Precision powder feeding

Prabhu Nott
Sanyogita, Gautam Vatsa
Indian Institute of Science, Bangalore

International Fine Particle Research Institute

Simple macroscopic balance to determine feed rate Experimental validation 1in a 2D Couette device — IISc-NCSU Feed rate versus p/A2Ry) for cohesionless glass beads and cohesive powders
collaboration . . .
Theory (frictionless)
RY ¢ For frictionless screw and shaft, force balance 081 ; ggﬁ Egﬁleoﬁllecilsgn) | Spray dried lactose
) gives zero shear stress o4 on all surfaces of S8 arsuinde «,» Experimental data for two ¢ profiles (with same average) 0.7 - f EEM (ﬁnitte f(rifﬁonbang %favity) .
. . . : 1 _ XpG}'lmel’l S (glass bcads
R T Y constant r. Assuming flow is plug-like, the feed —»— predictions of non-local model 0.6 o S DAL |
—_\— L — —. .\ L — - I‘ate can be readﬂy Shown to be | . . . _ ,3\ N 1crgocrysta e Cellulose
0.6 < V.
o, — iy TP/2R) 0.8 e - - 5
T —I_ p /(2Rb) \;%O?f;gggxpw/mrps <04ele EO.6 0.2 i S .
p 1 1 ',' % 0.4 " 107 10] 03
Force balance on a differential wedge , o , , , = _ 0.2
in the helical direction Comparison of prediction with DEM simulations 0.7 T 1 sl 5 ol predicion 1 -
0.5 » \\ - ° 350 exporimontal data 0.1
0.65 L M M . 0 L
0.4 ~ 0 02 04 06 08 1 0 02 04 06 08 1 0 v/
. (r —ri)/(ro — 1) (r—mri)/(ro —1i) 0 | 2 3 4 5
v 03 S )
o O p/(2R))
0.2 | .
° Strong coupling between ¢ and u, profiles . : T : :
0 \h@ . 5 COUPHNS . ¢ v P . Experiments in qualitative agreement with model: feed rate maximum at
' :DE%?}I)) » Excellent agreement of model predictions with experimental data optimum value of p/(2R»)
0 s T 4 6 See IISc-NCSU collaboration poster for more details and results
p/(2Ry)
* Excellent agreement for frictionless screw without gravity Feed rate fluctuations

e Same qualitative trend for frictional surfaces, and with gravity Application of the nonlocal model to the screw feeder

* Optimum value of p/R;, at which feed rate 1s maximum
Snapshots of the free surface at the exit

Equations of motion in non-orthogonal helical
coordinates (7, ¢, C)

Continuum model for slow granular flow

Classical critical state plasticity model:
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A systematic non-local extension of classical plasticity
Dsouza & Nott (J. Fluid Mech. 2020) Flow fully developed when feeder 1s fully filled and gravity 1s absent: u,= 0, ouy/0¢ = 0.
Stress transmitted inhomogencously Therefore uy, = (1) Fluctuations caused by variation of free surface slope at the exit.
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" W v v * Simple model predicts maximum flow rate at optimum value of p/(2R»).
Combination of helical and axial flow, Prediction validated by DEM and experiments.
with considerable slip at screw

Validation against DEM simulations: unsteady plane shear in the absence of gravity
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* Non-local rheological model shows promise. Validated for frictionless screw
& shaft. Must be solved for frictional surfaces, partial fill, unsteady flow.

Stress measurement

.. Experiment (under gravity) Ko No gravity =~ « Experiments conducted for non-cohesive glass beads and cohesive powders.
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. the stress with £, as predicted by the model
Excellent agreement with DEM results at steady state



