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CFD-DEM coupling-based analysis of rock chip transport
characteristics at bottom of rotary-guided drill bit
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Abstract: In order to investigate the kinematic characteristics of the rock chip particles in the bottom of the well during the
guided drilling process of rotary-guided drilling tools, a complex two-phase flow model describing the drilling fluid and rock chip
particles in the bottom of the well was developed by using a coupled algorithm of computational fluid dynamics and discrete
element method , and the kinematic characteristics of rock chip particles in the bottom of the well of rotary-guided drilling tools
were analyzed by using software of FLUENT and EDEM. The effects of offset angle of rotary-guided drill bit, drilling fluid flow
rate, drill bit speed and particle size on the kinematic characteristics of rock chip particles in the wellbore were investigated. The
results show that increasing the rotational speed and drilling fluid flow rate increase the transport speed of rock chip particles,
which has a positive feedback effect on the transport of rock chip particles and improve the cleanliness of the well bottom.
Increasing the particle size of rock chip particles reduces the transport speed of rock chip particles, and when the diameter of rock
chip particles is larger than 3 mm, the reduction of rock chip transport speed is more obvious. The offset of the drill bit of the
rotary-guided drilling tool causes the change of the spatial structure of the well bottom and the change of rock chip particles. The
change of spatial structure, the collision between rock chip particles lead to kinetic energy loss, and the hydraulic energy is also
weakened by the change of spatial structure, which makes the rock chip particle transportation efficiency decrease, and eventually
will aggravate the bit wear and produce the mud packing.

Keywords: computational fluid dynamics; discrete element method; coupling algorithm; bottom hole flow field; rotary-guided
drilling tool; cutting particles
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Fig.1 Flow field at bottom of well under offset of rotary guide bit
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Fig.3 CFD-DEM coupling algorithm model
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Fig.7 Velocity clouds of flow field at bottom of well at different speeds
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Fig. 8 Distribution and transport velocity of rock chip particles in bottom of well at different rotational speeds
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Fig.9 Transport velocity of rock chip particles at different rotational speeds
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Fig. 10 Velocity cloud of bottom hole flow field at different drilling fluid flow rates
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Fig.11 Distribution and transport velocity of rock chip particles at bottom of well under different drilling fluid flow rates
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Fig.12 Rock chip particle transport velocity under different drilling fluid flow rates
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Fig. 13 Velocity clouds of flow field at bottom of well for different particle sizes of rock chips
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Fig. 14 Distribution and transport velocity of rock chip particles in bottom of well with different particle size of rock chip



46 TOE B R AR F28 %

%5 EHAERIRIGE T, A BRRERD TR Z W RE, SEEZRABRE, Wm=48
SkRfL, FEEHFBERIER.

2.2
2.0
1.8
1.6
1.4
1.2

1.0 p
0.8 |
0.6 H

()44 L L L i L. i
0 0.1 0.2 0.3 0.4 0.5 0.6

1l /s
E15 AREEEFNHENEBEBTHEE
Fig.15 Rock chip transport velocity under different particle size of rock chip
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Fig. 17 Distribution and transport rate of rock chip particles at bottom of well under different bit offset angles
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