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Abstract

Proppant flowback is one of the critical engineering challenges encountered during the production
of fractured gas wells. Production flow velocity has a significant influence on proppant flowback.
Excessively high flow velocity can induce substantial proppant mobilization and flowback, resulting
in propped-fracture closure and collapse, severe reduction in fracture conductivity, and erosion
damage to surface flowlines. In contrast, excessively low flow velocity may aggravate formation
damage and limit the effective release of gas-well productivity. In this study, a three-dimensional
numerical fracture-flow model with dimensions of 200 mm x 2 mm x 30 mm was established for the
production conditions of fractured gas wells using a two-way coupled computational fluid dynam-
ics-discrete element method (CFD-DEM). Case 0, with a proppant density of 2560 kg/m3, particle
diameter of 0.425 mm, and inlet velocity of 0.5 m/s, was selected as the baseline case. A total of 11
numerical simulation cases (Case 0 ~ Case 10) were systematically designed by varying proppant
density (1650, 2560, and 3300 kg/m3), particle diameter (0.212, 0.300, 0.425, and 0.850 mm), and
inlet velocity (0.2, 0.3, 0.5, 0.6, 0.7, and 0.8 m/s). The gas-phase erosion and channelization process
within the fracture, the sensitivity of proppant flowback to the governing parameters, and the char-
acteristics of flowback mass were systematically investigated. The results show that the attainment
of the critical incipient-motion velocity at the channel boundary is the primary microscopic mech-
anism responsible for proppant mobilization and subsequent flowback. As the inlet velocity in-
creased from 0.2 to 0.8 m/s, the relative proppant flowback mass exhibited a nonlinear accelerating
trend, with a distinct stability threshold occurring at approximately 0.5 m/s. Increasing the particle
diameter from 0.212 to 0.850 mm and the proppant density from 1650 to 3300 kg/m3 both substan-
tially reduced the total flowback mass. These findings provide valuable guidance for controlling
proppant flowback, optimizing flowback and production parameters, and improving post-fractur-
ing stimulation performance.
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Figure 1. Schematic of the three-dimensional numerical fracture geometry, mesh generation, and initial
proppant packing configuration
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Table 1. Numerical simulation case parameters (Case 0 ~ Case 10)

1. BEEIITE T RS HFR(Case 0 ~ Case 10)

TS THEFNEE pl(kgm™) $if% d/mm N ERIE uinter (m/s)
Case 0 (FL#E) 2560 0.425 0.5
Case 1 1650 0.425 0.5
Case 2 3300 0.425 0.5
Case 3 2560 0.212 0.5
Case 4 2560 0.300 0.5
Case 5 2560 0.850 0.5
Case 6 2560 0.425 0.2
Case 7 2560 0.425 0.3
Case 8 2560 0.425 0.6
Case 9 2560 0.425 0.7
Case 10 2560 0.425 0.8
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Figure 2. Comparison of proppant bed morphology before and after erosion under the baseline
condition (Case 0)
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Figure 3. Velocity vector contours of the fully developed flow field under the baseline condition
(Case 0)
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Table 2. Comparison of steady-state local flow velocities and theoretical critical velocities under fully developed flow condi-

tions
= 2. BRSNS ZRMPBSERRESELIEFEX
TS PR BE JAEIHIE ur (m/s) I A ue (m/s)
Case 6 25.45 0.218 0.325
Case 7 24.06 0.324 0.325
Case 0 20.40 0.327 0.325
Case 10 15.08 0.611 0.500
Case 3 16.60 0.204 0.200
Case 5 23.76 0.548 0.550
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Figure 4. Case 10 dynamic variations in local flow velocity and proppant bed height
behind the proppant bed during erosion
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Figure 5. Relative proppant flowback mass # at different inlet velocities (Case 6,
Case 7, Case 0, Case 8, Case 9, and Case 10)
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Figure 6. Relative proppant flowback mass # at different proppant diameters
(Case 3, Case 4, Case 0, and Case 5)
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Figure 7. Relative proppant flowback mass # at different proppant densities
(Case 1, Case 0, and Case 2)
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