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Abstract: The swirling abrasive water jet technology can create multi-branch fluid channels around horizon-
tal boreholes and form pre—weakened structures, which facilitates directional fracture propagation under low verti-

cal stress conditions. Combined with hydraulic fracturing, this technology can achieve controlled roof fracturing
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and solve the problem of roof suspension. However, during jet rock—breaking, the operating environment changes
from submerged to non—submerged conditions. The sandstone breaking efficiency and drilling hole morphology by
swirling abrasive water jet under non—submerged conditions remain unclear. Based on the non—submerged condi-
tions in coal mine underground boreholes, laboratory tests on rock breaking by swirling abrasive water jet under
non-submerged conditions were conducted. The rock—breaking performances under submerged and non-—
submerged conditions were compared, the influences of key parameters on rock—breaking performance were identi-
fied, and the optimal parameter combination of swirling abrasive water jet under non—submerged conditions was
determined. The results show that the holes formed during rock breaking by swirling abrasive water jet under both
submerged and non—submerged conditions are regular circular holes with inverted cones in the middle. Compared
with the submerged conditions, the hole depth and volume under non—submerged conditions increase by 76. 89%
and 116. 61%, respectively. All hole parameters increase with the increase of jet pressure and jet duration. With
the increase of standoff distance, the hole diameter increases, while the hole depth and volume increase and then
decrease. Compared with clean water, abrasive particles significantly improve the hole parameters of jet rock—
breaking, with the hole diameter and depth increased by 46. 42% and 295. 61%, respectively. Under the test con-
ditions, the optimal parameter combination is determined as: jet pressure of 25 MPa, standoff distance of 30 mm,
jet medium of quartz (10 mass %) , and jet duration of 600 s. An industrial test was performed in the 122103 work-
ing face at Caojiatan Coal Mine. Underground in—situ measurement shows that the hole diameter and depth during
rock breaking by swirling abrasive water jet under non—submerged conditions are 50 mm and 40 mm, respectively.
The research provides theoretical basis and test data for fixed—point erosion rock breaking and hole formation by
swirling abrasive water jets under non—submerged conditions.

Keywords: non-submerged condition; swirling abrasive water jet; fixed—point erosion rock breaking;

directed and controlled fracturing; thick—hard roof fracturing
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Table 1 ~ Test scheme for rock breaking by swirling abrasive water jet
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