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Abstract

The current work investigates the instability (fingering) phenomenon in an immiscible flow of oil and water 
through a homogeneous porous medium. When residual oil is recovered by injecting water into an oil-formatted zone in 
the secondary oil recovery process, instability phenomena are most commonly observed. The injected water shoots at 
great speed through the porous material in the shape of fingers, which are unstable due to the injecting force. The partial 
differential equation that governs this phenomenon is non-linear and obtaining exact solution is sometimes difficult. It is 
proposed to solve this equation by using two Differential Transform approaches, namely Reduced Differential Transform 
Method (RDTM) and Hybrid Differential Transform Finite Difference Method (HDTFDM). The solution represents 
saturation of injected water occupied by schematic fingers, which   is obtained in the form of an infinite series. To obtain 
the numerical solution, a simple iterative strategy is used, which reduces computing time as compared to the traditional 
Differential Transform Method. The numerical solution of the governing equation and the graphical representation have 
been obtained using MATLAB. The results obtained by both methods are compared and analysed.

Keywords:- Double Phase Flow, Hybrid Differential Transform Finite Difference Method (HDFTDM), Instability 
Phenomenon Reduced Differential Transform Method (RDTM).

1. Introduction

The main aim of this paper is to analyse the 
instability phenomenon which takes place during the 
secondary oil recovery process in a homogeneous porous 
media.

The problem of the oil-water flow is crucial to the 
process of recovering oil. 10% to 15% of the oil is 
collected during the primary oil recovery process, which 
mostly depends on the pressure which is natural and 
existing in the oil reservoir. By injecting fluids with lower 
viscosities, such as water, the leftover oil in the porous oil-
formatted media is recovered. This is called the secondary 
oil recovery technique. These protuberances are referred 
to as fingers, and this occurrence is brought on by water in 
the secondary oil recovery process. 

When a native fluid (in this case, oil) in an oil-
formatted region is displaced by an injected fluid (water) 
with a lower viscosity, protuberances arise and move 
through the porous medium at considerably high speeds, 
instead of the whole front being displaced. These 

protuberances are referred to as fingers, and this 
occurrence which is brought on by water being injected is 
called the instability or fingering phenomenon. The 
injected fluids that are more transportable than the native 
fluids could be the cause of instability. The difference in 
the viscosities of the two immiscible fluids causes the 
occurrence of these fingers leading to the fingering 
phenomenon. This phenomenon has major importance in 
petroleum technology.

         Many Researchers have solved this problem 
under different situations. The statistical behaviour of the 
instability phenomenon was analysed by '(Scheiddeger 
,1960)' with capillary pressure and pressure dependent 
densities. '(Scheiddeger & Johnson ,1961)'discussed 
statistical behaviour of the instability phenomenon 
without capillary pressure. '(Verma,1969)' used the 
perturbation method to analyse this problem. '(Mehta M N 
and et al.,2009)'used the group invariant method. '(Meher 
R and et al., 2010)' studied this problem using exponential 
self-similar solution techniques. '(Patel K and et al.,2011)' 
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used the power series method.' (Borana R and et al.,2014)' 
used the Crank Nicolson Finite Difference Method. 
'(Piyush Mistry et al.,2013)' used the variational iteration 
technique. '(Parikh A,2017)' studied this phenomenon in 
the vertically downward direction.

The partial differential equation that results from 
the mathematical formulation of this instability 
phenomenon is non-linear and two Differential Transform 
Approaches namely Reduced Differential Transform 
Method (RDTM) '(Keskin, Y., & et al.,2008)' and Hybrid 
Differential Transform Finite Difference Method 
(HDTFDM) '(Sungu, Demir, H, 2012 , Yu, L.T., Chen, 
C.K, 1999)' are used to find the solution of this 
phenomenon.

2 MATHEMATICAL FORMULATION

A finite cylindrical piece of homogeneous porous 
media of length 'L' which is fully saturated with native 
fluid such as oil (o) is under study. Three sides of the 
cylinder are impermeable and one end is open through 
which the water which is injected enters the porous 
medium. This is labelled as the surface (  =0)We consider 
the cross- sectional area of this cylindrical piece for 
mathematical study. The difference in viscosity causes the 
formation of protuberances or fingers, causing the injected 
water to push the oil out of the oil-formatted area. This 
gives rise to fingers that are well-developed as shown in 
Fig (1)
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Fig (1)
Source: '(Piyush Mistry and el,2013)'
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