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Lattice-Boltzmann simulation of two-phase flow of the mix-
ture of active nematics and an isotropic fluid

The equations (1-3) of the manuscript are solved using hybrid Lattice-Boltzmann method.
To this end, equations (1,2) are solved by a finite difference scheme using a five-point stencil
to discretise the derivatives on a square grid. These are coupled to Navier-Stokes equations,
that are solved using Lattice-Boltzmann (LB) method with the Bhatnagar-Gross-Krook
(BGK) approximation and a single relaxation time for the collision operator [1–8]. The
time integration is performed using PECE predictor-corrector method. The discrete space
and time steps are chosen as unity for the LB method. The algorithm is implemented
using C++ programming language.

All simulations were performed on a 800 × 800 square grid with periodic boundary
conditions on the domain boundaries. All simulations were started with an initial circular
colony of the radius R = 10 (in LB units) with φ = 1 and random orientation field, while at
the beginning of the simulation the velocity field was set to zero everywhere in the domain.
The random orientations were created using drand48() function of the C++ library. In all
simulations, the parameters were set to ρ = 1, ΓQ = 0.025, Γϕ=0.1, Kϕ = 0.05, K = 0.01,
α = 0.0001, λ = 0.3, qn = 1, A = 0.8, Aϕ = 0.6, η = 2/3, t0 = 1000, and r0 = 5, in
lattice units and the friction coefficient was varied in Figs. 2, 3, 4b, 5. The corresponding
friction coefficients are listed in the legends of figures in the main text. We have chosen
parameters in a range that has previously been successful in reproducing the velocity
correlations observed in experiments on microtuble bundles [9,10] and in reproducing the
flow fields of dividing MDCK cells [11].

For each of the data presented in Fig. 3, Fig. 4b, and Fig. 5 of the main text, twenty
separate simulations with different random orientations were performed and the resulting
mean values were presented in the figures. In Fig. 3a the error bars were calculated based
on the standard deviations of data at each point from its corresponding mean value of
twenty simulations for that specific point.

All simulations were run for up to 2×107 simulation time steps. In Fig. 2, the snapshots
from left to right correspond to simulation times of t = 0, 4×105, and 7×106. The constant
values reported in Fig. 3b, and Fig. 3c were calculated after the statistical steady-states
for the IQ and Nd were established at the time 1.8 × 107. In Fig. 4a,4c, the snapshots
were taken at the simulation time of t = 5×105 for the case of f0 = 0.02. The distributions
reported in Fig. 5 and the cross correlations reported in Fig. 4b, are averaged over the
time period of [2 × 104 − 2 × 107].
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