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Abstract 

Fractal theory has been applied to characterize complex pore structure of sedimentary rocks and to model fluid flow 

through porous media. In recent years, several analytical models have been developed to simulate spontaneous 

imbibition of wetting phase into porous media with fractal geometry. In previous studies, spontaneous imbibition of 

wetting phase is considered as a piston-like displacement phenomenon which leads to similar rates of imbibition in 

capillaries with different diameters. However, imbibition rate of wetting phase is positively proportional to the 

square root of pore diameter based on Lucas-Washburn equation. Therefore, we should expect faster imbibition of 

wetting phase in larger capillaries compared with smaller capillaries.  

In this paper, we extend the previous model by assuming non-piston-like imbibition in capillaries with different 

diameters. In our model, first the larger capillaries are filled by wetting phase, followed by smaller capillaries. We 

develop an analytical equation without considering hydrostatic pressure and a semi-analytical equation with 

considering hydrostatic pressure. We can apply actual boundary conditions in the proposed model, while the 

previous piston-like models are only valid before the wetting phase reaches the top of the porous media in co-current 

spontaneous imbibition test. Moreover, the proposed model can be used to determine the minimum pore diameter of 

rock sample according to the equilibrium time in spontaneous imbibition tests.  
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Nomenclature 

𝐴𝑓  Cross-sectional area of rock sample, 𝐿2  

𝐴𝑃  Total pore area in the cross section of rock sample, 𝐿2 

𝐴𝑃𝑢  Cross-sectional area of unit cell, 𝐿2 

𝐷  Pore diameter, 𝐿 

𝐷𝐶  Critical diameter of the capillaries just filled by liquid, 𝐿 

𝐷∗  The wetting phase in the capillaries larger than 𝐷∗ cannot reach top of the capillaries, 𝐿 

𝐷𝑓  Pore fractal dimension 

𝐷𝑚𝑎𝑥  Maximum pore diameter, 𝐿 

𝐷𝑚𝑖𝑛  Minimum pore diameter, 𝐿 

𝐷𝑠  Characteristic diameter of particles, 𝐿 

𝑓(𝐷)  Fractional number of pores 

𝑔  Gravitational acceleration, 𝐿𝑡−2 

𝐻  Height of the rock sample, 𝐿 
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