Designing New Process Equipment — Get it RightRinst Time
Material Flow Solutions, Inc.

Sometimes the best decision to alleviate flow @noisl in process vessels is to install a new birgdesi
This approach has the flexibility of being abldreely create an optimal design without the sigatfit
limitation that might be present in a retrofit aiion. However, the new design must be undertaken
with basic solid’s flow principals in mind. Let®nsider some of those principles.

The process will handle one or many products. fltwe properties of these materials, along with the
particular equipment geometry, will dictate the emtpd behavior in the process. Thus, the first
principle of successful process design is to dakigmprocess with a set of materials in mind (gt
Inexperienced engineers frequently leave decisiwadving the material flow in the process as s |
design step, assuming all powders and granulariaieaee the same. However, successful process
design must be achieved with knowledge of the key properties.
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Figurel. Know your material and its key flowability properties
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When initiating process design it is important &etimine which criteria is critical for successful
operation of the process. Unscheduled flow stoggage always bad and can become catastrophic, so
one primary consideration should be to avoid haggio process equipment (Figure 2). Another
consideration may be the need for a desired flosvwwih prescribed variances off that desired saie,
another consideration may be a process that caroktme flow of material to some downstream
process vessel.

Figure2. Material hang-up (rathole and arching) of material in a system causes process down-time

Some materials may be a mixture of key ingrediémis must remain in a well-mixed condition
through the process. In such cases, a key coasaemay be to create a process that is free from
segregation of key properties. Sometimes the psaeegiirement is to create a product with uniform
density or mass to be injected into a prescribettgee. In this case, even if the material is not a
mixture, the goal of the process is to preventegaiion of differently sized particles to assure
consistent density (Figure 3).

Figure 3. Segregation patternsformed during pile formation in a process

Alternately, density variations during packing mag due to temporary aeration of fine powders
(Figure 4). In this case the goal of the prochssild be to control the aeration of the materiaindu
handling.
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Figure4. Examplesof dengty variation in packaged food products

In still other cases, successful process opereguires that a friable material remain unbrokeimdu
handling and storage, making control of partickskeage critical to the process design (Figure 5).

FCC catalyst Recycled glass Pretzdl squares

Figure5. Examplesof particle breakage

When considering a new design, the first step iactquire sufficient flow property testing data to
assure that all material in the process will behaet relative to the set of criteria that deteresin
successful operation in the handling processa clittical process criterion is to minimize compane
segregation of a mixture, then segregation tesifrgy representative number of mixtures should be
done. If a successful process criteria is to awaidg-ups, then the cohesive flow properties of a
representative number of materials is required.floliz control is a process consideration, then
measurement of bulk density, permeability and geyhsegregation due to particle size may be
required. Often flow properties and process fl@ldvior depend on the stress levels in the process
equipment. These stress levels and flow regineeasarally a function of the key flow propertiestsuc
as unconfined yield strength, bulk density, perriiggbwall friction angle and adhesion. It is not
generally necessary to measure every mixture apdboluct going thru the process, but the savvy
design engineer would measure enough materialstéondine a representative collection of key flow
properties.

It is also important to measure key flow propert@sconditions that mimic process behavior
(temperature, relative humidity, temperature cyifee at rest, static charge, etc). In some chees
material may be undergoing changes (crystallizagging, particle breakage, or chemical reactions)
that will change one or more of the key flow prdigsrduring handling. Therefore, a testing regimen
must be selected that isolates conditions thatdvimaude these changes. Where possible, the key
flow properties should be measured prior to thengbs, during these changes (to act as base-case
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information) and again after these changes (forpeoison, to reduce the number of process variables
which affect the material performance). In somsesathe material may have some viscous behavior
that can cause key flow properties to be a funaiostrain rate. The testing protocol should idelu
these effects as well. Fibrous material may recgpecial testing protocols.

Next, with the key flow properties in mind, a swssfal new handling process design can be created.
Often there are many process designs that can faoek set of materials subject to a set of process
criteria. It will be necessary to address thécaticonstraints on the new vessel which may makess

of these process design recommendations moressyrdesirable (Figure 6). For example, the flow
properties may suggest that typical conical prosessels must be very steep to assure reliable
operation. But, additional constraints on the peacess vessel may require designs be limited to a
smaller headroom. In this case, process vesséiferient shapes can be utilized to achieve design
recommendation that will fit in limited headroorBometimes the flow properties suggest that outlets
must be overly large to avoid arching and hanghumsocess vessels requiring very large feeders to
accommodate the material. However, alternate psaesigns can reduce the outlet size to reasonable
parameters. Certain process vessels are betpee\anting segregation than other vessels, so the
selection of the optimal vessel design may be dibyesegregation prevention requirements.

Conical hopper Cone-in-cone hopper Diamondback® hopper

Figure 6. Some examples of mass flow hopper configurations

Finally, process operation practices can sometichasge the flow behavior in s system, so these
effects must be included in the design of the nandling system. Consider, for example, a fine
powder in a process vessel exposed to very fastremuaent filling/emptying sequences. In this case
the gas entrained with the bulk material may chahgekey flow properties and, therefore, the
expected flow behavior. It may increase or deerdéias hang-up potential depending on the situation.
It could modify the segregation potential as wélthese operational conditions are known atithe t

of design, then the effect of these conditionshEmcorporated in the process design, includisgta

of operation parameters to assure reliable opara# Material Flow Solutions, we can help youdfin
the optimal solution for your new process desigetting it right the first time.
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