Acta Agrophysica, 2004, 4(2), 557-564

DIRECT SHEAR TESTING OF FOOD POWDERS FLOWABILITY —
INFLUENCE OF DEFORMATION SPEED AND APPARATUS STIFES$S'

Mateusz Sasiak, Marek Molenda

Institute of Agrophysics, Polish Academy of Sciesyad. Déwiadczalna 4, 20-290 Lublin
e-mail: mstasiak@demeter.ipan.lublin.pl

Abstract. The objective of the project was the deieation of conditions producing stick-
slip effect during shear test of food powders dmel ¢xamination of the influence of speed and
stiffness of apparatus on their flowability. Expeeints were performed in a shear tester of 60 mm in
diameter for four different food powders: corn flpwheat starch, potato starch and fine potato
starch. For all of the materials examined, osddfed of shear stress vs. displacement experimental
curves were observed, for all speeds and stiffaasges, except for potato starch at 2 mmtrand
lower stiffness. Changing the speed of deformaiticthe case of wheat flour, fine potato starch and
potato starch did not cause changes in the valfilewo functions. In the case of corn flour, an
increase in speed resulted in flow functions ofigalcharacteristic for cohesive materials.
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INTRODUCTION

With increasing quantity and number of types of powders being prodiced
industry, there is a growing need for information about their nahteharac-
teristics important for handling and processing. Knowledge of medianic
properties of food powders is essential for the design of industjapment,
efficient and reliable material processing, as well asftimation of the quality
of raw material [11]. The knowledge of physical projpsrof food powders is also
important for quality assessment of final product ondisevell as during subsequent
storage, handling and transport. Flow propertiepaviders influence the handling
and processing operations, such as flow from silod hoppers, transportation,
mixing, compaction and packaging [10].
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Two basic patterns of the flow in silos can be distinguishexssnflow and
funnel flow [6,8,10,12]. During mass flow, all the powder is in motion and
moving downward towards the discharge opening, while for funnel flowder
discharges through a flow channel formed within the grain bulk anslidiaog
along the walls is present. Cessation of flow is a seriothsstrial problem that
occurs during technological operations on food powders. This is yisuadisult
of an arch forming across the discharge opening, which has strerfittestfo
be self-supporting. One of the applications of flowability charésttcs is its use
in the design of hoppers for mass flow. The design consists irctingdhopper
dimensions required to produce mass flow, the maximum angle of the hopper, and
the minimum outlet dimension for mass flow [8,10,12,13,15].

Currently a number of methods and testers are avaitadketérmine the strength
and flow properties of bulk solids. Choosing thghti method for the specific
application requires knowledge and some experientandling bulk materials, as
outlined by Schwedes [13]. The flow properties ovlklsolids can be determined by
performing the shear test. Testing to determinesthength properties of granular
material consists of two stages: consolidation sheélar force measurement. The
replications of the test give similar results dhthe consolidation was identical [5,13].

Jenike [8] proposed the theory of flow of granutaaterial and methods of
determination of material parameters including the stelbtechnigue for measuring
powder flow properties. As a result of two-dimensil stress analysis, this author
recommended the method of estimation of the minirhopper opening dimension
for mass flow from conical and wedge shaped hoppEte design requires the
determination of the following material charactixis the flow functionFF, the
effective angle of internal frictio® and the angle of wall frictiog,. The flow
function is a plot of unconfined vyield strength of the powder against major
consolidating stress;, and represents the strength of the consolidatediqr that
must be surpassed to initiate flow of the powdergdRding the values of flow
function, powders may be characterized as freeiripweasy flowing, cohesive and
strongly cohesive [8,14]. Based on linearlized flwmction, the flow index is
defined as the slope of the flow function.

A typical application of flow function as a material chaesistic in industry
is the quality assessment of powders [3,10,12]. It was suggestedaby
researchers that physical properties have a strong influenbe fiow properties
of powders [9]. Fitzpatrick and others [6] determined the flow piseof 13
food powders of various particle sizes, moisture contents, tetisities and
particle densities using the annular shear cell. Based on thitsrebtained, the
materials were classified in groups from easy flowing toy vashesive. The
authors concluded that particle size and moisture content inflddtamwability,
but no strong enough relationship was found to relate the flowabilityeofood
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powders based solely on these physical properties. They ated shat surface
forces between particles influence flowability to a constleraegree. Teunou
and others [14] reported results of flowability determination nnusar shear
tester for 4 food powders and discussed possible relations between flgveatulit
physical properties and relative humidity of surrounding atmospfeeeauthors
presented an evaluation of the effect of storage time and aietsmti on the
flowability of the food powders. All tested food powders demonstréitad-
consolidation effect such that their flowability was redlogith increasing
consolidation time. Numerous papers were published that considered the
influence of physical and mechanical properties of investijataterials on their
flow properties measured in shear tester but there isasfdlof information about
the influence of speed of shearing and stiffness of apparatus on fibwabi

The objective of the reported project was the deternainadf conditions
producing stick-slip effect in food powders and the examinatiohefrifluence
of speed and stiffness of apparatus on flowability described by flow furkefion

MATERIALS AND METHOD

The experiments were performed in a shear tester of 60 ndimarimeter, for
four different food powders: corn flour, wheat starpotato starch and fine potato
starch. Tests were performed following the Euroc@dprocedure in a range of
consolidation stress fromk = 4 kPa tog; = 10 kPa, for two speeds of shearing —
V=2 andV =4 mm min* and for three levels of stiffness of washer supporting
test box: G(E = 2[10° MPa, G1E = 6.5 MPa and GE = 4.8 MPa. The washer
was placed between the upper part of the test box and thegztaja. The yield
locus was determined according to the recommendations of Eurocodeardd[1]
Polish Standard [2] using values of maximum shear stress twdevalues of
consolidating stresg and %2¢; in three replications.

With the yield loci determined, Mohr circles wenmawn and unconfined yield
strengthg; and the major consolidating stregswere determined. The relationship
between the two parameters represents the flovidarfeF of the material.

RESULTS

Relationships between shear strgsand relative displacememtl/d were
measured in the experiments. Oscillations of shear stregsabserved for all of
the examined materials, speeds and stiffness values, witdxdlgtion of potato
starch for 2 mm minand stiffness GO for all consolidation pressures (Fig. 1).

Differences were observed between the experimaxitianships in the first part
of the experiments performed. Decreased stiffresgited in longer increasing part
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of the shear stress-displacement curve and in laehigalue of stress taken for
determination of yield locus. To determine thedjiielcus, the higher values of shear
stress during oscillations were used (Fig. 1).
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Fig. 1. Experimental curves obtained for potato flourtfoee stiffnesses of washer supporting stress

The amplitude of oscillations for each materialréased with an increase in
consolidation stress. The change in velocity fromr@ min' to 4 mm mirt resulted
in an increase in the amplitude of oscillationst tii@pended to an extent on the
material and consolidation pressure. Oscillatiorstiess-displacement characteristics
occurred when shear stress values were close tdirtite condition. Typical
relationships between amplitude and speed of defimdetermined for corn flour
are shown in Figure 2. Probably the main reasorth®robserved oscillations was
cycling dilatation and compaction of the materialthhe area of the shear plane.
Compaction of the material caused a gradual ineredstrength of material that
resulted in an increase of support shear stressylien the maximum strength was
surpassed dilatation of material occurred withnagraown of the stress.
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Fig. 2. Relationship between amplitude of oscillatignand consolidating stress for corn flour
for two speeds of deformation and support stiff@8s
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The highest values of the amplitude of oscillations of approxiynaté kPa
were obtained for corn flour at the displacement speed of 4 nmh stiffness
G2 and consolidation stress of 10 kPa. The lowest was the adephor fine
potato starch & = 4 mm min*, GO and consolidation stress of 4 kPa.
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Fig. 3. Amplitude of oscillationsA as a function of consolidating stressfor corn flour at three
levels of support stiffness, aivdof 2 mm mint

The amplitude of oscillations increased with a dase in stiffness (Fig. 3).
Oscillations occurred only for potato flour at thrgtiffness levels for deformation
speed of 2 mm mih No oscillations in the case of potato flour ocedrat GO, but
they appeared for the two remaining levels ofr&#E (see Fig. 4).
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Fig. 4. Amplitude of oscillation®\ as a function of consolidating stressfor potato flour

Flow functions of wheat starch, fine potato starch and potatechstair
2 mm miri" speed of deformation and for three levels of stiffness of tmher
took values characteristic for easy flowing materials.

Flow functions took values characteristic for cohesive nasein the case of
corn flour and G1 for all tested consolidation stresses as well as=f@r kPa and
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o, = 6 kPa for both GO and G1 (Fig. 5 and Fig. 6). The experiments pedorme
showed that to obtain comparable value§ef apparatuses of identical stiffness
and the same speed of deformation have to be used.
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Fig. 5. Mean values of flow functions of corn flour fom@n miri* speed of deformation
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Fig. 6. Mean values of flow functions of corn flour fordm min* speed of deformation

CONCLUSIONS

1. Speed of deformation and stiffness of the apparatus strongjienced
flow parameters obtained with Jenike shear tester.

2. Testing of materials for comparison of flowability should beied out
with the same equipment.

3. Oscillations were observed for all tested materials, iregtlerimental
conditions except for the case of potato flour.
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4. Increase in both consolidation stress and speed of dismdsnt resulted in an

increase in the amplitude of oscillations. Increasdffness of the apparatus resulted
in a decrease of the oscillation amplitude.
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— WPLYW PRDKOSCI DEFORMACJI | SZTYWNGCI APARATURY

Mateusz Sasiak, Marek Molenda

Instytut Agrofizyki im. Bohdana Dobraakiego PAN, ul. Déwiadczalna 4, 20-290 Lublin
e-mail: mstasiak@demeter.ipan.lublin.pl

Streszczenie. Celem pracy byta identyfikacja wabmngowstawania efektu stick-slip w zto-
zach proszkow spgwczych oraz identyfikacja wplywu sztywsw aparatu i pgdkaosci deformacii na
sypkai¢. Eksperymenty przeprowadzono w aparacie Beegniegoscinania osrednicy 60 mm dla
czterech materiatow: maki kukurydzianej, skrobigmseej, skrobi ziemniaczanej i drobnej frakcji skrob
ziemniaczanej. Oscylacje przebiegdéw eksperymertalngojawity st w przypadku wszystkich
eksperymentéw z wafkiem skrobi ziemniaczanej przyeokosci deformacji 2 mm min i najwickszej
sztywndici podparcia w calym zakresie naporu konsadicegjo. Dla skrobi pszennej i dwu typow skrobi
ziemniaczanych wargoi FF nie zmienialy si ze zmian predkosci deformaciji, podczas gdy dlaakn
kukurydzianej wzrost gdkasci skutkowat wzrostem wartoi FF.

Stowa kluczowe: bezpeedniescinanie, sypkéc, proszki spaywcze



