
𝑷𝒉𝒚𝒔𝒊𝒄𝒂𝒍 𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓𝒔 𝑺𝒚𝒎𝒃𝒐𝒍𝒔
𝑬𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕𝒂𝒍

𝒑𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓𝒔
𝑺𝒊𝒎𝒖𝒍𝒂𝒕𝒊𝒐𝒏
𝒑𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓𝒔

𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (
𝑘𝑔

𝑚3
) 𝜌𝑝 4500 4.404

𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚) 𝑑𝑝 228 × 10−6 1

𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑇𝑒𝑟𝑚𝑖𝑛𝑎𝑙 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (
𝑚

𝑠
) 𝑣𝑝 0.0472 −

𝐹𝑙𝑢𝑖𝑑 𝐷𝑒𝑛𝑠𝑖𝑡𝑦(
𝑘𝑔

𝑚3
) 𝜌𝑓 1021.7 1

𝐹𝑙𝑢𝑖𝑑 𝑉𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦(𝑃𝑎. 𝑠) 𝜇𝑓 0.0012 1 × 10−3

𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝐷𝑢𝑒 𝑡𝑜 𝐺𝑟𝑎𝑣𝑖𝑡𝑦(
𝑚

𝑠2
) g 9.81 8.43 × 10−5

• Domain size is 8 𝑚 × 30 𝑚 × 8 m, with a grid 
resolution ∆𝑥 = 0.0833 & 96 × 360 × 96 grid points. 
The time step is 0.02 𝑠𝑒𝑐𝑜𝑛𝑑𝑠, & total simulation is 
run for 1000 𝑠𝑒𝑐𝑜𝑛𝑑𝑠.

• Simulations were run using LEAP solver to achieve the 
target Reynolds numbers as listed in the tables below.

• The Galileo number is used to derive simulation 
parameters from experimental data.
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Future Work

• Experiments are in progress to study interaction between a 
particle and a fluid interface, focusing on the dependence of 

mixing on  𝑅𝑒𝑝 and
𝜌𝑝

𝜌𝑓
, but they do not capture the velocity 

field. 
• The objective is to use particle-resolved direct numerical 

simulations (PR-DNS) to replicate the setup and gather 
detailed flow field data.
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Actual

interface 

prior to 

diffusion

𝑵𝒐𝒏 − 𝑫𝒊𝒎𝒆𝒏𝒔𝒊𝒐𝒏𝒂𝒍 𝑷𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓𝒔

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜
𝜌𝑝

𝜌𝑓
4.404

𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑅𝑒𝑦𝑛𝑜𝑙𝑑𝑠 𝑁𝑢𝑚𝑏𝑒𝑟 𝑅𝑒𝑝 =
𝜌𝑓𝑑𝑝𝑣𝑝

𝜇𝑓
9.162

𝐺𝑎𝑙𝑖𝑙𝑒𝑜 𝑁𝑢𝑚𝑏𝑒𝑟
𝐺𝑎 =

𝜌𝑝

𝜌𝑓
− 1 𝑔𝐷𝑝

3

𝜈2

16.94

2𝟎𝟎 𝟒𝟎𝟎 600 800 1000 • We solve the advection–diffusion 
equation for concentration for an 
array of particles.

• Based on these, we estimate the 
effective mass diffusivity and compare 
the experimental findings.

𝒖𝒕 𝒗𝒔 𝒕 𝑹𝒆 𝒗𝒔 𝒕

• Terminal velocity, 𝑣𝑝 = 0.800 𝑔𝐷𝑝  and 

Terminal 𝑅𝑒𝑝 of 8.045 is reached.

• More iterations required reach 𝑅𝑒𝑝 =  9.

• Current approach gives a physical consistent 
carrier flow field and particle motion to 
simulate the mixing using the advection 
diffusion equation.

Falling particles in an empty tank
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