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Abstract

Coalbed methane, as a high-quality clean energy source, is assuming increasing importance within
contemporary energy structures. Its enhanced recovery primarily relies on hydraulic fracturing tech-
nology, though this technique suffers from the shortcomings of fractures being prone to closure and
exhibiting persistent closure. Proppants, as critical materials in hydraulic fracturing, play a pivotal
role in maintaining fracture openness after fluid withdrawal, thereby creating highly conductive path-
ways. This study therefore investigates glass microspheres as proppants, focusing on the migration
patterns of different particle sizes under complex fracture conditions. Employing a controlled varia-
ble method with proppant particle size as the variable, systematic migration experiments were con-
ducted using a fracturing proppant delivery and sand placement simulation apparatus. Results indi-
cate that larger-sized glass microsphere proppants (250~550 um) exhibit superior filling efficiency
within primary fractures and angle-free horizontal fractures; whilst smaller-sized proppants (120~160
pm) proved more suitable for angled, multi-level fractures. Overall, proppant filling rates in both pri-
mary and horizontal fractures decreased with decreasing particle size. For primary and secondary
fractures, the optimal proppant size range for filling efficiency was 160~250 pm.
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Figure 1. Visualization of complex fractures
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Figure 2. Sand mixing tank
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Figure 3. Screw pump and flow meter
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Table 1. List of specific values for each fracture
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Figure 4. Experimental flowchart
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Table 2. Experimental parameter settings
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Table 3. Calculated results for Stokes number and Reynolds number
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Figure 5. Migration pattern diagram of glass microspheres
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Figure 6. Comparison diagram of sand embankment shapes at different grain sizes: (a) Main crack; (b) Horizontal crack; (c)
Primary crack; (d) Secondary crack
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Figure 7. Diagram of changes in filling rate of each crack over time: (a) Main crack; (b) Horizontal crack; (c) Primary crack; (d) Secondary
crack
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