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Å MFIX-Exa is a massively-parallel, high-performance multiphase flow code

Å Targeted physics: reacting gas-solid flows from dilute particle -laden to dense granular

Å CFD+ high-fidelity DEM or low-fidelity PIC

https://mfix.netl.doe.gov/products/mfix -exa/

overview 
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https://www.engineeringtoolbox.com/slurry -transport -velocity-d_236.html

Å Liquid fluid and solid particle slurry flow (coal liquefaction driving interest)

Å Plethora of data for horizontal pipe flow which is very industrially relevant

Å Start with pressure drop (head loss) vs velocity relationship 

ÅTghgtgpeg<"Iknnkgu"("Ujqqm"*4222+"ҵOqfgnnkpi"Jkij"Eqpegpvtcvkqp"Ugvvnkpi"Unwtt{"HnqyuҶ"
Canadian J. of Chem. Eng., 78, 709-716. 
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Gillies & Shook (2000)

Schaan et al. (2000)

Fluid: water

Å T = 25°C

Å assume rf = 1000 kg/m3 

Å assume mf = 0.001 Pa-s

Particles: sand

Å dp = 420 micron 

Årp = 2655 kg/m3

Å assume monodispersed

Pipe diameter

Å D = 10.5, 26.4 and 49.6 cm
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Messa & Ocvqw gm (2020)



model setup
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Model overview: 

Å cylindrical EB: Lx = 8D

Å periodic in x with enforced  Dpf

Å no slip wall EB

Å uniform grid 

Å boundary adjacent cut-cells

Å dx = D/16   Ÿ   Wst = 72.9   Ÿ   too coarse for LES

Å dx = D/32   Ÿ  Wst = 9.11   Ÿ   this work

Å dx = D/64   Ÿ   Wst = 1.14   Ÿ   why use PIC? 

y

x
z

D = 0.105 cm

Lx
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Nomenclature: 

ÅҵdwnmҶ"hnwkf"xgnqekv{



governing equations
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Lagrangian: discrete particles as parcels

Eulerian: continuous fluid 

ҵdcug"oqfgnҶ
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Suspension viscosity model:

Å Gillies et al. (1999)

 

Å Cheng & Law (2003)
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Suspension viscosity model:

Å Gillies et al. (1999)

 

Å Cheng & Law (2003)

Solids stress model:

Å Snider (2001), Harris & Crighton (1994)
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results
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cs = 0.065

Fcte{Ҳu"ncy"*Superpipe fit)



Smagorinsky constant
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For a wide range of resolutions, we find that 
a constant of cs = 0.08 is ideal, but this is too
diffusive for this coarse grid



results 
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dx = D/64 and cs = 0.08
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set: dp/dx = 2000 Pa/s

target bulk velocity: 3.8 ~ 5 m/s



results 
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