


Definition

The revolutionary new VisiMix RSD - Rotor Stator Disperser software is
the first product of its kind that provides support for mixing devices for

media subjected to high sheer stress

o Based on 3 years dedicated research in a lab
with dedicated equipment

o Works with all types of media - both high and
low viscosity liquids, Newtonian and Non-
Newtonian.

With VisiMix mixing simulation
software, you can —
o Eliminate expensive
outsourcing
o Eliminate unreliable manual
calculations
o Eliminate costly trials




Definition

VisiMix RSD provides an evaluation of the main parameters—
shear rates and stresses in internal space, puncpipEcity,
power consumption and torque — for RSD devices. ghes
parameters are defined as functions of the desyge,t
dimensions of the RSD, velocity of shaft and praper of
media, including Newtonian and non-Newtonian liguid

Mathematical modeling and calculations YosiMix RSD are
based on results ofiginal systematic experimental research
that has been performed irsjgecially built lab in VisiMix Ltd
headquarters, and includes a wide variety of RSIicds In
Newtonian liquids with dynamic viscosity from 1960 cP,
and in non-Newtonian solutions with wide range of
rheological constants.



Physical explanation

It is an accepted phenomenon that rotation of tteer mweates centrifugal force.
Due to this force, liquid media is sucked into cenpiaat of the device, is
pumped through radial channels in rotors and statonde\fWassing the internal
cylindrical channels of the device with high valuevelocity gradient and
shear rate, the media is subjected to the actiorgbfdnear stresses — much
higher than when it occurs in tanks with usual ngx®vices.

U




VisiMix calculations

Themain specific featuresof this
type of equipment:

. small distance between the surface %
of the rotor and stator

* high linear velocity of the rotor
surface

e presence of radial channels or
openings in the rotors and stators




VisIMix rotors

screw blades

Rotor design Designation Scheme
Shallow thin-walled SLOT type

cylinder with radial

slots

Impeller with flat or BLADE type




VisiIMix stators

Stator design Designation Scheme
Shallow thin-walled SLOT type

cylinder with radial

slots

Shallow thin-walled WINDOW type

cylinder with circular
windows

Perforated shallow PERFORATION
thin-walled cylinder type




Combinations of rotors and stators.

VisiMix RSD allows for the following combinations of rotors ast@tors:

v one, two or thre&LOT rotors in combination , accordingly, with one,
two and threestators of any type, with the first rotor inside the first
stator (counting from centre to periphery).

v one, two or threeotors in combination , accordingly, with one, twoand
three stators of any type, with a BLADE rotor in the central position
and SLOT rotors as the second and third ones (coumg from centre to
periphery).

v one or twoSLOT rotors in combination , accordingly, with two and
three stators of any type, with the first rotor betveen the first and
second stator






New Feature

e Once we calculate the local shear characteristitise RSD,
we will be interested in evaluating the homogemzat
process irthe whole tank

« The composition andanicro-scale homogeneityof small
samples of product must be the same Iin all poihtthe
batch volume.

e Theoretically, this requirement can be satisfied if all
(100%) of the media passes the high shear zorleasit
once.

e Practically, due to the stochastic nature of the mixing
process in the tank, the media vallvays contain some
un-treated fraction, and this fraction will decrease with the
Increase of the process duration.



New Feature

e With VisiMix RDS — 2 we can simulate:

— Thehomogenization timeas a function of degree of

completeness of high shear treatment (from 95 % to
99.9%)

— Theun-treated fraction of media as a function of
process time

 These parameters can be simulatediifferent
locations of the RSD within the tankthus making it
possible to work with RSE2, in conjunction with
VisiMix Turbulent and Laminar Software



Summary

Section of Menu

Activated Calculation
modules

Main output information

Power and Forces

Module of momentum
equilibrium.

Mixing power - Torque

Flow
Characteristics

Module of momentum
equilibrium
Module of radial circulation
flow

Flow parameters — average and local velocities

circulation flow rates through different channels

Shear rates and
stresses

Module of local shear stress

Local values of shear rates, shear stress and
effective viscosity in different zones of RSD

distribution. internal volume. Volumes of zones with differel
shear and flow rate through these zones.
Turbulence Module of local turbulence. | Positions and volume of turbulized zones.

Energy dissipation, mean square root velocity
fluctuation, macro- and micro-scales of turbule
in the turbulized zones.

nce

Homogenization

Module of homogenization.

Residence time distribution of media in zones
with different shear. Process duration for pre-
defined mixing completeness.

Discharging and
loading .

Module of discharging /
loading flow.

Pumping ability of the system (positive /
negative).

Minimum discharging or loading duration.
Indication of the flow limiting sections

(bottlenecks).




Develop of Power and Flow Capacity of Rotor/Statobevices

Basic Assesment

Superposition of two flows

— tangential flow in the space between rotor antbsta
— periodic radial flow through slits of rotor ancir.
Accordingly, energy of motor is spent due to ®¥feects

— overcoming of hydraulic resistance to tangenioglid
flow in cylindrical channel between rotor and stato
(‘shear’ constituent of power (P

— supplying kinetic energy to the radial flow throutdpe
stator slots(‘flow constituent of power B:

P =Fn+ Py




Develop of Power and Flow Capacity of Rotor/StatoDevices M/

For central SLOT type rotor inside the SLOT type shator

*Hydraulic resistance to tangential flow in cylindrical
channel between rotor and stator .

* Power constituent R, Is defined using the obvious relation
Psh: Msh*w
— Msh - moment created due to hydraulic resistansaidce of stator
to tangential flow in the channel, N.m,

— o - angular velocity of rotor, rad/s.
» This momentis defined asM ., = *F R

— whereT -shear stress, NAn
— Rst' internal radius of stator, m.

— Fst' internal surface of stator,2m



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

For central SLOT type rotor inside the SLOT type shator

— Shear stresss defined ast = C* p *V /2
p - density of media, kg/m3

Vav - average tangential velocity in the chanmals

C; - resistance factor.

Taking into account that difference of radiusesobdr and
stator is small as compared to radius of rotorraye value of
tangential velocity in the cylindrical channel daadefined as

Vav - Vrot/2

where Vrot »* Rrot — velocity of rotor, m/s, R — external
radius of rotor, m.



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

For central SLOT type rotor inside the SLOT type shator

— Resistance factor Cf: C; = K,/ Rg, + K,

* Depend on the flow conditions in turbulent and laaniregimes is
described using the Two-K approximating functiong (&B. Hooper
, The two-K method predicts head losses in pipaftj] Chemical
Engineering, Aug 1981,pp.96 - 100)

— Rey =V, (2A) p/lp—Reynolds number for flow in cylindrical channel

rot

» For a simple design with internal rotor and extestator
— A = Rst- Rrot — width of cylindrical channel, m

— u — dynamic viscosity of liquid, Pa.s.

*[For devices with a few rotors and statorshe total ‘shear’ torque moment

IS defined as a sum of torque moments of rotors:

— * *
Msh_ZT |:st st



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

 Parameters K1 and K2are dependent on geometry of rotors and stators.

e Calculation of K1 and K2 for different RSD devices is based on
experimental correlations connecting these valudgsmain
characteristics of rotors and stators, including ninber and sizes of
slots and dimensions of cylindrical channels.

 These experimental correlations have been deveélogpeg results of
measurements of torque moments of RSD rotomst conditions
excluding radial flow. Absence of radial flow wassered by covering of
external cylindrical surface of stators (tests withosed’ stator).

« Measurements were performed wmore then 30 combinations of
rotor / stator dimensions Ten Newtonian experimental liquids — water,
glycerol and water - glycerol solutions wilscosity 1 — 960 cP were
used



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

Figure 1. Experimental flow resistance functions.Black points

and line — RSD with ‘closed’ stator slots, red points- open stator
Sjots.
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Develop of Power and Flow Capacity of Rotor/StatoDevices M/
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Figure 2. Torgue moment of RSD with ‘closed’ statorComparison

of calculated and experimental values.
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Develop of Power and Flow Capacity of Rotor/StatoDevices M/

* Flow capacity and kinetic energy of radial flow

« Mathematical description of pumping capacity of DR&evices is also
performed in terms of hydraulic resistance.

|t is based on assumption that due to acceleratidmeinotor slots
tangential velocity of liquid on the outlet of rote equal or very close to

tangential velocity of the rotor defined above as:
—anx
Vot =0* R

* Power spent for acceleration of the radial flowefikd as:

DIt Pow = Pkin = Qp Vrot2 /2

— Q — circulation flow rate created by RSDY/s)

— DIt_Pow — difference of power of RSD with ‘open’ aiatbsed’
stator slots, W.



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

* Flow capacity and kinetic energy of radial flow

« Calculation of radial (circulation) flow rate asumction of
characteristics of RSD and media is based on equiibaticentrifugal
pressure created by rotor and hydraulic resistantteeabtor and stator
slots.

» Considering the RSD as a ‘black box’ and taking extoount only
average characteristics, the pressure / resistandédeqgon is described

as:
Pcf = AI:)res
— P, - centrifugal pressure created by rotor:
Rout
P.=p ] odr

R.

in



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

* Flow capacity and kinetic energy of radial flow
 APres - hydraulic resistance of rotor and stator slots tcatdhbw:
APres = Cffl p Wrot 2/2 +Cffl p Wst 2/2
o Cffl - hydraulic resistance for flow of liquid through tragial slots
Cffl = K3/ Refl +K4
 Reynolds numberfor slots is defined as:
Refl = p Wsl (2Sshix
Wsl - average radial velocity in slot, m/s,
Ssl - width of slot, m.

Wrot and Wst are average (by time) velocity valfesadial flow in
slots of rotor and stator, m/s:

Wrot = Q /(ZrotSrot Hrot)
Wst = Q /(ZstSstHst)



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

 Parameters K3 and K4 in equation of hydraulicstagace are functions
of geometry of rotors and stators. They are caledlasing empirical
correlations based on results of experimental rebea

 For devices with a few rotors and stators

Rout
Pcf =X p | @2rdr

Rin
and
APres =X Cfsl p Wrot4/2 + X Cfsl p Wst4/2



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

Comparison of calculated values of power and flowapacity for different RSD’s with
results of measurements in Newtonian liquids of diérent viscosity is shown in Figs
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Figure 3. Power consumption for circulation Figure 4. Power consumption of RSD

f|0W-I Cor?parlson of Ca":U'stSeg (\j/alu.es with Comparison of calculated values with results
results of measurements. ata: stator ¢ ocooiemenie

external diameter 50 mm, rotor —42 mm.



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

Figure 5. Flow resistance factor for RSD with ‘open’ stator. RSD data:

stator external diameter 50 mm, rotor —40 mm.
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Develop of Power and Flow Capacity of Rotor/StatoDevices M/

Experimental estimation of flow rate based on tracedistribution dynamics

The method of non-direct estimation of flow capadiescribed above
has been confirmed with independent experimentéhoaebased on
measurement of dynamics of tracer distributionassels with RSD.

This method is based on essential analogy of fowcture in mixing
tanks created by RSD and by turbine impellers watical blades that
are installed in the same position.

It is known that RSD with radial slots creategulation in the tank due
to suction of liquid through central cross-sectdmotor and ejecting it
In radial direction through slots of stator.

Accordingly to visual observation, flow patternrmxing vessel with
such RSD does not differ from flow pattern in véssath baffles and
‘usual’ impellers with radial character of flow,rfexample — paddle
iImpellers with vertical blades



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

Figure 6. Scheme of
flow pattern. Program
VisiMix Turbulent

« Evaluation of flow capacity of RSD was

based on measurements of dynamics of
tracer distribution and application of this
model and VisiMix program for analysis
of results.

If the relative positions of impeller, sensor
and tracer inlet points correspond to the
Figs 7 and 8, position of maximum on the
curve ‘Relative tracer concentration —
time’ (Fig.9) depends mainly on
circulation flow and does not change
significantly in a wide range of change of
turbulent diffusivity



Develop of Power and Flow Capacity of Rotor/StatoDevices M [M

SIMGLE- PHASE BLEMDIMG AMD REACTORS.

SEMSOR
Senszor pozition o
radius Im Imm ;I
hizight From botbarm I 20 Imm LI

Ok I Cancel | Frint |

Help | ‘

Figure 7. Position of impeller and sensor

In experimental vessel
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Figure 9.
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distribution
curve (program
VisiMix
Turbulent)



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

 Measurements were performed with a conductivityseenonnected

to TiePie measuring and recording system.
 The sensor consisted of two gold-plated wires l8imdiameter,
length 8 mm, on distance 6 mm.; distance from lpotias 20 mm,

from wall — 25 mm. 3 g/l and 30 g/l solutions Hbfdrochloric acid
were used as a tracer.




Develop of Power and Flow Capacity of Rotor/StatoDevices M/

e Time periods from injection moment to moment of
maximum concentration value were measured in 6 -9
parallel tests.

« Experimental flow rate values were defined using
comparison of the measured average values witltsesu
of VisiMix calculations.

« Applicability and exactitude of the method were
confirmed additionally with control tests.

* For this purpose same measurements were performed
with a 2-blade paddle agitator of 40 mm diameter.
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Figure 13. Control tests with 2-blade  Figure 14. Flow rate values obtained with
paddle agitator. Points — experimental two methods. Black points conductivity tests,

data, hard line — calculated by VisiMix réd points — power measurements. RSD
Turbulent data: Internal diameter of stator 34 mm,

diameter of rotor — 30 mm



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

Power and flow capacity of RSD in non-Newtonian ligids.

— The method of calculation of power for RSD in iéewtonian liquid is
based on the connection between ‘effective’ visgaaid hydraulic
resistance to tangential flow in the channels 8DRlevice (A Method
for Calculation of Effective Viscosity and Mixingoker in Non-
Newtonian Media.” by L.N.Braginsky. Annual MeetingAIChE,
Dallas, 1999).

— The effective viscosity of non-Newtonian liquidgaten flow
conditions is understood as viscosity of such Nevato liquid that
shows In these conditions the same flow resistance.



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

 Power and flow capacity of RSD in hon-Newtonian ligids

— For cylindrical channel inside the RSD the flowistance is
describedr = (K, / Regy + Ky) * p*V /2
» Ry = Vo *(2% A)*plugg
— the shear stressan be presented as a function of effective
viscosity and shear rate 8sy.¢ * W off

— the shear rateyeff in this equation is some effective shear rate
that is connected with the effective viscosity bgalogical
function: n eff = Funcfeff)

» Yield & Power model: t =1, + K* y"

» Carreau mOde(;ueff - Y min) / (“ max~ M min) = (1_0‘ V)Z)n/Z



Develop of Power and Flow Capacity of Rotor/StatoDevices M/

 Power and flow capacity of RSD in non-Newtonian ligids
— According to the numerical solutions of the abegeations

— Measurements were performed with 0.5% -5% CMC-wate
solutions.

Torque moment of RSD- measurement
with closed stator .

v

Shear stress — based on experimental
Torqgue moment

v

Effective shear rate — value of shear rate that
corresponds to the experimental Shear stress
and

to rheological function of the non-Newtonian
media
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Figurel7 . Comparison of experimental Figure 18. Non-Newtonian liquids. Power
shear rates (blue points) with calculated consumption of RSD with ‘closed’ stator.

values (red points). Media — 5% CMC —
water solution.
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 Power and flow capacity of RSD in non-Newtonian ligids

 These average parameters are assumed to be tahniec
specific power in the RSD channels:

Yaver= V (&% p/layer)

* Valuesp,, . defined with the above equation are used for
calculation of flow capacity and the corresponding

constituent of power consumption of RSD In non-
Newtonian liquids .



Example 1

Scaling-up of shampoo manufacturing.

Problem:

Check the possibility of manufacturing a shampoo ia
500 litre mixing tank with an anchor agitator and
bottomentering Rotor-Stator homogenizemd
evaluate expected duration of the operation.



Data

Formulation of the shampoo was developed in laboratory. For final tuning of the producta 2.5
liter vessel with a portable rotor-stator homogenizer (further mentioned as portable RSD) was
used.,

Characteristics of the portable RSD:

Number of revolutions — variable, up to 20 000 RPM
Power of drive — 400 W
Stator — shallow cylinder with radial slots.

External diameter — 25 mm,

Thickness — 2 mm,

Internal height — 15 mm,

Slots:

Number — 12,

Height — 14 mm,

Width — 1 mm.

Rotor — 4-blade impeller
External diameter — 20 mm,
Height of blades — 14 mm.



Data

Physical characteristic of the shampoo: Non-Newtonian solution with density 1050 kg /
cub.m and rheological behavior that can be approximated with Power Law function:

Shear Stress = 5.87 * Shear Rate “¢™*

Table 1. Results of the laboratory tests.

No. Rotational speed, Description of results
rpm

l Max. speed - Insertion of air. After separation (about 30 min) - good
20000 uniformity and quality

2 About 15000 Good uniformity and quality

3 10000 and lower | Worse quality of product.




Characteristics of the bottom-entering RSD:

Number of revolutions - variable, from 1400 to 3000 RPM
Power of drive - 3 kW.

Stator- shallow cylinder with radial slots. Rotor - shallow cylinder with radial slots.
External diameter - 110 mm, External diameter — 100 mm.
Thickness - 4 mm, Wall thickness — 4 mm,

Inernal height - 35 mm, Internal height — 28 mm.,
Wall thickness - 4 mm, External heicht — 33 mm
Slots: Slots: )

Number - 30, Number — 30,

Height - 30 mm, Height — 28 1ﬁm.

Width - 3 mm, Width — 3 mm.



Steps

o Step 1. Defining the range of shear rates that
correspond to good quality of the product.

o Step 2. Checking the applicability of the tank with the
RSD entering from the bottom.

e Step 3. Evaluation of a batch duration in the 500 liter
tank.



Conclusion

Now you can:

» Eliminate Scale up Costs
» Increase the company knowledge of mixing and Scale U
> Improve the process performance and increase congrafiy

» Evaluate a realistic and confident QbD (Quality lBsign) for your processes



