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= BARRACUDA VIRTUAL REACTOR The Wade, Chicago
Cement Manufacturing
What is Cement Manufacturing?

e Conversion of Raw Materials such as Limestone & Clay into Cement Cement Manufacturing Pyro-Processing

Clinker, which is finely ground into cement as we know it. rf“'}‘:::;‘::'“ﬂ—*ﬂghﬂ“% —>Stack
— [
. 16" N mmmm) Particle Flow
Main Process Stages e [\ ) j —— Gas Flow
. Preh.eatl.ng ?f Raw Me.al in the preheater cyclone stages \/ AL Notation] IEGHDeN
* Calcination in the calciner Y " 12
* Clinker formation in the kiln | _ l' b [Preheater Tower
e Cooling & downstream grinding into Cement 10 AT :; Cyclones
Vo 2a Calciner
Where the Calciner & Conditioning Tower Fit 3a Rotary Kiln
4da Cooler

e Calciner located between the preheater cyclones & rotary kiln.

5a Tertiary Air duct

e Main reactor for raw material calcination. , ——
e Conditioning Tower located downstream of the preheater system & n’?gggfg;:pne
upstream of dust collection equipment.
e Uses water injection to cool exhaust gas before downstream filtration. 14— ' = 0
Why This Process Matters — T — +.‘j‘

* Thermally intensive, multi-phase reacting system.
* Process performance depends on how effectively mixing, heat transfer,
reaction kinetics, & residence time are controlled.
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Cement Calciners: Why They Matter

What is a Calciner?

e High Temperature reactor located between the preheater &
rotary kiln in Cement manufacturing.

A credible cement calciner CFD model must capture:
e Staged gas & solids injection.
e Compressible coupled-reacting flow behavior.
e Limestone Decomposition.
e Fuel Conversion: Devolatization & Char burn-out
e Fluid-particle heat transfer & radiation
e Emissions-relevant pathways (Ex., NOy)

Where the Calciner Fits:
e Shifts roughly 90-95% of calcination out of the rotary kiln.
e Helps increase throughput & lowers kiln fuel demand.

Why It is Critical:

e Calcination alone contributes about 5% of global fossil CO, . _ .
emissions. With combustion included, cement production is Ceme.n.t Calciner -> Lor-mg residence tlmes
responsible for roughly 7-8% of global CO, & mixing -> opportunity for alternative

fuels substitution & emission control.

What Happens Inside the Calciner

* Gas—solid mixing & residence time control

* Fuel staging & combustion (Coal / Municipal Solid Waste)

* Raw meal heating & limestone decomposition

* CO, generation

BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA 4


http://www.cpfd-software.com/
http://www.cpfd-software.com/
http://www.cpfd-software.com/

BARRACUDA VIRTUAL REACTOR

Barracuda Virtual Reactor Solution

Core Technology (Industry-proven MP-PIC Framework):
e Resolves industrial-scale dynamic transient gas—solid hydrodynamics
within a fully coupled thermally reactive framework.

High-Fidelity Physics & Chemistry:
e Captures 3D hydrodynamics, temperature fields, & gas distribution.
* Models coupled thermochemistry between flue gas, tertiary air, fuel, &
raw meal staging.

Scalability & Performance:
e Supports large industrial reactor simulations with GPU-accelerated
computation for practical turnaround times.

Value of Simulation:
* Resolve Internal Reactor Behavior: Understand existing operation.
* Support Design & Operational Changes
* Enable Process Development: Alternative fuels feasibility & emissions
reduction.
e Solve Problems: Identify root causes of existing issues with Calciner.

Barracuda Model

(Fluid Domain) |
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Cement Calciner Model

Model Scope & Domain

* Industrial-scale model setup derived primarily from Zhu et al.
(2024), with supplemental open literature used where needed.

* Modelis 64.2m tall, with a maximum diameter of 7.6m.

* Four narrow inclined pipes for coal feed.

* Raw material staging through four chutes at two elevations.

* Inlets for tertiary air & kiln exhaust gas, & a single outlet for
gas & particle exit.

Boundary Conditions & Model Inputs
 Thermal wall resistance & emissivity capture heat loss through
the calciner shell & refractory.
 Raw material, coal, & sludge waste are solid species with full
Particle Size Distributions (PSDs) & compositions.
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CFD Model
Domain

l

Calciner
Exit

Mixing+ Combustion+
Calcination Zone

* Included Heat transfer mechanisms: Convection, particle- . -1
- - f g ertiary Air -
rticl n ion, & radiation. )
particle conduction, & radiatio (02 Source)
] 4 Primary Literature for Model Development N
You Can Download This App. Model: “Zhu et al. (2024)" T .
https://cpfd-software.com/application- “The Co-Processing Combustion Characteristics Kiln Exhaust I
model-cement-calciner/ of Municipal Sludge within an Industrial (Hot Gas) >

N Cement Decomposition Furnace via CFD”

/
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Cement Calciner Reaction Pathways

The Wade, Chicago

Fuel-N Chemistry/NOx
Pathways

Ll

\
Fuel Input Drying H Volatile Gas Oxidation \
(Coal/Sludge) (Moisture Evaporation) : (CO, H2, CH4, HCN, NH3, :
: etc.) :
i I
i I
i I
i I
i I
Combustion: : I
volatile oxidation : :
+ char oxidation : :
\ /
\\~ ___________________ '/,
BARRACUDA VIRTUAL REACTOR cpfd

cpfd-software.com
7

CPFD Software = 13501 Katy Fwy., Suite 3505 = Houston, TX 77079 USA


http://www.cpfd-software.com/
http://www.cpfd-software.com/
http://www.cpfd-software.com/

BARRACUDA VIRTUAL REACTOR The Wade, Chicago
USERS' CONFERENCE 2026

Cement Calciner Reactions & Kinetics

A custom kinetic model comprising 15 reactions was developed from open-source literature to capture the relevant chemistry.

“Volatile Estimation Template”: The utility ~.
automates the generation of precise mass Included as
fractions of volatile gas species & char Support File
compositions, & thermodynamic data for direct

Devolatization Model
Lumped Approach: Overall Volatile release
rate distributed among key gaseous

v

- / input into Barracuda.
Volatile Release (Devolatization) NOx Chemistry
d[Yi]/dt = -xi*d[Volatile]/dt " 4HCN + 702 > 4NO + 4C02 + 2H20
where Yi Main Calcination 4HCN + 10NO - 7N2 + 4C0O2 + 2H20
= CH4, CO, Hz,COZ,NHg,HCN etc. CaCO3 = Ca0O+ CO2 Cao as 3 NH3 + 1.2502 - NO + 1.5H20
\ : ‘Catalysg > 2NO +2C0 > N2 +2C02
i / Char oxidation i
: _ o C(s) + 02 - C0O2 !
: Volatile oxidation C(s) + 0.502 > CO I
i CH4 +1.502 - CO +2H20 N(s) + 0.502 = CO :
: H2 + 0.502 - H20 N(s) + 0.502 = NO i
: H(s) + 0.502 = 0.5H20 - |
BARRACUDA VIRTUAL REACTOR === === — e e e e mmmm e e mmmm s e mmmmmmmmmmmm === === ' cpfd
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Cement Calciner Validation

Barracuda Model vs Plant Data

e Barracuda predictions show good agreement with plant
data for:

e Qutlet gas temperature (1140K vs 1133K)
* Degree of calcination (92% vs 93%)

 The agreement indicates that the model captures:
* the coupled gas—solid heat transfer
* Fuel conversion & energy release
e Calcination kinetics under industrial conditions

Key Takeaway: The implemented kinetics are adequate in
capturing the heat-transfer characteristics & the overall
energy balance of the calciner, as evidenced by the strong
agreement with plant data.

The reaction kinetic set from the application model can
be reused, if desired, to model similar systems, with
appropriate adjustments to the kinetic parameters to
reflect material and process-specific conditions.
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/Plant data are provided
in the primary
literature (Zhu et al.,
2024) & come from an
actual 6000 t/d cement

plant in China. /
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Cement Calciner — Temperature + 02

High temperature + low O, identify the primary
combustion zone near fuel injection

O, shows a progressive depletion along the
calciner, indicating continuous consumption due

to exothermic combustion & oxidation reactions.

A progressive decrease in gas temperature with
increasing elevation, primarily driven by heat
transfer from flue gases to colder raw material.

At higher elevations, a local thermal equilibrium
is established between the gas & solids.

Instantaneous localized combustion &
profiles mixing zones

stable heat release &
oxygen consumption
patterns

Time-averaged
profiles =
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Cement Calciner — Species Distribution

June 24-26, 2026

CO; increases along the calciner, reflecting:

' — - - ™
* fuel combustion - aams > - s > - s > - e >
e calcination (CaCO3z - CaO + CO,) —— | — | e B | — | — |
CO is concentrated near the fuel injection region, == == — — P — i
indicatinge: —, - - > - > |w > .- - >
Inaicating: P - - > - > - - > - = - >
ized i i > - - > - - —
* Localized incomplete combustion = - - — il — -—
. . 7:-—"’ - > |
* Active reaction zones. = -
,—> T o m
o o 7
: . . . o3 a
CO is rapidly consumed along the riser, showing: = g 5 3
 Oxidation to CO, = B =
* Progression towards complete D coz A, g = |3 53
g . P = Mole fraction Mole fraction | &= = | £ 3 i
combustion. = 0.40 10602 | & &0 |8 53
0.36 90E03 | & .. | 358
Instantaneous = Transient CO-rich zones g-i; ?-gg'gg S_: =35
profiles near fuel injection | 0.4 6.0E-03 e
1 0.20 5.0E-03 (S
1 0.16 40E-03 | @ |,
Time-averaged Stable CO depletion and | 0.12 | 30E-03 [ T 7 [ ,58  —
, —> 0. build 0.08 2.0E-03 | SE58%
profiles 2 buildup 0.04 1L0E-03 | == 3~ 8 -
0.00 0.0E+00 - “’ —
Instantaneous Profiles Time-averaged Profiles
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ement Laicdiner — Caicdination
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Calcination Behavior

- —
Calcination, % Raw Material Temperature, K

e Calcination initiates in the lower calciner as raw ggo 1200
meal particles heat up due to fuel combustion. %0 e
s e
* Conversion progresses with increasing particle 75 L 1(1)32
temperature & thermal exposure. D 1050
| 1025
o a 100
* Near-complete calcination is achieved in the upper 50 Outlet 975
. . 45 Calcination = 950
calciner region. : 93% 925
35 (Compared 2(7)(5)
H to plant dat

Key Observations: o S o2 850
5 ° 825
800

. . . . 15

e Calcination strongly correlates with particle 10

temperature distribution. g

* The lower region is dominated by raw material
heating & reaction initiation, while the upper

region shows high conversion of CaCO3-> CaO. Calcination (%) shown

represents in-calciner

conversion only (0—

100%); pre-calcination i
upstream is not included.

w cpfd
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Cement Calciner — NOx Distribution

The Wade, Chicago

NOX (ppm dry) NOX (ppm dry)

* Fuel-based NOx is the primary source of  NOx(pmdy)

/_ — N

NOX. 300 300 300 =

275 -——

25 250 250 : -

e Oxidation of Nitrogen compounds 2 o o — — |

1 175

present in the fuel & flue gas. E(:) Eg 15 E -

i ——

100 100 100 - -

 Peak NO, formation dominates in the i s A — :

lower combustion-dominated region -
(High 02 + 1000-1300 °C temperatures) -

* The spatial pattern reflects the balance oo
between fuel-N oxidation & reduction ) ¢
pathways as local regctlon conditions f’e_:‘_
evolve through the calciner. p———

Key Takeaway:

The model determines where NOx forms &

how its distribution changes through the

calciner under coupled combustion &

mixing conditions.
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Calciner Model: Sludge & Coal Co-firing

The kinetic framework was reused

Mole Fraction: CO2

from the Baseline model with e
appropriate changes reflecting the ggg
| r r' . 0:24
sludge properties 924
0.16
Volatile gas species & S
thermodynamic inputs estimated s
by the provided support file,
“Volatile Estimation Template.”
Preheated
Air ! 20% fuel
i substitution
—> A . . . .
Sludge ~— - with municip
(MSW) sludge
Tertiary .
Air Inlet

“F Kiln
Flue-Gas
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Cement Conditioning Tower

Objective: Simulate evaporative gas cooling in a Cement Conditioning Gas + Fine
Tower to improve operation & protect downstream equipment. /O Particles
Value of Simulation i ’4/ I"
i i - : - . —f e Gas+R
. FuII-Phy5|cs Insight: Visualizes cyclone separation efflc.le_ncy, gas Material l nl sze:imaw
cooling zones, & thermal hot spots to drive design decisions.
 Asset Protection: Validates cooling effectiveness to safeguard Water
downstream Baghouses or ESPs. injection — 31 &

«  System Optimization: Optimizes nozzle design, placement, quantity, Nnozzles
& cooling rates to achieve the desirable maximum evaporation
height.

Conditioning Tower Domain
* Geometry Separated
« Tower: 40 m height x 5 m diameter. pawiaistia)
* Cyclones: 7.9 m height x 4.3 m diameter (each) oo Gae

* Operating Conditions CFD model of the

* Inlet Feed: 300 kpph exhaust gas + 240 kpph solids @ 450°C
Cooling Injection: 115 GPM water + 400 SCFM air @ 20°C

e Utilizes the built-in evaporation model You Can Download This App. Model:

*  Nozzles are modeled with point source injections. https://cpfd-software.com/application-
model-conditioning-tower/

BARRACUDA VIRTUAL REACTOR cpfd
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Conditioning Tower — Temperature & Steam

e Exhaust gas is cooled from 450°C to ~250°C. 60 s 60 s 60 s 60 s

e Temperature slices reveal a radial temperature
distribution, showing non-uniform cooling &
mixing.

e Water fully evaporates before the tower exit.

. . s - «@r»
e H,0 vapor contours confirm evaporation & gas
mixing. =y =
L . - - - e
e Raw material is separated in the cyclone
Se(stl.on- CYCIOne effICIency affECtS gas COOIIng Gas Temperature, K - Gas Temperature, K Mole Fraction H20 (V) = Mole Fraction H20 (V)
efficiency.
Bz | Bz 00 | = o
. . . 698 698 : )
e The model supports optimization of spray 673 - 673 020 " 0
location, flow rate, & cooling performance. . o s 010 010
B S o = 0.00 - [
i 548 548
523 - 523 -
BARRACUDA VIRTUAL REACTOR cpfd
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Conditioning Tower—Evaporation Performance ===

Evaporation vs Time

* Exhaust gas cooled from 450°C to ~250°C.

100 A '?
* ~99% evaporation achieved within ~“11 m below injection. S o8-
E_ Note: Planes 1 to 5 equally spaced
© (4.7m) below the injection plane
* Near-complete evaporation by ~16-17 m, with complete | *°]
. . % I . t'
evaporation before the exit. 2 . I -
L —— Plane 2 : 99.4% )
. ) ° —— Plane 3 :99.9%
* Downstream gas temperature stabilizes near the desired |5 o,. —— Plane 4 : 100.0%
[ 5 —— Plane 5 : 100.0% - , Plane 1
cooling range. & Z=22.4m
(I) 2I0 4IO 6:0 BIO 160 12IO
Time (s) Plane 2
- Z=16.8m
500 Average Temperature vs Time

- ) Plane 3
Z=11.2m

400-(

o
o Plane 4
2 300 A - > Z=56m
2
g
+ 200 — z=279m
.'g —— z=224m -_" Pla_ne 5
= — z=16.8m Z =0m
100 — z=112m
— z=5.6m
— z=0.0m
20 40 60 80 100 120
. Time (s) c de
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Questions? Let’s Continue the Conversation!

Download and try today:

e Cement Conditioning Tower ;
 Cement Calciner Decomposition Furnace
ZWHY IWH FINViese:
| WHERE \mWHY
* Schedule a meeting!
:]’_'WHEN
WHAT ;, o= WHAT
. A = = WHAT
 Contact Us: info@cpfd-software.com; support@ cpfd- WHENS

software.com; sales@cpfd-software.com ﬁF%HOW
i,

 Follow CPFD on LinkedIn:
https://www.linkedin.com/company/cpfd-software/
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