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6- Filling process
7- Flowing layer



IFAA Jal Jlasoss o 0 los A ad ¢(6559LaS sloinlo 4 pii YV

Ol 1) (sdn 93 4 G b s 9 3150 ol oSy sl 31 )3 00 iS5 (a4 48 S YL (slos (@) <) S
99 45 5l o S sl (c) (Fan et al., 2012) el OJJ YL Jb v =Q/A oo b &S g 9 45 S5 5l s sl (b) NS

(Fanetal., 2013) slge b > cue s Judgp g (g
Fig. 1. (a) Top view sketch of a 3D heap, where arrows indicate flow of material.
Dashed box shows top view of the quasi-2D heap used here. (b) Side view sketch of a
quasi-2D heap rising at the rise velocity v, = Q/A, (Fan et al., 2012). (c) Side view of a 2D heap and velocity profile of
flowing material (Fan et al., 2013)
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1- Quasi-two-dimensional apparatus
2- Initiation

3- Lateral growth

4- Steady filling
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Fig. 2. Experimental set up (a) Main container, (b) Elevator, (c) Y-Shaped pipe, (d) Trapezoidal container, (g) Agitator,
(f) Fluted roller mechanism, (g) Fill pipe, (h) Pilot scale silo consist of seven rings
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1- Bulk density
2- Angle of repose
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Table 3- The values of NUF and NUFg at different experimental conditions
No. BC (%) Q(kgm®  Dg(mm) Z NUFg NUFs
1 5 0.5 84 0.79 162.87 122.16°

0.64 144.02
0.50 124.13
0.35 101.83
0.21 77.95
2 5 0.5 105 0.79  159.64 119.57
0.64 14205
0.50 123.64
0.35 98.22

0.21 74.31
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3 5 0.5 120 0.79 14544 110.35
0.64 13548
050 116.89
0.35 92.15
0.21 61.81
4 7.5 0.5 105 0.79  100.45 78.80
0.64 91.57
0.50 80.88
0.35 67.28
0.21 53.81
5 7.5 1 105 0.79 94.23 72.61
0.64 85.98
0.50 74.89
0.35 61.26
0.21 46.71
6 7.5 15 105 0.79 78.23 53.57
0.64 67.98
0.50 55.19
0.35 40.47
0.21 26.00
7 5 15 84 079 11192 80.77
0.64 98.91
0.50 83.01
0.35 65.90
0.21 4410
8 7.5 1.5 84 0.79 82.33 56.56
0.64 71.96
0.50 57.62
0.35 42.68
0.21 28.23
9 10 1.5 84 0.79 63.17 47.15
0.64 56.01
0.50 47.74
0.35 38.53
0.21 30.28
10 7.5 1 84 0.79  100.45 78.80
0.64 91.57
0.50 80.88
0.35 67.28
0.21 53.81
11 7.5 1 120 0.79 86.62 59.53
0.64 74.24
0.50 59.77
0.35 45.96
0.21 31.09
12 10 0.5 120 0.79 84.61 63.71
0.64 79.71
0.50 70.53
0.35 51.72
0.21 31.96
13 10 1 120 0.79 67.40 45.33
0.64 56.57
0.50 4477
0.35 34.62
0.21 24.29
14 10 1.5 120 0.79 50.40 36.97°
0.64 45.11
0.50 38.73
0.35 29.39
0.21 21.22
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Table 4- Constants of the distribution model

culyi
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a, a, as a, as ag ay ag
"
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Fig. 16. (a) Comparison between prediction of the developed model and experimental data (BC,) and (b) distribution of
PREs of the developed model for prediction of BC,

1- Surface plot
2- Contour plot
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Introduction

During filling a silo, granular material containing a range of particle sizes, the fine material accumulates
under the filling point. The inclined surface of stationary bed particle which is formed in silos during filling
process acts similar to a sieve through which the smaller particle fall. This effect is called sifting. As a result of
the mentioned effect, much finer particles form a vertical cylindrical zone of high concentration at the silo
center. For optimal design in industrial process such as aeration of stored products in silos, filling silos, and
wherever granular materials are handled, it is necessary to survey the distribution of the fine materials depending
on product and process properties. The objectives of present study were: (a) To study fine change as affected by
substantial parameters, (b) To model fine changes at different conditions in silos.

Materials and Methods

In the present study, an experimental setup consist of a main container, elevator, trapezoidal container and
experimental silo was designed and built. Fine content was defined by BCFM (broken corn and foreign
material). By applying a new approach, sampling was performed in a radial and vertical direction. The position
of each sampling point was determined with a scaled distance from center (R) and from bottom (Z). Local BCFM
(BC,) was defined as the value of BCFM in each sampling point. Influential parameters namely, initial BCFM
(BC)), volume flow rate (Q) and fill pipe diameter (Dg) were considered as treatments. Non-linear regression
technique was applied on the experimental data to predict the distribution pattern of fines into the pilot-scale silo.
The most appropriate model in a try and error procedure was selected based on highest value of R? and least
value of »°, RMSE and MRDM.

Results and Discussions

According to the results of ANOVA, it was found that the effects of all parameters were significant at 5%
probability. BC_ decreased nonlinearly with a concave down decreasing trend along radial direction due to
sifting effect. As a result, most amount of fines remained in the sections closer to the center of the silo. Fine
distribution became more uniform with decreasing Z and increasing BC, and Dg. Also, the distribution of fine
became more uniform with increasing Q. BC, was a nonlinear function of R and a linear function of Z, BC,, Q
and Dg. Although including more and complex terms increased the model complexity but in the present study
considering BC__ as an exponential function of R and as an implicit function of Z and R (ZR) improved the quality
of the model significantly. The values of 0.94, 1.14, 1.06, 11.39 for R? »°, RMSE and MRDM, respectively, gave
the best model. The results showed, considerable accumulation of fines occurred at the center of the silo which
increased with increase of level of Z. Also, low concentration of fine occurred at the periphery of the silo
especially at higher levels of Z. It means that maximum non-uniformity of fine distribution occurred at higher
levels of Z.
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Conclusions
The present study investigated distribution of fines during filling affected by main parameters namely, initial
BCFM, volume flow rate and fill pipe diameter in a pilot scale silo. A new procedure was developed for
measuring the fine material along radial and vertical directions. Distribution of fine was modeled using a
developed equation considering the effects of main parameters. The results showed that distribution of fine
becomes more uniform with decreasing height and increasing initial BCFM, volume flow rate and fill pipe
diameter.

Keywords: Corn, Filling method, Fine distribution pattern, Material flow, Nonlinear model, Silo



