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Abstract: In China, coal seams are generally characterized by low gas saturation, low permeability, low res-
ervoir pressure, and high coal rank, which bring challenges to achieving additional coalbed methane (CBM) pro-
duction. It is necessary to optimize the hydraulic jetting staged cavitation technology for CBM horizontal wells, and
to especially understand the hole—forming and fracturing characteristics during coal rock breaking by swirling abra-
sive jet. Using the orthogonal test method, coal rock targets were cement—encapsulated to simulate downhole con-
fining pressure constraints, and 16 groups of tests were designed with the jet pressure of 8-14 MPa, standoff dis-
tance of 15-30 mm, and jet time of 30-120 s, to thoroughly investigate the hole—forming and fracturing characteris-
tics during coal rock breaking by swirling abrasive jet, as well as the influences of hydraulic parameters. The hole—
forming evolution mechanisms during coal rock breaking by swirling abrasive jet under fixed—point jetting and con-

tinuous feeding conditions were analyzed, and the correlation between the structure of the swirling impeller and the
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bottom morphology of the hole was clarified. The results show that the swirling abrasive jet can efficiently break
coal rock, forming large—diameter circular holes with smooth walls and raised bottoms, with the maximum hole
diameter of 45. 54 mm and maximum hole depth of 92. 33 mm, and creating 1-3 secondary fractures around the
holes. The swirling abrasive jet activates the internal weak planes of the coal rock to trigger large=block spalling
and volumetric breaking under the water wedge effect. The spalls undergo exfoliation or flaking along the weak
planes, and are continuously broken and taken out of the hole by the jet. The jet pressure has the most significant
influence on the hole depth and diameter, and increasing the jet pressure can improve the hole—forming ability of
the jet in coal rock breaking. When the standoff distance exceeds 25 mm, the hole depth decreases significantly.
The standoff distance is recommended to be controlled at 20-25 mm and the jet time to be no less than 60 s. The
research findings provide theoretical reference and parameter optimization basis for the application of hydraulic jet-

ting staged cavitation technology in CBM horizontal wells, hopefully promoting the innovation and development of

efficient CBM exploitation technology.

Keywords: CBM; hydraulic jetting; swirling abrasive jet; cavitation in horizontal well ; orthogonal test method
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Table 2 Physical and mechanical properties of coal rock
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