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VISIMIX NEW PRODUCT: SENSITIVITY ANALYSIS
The Sensitivity Analysis module in VisiMix is designed to help engineers systematically evaluate how

variations in a single process parameter impact overall process performance. In this module, multiple

simulations are run in identically designed mixing tanks, where all parameters remain constant except for

the one chosen sensitivity variable. Users can select this variable from a predefined list, allowing a

focused study on its effect. The module generates comprehensive output tables and charts that present
side-by-side comparisons of key process characteristics, enabling a clear understanding of how changes in
the sensitivity variable influence results.

In liquid-solid mixing, Sensitivity Analysis is particularly useful, as these systems are highly influenced by factors such as
impeller speed, solid concentration, and reactor occupancy, which directly affect suspension quality, uniformity, and
overall mixing efficiency.By systematically analyzing these effects, engineers can identify the optimal operating range of
the sensitivity parameter, enhance mixing performance, minimize experimental trials, and ensure scalable, robust
processes.

The Challenge

, . . * Radial: Ensuring uniform distribution from tank center
Let’s consider scaling up from a 1L flat-bottom lab

. . . to walls to avoid dead zones and uneven shear.
reactor to a 6 KL elliptical-bottom industrial

reactor. The Solution
The goal is to achieve good suspension and To address the scale-up challenge, VisiMix Turbulent

maintain axial and radial uniformity of solids in the with Sensitivity Analysis is used to simulate both the

6 KLindustrial reactor, comparable to the laboratory and industrial systems and determine the

performance observed in the 1L lab reactor. critical parameters before actual plant trials.

Key Challenges: Step-1: Laboratory simulation:

+ Geometric differences: Lab reactor is The laboratory setup was first modeled in VisiMix.
flat-bottomed; industrial reactor is elliptical, Input the details of tank, baffles (thermowell and pH
affecting flow patterns and particle suspension. electrode) and the impeller.

 Mixing efficiency: Impeller type, size, and speed TANK WITH FLAT BOTTOM DE DIETRICH BEAVERTAIL BAFFLE
must be adjusted; power input doesn’t scale — —
linearly. Number e |

* Particle settling: Larger tanks increase the risk of Totaltank height [ 127.3 |[mm |
solids settling at the bottom or corners. I o Wideh mm -

Axial and radial uniformity of solids:

. . . . L. . ) Dist. from bottom mm  |F

« Axial: Ensuring uniform particle distribution from Loval of medla [ 1019 lmm -]

top-to-bottom to prevent settling or surface

Volume of media [+ Dist fromwall om B

concentration.
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In the current plant setup, the liquid-solid mixing is
PITCHED PADDLE

Tip diameter [D) [mm  ~]
Number of blades 1 [ F
Pitch angle ’T| m
Width of blade 0 fom -]
Dist. from bottom [mm -]

operated at 33 RPM. Preliminary observations and
simulations indicate that under these conditions,
achieving complete suspension of solids is
challenging.To quantify the mixing performance, axial
and radial uniformity of solids were analyzed,

127

highlighting regions where suspension is suboptimal

Rotational speed 600 Rpm ~ a . q Q q o
Y and non-uniformity is significant.
Motor power 100 W =
o _— » Complete suspension is questionable.
Pumping direction down j =
* Maximum degree of non-uniformity-axial% - 18.7%
Step-2: Creating the industrial model: * Maximum degree of non-uniformity-radial% - 0.266%
Next, input the details of the 6 KL reactor AXIAL DISTRIBUTION OF SOLID PHASE RADIAL DISTRIBUTION OF SOLID PHASE
TANK WITH ELLIPTICAL BOTTOM DE DIETRICH BEAVERTAIL BAFFLE g ;
:
Inside diameter mm - Number g 3
i ]
B 9
Total tank height [mm -] . K 2
[1 o
Total volume m Distance from bottom. 1star Radius. m

Dist. from bottom mm - . . . q Q .
S — Axial and Radial distribution of Solid phase at plant scale

——_— S mm - To address the suspension and uniformity challenges,

VisiMix Sensitivity Analysis was performed with

Impeller rotation speed selected as the sensitivity
LIGHTNIN A310 _

variable over a range of 20-120 RPM. The simulation
Tip diameter D] [900 |fom = - generated mixing performance, suspension behavior,
and axial/radial uniformity at intermediate RPM values,
it from bottom o allowing direct comparison and identification of
Rotatonal speed [ 33 |[Rpm ~| conditions that achieve complete suspension and
I uniform solids distribution.
Moo pover [re ] ¥ Liquid-solid mixing. Solid pick-up and dispersion

& 1500

Pi ing directi -
SIE TG CrECee down j Sensitivity Variable
. . Jlmpeller rotation speed L]
Simulation Results: Level of media '
Impeller rotation speed
At lab scale, complete suspension was achieved. iy s ong
Average particle size

The measured non-uniformity was 10.2% in the axial . . . .

o . . Figure: Sensitivity variables available for

direction and 2% in the radial direction. T o ) )
liquid-solid mixing simulations.

The user can select one variable to study its impact
on suspension and uniformity.
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Sensitivity analysis

Liquid-solid mixing. Solid pick-up and dispersion

Value for Mo Maximum Number
Sensitivity Variable Unit Master Value Value of
Project Steps
Impeller rotation speed = pm < 33 20 120 12 v

Step  |Master [sT [s2  [s3 [s& [s5  [s6 [s7 [s8  [ss s T 2
Vale [~ 33 0 21 %2 | 473 [ 564 | 55 | 75 | 836 [ 927 | 102 (il 20
Passed [V v v v v v v v 2 v v 2 2

Disable messages ¥

Help
Figure: Sensitivity Analysis setup in VisiMix with
impeller rotation speed (20-120 RPM) as the variable,

Run Display result | Cancel |

showing incremental steps used to evaluate
suspension and mixing uniformity.

Results from Sensitivity analysis

Run the simulation and click on ‘Display Results. The
results are displayed as shown in the figure below and
can be directly exported to Excel for further analysis.

Parameter 4 5 6 7 8 9 10
Project Name 53 S4 S5 S6. S7. S8. S9.
=== SENSITIVITY VARIABLES
Media depth, mm 20 1920 1920 1920 1920 1920 1920
Rotational speed, rpm 2
Average particle diameter, mm 28 0.08 0.08 0.08 0.08 0.08 0.08
Mass concentration of solid phase, kg/m"3 0 100 100 100 100 100 100
=== TARGET PARAMETERS
Completefincomplete suspension somplete |incomplete | incomplete complete |complete | complete | complete
Maximum relative axial non-uniformity, % 1 129 107 922 8.07 77 645
Maximum relative radial non-uniformity, % 266 0.266 0.266 0.266 0.267 0.267 0.267
Maximum local concentration of solid phase, kg/m*3 8 114 112 110 109 108 107
Minimum local concentration of solid phase, kg/m"3 2 87 89 904 915 924 93.1
Average concentration of solid phase in continuous flo.. 8 114 112 110 109 108 107
Maximum energy of particle collisions, J 56e-13 1.16e-12 1.65e-12 22212 2.88e-12 363e-12  |446e-12

Frequency of collisions with the maximum energy, 1/s 00248 0.00307 0.00366 0.00425 0.00484 0.00543 0.00602
=== MAJOR DESIGN PARAMETERS

Tank diameter, mm 00 1900 1900 1900 1900 1900 1900
Type of impeller Jhtnin A Lightnin A... | Lightnin A... | Lightnin A... | Lightnin A... ' Lightnin A_.. ' Lightnin A.
Impeller tip diameter, mm 0 900 900 900 900 900 900
Number of impellers 1 1 i 1 1
Presence of baffles £S YES YES YES YES YES YES

Figure: Sensitivity Analysis results in VisiMix showing
complete suspension achieved at 65 RPM

The output from VisiMix Sensitivity Analysis
displayed the predicted suspension and mixing
uniformity at each impeller speed. It was observed
that 65 RPM was identified as the critical speed at
which complete suspension of solids was achieved,

with significantly improved axial and radial
uniformity.

Key Observations:

The consolidated output displayed all results from 20

to 120 RPM, allowing quick comparison of suspension

and mixing performance at different speeds.

» 33 RPM (existing case): Complete suspension was
not achieved, with axial non-uniformity of 18.7%
and radial non-uniformity of 0.266%.

* 65 RPM: Complete suspension was achieved, with
axial non-uniformity reduced to 9.22% and radial
non-uniformity maintained at 0.266%, indicating
improved uniformity compared to the lab-scale
results (axial 10.2%, radial 2%).

Conclusion:

The sensitivity analysis across a broad RPM range
(20-120) enabled rapid identification of the optimal
operating conditions, showing that complete
suspension and uniform solids distribution are
achieved at 65 RPM, comparable to lab-scale
observations.
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