


➢ Flow through Rock Fractures

- CT Scanning of Rock Fractures 

- Single Phase Flows through Fractures

➢ Proppant Transport

- Particle Trajectory Analysis 

- Deposition  Pattern

➢ Conclusions
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C.T. Scan Images

240 Micron Resolution



2-D Sections
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havg  Area Df 

(m) (m) (m2) ( - ) ( % )

Profile #1 606 302 61.5 1.62 3.39

Profile #2 573 295 58.2 1.57 3.87

Profile #3 586 303 59.5 1.55 3.95

Profile #4 594 293 65.2 1.66 4.62
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Using in-house code the ASCII 
240 micron data was 
converted to ‘flattened’ 
fracture model.

Stereolithography (STL) was 
used to create the model 
from DSM Somos 11120 
STL Resin.



Experimental Conditions

• Model outlet open to atmosphere

• Room Temperature

• Flow Direction

– A to B (AB)

– B to A (BA)

• Constant Volumetric Flow Rate (14 different)

– 0.001 < Q(ml/min) < 15

– 9.5(10-9) < Ca < 1.4(10-4)

– 0.0173 < vdarcy (m/day) < 260



Air

Q=0.5ml/min

Q=10ml/min



• Q 10 ml/min vdarcy 173 m/day • Q 1.0 ml/min vdarcy 17.3 m/day

• Q 0.1 ml/min vdarcy 1.73 m/day • Q 0.01 ml/min vdarcy 0.17 m/day











Air Water



Axial Displacements (z-direction)
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Plastic Strains (z-direction)
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CFD (Helium)

CFD (Water)

Experiments
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Loading   



Velocity magnitude contours (m/s) (Vin = 6cm/s)

Inlet

Outlet



Static pressure contours (Pascal) (Vin = 6cm/s)

Inlet

Outlet



d=10m

V=6cm/s

=1550kg/m3

g=0

Particle trajectories colored by particle residence time (s) (Vin = 6cm/s)

Inlet

Outlet



d=50m

V=6cm/s

=1550kg/m3

g =0

Particle trajectories colored by particle residence time (s) (Vin = 6cm/s)

Inlet

Outlet



d=50m

V=6cm/s

=1550kg/m3

gz =9.81 m/s2

Particle trajectories colored by particle residence time (s) (Vin = 6cm/s)
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d=50m

V=6cm/s

=1550kg/m3

gz =-9.81 m/s2

Particle trajectories colored by particle residence time (s) (Vin = 6cm/s)

Inlet

Outlet
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d=50m

V=6cm/s

=1550kg/m3

gx =9.81 m/s2

Particle trajectories colored by particle residence time (s) (Vin = 6cm/s)

Inlet

Outlet
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d=50m

V=6cm/s

=1550kg/m3

gy =-9.81 m/s2

Particle trajectories colored by static pressure(Pascal) (Vin = 6cm/s)

Inlet

Outlet

g



d=50m

V=6cm/s

=1550kg/m3

g =0 m/s2

Particle trajectories colored by velocity magnitude

Total Escaped Trapped
Pertentage 
Captured

one-way 8912000 372002 8539998 0.958
two-way 8912000 364476 8547524 0.959

Inlet

Outlet

For two-way coupled

2000 particles are injected 

At dt=0.001s

Volume fraction=5.4x10-5



Capture efficiency versus particle diameter. Effect of gravity direction

(Vin = 6cm/s, Vinp = 6cm/s)



Capture efficiency versus particle diameter. Effect of particle density.   

(Vin = 6cm/s, g_z=9.81)



Capture efficiency versus particle diameter. Effect of particle density.   

(Vin = 6cm/s, g_x=9.81)



➢ Computer simulation provided a reasonable tool 

for providing insight into flows and Proppant 

transport and deposition in rock fractures.

➢ Proppant size and density significantly affect the 

their transport and deposition in fractures. 

➢ Significant portion of the pressure drops in 

fractures occur in the region with smallest 

apertures. 

➢ The deposition pattern of proppants are 

significantly affected by the direction of fracture 

relative to the gravity.




