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Introduction.  In the food and nutraceuticall Nutrition Facts M everooment of Vase Fiow or Fumnel
industries, it is critical that a package CONAN | —— Flow in Process Equipment
least as much product as the advertised CONt{ cairies 155 Gaiories romrarss Upcoming Tabletting Technical Courses 2

i i X o Food Facts Focus: future topics 2
displayed on the label. Package weight is relat| 1. 11 M Learning the Trade: Recommended mass 5
to the product density. Almost all packaging —Sum=rss % flow angle
systems operate in a volumetric mode, makir| cnolesterol omg 0%
density control during packaging critical for o em e Influence of Gas Pressure
proper system operation. Density control i B L Effects on Development of
generally a function of the bulk solids flow rate| Protein 25 Mass Flow or Funnel Flow
and lack of this type of control can cause serio| famnA 0% - Wamn® 9% . .
variations in packaging with equipment Dase :rmomawe e zomcios o in Process Eqmpment
primarily on volumetric cor_1tro|. As a result_, IR o : The ability of a given piece of
most mgnufacturers overfil so as to av0|_d F;izl;igrﬁelfgiégecftlsggzg process equipment to achieve flow
underweight packages due to variations in along the walls when any material is

product density through a process run. To trulpticd variation in discharged is an important behavior
packaging weight, then, it is necessary to dedignprocess to eliminate  cglled mass flow. In its most

the problem. simplistic form, achieving mass

Two main causes of density variation in flow depends on the wall friction
packaging are segregation of mixture angle and the process geometry as
components due to different particle Well as the effective angle of
densities and differences in compaction internal friction. However, when
caused by gas effects or compression additional body forces are added,
effects. In this issue of Food Facts, we they modify the ability of materials
will discuss these causes and address theto flow at the walls. Gas pressure

steps necessary to mitigate product gradients can help or hurt this
density variation. ability, depending on the direction

in which they act. Stress gradients
can induce flow along the walls
where current theory suggests
material will not flow. The goal is
to achieve a steady, predictable
movement of material through the
process equipment. The best way to
achieve this is by ensuring mass
flow in the bin or hopper.

Density variation due to segregation.
. ' Segregation (separation) of mixtures
D%gg;ffguf’;’:clgg’:ﬁ i Ign‘golf’e'y during processing and handling frequently
measured material properties dataand ~ Manifests as variation in density (or
sound scientific principles weight) of the final packaged produs
Segregation occurs through several mechanisms.ntifidation of the
primary segregation cause and the segregationrmpgtteduced through
handling is critical to prevent segregati@n de-mixing) of the final mixture
during handling and packaging. Any property ddfese between materials
can cause separation of critical material companettowever, there are It should be pointed out that ratholes
four common causes of segregation problems in &piandling systems:  cannot form in bins that induce flow
sifting, angle of repose, air entrainment, and ichflaidization. at the hopper walls (mass flow).
(Continued on page 2) (Continued on page 4)
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Solving a mixture segregation problem

so as to alleviate density variation during ANNOUNCEMENTS
packaging requires knowledge of the
root cause of that segregation. The
specific flow properties of material

mixtures, as well as the individual

properties of the unique components in a
mixture, play a significant role in
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product segregation. Therefore, the first PRESENTS:
step toward design-ing a mixture which Hands-on Course in
T X will not segregate and cause weight Tablet Technology
Example of sifting segregation wit [ : . :
. . variations during packaging is to
instant cereal packet mixture . )
measure the amterial flow properties Dr. Kerry Johanson

and cause weight variations during packaging imeasure the material Wil Present the keynote instruction on

and segregation potential of that mixture.Weightiateons due to a ivi i
segregation problem fall into two categories. Ha first case, variations MIXIng and Blendmg
occur because the different components in

the mixture are segregating and ha
different densities. Therefore, the densit
variation is also tied to the componen
concentration segregation and, if you fix th
one, you will often fix the other. In this
mode, we must first measure thg
segregation potential of a food mixturg
based on the separation of components.
segregation potential test gives the mag

*°
tude and the pattern of segregation. Often
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can also give a general indication of

potential cause for the segregation. For Example of component segregation Dr. Kerry Johanson
example, air currents in process equipment " Pird seed mixture

can often separate the fine particle from the sesihe material. These fine

particles can be carried to regions in the bin wtike air currents decrease
(usually near the walls). Thus, if the segregapatential test indicates

that the finer components accumulate near the wadh air entrainment and Chairs One Session
segregation is an active mechanism.
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(Continued on page 3)

Food Facts Focus Future Topics

Coming Next Quarter — Moisture pick-up and control To put you at the cutting-edge

The glass transition effect in a typical food miideis a function of both  « Maintaining consistent flow rate
temperature and local moisture content on the serfaf the particles. « Particle breakage: prevent size
Many food products absorb moisture and undergassgransition effect. degradation of food products
This not only causes chemical degradation of fomdlycts, but can result during processing and packaging
in increased strength and hang-up problems. dtiti€al to understand the
moisture sorption behavior of your material alongthwthe process . ) .
operation temperatures and humidity exposures tp mitigate a flow ma.terlal flow and handllng topics
problem caused by moisture sorption. Our next fettes will address the which ygq would like to see in
relationship between the bulk strength, processngéty and operation, —future editions of ood Fact>.

and the moisture sorption effects that might cgueblems. Contact: Susan at 352-379-8879

We welcome your suggestions for
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However, a more quantitative indication of whatcausing segregation can be obtained by also megsthre
particle size distribution, particle density, antji@ of repose for the pure components. Usingitiicgmation we
can then provide accurate estimates of how muctheofotal segregation is due to sifting, angleeplose issues, or
air entrainment segregation. We can then quaintigtdetermine how much each of the componentsritutes
to each segregation mechanism.

In the second case, density variations occur becthesmaterial is segregating due t-
difference in particle size of the components. dHigre components are well mixed o
there is product consists of only one component this case, we measure the
segregation potential of the mixture based on glartisize. This gives the
segregation pattern based on where the fine andseoaaterials end up in the
system. If this is the case, then preventing thesf and coarse separation can he
with weight variations. The overall procedure isetsame as dealing with a
component segregation weight variation, except ywwa dealing with a single
material. The segregation potential measuremewnésgisome indication of the
segregation pattern and magnitude expected in aepm process equipment. smaler particles fill the voids
However, the particle size distribution, reposelasgand particle densities can also Petween larger particles
be used to quantify the segregation. Obviouslyemvklealing with only one material you are reallyyon
concerned with one size distribution. The key, thento optimize this distribution to prevent omit
segregation based on the active mechanisms. HaowBrmes and coarse particles
often have differences in angle repose values that lead to significant repose
angle segregation. Likewise, sometimes there #ferences in particle density
between large and fine particles that can causerdmainment segregation. In this
situation, it is all about particle size distribari (PSD) control. However, there is a
relationship between particle size segregation emaght variation segregatior
The fines can fit between the coarse particleseiasing the density. When dealing
with just two sized particles, the relationshipveén particle size segregation and
weight variation segregation is simple and crea@ngixture where all the voids
between the coarse particles are filled with fimgd minimize the segregation
However, the relationship becomes much more compleen there are more than
just two distinct sizes of particles in the producin this case, weight density
segregation depends on the particle size and sstebditions that fill the voids
between the coarse particles. There may be deoptimnal size distributions that
Example of segregation by PSD result in the same density material but_hgve deffiees in particle siz_es. However,
difference with quinoa and there may only be one or two PSD within that setomfstant density PSD’s that
dehydrated mushroommix |50 |imit segregation due to the various mechasismTesting and analysis can
help to identify these segregation free regimes.

Steps to control.With this information in hand, the formulator orogess engineer can change the product or
the process to prevent or limit segregation anddthe production facility under control. The farkator will
likely recommend changes such as modifying theigarsize or changing the grinding process to getaae
angular component in order to combat the causepafracular segregation mechanism. The engineertaiee

the same information and revamp the process toceegile formation if angle of repose segregatiorais
problem or limit inter-particle motion if siftingsia problem.

Density variation due to compaction differencedJnfortunately, a material may be completely hoeroaus
and still result in weight variations in the padkifeed systems. Generally, this occurs for onevofreasons
In the first case, the material is fine and retaingor long periods of time. Almost all packingit operations
operate on a controlled volume approach. Thughefdensity is always consistent at the packagdediint
then the process weight variations are not a problélowever, the compaction state of these matedathe
time the package is filled determines the denStymetimes air entrained in the material causesnhterial

to become lighter than after the material has éodtained air. This air loss is a rate-dependeotgss that
(Continued on page 4)
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varies based on the air source, material permé&gbtlompressibility of the
material, and the shape and size of the packagereeut.

The first step to identifying this as a potentiabue is to measure the
permeability and bulk density of the material dsrection of the compaction
pressure applied. For this to be a packaging idsere must be a significant

difference in the material density between the eddght parts of the
process. The maximum and minimum stress levehenfiiling equipment
must be estimated so as to determine how much énsity can change
between these two points. If the ratio of these tensities differs by
greater than 8%, then there is a potential for ithenariations in filling
equipment to be due to the compressibility of thatanal. The material

Example of density variation due to air compresses as it flows through the process, trgppin within the void

entrained in product during packaging . T X . .

which allows post-fill settling of bread mix  D€tween particles. If the material is also fined anpermeable then air cannot

escape fast enough and material remains in a figfiy state during the

packing process. The bulk density and permeabiitijies can be used to compute a derived propértiieo
material called the settlement index. This indedicates the time required for a bulk material ipaaticular
geometry to lose its entrained air. If this setéat index is larger than the residence time inptoeking machine
then density variation can result during the pagkirocess as the packing rate changes.

Steps to control. The solution to this type of weight variationtésprevent or limit the aeration in the material
by limiting free fall heights in process designThe equipment should be designed to prevent hasgangd
rathole collapse that may induce air entrainméntsome cases pre-compacting the material usingpection
screws or other equipment prior to passing throtghpacking equipment may

reduce the air in the material. In some casesd#nsity variation is caused b
a limiting flow rate raining surface from the outtbat grows across the hoppe
span until it becomes unstable and periodicallylapdes. This collapsing
behavior causes surges of density through the pgcikrocess. In this case
injecting the right amount of air into the packiaguipment will help solve the
issue. Care should be exercised with this solutilmgecting excess air or air in
the wrong location will increase the magnitudehad tensity variations.

In summary. Finally, some materials are cohesive and haveemgth that is
rate dependent. In this case, the density leatregoutlet of a hopper will
depend on the bulk strength and the speed of aparafThis density variation
is caused by the fact that cohesive material cam flmose packed Structures gyampie of density variation due to
because of adhesive forces connecting the partiolgsther. Thus, the forces  cohesiveness and/or strength of
exerted during both the filling and hopper emptyiapn change the fill density. ' Povderwih euny seasoning

In this case, the cohesive flow properties of treanal must be measured at various failure radegetermine
the expected density during flow. An analysis dtidae done to relate the solid stress level andushate in
process equipment to the strength and densityarptbcess equipment. The density control in thseds due
to stress and rate control of the filling process.

We have discussed in detail several causes of wemyhations in filling equipment. Segregationnafxture
components, particle size segregation, air entraimtneffects, and strength and stain rate effeatsatlacause
weigh variations. It is critical to understand ttoot cause of weigh variations before attemptiogdntrol
them. This understanding always requires someedegft material characterization and process argalyBut,
once the cause is identified, then steps can béeimgnted to mitigate these weight variations. $thqwou
require additional information, please contact oheur engineers.

Non-stock pictures courtesy of: http://www.choregnog.com/products.php?product_id=491, http://wwwppltt.com/snack-bag-fail/,
http://en.wikipedia.org/wiki/sphere_packing, httpcdangitbill.wordpress.com/2013/01/24/how-should-ten-judge/
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Conical hoppers, if steep enough, can induce nhass thut plane flow hoppers
can be about 11 degrees flatter and still inducssnflaw. These plane flon Y
hoppers have the added advantage that they canpedsent arching more
effectively than can conical hoppers. Measureroktite key bulk material flow
properties is crucial to achieving mass flow inipment processing fibrous
biomass materials. One of the significant flowgenties of any material is the
permeability value.

Permeability is another flow property that affeptecess operation with fooc
products. It is defined as the amount of air flogvtihrough the pores in a bulx ~ Examples: a mass flow (Diamondback®)
material which causes pressure drop based ondhkdize of the pores, length hopper and a conical hopper
of the void path, and the local gas velocity. Bneral, the resistance to flow K
depends on the arrangement of pores in the bulkrraht It may be possible to U=——-2IP Gu—o
construct a material with different air flow resistes in different directions. This vty H
gives_ rise to a tensorial p_ermeability coe_fficiem) which _relates the gas pressure ‘(f?:;‘j;)erﬁd a gasvelocity
gradient to the gas velocity through the lineat@eequation. Two things to bear K is per meability
in mind when considering flow of food mixtures: Opis the gas pressure gradient
- . . . . . . v isareference bulk density
» Permeability decreases with finer materials andh wiaterials that have wide
size distributions.

» Permeability is a measure of the rate of the reledgas stored within the bulk material.
As a gas or fluid passes through the bulk matetiadduces stresses that act in the directioavi.f These stresses
can consolidate material, causing the materialntsease in strength and, thereby, resulting in &ocimation.
Sometimes gas flow also supports the weight ofbihi& material, reducing the ability of gravitatiorfarces to
break arches. In situations where gas, steampafidid interact with food products, it is criticeo understand
and measure the permeability of the material afmlitze these additional body forces.

Learning the Trade - Recommended Mass Flow Angle

Knowing and understanding key material propertsegawer to characterize bulk material flow behavidre will
empower you quarterly as we discuss one of thestafuental flow properties and its industrial apatian.

\ FE I Recommended mass flow andleepresents the slope angle of the

R conical hopper measured from the vertical that prtiduce flow
along the walls. Conical hoppers must be steéyaer this to cause
flow along the walls. When designing or retrafigfi the food
handling process, it is important to understandt tliae
recommended mass flow angles are a function o$hlee of the
bin. Plane flow hoppers converge in one directibma time and
also have a recommended mass flow angle that witlyze flow
along bin and hopper walls. However, plane flovssdow angles
generally require about 10 to 12 degrees flatt@n torresponding
conical angles to achieve mass flow. It is impdrta note that
mass flow does not mean plug flow. Substantiadami gradients
can exist in mass flow bins. The recommended rhassangle
also depends on the solids contact stress in theTtie stress level
in a given bin depends on the position in the Weveral measured
material flow property values are required to cotepine minimum hopper wall angle required to achienass
flow in a conical hopper: unconfined yield strengbulk density, and friction angle have been disedsin
previous editions of Food Facts. A fourth propepgrmeability, will be discussed in our next editid\t Material
Flow Solutions, Inc. we compute the range of pressipected in a given bin configuration and thes thhe worse
case friction angle in this stress level rangeoimpute the recommended mass flow angle.

* Recommended mass flow angles are for flow in@aa hopper

Conical hopper with retrofit insert



