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Vertical slow drag of an intruder in a laterally confined granular medium
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ISSUES AND OBJECTIVES J
During a wet agglomeration process inside a low shear mixer, the main blade function is \ ‘ \ (&?’ A A
to induce mobility of grains and homogenization of the liquid sprayed on the powder. Fractal S .
In the case of semolina agglomeration, for couscous manufacture, a better control of structuration © g" w >» ﬁ% k» (&;&’ "‘g“» >»
this process would help in increasing the agglomeration yield. '
Nat/ve part/cles Nucleus
C ing th hanical input, th ti f the blade disturbs the initial
onf:ernlng e .mec anical energy input, the motion of the blade disturbs initi Water N Mechanical energy
static force profile of the powder bed. -
eHow this initial mechanical state is disturbed by the blade motion? A \
e What is the blade influence on particle mobilities? Industrial —h
equipments Q Q Q Q
, , for semolina d d d d D 'Jaé;aé ;'é», Y
Ch.aller)ge. To achieve a Iinett.er understanding of agglomeration i
the contribution of the mechanical input on the granular flow Horizontal mixer Rotative drum blanschister
MATERIALS AND METHODS
Durum wheat semolina Original rheophysical device
Development of an experimental mixing cell Vertical force Vertical grain displacement

associated with an unidirectional flat blade,
linked to a texture analyzer.
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Durum Wheat

Force measurement 1. Image acquisition
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o during the ascendant = .. (100 images/s) using a
I ! blade motion. high-speed camera.
‘ 2 v = vb/ \\\\\\\\\\ 2. Image processing using
5 v 9dso “ i Particle Image Velocimetry

» Water content = 16.8 +0.4 % Blade for x =0 PIV Image 2 Grain displacement.

> de, =287 + 8 um freq = 0.446

» p,=1.478 £ 0.005 g.cm

RESULTS J
Vertical force Vertical grain displacement
. 3.2
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oao.lmq . . Xl * The vertical grain displacement
Sharp increase of the force until : 7 o

. . - is limited by the phenomenon
a first maximum (Fyax—,,= 2.59 2.4_ - of vault rupture = ‘shear-
+ 0.26 N and z; = 18.68 * 2.41 2.0 _ _ banding’ effect
mr.n). . £ 1.6 . 00 120 140 - s
Void volume creation below the " ol - =0 ;1 .
blade due to the compaction of 1 ’_J : 1'=0.02. * A c.zllhedral-s:hape assembly of
the particles just above the 0.3 ;/.*" ’\’\“w\ - - V=038 grains constitutes a permanent
blade. 0.4 | | * disturbance zone induced by

00k .1, 2 ! | . o | | the blade motion = L, # 0.
2 — Fluctuation phase 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Succession phases of loading,
z (mm) z (mm)

compaction, breakage, and

relaxation of the force network 3 — Relaxation phase | * For v* > 0.2 the characteristic time required for particle

mobilized by the transmission of Progressive decrease of the force until to rearrangement is not sufficiently high relatively to the solicitation time.

the shear stress. reach zero value. ] o . , ,

> The fluctuations decrease Lack of the global stiffness of the granular * For v < 0'2. the. _ charac.terlstlc. time requ!r.ed . for. particle
with * medium and decrease of the mass weighing rearrangement is sufficiently high relatively to the solicitation time.

on the blade.

Rheological behaviour: vertical force / vertical grain displacement

3.5 | ' | ! .I ! | ! | ! | ! | ! ! ° ° °® °
-—— Loading phase | * * Correlation between the vertical force and the vertical grain
. 3.0 - — - Relaxation phase " = j . : .
g 250 Fluctuation phase A displacement with a small phase shift.
g 4 | - = 2.0¢ R
% 3 ~ 1.5¢ x - o i i " *
: : o U fréquencyr - Loading and relaxation phases are independent of v".
§ Blade————»J_}\ 05_ _ff_.,,} _
'Ava,amhe &N ool g,g._.z:.:-=—--=---f-*-‘ 1 * Fluctuation phase is dependent of v" and it is amplified by slow
Freesurfacearea O 10 20 30 40 50 60 70 SOIlCltatlon.

L, (mm)
PIV Image

CONCLUSIONS AND PERSPECTIVES

v’ Better understanding of the granular flow in the neighbourhood of an intruder vertically moving in a laterally confined granular bed with a
free-surface.
v The coupled analysis of force and PIV images seems to be a good approach for the establishment of criterion for the design of new mixers.

v A new set-up is being built to achieve higher v".
v" PIV analysis has to be continued (spatio-temporal correlations of images) in order to identify characteristic lengths and times. " Horizontal mixer
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