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Chapter 1 mainly explains the background and objective of this research. Viscous fingering occurs when
less viscous fluid displaces a more viscous fluid. The difference inmobility ratio results in instabilities
at the interface and develops into viscous fingering. Viscous fingering is detrimental for such
applications as oil fields, carbon capture sequestration, groundwater, etc. In this research, we focused
on the oil recovery process. In oil fields, water flooding resulted in low oil production because oil
was bypassed due to viscous fingering. Therefore, it is essential to suppress the viscous fingering to
improve the oil recovery. Therefore, the purpose of this research is to suppress viscous fingering in
several conditions that exist in the field

In Chapter 2, miscible fluid displacement with influence of viscous and gravitational force in porous
media were investigated. Two different configurations were investigated, with viscous force stabilized
by gravitational force and vice versa. The interface stability were predicted by using critical velocity
By using x-ray CT, the viscous finger and gravitational finger were visualized and analyzed. Each
configuration and fingering pattern’ s characteristics are differentiated by finger length and sweep
efficiency.

In Chapter 3, polymer flooding enhances oil recovery by increasing the viscosity of displacing fluid
and results in stable displacement. However, the injection with continuous polymer increased the cost
of production; therefore, a small injection portion of polymer followed by water flooding are typical
examples in the oil field. Another problem occurs in this example, as water and polymer induce viscous
fingering. When the water breakthroughs the polymer layer, the polymer’ s efficiency is greatly reduced.
To stabilize the interface between water and polymer chemical reaction that induce the changes of viscosity
was investigated. The chemical reaction succesfully reduced the breaktrough time compared with water
(without chemical reaction).

In Chapter 4, heavy oil that has very high viscosity cannot be recovered by using polymer because the
viscosity of polymer induces very high pressure; therefore, another method needs to be discovered. Heavy
oil is composed of organic compounds. CaOH, induces a chemical reaction between the oil and reactant and
produces viscoelastic material. The CaOH, flooding were investigated for displacing the heavy oil.
Viscoelastic material produced from chemical reaction succesfully displaced the oil and suppress the
viscous fingering. A 2D experiment (micro-scale) was followed to investigate the mechanism that occurs
in 3D (macro-scale). Gel produced in the chemical reaction blocked the preferential path of the fluid
and a new path is observed. The second mechanism, high shear, breaks the gel into smaller and pushes the
oil.

In Chapter 5, in summary, study on viscous fingering suppresion for different condition was analyzed

In case of gravitational force exist, viscous fingering was supressed as dipslacement velocity is not
beyond the critical velocity. While, viscous fingering suppresed from chemical reaction that increase
viscoity in the interface and producing viscoelastic material. In former case, the increase in viscosity
reduced the breaktrough time while in latter case the viscoelastic material blocked the permeable path
and induce new path for the displaceing fluid hence increase the sweep efficiency
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