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Fig: Classification of fluids with shear stress as a 
function of shear rate

NS Equation:

Newtonian fluid :

Bingham Fluid:
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Bingham Fluid Properties used
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𝑚 = 100 [𝑠]
𝜏𝑦 = 0.1 𝑃𝑎

𝜇𝑜 = 0.01 [𝑃𝑎. 𝑠]

𝜏 =
𝜏𝑦

 𝛾
1 − exp −𝑚  𝛾 + 𝜇  𝛾



Implementation in 2.29 Code 

𝜇  𝛾 =
𝜏𝑦

 𝛾
1 − exp −𝑚  𝛾 + 𝜇

𝜇𝑛+1  𝛾𝑢/𝑣 =
𝜏𝑦

 𝛾𝑛 𝑢/𝑣
1 − exp −𝑚  𝛾𝑛 𝑢/𝑣 + 𝜇𝑜
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Litmus test 1: Lock Exchange Problem (using 2.29 code) 
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Newtonian Fluid Bingham Plastic: Same density



Litmus test 1: Lock Exchange Problem 
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Bingham Fluid:      density x100 Bingham Fluid:      density x200 

Bingham Fluid:      density x300 Bingham Fluid:      density x400 



Litmus test 2 : Poiseuille flow 
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Expected Profile at equilibrium state

Properties: 
𝜇𝑒𝑞 = 0.01 𝑃𝑎. 𝑠 𝑚 = 100

𝜏 = 50 𝑃𝑎

Properties: 
𝜇 = 0.01 𝑃𝑎. 𝑠

Geometry (As provided in 2.29 
sample code):
Length= 20m 
Radius = 3m 



Litmus test 3: Lid Driven Cavity Flow 

5/15/2018 2.29 sp2018 8

Geometry (As provided in 2.29 
sample code):
Dim= 1x1 (m2)

Properties: Generic 

Fig: Velocity variation along center line using Bingham 
fluid on 2.29 code at various Bingham numbers 
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Drag Lift Variation on Wheel 
locomotion on Bingham fluid

𝝎𝒗
𝑆𝑙𝑖𝑝 = 1 −

𝑣

𝑟𝜔

For Granular media:
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Drag Lift Variation on Wheel locomotion on Bingham fluid
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Node        x             y                 theta Area

Implementation

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦𝑏𝑐 𝐷𝑚𝑣 =  (𝑟 − 𝑟𝑜)*omega 



Drag/Lift along 
circumference
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Sample Results:



Convergence study for grid size verification 
Lift and Drag Force variation with grid size:

Domain size:  1m x 0.25m   

Wheel Radius: 10 cm

Sinkage : 4 cm

Grid size Drag Force (N) Lift Force (N) 

40x10 0.420 2.798

100x25 0.388 2.838

200x50 0.347 2.701

400x100 0.330 2.705
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Results:
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Variation of Lift and Drag Force on Locomotion of cylindrical wheel on Bhingham Fluid 



Future work 

• Make viscosity Pressure sensitive for simulating granular media

• Constitutive Model for Non-cohesive Granular media:

 𝜏 = 𝜇𝑠𝑃 𝑖𝑓  𝛾 > 0

𝝈 = 𝟎 𝑖𝑓 𝜌 < 𝜌𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

5/15/2018 2.29 sp2018 14

𝜏
𝑃

1


