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Introduction
Characterizing the complexity of flowpath in a porous medium has been challenging since there are several parameters that can be used to describe, such as permeability, specific surface area, fractal properties and tortuosity (Matyka and Koza, 2011). In a simple pore network, complexity can be easily distinguished or categorized, qualitatively. In a case of a more complex pore network, the complexity of the flowpath is highly correlated with fluid extraction where the description from permeability-porosity relation is adequate to describe the nature of the porous medium. In some other cases, tortuosity which is commonly defined as the ratio of the length of the flowpath to the sidelength of the porous media, often used to describe the complexity. However, these parameters do not take into account the effect of curvatures along the path. In this study, simple flowpaths are generated to illustrate the effect of path curvature with respect to the understanding its complexity. A method of quantitatively characterize the complexity is proposed by explicitly include the effect of the curvature of the path.
Methodology
In this study, complexity of flowpaths is a concept that is highly related to the tendency of how fluid flow through a complex porous medium, where streamline is used to represent the description of the tendency. Fluid flow inside a pore network is simulated by means of Lattice Boltzmann Method (LBM) where a velocity map of the fluid flow can be obtained. From the velocity vector, streamlines (tangent to the velocity vectors) can be generated as follows: if the fluid’s velocity vector is and the element of streamline is , the tangent condition is represented by , which yields 
To solve this streamline equation using the velocity data, numerical integration is required where in this study Euler method (a first-order numerical procedure for solving ordinary differential equations with a given initial values (Faires and Burden, 2002)) is used. The basic equation of the Euler integration method is where  is the vector of the streamline coordinates and  is the numerical time-step. Each of the generated streamlines describes the flow tendency of the fluid’s particle. From the generated streamlines, a meandering parameter is calculated where it explicitly includes the effect of the path’s curvature:

where  is the meandering parameter,  denotes the curvature of the -th segment of the streamline,  is the length of the -th segment of the streamline, and  is the sidelength of the medium. The curvature of the segments in a streamline is the angle between two consecutive segments which can be easily obtained by calculating the angle between two segment vectors. 
Meandering parameter of three simple flowpaths as described in Fig. 1 are calculated. These flowpaths has the same length in which the complexity of the path cannot be described by tortuosity. 
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Figure 1. Illustration of flowpaths which have equal lengths but with different complexity.

Seven models of complex porous medium were then generated by depositing sphere inside a 2563 voxels to reach 25% porosity. Each of the models were generated using different sphere diameter. Meandering parameter, tortuosity and permeability is calculated for each sample. 
Results and Discussion 
Calculation of meandering parameter of the simple paths shows that the parameter increases as the complexity increases. For the seven models of complex porous medium, Fig. 2 shows the plot of permeability, meandering parameter and tortuosity, and we can observe that even though tortuosity has a generally similar trend to permeability, the meandering parameter can describe a more detailed accuracy in the trend. The meandering parameter has also been able to distinguish complexities in more specific cases where tortuosity, as well as specific surface area could not distinguish. 
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Figure 2. Plot of permeability (k), meandering parameter  and tortuosity, with respect to median of sphere radius
Conclusions
The proposed parameter (meandering parameter) has successfully describe the complexity of the flowpath with regards to the tendency of how fluid flow inside the pore. This can be observed from the simple flowpaths models as well as the similarity of the trends with the permeability for the complex porous medium model.
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