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Abstract

Wettability is one of the constitutive properties that define a solid surface preference to
contact one liquid over another (for instance, the flow of liquids through the capillaries of a
rock). Wettability controls the liquid flow characteristics by controlling the capillary pres-
sure in a porous medium during multiphase flow. Wettability and its alteration are crucial
across a wide spectrum of natural and industrial applications. These encompass distinct
classes of enhanced oil recovery (EOR) methods, namely chemical EOR and Improved Oil
Recovery (IOR), along with groundwater remediation, wicks within loop heat pipes, high-
performance lithium-ion batteries, C'O2 sequestration, particle coating, advanced printing
techniques, catalyst behaviour within packed bed reactors, the textile industry, paper-
based microfluidic devices, and membrane distillation. In oil reservoirs, wettability is a
crucial parameter for the sediments, significantly impacting the economics of oil produc-
tion. Depending on the application, a hydrophobic or hydrophilic surface is preferred for

a particular application. Therefore, quantifying a porous medium’s wettability is essential.

Wettability characterization in porous media presents unique challenges due to surface
heterogeneity, limited visual access to the porous structure, and the computational com-
plexity of large-scale micro-imaging. Recognizing the monotonous relationship between
liquid-solid interfacial area and contact angle, measuring and correlating liquid-solid inter-
facial area with liquid saturation holds the potential for real-time wettability quantification
at the Darcy scale. However, the influence of flow conditions, grain size, and saturation
path on liquid-solid interfacial area remains unknown. This dissertation introduces a novel
method to measure liquid-solid interfacial area during multiphase flow within porous me-

dia, with a specific focus on its implications for wettability.

In the initial part of the thesis, we experimentally investigate the two-tracer method to
quantify liquid-solid interfacial area in multiphase flow scenarios across a smooth porous
medium surface. Our findings consistently show that the liquid-solid contact area increases
as saturation levels rise. Notably, when comparing oil and water at the same residual phase
saturation, oil exhibits less contact with the glass bead surface, attributed to the water-wet

nature of the beads.

In the second part of the thesis, we extend our exploration to three distinct wetting states:

water-wet, oil-wet, and mixed-wet, under various saturation and flow conditions. Our



observations revealed intriguing trends. In scenarios where oil is the remaining phase and
only water flowed through the porous medium, we noted a consistent increase in solid-
water interfacial area with rising water saturation. This phenomenon held true for both
water-wet and mixed-wet conditions. However, in the case of an oil-wet porous medium, a
remarkable reversal occurred as water saturation increased the water-solid interfacial area
diminished. This behaviour is attributed to the dynamic rearrangement of oil and water
at higher water flow rates. In the oil-wet scenario, increasing the water flow rate increases
the capillary number; consequently, the capillary number introduces instability, leading to
finger-like fronts. This instability, in turn, reduces the fraction of oil displaced from the
pores. When both oil and water coexisted and flowed through the medium, we observed
a consistent trend across all wettability cases: the solid-water interfacial area increased
alongside water saturation. Furthermore, this trend was accentuated as water wettability

increased, aligning with our expectations.

Further, in the third part of the thesis, the two-tracer method has been explored in a nat-
ural porous medium to quantify the liquid-solid contact area during the multiphase flow
conditions and consider the different parameters that can affect the measured liquid-solid
interfacial area. Flow experiments are performed at different wetting phase saturations
and flow conditions, i.e. (a) when the organic phase is at residual saturation and (b) when
both the organic and the aqueous phases are moving. When the organic phase is at the
residual saturation for a water-wet porous medium, it is observed that increasing the flow
rate does not change the residual saturation significantly. However, the measured contact
area of the aqueous phase with the porous solid increases with an increase in the water flow
rate. This is because of the increased capillary number and the corner flow phenomenon
in the porous medium. Further, the effect of various parameters, i.e., grain sizes, gravity,
surface morphology and flow process, is considered that can affect the measured liquid-

solid interfacial area at different flow conditions and different saturations.

Overall, this analysis reveals the parameters that affect the liquid-solid contact area during
two-phase flow in a porous medium. Increasing the flow rate does not increase the flowing
phase saturations at a residual oil saturation. However, increasing the liquid flow rate
increases the liquid-solid interfacial area during the multiphase flow in a porous medium.
The presented work provides a strong option for finding a link between pore-scale wetta-

bility and Darcy scale wettability.
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FSS Fluorescein Sodium Salt
STS Sodium Thiosulfate
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uv Ultraviolet
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Ay Absorbance (dimensionless)

Ap  Total solid surface area contacted by the liquid (kg)

c Concentration of solution (mol/m3)

Cerit  Effluent tracer concentration (mol/m?)

Cr  Injected tracer concentration (mol/m3)
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