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Professor Haihu Liu
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Dear Editor:

It is our pleasure to submit the manuscript entitled “Numerical study of the effect of tortuosity and mixed wettability on spontaneous imbibition in heterogeneous porous media” to Capillarity for the possible publication. All the authors listed in the manuscript declare no conflicting interests and agree to submit the joint work.
The spontaneous imbibition is one of the most important mechanisms to enhance oil recovery in tight reservoirs. However, due to the complicated structure of porous media and numerous factors influencing the fluid flow, the dynamics of spontaneous imbibition in porous media, especially in heterogeneous porous media, remains poorly understood, which limits the development of strategies to optimize its applications. The spontaneous imbibition in porous medium with different tortuosities or mixed wettabilities has been studied in recent years. But the previous studies mainly focused on the 2D simulations, and they ignored three-dimensional (3D) effects which are indispensable for correct simulation of spontaneous imbibition through pore-throat structure. To overcome the limitations of the existing works, a recently-developed color-gradient LBM, known as a quasi-3D model, is applied to simulate the effects of tortuosity and mixed wettability on spontaneous imbibition in heterogeneous micromodels with the aid of pore-scale simulations. And this model only requires 2D computational cost but considers 3D effects.
In this work, a quasi-3D model is applied to simulate spontaneous imbibition through heterogeneous porous media micromodels. This quasi-3D model not only allows to tune independently the interfacial tension, contact angle and viscosity ratio but also can simulate a broad range of viscosity ratios. More importantly, it only requires 2D computational cost but considers 3D effects. Thus, it is very suitable for the simulation of spontaneous imbibition in porous media micromodels where 3D effects must be taken into account to overcome the capillary valve resistance. We first explore how the tortuosity influences the fluid distribution at breakthrough and the scaling relation between wetting fluid saturation and time for varying viscosity ratios, and then investigate the effect of mixed wettability on the fluid distribution, scaling exponent and the interface roughening. This study not only provides an enhanced numerical method for spontaneous imbibition in heterogeneous micromodels, but also deepens our understanding of spontaneous imbibition in natural porous media.
We deeply appreciate your consideration of our manuscript, and we look forward to receiving comments from the reviewers. 
Yours sincerely, 
Haihu Liu
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