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Usage of Barracuda VR in the Cement Industry



tailored process

optimization and

simulation for the

cement industry

 Process and Flow Simulation

 Development and Consulting

 Basic-/ Detail Engineering

 Software

 established 2001

 18 engineers and mathematicians

 specialists for 

 CFD & process simulation

 application-specific model development & 

programming

 data analytics

 close connection to universities and research 

institutes

Company Profile



Company Profile

Engineering Services

 CFD Process Simulation

 Data Mining

 Process Design

Server Solutions

 aixProM Online Optimizer

 aixProM DATA-MINE-i

 SolidSheet

Products & Design

 Cyclones

 Advanced Flow Equipment

 Basic & Detail Engineering
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Modeling with Barracuda @ aixprocess
Cyclones



Modeling with Barracuda @ aixprocess
Cyclones



Modeling with Barracuda @ aixprocess
Circulating Fluidized Bed Combustion



Vertical Roller Mill

Bed comminution

Bulk flow on rotating mill table

Classification (dynamic classifier)

Pneumatic conveying and

pre-classifiying

Classifier coarse residue

recycle (+ mixture with feed)

Gas flow through louvre

ring

Bulk material conveying

to dam ring

Feed



Modeling with Barracuda @ aixprocess
Cement / Ore / Coal Mills



Modeling with Barracuda @ aixprocess
Cement Calciner

Right side view total

Left side view – Zoom to bottomLeft side view – Zoom to top



Cement process
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Gas

Solid material

CaCO3 CaO + CO2

Q

Calcination reaction



Case Introduction
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 Cement plant in Europe

 4500 t/d clinker production

 Semi dry system

 2 separate-line calciners

 2 stage preheater



Project Targets
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 Solving operational issues:

 Frequent “pumping” of calciner

 Material fall-out into TAD-knee (meal & SAF)

 Coatings and blockages in bottom stage cyclones

 CO-limit exceptions (>350 mg/Nm³)

 Safe combustion of up to 100 % SAF in the SL-

calciners

 Production increase: + 200 tpd

 Fit into existing preheater structure (building 

space) & and re-use of existing ID fans (pressure 

drop)

Emissions

Health and 
Safety

Costs

Operation
stability

Maintenance



Engineering Approach
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Trial and Error Model-Basedvs.

Target: Get it right the first time



Selection of the Modeling Tool
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Model requirements

 Two-phase flow of gas and dust including interaction

 High local dust loadings and particle-particle

interaction

 Combustion (dusty and lumpy fuels)

 Chemical Reactions (Calcination, CO, NOx)

 Time dependent



The Model – Pneumatic transport of lumpy fuel particles
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Class 2

vGas = 11.1 m/s 

Zig-Zag-Sifter experiments and simulations to adapt

parameters
Original Material

Particle size distribution vs. „Terminal velocity“



The Model - Combustion of lumpy fuel particles
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 Particle shape

 Thermal shell model for coarse particles

 Moisture distribution

(surface layer or homogeneous)



Process details
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• 1 meal box per SLC

• 2 petcoke burners per SLC

• 1 RDF blow line

• 1 meal box per riser (25% of the total meal

feed)

• Calciner TSR: 85%



Meal storage and frequent carry-over
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 Meal flow similar to fluidized bed

 Carry-over of meal and fuel in clouds

 Varying material load in the calciner

 Fluctuating pressure drop - Pumping

 Fluctuating TA flow rate – Fall-out of meal and 

fuel

Insufficient pneumatic transport conditions



Oxygen and CO profile

21

Oxygen concentration CO-rich regions

 Unsteady meal and fuel transport 

induces local reducing conditions

 Peakwise breakthrough of CO-rich gas 

into the PH - Emissions

 Carry-over of unburnt fuel into the 

cyclones - Coatings

Emissions and coatings also 

caused by poor pneumatic 

transport



Proposed retrofit options for the calciner geometry
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Steeper cone Steeper cone

+ Slim shaft

Steeper cone

+ Slim shaft

+ Elongation 

+ Mixing chamber

Evaluation of the 3 options

against the current situation

in the model



Evaluation of solid material flow
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Legend

Meal from Calciner

Meal from Riser Duct

PetCoke

RDF (2D)

RDF (Flat)

RDF (3D)

Current scenario
Retrofit scenario



Realization and Evaluation
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Realization by a 3rd party

 Detail-Engineering, Manufacturing of equipment

 Supervision & Commissioning

 Duration of the kiln stop 6 weeks

Results

 All process issues eliminated

 Capacity + > 200 tpd

 100 % SAF at calciner achieved

 CO < 350 mg/Nm³ (at 100 % SAF at calciner)

 Increase of Pressure Drop



Summary Calciner Modeling
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 Many known issues in calciner operation are of dynamic nature, but root causes are hard to 

identify

 Modeling is an efficient tool to compute, investigate and visualize the process and it’s 

deficiencies.

 The modeling tool must be suitable for the particular task, especially to represent multi-phase 

phenomena and process dynamics

 Visualization of the complex thermo-chemical process in the calciner allows for development 

of optimal solutions

 CFD-studies enable cost-efficient evaluation of various options during selection and basic-

engineering phase



Missing Functionality in Barracuda? 

 Detailed Geometry Representation

 Moving Parts

 Heat Transfer through Walls



Dynamic Classifier

 Detailed Geometry Representation

 Moving Parts



Exemplary Dynamic Classifier Principle

Inlet flow (particles of all sizes)

Fine particle flow

Coarse particles



Combination of CFD Tools
Allothermal Biomass Gasification

Volume 

fraction

0,57

0

Particle

Temperature

0

200

100

150

50

°C

CPFD Barracuda VR
ANSYS Fluent

 Heat Transfer through Walls



Modeling with Barracuda @ aixprocess

all examples have one thing in common:

Very Detailed Analysis!

What About the Plant? 



Cement Plant



Cement Plant

 Possible, but not always expedient!

 Closed and detailed analysis?

 Series of separate analyses?





Dynamic Process Model Cement Plant
SolidSheet



Dynamic Process Model Cement Plant
Integration Of A Dryer Into A Complex Dynamic Plant Flowsheet Model 



Results Plant Simulation
Required Fan Power

kiln

cooler

Calc.

Calc.
-

string

Kiln
-

string

GCT 1B

GCT 1A

Raw 
mill A

Raw mill 
B

EP A

EP B

fan 170

fan 650

fan 50

fan 810 fan 
840

fan 
620

A

B

Bypass 
Filter

Stack

fan 710

fan 200

RDL 1
dryer
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Measured process parameters from the PCS



First Step - Data Acquisition and Preperation

Plant Site

•Data availability

•Questions

•Answers

Data 
collection

•Organization

•Translation

•Documentation

Data 
filtration

•Filter data

•Select data

•Tidy data

Data 
transfer

•add data to SQL data base

Data 
preparation

•Divide data set into

•State variables

•Actuating variables

•Set variables

Data 
Acquisition

a

a

aa

a



Data Set

Control Data

Gas Data

Pressure Data
Temperature Data



Second step – Data Manipulation 
Noise Reduction, Scaling and Transformations

Rolling Mean Scaling Transformation 

(DFFT, DCT)



Third Step – Data Mining

•Data inspection by time linesTime Plots

•Kernel Density PlotsDistribution

•Cross correlation of time series

•Phase spectrum
CC

•Principle Component Analysis

•Multivariate Analysis

•Multiple Input Multiple Output

PCA

•Find the optimal number of clusters

•k-means clustering
Signal 

Clustering

•Artificial Neural Networks

•Input Variation

•Dependency check

ANN

Data 
Mining

a

a

a

a

a

a



Correlation matrix full data set

Negative Correlation

Positive Correlation

Targets 

(e.g. Emission)

High positive correlation 

mass flow to target

• Correlations are used to find 

unknown dependencies 

• Correlation does not mean 

causality

 Specific process knowledge is 

needed

 Subject to discussion between 

aixprocess & client’s experts 

• 1. step: correlate each variable 

(characteristic) with each other

• 2. step: define target variables

• 3. step: omit obvious correlations 

(e.g. control loops)

• 4. step: identify correlated 

variables

No Correlation

High negative correlation 

pressure difference to target



Adding process intelligence to sensor data

Using Data processing only a MIMO problem is not solvable!

aixProM
Online Optimizer



Use CFD or not?
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26

27

38

39

0 10 20 30 40

Viele Designvarianten

Produkt operiert bei extremen Bedingungen

Verifikation des Erfüllens von
Produktanforderungen

Produktperformance simultan beeinflusst von
Vielzahl physikalischer Phänomene

Erhöhte Produktkomplexität

Anteil der Antworten (n=704)

Why companies use CFD

Top 5 challenges in understanding processes

Enhanced product complexity 

Performance affected by multi-physics 

Verification of product performance 

Product operates at extreme conditions 

Multiple design variates 

Aberdeen-Group (2011): How Best-In-Class Companies Amplify Engineering with CFD



Use CFD or not?
Consequences when not-using CFD

1

2

18

28

32

32

33

48

0 10 20 30 40 50

Schnelleres Produkt-Release, da keine Zeit für 

Simulationsstudien benötigt wird

Keine Folgen

Weniger Innovation, da weniger Iterationen 

ausgewertet würden

Mehr physikalische Prototypen erforderlich

Weniger Szenarien würden getestet, da 

physikalische Tests nicht alle Bedingungen 

abdecken

Produkt würde funktionieren, aber nicht kosten-, 

qualitäts- oder performance-optimiert

Identifikation von Ursachen schwieriger, 

Trouble-Shooting würde länger dauern

Physikalische Test würden länger dauern

More physical testing 

Less scenarios to be tested 

Product operates, but not optimized 

Trouble-shooting more difficult 

Time-consuming physical tests 

Less innovation by less development iterations 

Faster product release because no time for simulations needed

No consequences 

Aberdeen-Group (2011): How Best-In-Class Companies Amplify Engineering with CFD



Use CFD or not?
Performance advantages for “best-in-class” companies
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Einhalten von
Entwicklungszeitplänen

(Product Launch)

Einhalten von Entwicklungs-
Kostenplänen

Einhalten von Qualitätszielen
(Zeitpunkt: Product Launch)

Best-in-Class Industrie-Standard "Nachzügler"

Complying with 

development schedule

Complying with 

development costing

Complying with 

product quality targets

Aberdeen-Group (2011): How Best-In-Class Companies Amplify Engineering with CFD



Conclusion

 All processes including multiphase flows are complex and dynamic 

 There is not the ONE tool available to model all processes

 From aixprocess experience, Barracuda VR provides quick and fast insight in 

details of solids process equipment and is the ONLY tool to model fluidized beds



To be discussed

 To be Best In Class, you need to have 

 deep knowledge about the piece of equipment 

 broad knowledge about the system

 In order to get insight into the whole system, combination with other (experimental 

& numerical!) tools is required

 Once you’ve managed to get System Insight, you gain an unfair advantage 


