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J O U R N A L  A R T I C L E S  B Y  F L U E N T  S O F T W A R E  U S E R S

Helical tank velocity distribution. 

Polaroid has improved the design of reactor mixing
tanks by using computer simulation to evaluate the
shearing, orientation and the circulation of the fluid
under alternate mixer designs. The turbulent mixers
used in the past do not work well with the new high-
viscosity photographic reagents because large shear
rates necessary for efficient structure breakdown
exist only within those limited regions of the tank in
close proximity to the blade/impellers.
Computational fluid dynamics (CFD) simulation was
used to evaluate a variety of different mixing designs
with an eye towards modifying existing tanks to
overcome these problems. The result was the
development of a retrofit design to the existing tank
that provides far superior mixing of the new reagents. 

The photographic reagent is the material contained in

the pod in one end of the picture frame in instant
film. When the photograph is taken, rollers in the
camera break the pod and spread the reagent over the
film. There are several species present in the reagent
that need to be dispersed throughout the reagent
during its production while in the reactor vessel.
These include titanium dioxide and a number of
special dies. The dies protect the image from light
during the brief period in which the photograph is
being developed. After this point, the dies become
transparent so that the image can be viewed. During
production, a macro-structure develops that must be
broken down by shearing action. In the past, most
reagents had quite low viscosities. The reactor tanks
developed to mix these reagents have radial blades
rotating around the tank so that vortices form behind
the blades. The reactors produced turbulence and
strong vortex sheet shedding, conditions which are
favorable to mixing in low viscosity fluids. 

The evolution of higher viscosity fluids associated
with leading edge instant photographic products has
rendered these turbulent mixers obsolete. When
mixed in reactors designed for low-viscosity fluids,
high-viscosity fluids tend to form localized regions of
stagnation which are not addressed by the relatively
small, rapidly moving blades of a turbulent mixer.
These areas of stagnation do not experience the high
shear rates required to provide the macro- structural
breakdown required for good reagent performance.
Another problem is the laminar and transitional flows
that exist in mixers designed for turbulent conditions
tend to increase cycle times. 
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The objective in mixing high-viscosity fluids is to
bring motion to the entire contents of the tank and
shear, reorient and circulate the fluid. In the case
where a mixing tank can be designed from scratch,
normal practice is to use large diameter, close-wall-
clearance impeller designs with high shear rates at
the walls even at modest rotational speeds. Due to
close wall clearances, baffles are not needed and may
even hinder mixing. 

Designing a mixer for the new reagents from scratch
would be relatively easy, but quite expensive.
Polaroid engineers decided to use CFD in an effort to
find a less expensive method to modify the old tanks
so they would provide good mixing efficiency with
the new reagents. A CFD simulation provides fluid
velocity, pressure and temperature values throughout
the solution domain for problems with complex
geometries and boundary conditions. As part of the
analysis, a researcher may change the geometry of
the system or the boundary conditions such as inlet
velocity, flow rate, etc. and view the effect on fluid
flow patterns or temperature. CFD also can provide
detailed parametric studies that can significantly
reduce the amount of experimentation necessary to
develop a device and thus reduce design cycle times
and costs. 

Polaroid engineers faced a special problem in
selecting a CFD code. Most CFD codes are unable to
handle complex polymer flow problems like this one
that involve nonlinearities such as yield, shear-
thinning and viscous heating and complex geometries
including moving boundaries, filtration and free
surfaces. The problem of designing an effective
mixer is further complicated by the evolving
rheology of the fluid including particularly its
breakdown under shear action during the mixing
cycle. Other complicating factors include the
tendency of the fluid to form localized circulatory
regimes and the interaction between the blades and
adjacent structural surfaces. 

The POLYFLOW CFD code from Fluent, Inc.,
Lebanon, New Hampshire was selected to perform
the analysis because it is capable of accurately
modeling challenging high-viscosity flow problems.
POLYFLOW provides an excellent library of
rheological models capable of dealing with the
material nonlinearities involved in analyzing polymer

flow. It provides both the traditional Newtonian
models as well as Herschel-Bulkley material models.
A variety of Polaroid reactor tanks were modeled and
analyzed, including 4-liter, 40-liter, 50-gallon, 250-
gallon and 500-gallon examples. Since there was
insufficient time, resources and data to treat the
evolving rheology, rheometric properties for a mid-
cycle batch of fluid were employed, corresponding to
a fluid with nearly complete build-up of macro-
structure prior to subsequent breakdown. 

Experiments on fluid macro-structure breakdown
were performed in order to develop the material
properties for the analysis. Under the action of a cone
and plate rheometer, specimens of fluid were
subjected to a uniform and constant strain rate for
different periods of time to determine their
breakdown characteristics. Fluid specimens were
preworked at constant strain rates for various time
intervals. The shear stress as a function of time was
recorded. Next, a flow curve of the worked specimen
was obtained. The stress as a function of strain rate
was measured for both the increasing and decreasing
rates parts of the cycle, and the structural breakdown
that occurred during the cycle, known as thixotropy
and identified by the difference in area under the
curves, was calculated. Results indicated that macro-
structure breakdown was directly related to work
performed on the fluid. 

The CFD analysis of the original mixer showed that
although some regions of the tanks received strong
agitation including shear and reorientation due to
blade passage, there was minimal recirculation within
the tanks, resulting in a series of layers which
experienced varied degrees of mixing, shearing and
structural breakdown. The one exception was a small
helical tank design which indicated peak vertical
velocities on the order of 10% of the peak inplane
velocities and which demonstrated a fair amount of
mixing. 

A study was then conducted in an effort to determine
a means of modifying in-place a larger existing tank
in order to improve its mixing efficiency. The goal
was to produce a design in which the primary flow
patterns would be cut by the secondary flows to aid in
mixing by causing reductions in striation thickness
and redistribution or reorientation of fluid material.
The primary flow patterns are generated by the
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impeller due to viscous or frictional drag while the
secondary flows are produced by inertia, centrifugal
or elastic forces. The flow arrangement described
above aids in mixing by causing reductions in
striation thickness and redistribution or reorientation
of the fluid geometry. 

Some of the strategies which were considered
include: 1) increasing the length of the impeller
blades so they sweep out a larger part of the vessel
during operation 2) adding axial pumping and
reducing blade clearances to improve mixing
performance 3) removing baffles and dead zones
behind them 4) intermeshing blades as opposed to
single blades 5) reorienting the blades so that
streamlines pass through an impeller region 6)
avoiding closed streamline loops outside the impeller
region 7) increasing disruption of the fluid along the
wall 8) eliminating stagnation regions. At the same
time, use of the existing reactor vessel limited the
size of objects that could be placed in the tank to the
current access hole, requiring that changes be
restricted to the blades only, and demanding that the
baffles remain in place. 

During the course of multiple analysis iterations, a
new blade design evolved. It consists of a close
clearance wide blade configuration which is mildly
pitched and staggered in a helical configuration
relative to the blades immediately above and below
it. The circulation pattern was not permitted to
dissipate between blades and was reinforced by the
adjacent blades while the baffles helped to agitate the
fluid without forming strong stagnation regions. The

shape of the blade nearest the shaft was designed to
help induce circulation without blocking the vertical
fluid motion as occurred in several alternative
configurations. 

Performance of the original version of this design
appeared excellent when analyzed under Newtonian
fluid conditions. Using the Herschel-Bulkley material
model, with its stiffer low strain rate properties,
significantly reduced the agitated region,
necessitating a reduction in the blade separation
distance to insure continuity of the agitation region.
Final results showed that the new blade design
provided vertical to horizontal peak velocity ratios of
the order of 20% even for the Herschel-Bulkley
materials for the range of parameters associated with
the current reactor. Building upon the success of this
work, Polaroid intends to remain at the forefront of
CFD and utilize its predictive powers throughout the
company.


