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EROSION BY JETS 

NASA: Metzger et al., Journal 
of Aerospace Engineering 
and Soft condensed matter, 2009 

Crater evolution as a function of time 

U.S. Departement of Agriculture: 
Hanson et al. 

• Use in Civil Engineering 
• Jet erosion Test on soils 

University of Alberta, 
Canada: Rajaratnam et al. 
 
• Civil Engineering 
• Many types of jets on 
     grain beds 

• Air jets on grain beds 
• Lift-off/landing of rockets 



EROSION BY VORTEX RINGS 

University of Cambridge, U.K.: 
Bethke et al., Physics of Fluids, 
2009 and 2012 
 
Study of the critical conditions 
for particle resuspension and 
crater characteristics. 



EXPERIMENTAL SETUP 

• Jet = sheet of 4 mm thickness 
 
• 0,5 ≤ 𝑙 ≤ 35 cm 

 
• Bi-dimensional setup:            

jet width ≈ tank width 

Measurement of the mean jet 
velocity 𝑉𝑗 at erosion threshold, as 

a function of the distance 𝑙 

H = 50cm 

l 

b = 4mm 

w = 3cm 

Sediment 

d = 250mm, ρs = 2500kg/m³ 

Water 

 h=10cm 

L=20cm 



EROSION THRESHOLD 
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d=250µm 

• Increase of 𝑉𝑗 with 𝑙  

     at threshold 
 

• Non-uniform evolution 
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     at threshold 
 

• Non-uniform evolution 
 

• Flow visualisation with dye 



JET VISUALISATION AT THRESHOLD 

𝑙 = 3,4 cm 

𝑉𝑗 = 0,056 m.s−1 

Rectilinear laminar jet 

𝑙 = 5,6 cm 

𝑉𝑗 = 0,070 m.s−1 

Oscillating jet 



JET VISUALISATION AT THRESHOLD 

𝑙 = 13,5 cm 

𝑉𝑗 = 0,134 m.s−1 

Mixed jet 

𝑙 = 25 cm 

𝑉𝑗 = 0,261 m.s−1 

Turbulent jet 



JET VISUALISATION AT THRESHOLD 

Rectilinear laminar jet 

Oscillating jet 

Turbulent jet 

Mixed jet 

d=250µm 

Re𝑗 =
𝑉𝑗𝑏

ν
 



JET VISUALISATION AT THRESHOLD 

d=250µm 

PMMH, ESPCI, 
Schlumberger in 
Paris: 

Maurel et al., 
Physical Review E, 

1996 

Locked regime: 
the jet sees the 
confinement. 



JET VISUALISATION AT THRESHOLD 

d=250µm 

Maurel et al., 
Physical Review E, 
1996 

Free jet 
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JET VISUALISATION AT THRESHOLD 

d=250µm 

Maurel et al., 
Physical Review E, 
1996 

Turbulent jet 



EROSION PARAMETERS 

Sh𝑣 =
𝜇𝑉𝑗

∆𝜌𝑔𝑑2
 Sh𝑖 =

𝜌𝑉𝑗
2

∆𝜌𝑔𝑑
 

3 parameters: 
• 𝑙 𝑏  for jet confinement 
• Re𝑗 for jet hydrodynamics 

• Sh for sediment erosion 

Viscous Shields Inertial Shields 



INERTIAL REGIME 

• Threshold measurements at 
𝑙 𝑏 ≈ 5 

 
• Constant Sh𝑖 in the inertial 

regime Re𝑝 > 1 

Sh𝑖 =
𝜌𝑉𝑗

2

∆𝜌𝑔𝑑
 Re𝑝 =

𝑉𝑗𝑑

ν
 



CONCLUSIONS AND PERSPECTIVES 

• Detailed study of erosion threshold 
 
 

• Collaboration with LHSV lab  
(D. Nguyen, F. Levy, J-S. Finck et D. Pham-
Van-Bang)  on a numerical model. 

 
• Crater formation above threshold. 

 



INERTIAL REGIME 

Threshold measures at 𝑙 𝑏 ≈ 5 
 
Constant Sh𝑖 in the inertial 
regime Re𝑝 > 1 

Sh𝑖 =
𝜌𝑉𝑗

2

∆𝜌𝑔𝑑
 Re𝑠 =

𝑉𝑠𝑒𝑑𝑑

ν
 

𝑉𝑠𝑒𝑑 =
3

2

∆𝜌𝑔𝑑

𝐶𝐷𝜌
 

𝐶𝐷 =
24

𝑅𝑒𝑝
1 + 0,15𝑅𝑒𝑝

0,687
 

𝑅𝑒𝑝 =
𝑉𝑗𝑑

ν
 





INFLUENCE OF CELL WIDTH 

d=250µm 


