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Abstract: Horizontal wells have already been a common well type for the production of conventional and unconventional oil and gas
resources, but in the drilling process, cuttings accumulate to form cuttings bed easily in the annulus of deflection sections and horizontal
sections. In order to avoid pipe burying and sticking accidents caused by the deposition of cuttings bed, it is necessary to accurately pre-
dict the thickness of the cuttings bed in the annulus in real time. In this paper, a transient migration model of solid-liquid two-phase flow
in the annulus is established based on the drift flow model, and the annulus is discretized by using the finite volume method based on
staggered grids, and it is numerically solved by means of projection. And the following research results are obtained. First, the projection
method can be applied to the transient calculation of solid-liquid two-phase flow in the annulus, and its solution efficiency is higher than
that of traditional pressure-velocity coupling algorithm. Second, after the cuttings flow into the annulus, a stable cuttings bed is firstly
formed at the bit and then gradually extends to the outlet. Since the resistance generated by cuttings migration is much higher than the
flow resistance of drilling fluid, the annulus pressure loss in the well section with higher cuttings volume fraction increases significantly.
Third, the time to form a stable cuttings bed in the annulus is mainly affected by the displacement, and the time to form a stable cut-
tings bed at a low annular displacement is longer than that at a higher annular displacement. Fourth, it is verified by comparing with the
steady-state cuttings bed thickness model that this new model is accurate and reliable enough to meet the engineering needs in the process
of actual drilling. In conclusion, the proposed model has high calculation efficiency and can be used to predict the transient thickness of
cuttings bed in highly deviated well sections. The research results can provide a certain theoretical guidance for the efficient removal of a
cuttings bed and the risk prediction of pipe sticking accidents in horizontal wells.

Keywords: Solid-liquid two-phase flow; Horizontal well; Cuttings bed thickness; Cuttings migration; Projection method; Drift flow mod-
el; Incompressible flow
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