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THE STUDY OF STATIC AND DYNAMIC WALL STRESSES
IN A SYMMETRIC LOUVERED-WALL MOVING
GRANULAR FILTER BED

C.S. Chou, J.M. Hu

Department of Mechanical Engineering
National Pingtung University of Science and Technology

Pingtung, Taiwan 912, R.O.C.
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ABSTRACT

The static and dynamic wall stresses in a symmetric two-dimensional louvered-wall
moving granular filter bed were investigated. The static wall stress distribution
produced by the granular solids were measured and compared with the theoretical
prediction using the differential slice and Runge-kutta (order four) methods. The
variations in the dynamic wall stresses with time in a moving granular filter bed were
obtained. In addition, the effect of the louver angle upon the wall stresses was
investigated. Employing the results obtained using stress measurements, the
pressure pulsation phenomenon in a symmetric two-dimensional louvered-wall
moving granular filter bed may be further understood. In addition, the research

results reported here provide fundamental information for designing a moving



granular filter bed for high-temperature flue gas cleanup filter.

INTRODUCTION

Particulate removal from a hot gas stream can be accomplished using cyclones,
barrier filters, electrostatic precipitators, granular bed filters or scrubbers (Kuo et al.
1998). The choice of which filter to use is a complicated optimization problem
involving emissions, reliability and costs. The most promising alternatives seem to
be granular bed filters and barrier filters.

In the moving bed cross flow operations, the filter bed is a vertical layer of
granular material, held in place by retaining grids or louvered walls. The gas passes
horizontally through the granular layer while filter granules move downwards and are
removed from the bottom of the moving filter bed. Apparently, the shape and
configuration of the louvers are design features that need special attention. Properly
designed louvers can prevent a dense cake from forming on the panel face that may
cause plugging, arching and filter media flow stoppage. These plugging and arching
problems could cause excessive pressure drops and hamper continuous filter
operation. Consequently, moving granular bed filtration requires a filter design that
puts no restrictions on the flow of the filter media between the louvered walls.

The flow patterns of filter granules and velocity fields in a granular moving bed
with various wall designs were experimentally studied in (Hsiau et al. 1999; Kuo et al.
1998) and numerically studied in (Chou et al. 2000a & b). The main finding of
these studies was that stagnant and quasi-stagnant zones could exist in the regions
adjacent to the louvers. The influences of the louver angles upon the velocity
profiles were also discussed.

Although, in the past, many theoretical, numerical and experimental methods were

conducted to explore the stress and flow behaviour of bulk solids in storage silos, less
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attention has been paid to the pulsating wall stresses in a moving granular filter bed.
This research studied the wall stresses in three kinds of 2-D symmetrical filter beds

and is the partial work of Chou et al. (2003).

EXPERIMENTAL APPARATUS AND PROCEDURES

A two-dimensional moving granular filter bed was set up to observe the flow patterns
of 6 mm plastic spheres and to measure the wall stress during centric discharge.
This granular bed consisted of a layer of particulate material sandwiched between two
transparent Acrylic panels with louver-like side walls. The granules were fed into a
vertical channel from a hopper at the top that had a rectangular discharge slot with the
same cross-sectional dimensions as the vertical channel. A granular solid flow was
induced and controlled by a moving belt underneath the discharge slot.

The height of the granular bed was 1500mm, the width was 455mm and the depth
was 124mm. The granular bed width to depth ratio was kept above 3:1 to promote
two-dimensional behaviour. The louver’s angle could be adjusted by placing a
wedge shape steel plate between the louver and the vertical section of the side wall.
Each of the side walls had six circular holes, reserved for installing pressure gauges.
The layout of the pressure gauges and detailed dimensions of the granular filter bed
for three tests are shown in Fig. 1.

The pressure gauges, which could measure normal wall pressures and tangential
wall shear stresses simultaneously, were calibrated before installation on the side
walls. The cylindrical pressure gauges installed on the vertical section of the left
side wall are marked L1 to L3 and the hexahedron pressure gauges installed on the
convergent section of the left side wall are marked LS1 to LS3 (see Fig. 1). The

cylindrical pressure gauges installed on the vertical section of the right side wall are
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marked R1 to R3 and the hexahedron pressure gauges installed on the convergent
section of the right side wall are marked RS1 to RS3 (see Fig. 1).

A granular material (6 mm diameter PE spheres with density of 964 kg/m’) was
employed in these experiments. The friction angles for the above-mentioned granular

material were obtained using a Jenike shear tester and are listed in Table

15004

RS3

14500

100AS

RS2

Zoq0

Bl RS

A Unit:me

Fig. 1 The layout of the pressure gauges and detailed dimensions of the

granular filter bed for three tests. (a) For Test 1; (b) for Test 2; (¢) for Test 3.

TABLE 1 Friction Angles

Granular Particle- Particle- Particle-

Material Particle Side Steel Wall Transparent Acrylic
Wall

PE Spheres 26° 8 12°

Before pouring the granular material into the granular filter bed, the initial voltage
for each pressure gauge mounted on the side wall was recorded. After filling the

bed with granular material, the static normal and tangential stresses of the granular



bed acting on each pressure gauge were measured. The flow rate was controlled and
the dynamic normal and tangential stresses acting on each pressure gauge were
The mass flow rate for three tests was

measured during material withdrawal.

controlled and maintained at 0.09-0.1 kg/s during all experiments.

results and discussion

Static Normal Wall Stress Distribution in the Granular Filter Bed

Figures 2 (a)-(b) show the static normal wall stress distribution in the granular filter bed
under Tests 1 (louver angle: 50°) and Test 3 (louver angle: 40°), respectively. In each frame,
the solid line and dashed line represent the theoretical static normal stress distributions with
surcharge and under zero surcharge, respectively (Chou et al. 2003). In addition, cross,

diamond, square, circle, asterisk and saltire represent the static normal stress measured by

pressure gauges 1.3, LS3, L2, 1.S2, L1 and LS, respectively.
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Fig. 2a-b  The static normal wall stress distribution in the granular filter bed.

(a)For Tests 1 (louver angle: 50°); (b) for Test 3 (louver angle: 40°).
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In general, at the vertical section of the louvered-wall, the static normal stress measured by
the pressure gauge agreed well with theoretical prediction obtained using the differential slice
method under zero surcharge (see Fig. 2). For example, at the vertical section of the third
stage, the theoretical and experimental static normal stresses under Test 3 (louver angle: 40°)
were 0.68 and 0.6 kPa, respectively.

In contrast, at the convergent section of the louvered-wall, the static normal stress
measured by the pressure gauge was closer to the theoretical prediction obtained using
differential slice method with surcharge. For example, at the convergent section of the first
stage, the theoretical and experimental static normal stresses under Test 1 (louver angle: 50°)
were 2.44 and 3.29 kPa, respectively. The magnitude of the static normal stress acting on
the convergent section is approximately ten times as large as that acting on the vertical

section.

Dynamic Response of Stresses on the Wall

Figure 3 demonstrates the dynamic response of normal and shear wall stresses acting
on the convergent section of the right-side wall for Test 1 (louver angle:50°). Two
horizontal dotted lines in each panel in Fig. 3 represent the static normal and shear
stresses, respectively. In general, for pressure gauges RS1, RS2 and RS3, the
dynamic responses of the normal stress and shear stress have the same trend. In
addition, the shear stress value is always smaller than the normal stress value.

When the normal stress measured by pressure gauge installed on the upper stage
(e.g. RS3) decreases to zero, the normal wall stress measured by pressure gauge
installed on the adjacent lower stage (e.g. RS2) begins to descend and fluctuate under
the static normal wall stress (see fig. 3). This stress pulsation is explained as due to
the existence of the flowing core and quasi-stagnant zone. The boundary between

them is a shear plane where periodical shear failures take place. The shear failure
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causes a stress pulse that is transmitted through the quasi-stagnant zone to the side

wall of the filter bed

10.0
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Fig. 3 The variations in dynamic normal and shear stresses with time for Test 1
(louver angle: 50°). The top panel is for pressure gauge RS3; the center panel is

for pressure gauge RS2; the bottom panel is for pressure gauge RS1.

CONCLUSION

The static and dynamic stresses on the wall in a two-dimensional moving

granular filter bed were investigated. Filter granules were moved between the two
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vertical louvered walls of the filter with no interstitial fluid flow relative to the solids.
A pulsation phenomenon, which is partially associated with instantaneous and
intermittent shear localization, was observed during material withdrawal. The filling
method effect on the stress variation and the effect of the insert shape and placement
on the stress variation, as well as the flow pattern in a steady flow, are subjects worthy

of future study.
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