.0064107 0.0120855 0.0205756 0.0333963 0.0530169 0.0836900 0.1334087 0.2198668 0.4000000
0.3 0.0027342 0.0067665 0.0127513 0.0216997 0.0352066 0.0558795 0.0882439 0.1409096 0.2334094 0.4333333
0.4 0.0028650 0.0070887 0.0133547 0.0227190 0.0368498 0.0584797 0.0923902 0.1477818 0.2460060 0.4666667
0.5 0.0029827 0.0073791 0.0138987 0.0236391 0.0383351 0.0608292 0.0961419 0.1540373 0.2576363 0.5000000
0.6 0.0030882 0.0076393 0.0143865 0.0244656 0.0396719 0.0629403 0.0995117 0.1596906 0.2682853 0.5333333
0.7 0.0031819 0.0078706 0.0148208 0.0252039 0.0408711 0.0648263 0.1025111 0.1647596 0.2779447 0.5666667
0.8 0.0032643 0.0080744 0.0152043 0.0258595 0.0419449 0.0665025 0.1051486 0.1692662 0.2866140 0.6000000
0.9 0.0033358 0.0082516 0.0155391 0.0264379 0.0429084 0.0679874 0.1074276 0.1732382 0.2943027 0.6333333
1.0 0.0033966 0.0084028 0.0158268 0.0269445 0.0437808 0.0693059 0.1093420 0.1767127 0.3010336 0.6666667

Table 3: Numerical values of the saturation of injected water in inclined homogeneous
porous media with inclination θ = 10◦.

T X = 0.1 X = 0.2 X = 0.3 X = 0.4 X = 0.5 X = 0.6 X = 0.7 X = 0.8 X = 0.9 X = 1.0
0.0 0.0001494 0.0004312 0.0009835 0.0021512 0.0047436 0.0105918 0.0236846 0.0529370 0.1228759 0.3333333
0.1 0.0001731 0.0004843 0.0010749 0.0023011 0.0050114 0.0111801 0.0251603 0.0564768 0.1316964 0.3666667
0.2 0.0002023 0.0005480 0.0011799 0.0024579 0.0052527 0.0116669 0.0264483 0.0597091 0.1398476 0.4000000
0.3 0.0002387 0.0006266 0.0013066 0.0026349 0.0054820 0.0120552 0.0275404 0.0626465 0.1473343 0.4333333
0.4 0.0002840 0.0007246 0.0014644 0.0028483 0.0057194 0.0123519 0.0284247 0.0653022 0.1541616 0.4666667
0.5 0.0003400 0.0008471 0.0016637 0.0031175 0.0059912 0.0125691 0.0290851 0.0676895 0.1603343 0.5000000
0.6 0.0004086 0.0009991 0.0019163 0.0034656 0.0063318 0.0127265 0.0295012 0.0698217 0.1658559 0.5333333
0.7 0.0004915 0.0011859 0.0022344 0.0039192 0.0067846 0.0128540 0.0296475 0.0717116 0.1707268 0.5666667
0.8 0.0005902 0.0014123 0.0026310 0.0045082 0.0074038 0.0129952 0.0294939 0.0733709 0.1749431 0.6000000
0.9 0.0007060 0.0016830 0.0031189 0.0052660 0.0082555 0.0132115 0.0290053 0.0748090 0.1784942 0.6333333
1.0 0.0008396 0.0020015 0.0037107 0.0062288 0.0094193 0.0135871 0.0281430 0.0760315 0.1813605 0.6666667

Figure 15 represents the graph of saturation of injected water vs. distance X for
different time T = 0.1, 0.2, . . . , 1 in homogeneous porous media with inclination θ =
10◦. Table 3 indicates the numerical values for figure 15.
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Figure 13: The graph of saturation of water v/s time for fixed distance X =
0.1, 0.2, . . . , 1(θ = 0◦).

Figure 14: The graph of saturation of water v/s distance for fixed time T =
0.1, 0.2, . . . , 1(θ = 5◦).
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Figure 15: The graph of saturation of water v/s distance for different time T =
0.1, 0.2, . . . , 1(θ = 10◦).

6. Conclusion

The equation (34) represents an approximate analytical solution of nonlinear partial
differential equation (17) arising in countercurrent imbibition phenomenon in inclined
homogeneous porous medium by homotopy analysis method which gives the satura-
tion of injected water in inclined porous media during the countercurrent imbibition
phenomenon occurred. The solution (34) satisfies both the initial and boundary condi-
tions. The graph of saturation of injected water in the horizontal porous medium given
by figure 12 increases as distance X increases for given time T . Figure 14 and 15
represent the graphs of Sw(X, T ) in inclined porous medium vs. distance X for time
T = 0.1, 0.2, . . . , 1 which show that saturation increases when distance and time in-
crease. But due to inclination the saturation of injected water is less than the saturation
of injected water without inclination.

It is concluded that when the water is injected in oil formatted homogeneous porous
medium, at the common interface the countercurrent imbibition phenomenon occurs
and the saturation of injected water increases as distance X increases for given time
T in both inclined homogeneous porous medium and horizontal homogeneous porous
medium. The saturation of injected water in the case of inclination is less comparative
to the case without inclination.
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