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I Together we shape a carbon-neutral glass industry, for a brighter future Aﬁs SEFPRO (3

We are continuously supporting you
throughout your furnace’s life cycle.

Our goal is to propose solutions to
improve your furnace performance

and contribute to your journey
towards decarbonization.




I Why do we need new furnace designs? &GS SsEFPRO()

« The furnace design has an impact
on the glass quality and specific
energy demand.

« Stronger regulations on emissions
(e.g., NOx, dust).

 End consumer demand for more
environment-friendly packaging.

* Alternative energy carrier
(e.g., biogas, hydrogen, electrons)

« Changing demand




I Specific energy demand &GS SEFPRO()
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I From complex reality to simplified mathematical model &GS SEFPROQ)

« Computational power and memory are
not sufficient to simulate the exact gas
flow and temperature distributions when
detailed regenerator models are used in a
furnace simulation.

« Simplifications help to accelerate the
computation process.

* Precise approximations are needed for a
correct result.




IWhy Darcy porous wall approximation? &GS SEFPRO()

Regenerators are important components of The container furnace
the simulation, as they help achieve realistic has approximately 100
temperatures in the furnace. Replacing times more checkerwork
them with representative boundary than can be reasonably
conditions (BCs) is challenging. simulated in detail.

m
Detailed simulations: | | | ‘ ‘
~30-100 mil. cells | | |
First cell 1 mm thick | | | |
k-w SST, DOM RN I5rr£
~20-100 HPC nodes I i |I |I |
~1-2 days . Wi
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I Methodology &GS SEFPRO()

 The goal is to identify 6 Darcy porous wall parameters
» viscous and inertial coefficients for X, Y, and Z axis

« There are 4 detailed simulations per checker type - exhaust and firing regime, 2 different flow
rates for each

« Large number of relatively fast Darcy porous wall (DPW) simulations

Detailed simulation Flow rates through Explore hyperspace Porous wall
sampling planes of porous wall approximation fitness
parameters
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I Methodology &GS SEFPRO()

Searching for DPW parameters through brute force would require an excessive amount of CPU time

6 Checker Types ~5,000-12,000 cases ~150-750 node-days
— ~4-10 cases/node-hour




I Methodology &GS SEFPRO[)

* Training dataset: ~1 ,500-2,000 Multilayer perceptron
sets of 96 flow rates through
sampling planes and 6 Darcy
porous wall (DPW) parameters

* Trained neural network was
expected to produce the best
DPW parameters when flow rates
from detailed simulation are
Introduced as input




I Methodology &GS SEFPRO[)

° Tra|n|ng dataset ~1 ,500'2,000 paIrS Of 96 Mu|t||ayer perceptron
flow rates through sampling planes and 6
Darcy porous wall (DPW) parameters

* The trained neural network was expected
to generate the optimal DPW parameters
when flow rates from the detailed
simulation were provided as input

* Neural networks trained to provide DPW
parameters one by one performed better

« Validation of obtained DPW parameters
revealed significant discrepancy when
compared to flow rates from the detailed
simulation
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I Methodology &GS SEFPRO[)

 Initial exploration and training dataset:
~1,500-2,000 pairs of 96 flow rates through
sampling planes and 6 Darcy porous wall (DPW)
parameters

» The trained neural network served as a fast
substitute for DPW simulation and provided flow
rates through sampling planes

* Optimization algorithm assessed DPW
parameters

» Additional exploration and training focused on
the 2-5 most promising DPW parameter sets

* The number of considered DPW parameter sets
was on the order of ~10° for each checker type

[ Ldata ] [Lphysics]

11



I Results - Velocity Magnitude &GS SsEFPRO()
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I Results - Type 4 &GS SEFPRO ()




I Results - Type 3 Flow Rates GS SEFPROQ)
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I Results - Type 4 Flow Rates GS SEFPROQ)
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| Optimizing regenerators
in glass furnaces
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I Industrial case study

Type 8 :

Channel size:
150 x 60 mm

Specific

exchange area:
28.8 m?/m3

:

=0

It

Open Chimney Block:
Height : 175 mm

Channel size:
140 x 140 mm

Specific exchange
area: 16.6 m?/m3

Type 4:

Channel size:
150 x 150 mm

Specific

exchange area:
18.5 m?2/m3

®
‘)GLASSSERV'CE BRIGHTER SOLUTIONS TOGETHER

Type 3:

Channel size:
150 x 150 mm

Specific

exchange area:
17.8 m?2/m3

Closed Chimney Block:
Height : 175 mm

Channel size:
140 x 140 mm

Specific exchange area:
15.9 m?/m3
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I Industrial case study

* Porous wall approximation was
used in the framework of
regenerators modelling

« Comparison of Cruciforms and
Chimney blocks checkpacks

* |ldentical operating conditions,
pitch and total height

350 mm £ s—
| Closed Chimney
Block
5100 mm Open Chimney
Block
2950 mm
Closed Chimney
Block
R —
[ VI

Same pitch : 180 mm

‘,GS SEFPRO ()

4620 mm

Type 8 1260 mm

1680 mm

2100 mm

Type 4 Type 4 2940 mm

Type 4 Type 4 2100 mm

Type 3 Type 3 2100 mm
Pl —rC—

T3-T4-T8 vs CCB-OCB-CCB

Cruciforms Chimney blocks Differeng; CXF vs
Channel section [mm] 150 x 150 140 x 140 +7%
Specific area (avg) [m2/m3]| 18.0 (19.5) 16.3

+10% (20%)
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I Industrial case study &GS SEFPRO[)

Fumes velocity distribution [m/s] * More homogeneous fluid distribution for

Cruciforms thanks to open channels
Chimney Blocks Cruciforms configuration

.

* Lower fluid velocity within Cruciforms
channels allowing for higher contact time
with refractory and hence more efficient
heat transfer

CCB

Fluid averaged vertical velocity — Chamber 1 [m/s]

OCB

2.50

1.50

CCB
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——CFX Fumes
——CFX Air
® CB Fumes
® CB Air
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2 A8 16 -1.4'-1I.22 1 08 05 04 02 0 02 04 'n.ls 08 1 12 14 16 18 2 3 5 Height[m] 9 " 13
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I Industrial case study

« Cruciforms checkerpack attaining higher efficiency thanks
to their improved heat exchange area and heat convection

» Higher energy efficiency leads to fuel consumption savings

and thus CO, emission reduction

Parameters at
Boundary

Air inlet temperature
[°C]

Air outlet temperature
[°C]

Fumes Inlet
Temperature [°C]

Air outlet Power [kW]

Fuel consumption
reduction with CFX

Chimney

blocks Cruciforms

100

1291
1265 (+26°C)
1500
5199 5313

2.2%

€S SEFPRO()

‘ GLASS SERVICE

Port 1 Air vertical energy [z] [W/m?]
Chimney Blocks Cruciforms

5199 kW 5313 kW

Chimney

blocks Cruciforms

1297
1246 (+51°C)

1520

5113 5341

4.5%

Local advective heat flus in 2 direction [Ww/ma]
-400000 380000 -360000 -340000 -320000 -300000 -280000 -2BD|DDEI -24DIDDD -22DIDDD -200000 180000 -1BDIDDD -14DIDDD -12DIDDD -‘IDDIDDD -SDIDEID -EDIDDD -4 -20000 0




I Conclusions &GS seFPrO()

v" A methodology for identifying Darcy porous wall parameters to approximate flow
rates, as an alternative to detailed simulations, has been developed and
validated

v The utilization of neural networks and machine learning significantly reduced the
computational resources required to identify Darcy porous wall parameters

v Darcy porous wall parameters have been identified for two types of chimney
blocks, OCB and CCB, and for four types of SEFPRO Cruciforms® T3, T4, T6,
and T8

v Simulations using the Darcy porous wall approximation reliably reproduce flow
patterns, with only minor differences in local flow rates

v The Darcy porous wall approximation enables extensive simulation studies of:
v" Furnace designs, including industrial-sized regenerators
v Various combinations of checker block types to optimize regenerator performance
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I How we can help to optimize your furnace &GS SEFPRO()

 We conduct simulation studies for
you based on your design.

« The modeling studies help to find
the best furnace design or
optimize the furnace operation.

« We supply our GFM license to
customers and support them to
conduct modeling studies on their
own.
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ISave the date - TC21: Furnace Design and Operation &GS SEFPROQ)

GLASS LYON 2026

International Conference on Glass - annual meeting
18th European Society of Glass Conference

13th — 17% April 2026
Lyon, France
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| Thank you

Malte Sander
malte.sander@glass-service.eu
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