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® Introduction
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Jamming transition of ‘

| Jamming transition

D UQUC » Jammed : Solid-like state
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(A . Unjammed : Fluid-like state
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® Introduction

~Jamming in a realistic situation
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» many pervious study of jamming : uniform systems
Uniform shear, periodic boundary condition:---

? in non-uniform systems

_ Phenomena related to jamming

|

Clogging in hopper

v bottom

Solid

T. Barker, et al. JFM (2021)
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Model : Plane Poiseuille flow

many pervious study of jamming : uniform systems

In hon-uniform systems (Jamming, critical scaling---)

ranular flow between parallel plate

Particles between parallel plate

- rough wall consisted of
particles

. p>¢p.0r P>0

- Wall : fixed
. Bulk : external force .

Mass : m, Radius : 4,

volume : v

Nov. 1st, 2022 @ YITP&online



5 17

ille flow

iISseu

Plane Poi

Model

Introduction

een parallel plate

nsisted of
al force f,

Iwmm
o -
puw
.._ub
Y
> o ha
(qv] nm .
-
©
. -
@)

Nov. 1st, 2022 @ YITP&online




» Model
Continuum analysis

L Setup

- Velocity along the x-direction : u(z)

6 /17

- Uniform in the x,y-directions

du(z)

Z

Shear rate: y(z) = , Stress: 6(2)

Momentom Balance: 0.6(z) = ¢f /v
Pressure: P(z) =P,
Volume of particle : v

Macroscopic friction ,:_uig
U

. u>u, < y>0 (Fluid phase)

.u<pu, < y=0 (Solid phase)

Tk

: : R i
Ll....i  |Solid phase e

U : static friction coefficient

Dimensionless shear rate : I = y\/Pd/m
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S Model

Continuum analysis

L Setup

7 N7

- Uniform in the x,y-directions

- Velocity along the x-direction : u(z)

Shear rate: y(z) =

du(z)

Z

, Stress: ¢(2)

Momentom Balance: 0.6(z) = ¢f /v
Pressure: P(z) =P,
Volume of particle : v

U

#s:]...1 [Solid phase

Macroscopic friction : u=g

Dimensionless shear rate : I = y\/Pd/m

7 = ANPAAY(| 6| - uP)
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® Continuum analysis
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Stress distribution
Momentom Balance: 0.6(z) = ¢f.,/v Stress distribution: o(z) = gb{exz
Pressure: P(z) = P, : Fluid phase :
r : 12
Fluid phase : |62 | > P, |0(2)| = Pex 2] > uP
: 1%
| Solid phase ! |6(@)| < u,P Plex
| . s OMax — |O-(Z) |Z=i% — o
Fluid phase disappear :
H
s Pt
] 2V
’ - = 2v:usPt
N Critical force : RGN ES 1
Length of fluid phase : /=~ f“f Je
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® Continuum analysis

_Velocity

9 17

Stress distribution: o¢(z) = Z
v [ pK pKH?
E d : V=7 7% Upax =
| In|— (lol=uP). lol>pP n 81
Yy = t K : body force, p:density, n:viscosity
LO, ‘ 6‘ < IMSP’[
 Iy/dimgf
y = (lz| —A72) _—
/P, i H
; :
A 20 2 oV /ey s
! v/ P, n

il | I/ dimgf
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® Continuum analysis

Mass flux

Maximum velocity : ;.

Length of fluid phase : [ ~ ;’ feXf‘fc
Critical force : £, H) =
ritical Torce - AP, = HH

10,17

p <

B Mass flux Q

me

Vv 0 Vv

 8Auv/Pifi¢. H)

H me
Q= —WJ dzu(z) ~ —WHu, .,

Iyy\/ mdWe?
» 0 = VW H (fox = [l HD)’
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® Continuum analysis
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Prediction

V:usPt
HH
2H3
» Mass flux: O(f, ¢, H) \/F¢f(¢ ) (fix _fc(¢’H))2

P Critical force: fi(¢,H) = -

Jex 2Jes @ = @,

Critical force Mass flux
Hf.

¢ Q/(HZPtI/Z)
p Hjf /P,
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® Simulation Setup
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DEM Simulation

Constant pressure —

N rep
m; = FU n;+ e,
J#i

2
Wall d Viw . Z Frep _ PtLZ
ij

dr? -

j#i(ebulk)

- frictionless particle

- # of particles
bulk : 25000 or 50000
wall : 25x25x2

* particle size : d,, 1.4d,

* b.c.
X,y : p.b.c., z:wall of particle
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Simulation Result
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Granular Poiseuille flow
# of particles : 50,000 (Hight i ~ 1204,) , P, = 0.01

fe‘: . < ]CC fCX > Ji'
o e o
Vi
1.0
& = 0.5
.0.0

Solid-like (zero mass flux) : £, < f. /Flow (finite mass flux) : £, > f.
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® Result 1417
Critical force f.
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» Critical force : good agreement between

continuum analysis with simulation
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® Result

Q(f, . H) m@(g)
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» Mass flux : good agreement between continuum
analysis with simulation

15,17
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® Progress 16,1
Cohesive case

- Wet interaction —_—

Fn,el 4+ Feap 1.6 054 ' — T.T. Vo, et al. Nat. Commun. (2020)
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Inertial number™ : |

» Cohesive system — u-1rheology ‘

» The effect of cohesiveness & friction :work in progress
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Summaw

¢ Based on contlnuum anaIyS|s w1th LL- I rheology, we
predict scaling laws.

¢ Scaling laws are verified by DEM simulations in f, ~ f.
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