<5ﬁ26)1420512 - 09/02/2026

B Ref. A
Funded by R I
the European Union . ’
RFCS Grant Agreement No: 1011556952 — METACAST- Deliverable 2.2

Project carried out with a financial grant of the Research Programme of the Research Fund

for Coal and Steel

Project Deliverable Report

/4 META

Issued on 02.2026

Technical Group: TGA2

Mapping, Educating, Training, Applying models in
continuous CASTing

Project Acronym METACAST

Grant Agreement Number: 101155952

Commencement Date: 01-10-2024

Completion Date: 31-03-2026

Project Deliverable No(s).: D2.2 - Lead Beneficiary: RINA-CSM

Type: Report

Project Deliverable Title(s): Fundamental modelling: presentations and videos
Dissemination Level: Public

Due Date: 31.12.2025 — | version issued on 18.12.2025

20.1.2026 — Version after Revision issued on 1.1.2026

Author(s): M. De Santis, E. D’Amanzo (RINA- CSM), K. Marx
(BFI), P. Ramirez Lopez (SWERIM), C. Gruber (K1-
MET), N. Egido Perez (SIDENOR I+D)

Funded by ‘
- the European Union ] R I } H
RFCS Grant Agreement No: 101155952 — METACAST- Deliverable 2.2 1



Funded by <
- the European Union ) R I } H
RFCS Grant Agreement No: 1011556952 — METACAST- Deliverable 2.2

INDEX
1. LI 0.1 10 L 0 0 4
2.  ACTIVITY PERFORMED ...t s s s 4
2.1. EVENT AT KT-MET ..o e e e et e e e e e e e e eenaa s 5
2.2. 1ST SIDENOR AND SWERIM SEMINARS: CFD FOR CONTINUOUS CASTING ................ 7
2.3. 2"> SIDENOR AND SWERIM SEMINARS: SOLIDIFICATION MODELLING............cccveene... 9
24. EVENT ORGANISED BY RINA-CSM (WEBINAR).......ccvieiureerieiieesrieesseesseesseeeseesnneens 12
3. CONCLUSIONS AND FUTURE WORK........ccccutiimmmmmmnnnnnnnnnnsnssssssssssssssssssssssssssssssssnnn 17

- ::huengﬁ?ot;ian Union R I } H

RFCS Grant Agreement No: 101155952 — METACAST- Deliverable 2.2 2



Funded by 4
- the European Union _ R I } H
RFCS Grant Agreement No: 1011556952 — METACAST- Deliverable 2.2

LIST OF FIGURES
Figure 1. Images from of the ‘6" Simulation Conference’.

Figure 2. Images from of the ‘6™ Simulation Conference’. CFD simulations of SEN and
mold flows (contributions by PD Dr. Thomas Lichtenegger and DI Kersten Marx, MHD
simulations (contribution by Dr. Alexander Vakhrushev), and water model validation

(contribution by Dr. Mirko Javurek).

Figure 3. Images from of the ‘CFD Modelling Event” — Session I.

Figure 4. Images from of the “’Solidification modelling” event — Session |

Figure 5. Images from of the “’Solidification modelling” event — Session Il

Figure 6. Webinar ‘From Fundamentals to Problem Solving’. Agenda & Speakers.

Figure 7. Webinar ‘From Fundamentals to Problem Solving’. From Prof. Mapelli

contribution.

Figure 8. Webinar ‘From Fundamentals to Problem Solving’. From ing. Gotti
(TRANSVALOR)

Figure 9. Webinar ‘From Fundamentals to Problem Solving’. From RINA-CSM

contribution.

- ::huengﬁ?o?)ian Union R I } H

RFCS Grant Agreement No: 101155952 — METACAST- Deliverable 2.2

3



Funded by 4
- the European Union _ R I } H
RFCS Grant Agreement No: 101155952 — METACAST- Deliverable 2.1

1.  INTRODUCTION

As mentioned in the Project Grant Agreement, METACAST, as a RFCS Accompanying Measure,
intends to develop a comprehensive view of numerical modelling in continuous casting and to offer
it to the European steel community, including all the stakeholders from the top managers of
steelmaking companies to the researchers and students in universities. This approach includes
mapping key expertise in Europe and the rest of the world, organising dissemination events, and
providing training. In fact, Objective 6 of the EU's Research Fund for Coal and Steel (RFCS) for
the steel sector focuses on ‘talent attraction, skill development, and workforce management, aiming
to equip the industry with the necessary expertise for a sustainable, low-carbon future, addressing
issues like new skills for digital and green transitions, ensuring health & safety, and fostering a just

transition for workers .

METACAST addresses the mentioned point by exploiting actions to provide guidance to managers
and personnel in the steel industry on how to apply modelling results for improving the quality (both
bulk and surface) of cast products and the workers skill as well. As a matter of fact, the social
impact of a more widespread use of modelling in the industrial environment can include a better
acceptance of operational innovations and adaptations with the operational staff at the production
plants, and more informed decision making by process engineers, R&D research personnel and

managers, leading to smoother workflows in steel companies.

Indeed, the events held hade in general a ‘multi-fold’ role. When dealing with ‘fundamental’ topics
sessions, also some ‘ training’ sessions were held, in order to make fruitful the participation of the
audience, often composed in a relevant part by academics/students/young researchers of the
Centers involved in the event organisation. As a result, in this report after a general overview of the
events held, more details are paid to the specific topic of the deliverable (‘Fundamental Modelling’)

leaving the reader to the other corresponding deliverables (e.g., D4.2 dealing with Training Events).

2. ACTIVITY PERFORMED

The events held and previously mentioned, consisted of training events either held online and in

presence on modelling application to continuous casting of steel.
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As functional to the educational leg of the project, four events were held with training purposes in
2025:

- the ‘6" Simulation Event’, held by K1-MET on 23" of April;

- 1t Seminar jointly organized by SIDENOR and SWERIM on the 15 of July focused on CFD
modelling

- 2" Seminar jointly organized by SIDENOR and SWERIM on the 28™ of November focusing
on solidification modelling

- the webinar ‘From fundamental to Problem solving’ organised by RINA-CSM on 4%

December.

The activity is fully compliant with the claimed KPIl-objectives as in the Grant Agreement ‘To
organize at least three online/ hybrid and open access events with invited professors from leading

research groups worldwide’: Among the lecturers:

- In the first event, Prof. Christian Bernhard (Universitat Leoben - Austria), Prof. Menghuai Wu
(Universitat Leoben — Austria),
- in the second and third, Prof. Pavel Ramirez Lopez — (Associate Professor at KTH, Sweden),

- in the last, Prof. Carlo Mapelli — Politecnico di Milano, Italy (see details in figure 5)

More details, videos included, can be found in the project website https://metacast-project.eu/

2.1. Event at KI-MET

The 6th K1-MET Simulation Conference took place in a hybrid format at TU Wien on 23 April 2025.
This year it was jointly organized with the METACAST project Consortium, and the overarching

theme was “Simulation and Modelling of Continuous Casting’.

The programme featured engaging presentations from research and industry partners and provided

a valuable platform for expert exchange and live discussions.

After a project outline cared by K1-Met (Dr. Gruber), the event had a ‘fundamental’ leg, driven by
the event-involved Professors mentioned above, and a ‘training’ part relating the subsequent
validation approach of the models. This topic was supported by contribution of BFI (Kersten Marx)
and K1-MET (Dr. Vakhrushev and Dr. Jakurek). As mentioned, more details on the ‘training’ issues
will be described in the dedicated deliverable (D4.2).
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Pictures of the events are shown in Figure 1.

z -
6™ K1-MET Simulation Conference

Figure 1. Images from of the ‘6'" Simulation Conference’.

The in-person audience consisted of about 55 people, with an additional 30 participants attending
online. The event featured talks on real-time analysis of casting and fast data-driven mold
simulations, multiphase MHD phenomena in the casting mold, solidification in the as-cast structure
as well as the application of models in the steel and refractory industry for quality prediction and
model validation with water experiments and plant data. Also, the METACAST project and its scope
and goals was introduced to the audience.
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Figure 2. Images from of the ‘6'" Simulation Conference’. CFD simulations of SEN and
mold flows (contributions by PD Dr. Thomas Lichtenegger and DI Kersten Marx, MHD
simulations (contribution by Dr. Alexander Vakhrushev), and water model validation

(contribution by Dr. Mirko Javurek).

2.2,

1st SIDENOR and SWERIM Seminars: CFD for Continuous casting

This seminar was jointly organized by SIDENOR and SWERIM focused on Computational Fluid
Dynamics (CFD) and took place at the Sidenor Innovation Hub on July 1, 2025. The event was

broadcast in a hybrid format. The speakers were Pavel Ramirez Lopez, Associate Professor at
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KTH; Diana Mier Vasallo, Process Manager at Sidenor R&D; and Raquel Arias Pérez, Process

Researcher at Sidenor R&D.

Similarly to the previous event, this had a ‘multifold’ role. As a matter of fact, the event was divided

into three sessions.

The first (‘CFD for Continuous Casting’), led by Prof. P. Ramirez Lopez, was mainly ‘fundamental’,

starting from the pillars of thermo-fluid dynamics involved in continuous casting modelling, and

involved also the steel properties physics for its role in the solidification phenomenon.

The second, also held by Prof. Ramirez Lopez, dealt with the use of Digital Twins in Continuous
casting, examining how digital twins support the modelling and resolution of industrial challenges
in continuous casting and should be classified as ‘application’ leg as training on the tool use in

problem solving.

The same classification can be ascribed to the third session, focused on industrial success stories
of casting modelling application at SIDENOR, led by Diana Mier and Raquel Arias, showcasing
how applied research and numerical modelling have been used to solve complex industrial

problems.

Among the 25 participants present on site, the audience was predominantly composed of university
students, early-stage researchers, plant specialists, technologists, and engineers, corresponding
to the primary target groups identified for the event. A further 30 participants attended the session

remotely.

In support of the project’s educational objectives, a preliminary training activity was organised for
students with the aim of providing essential background knowledge on continuous casting.

The training, delivered in Spanish, consisted of three modules:
e Fundamentals of Continuous Casting
o Continuous Casting Operations at Sidenor
e Introduction to Numerical Modelling

Images on the | seminar event are shown in Figure 3. The images illustrate key aspects of the
computational fluid dynamics analysis discussed, as well as the properties of steel relevant to
describing the solidification phenomenon. In the background of the images, the event’s audience

can be seen.
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Figure 3. Images from of the ‘CFD Modelling Event” — Session I.

A total of 25 people attended the event in person, most of them university students, early-stage
researchers, plant experts, technologists and engineers, he groups the event aimed to engage. An

additional 30 participants connected remotely.
2.3. 2" SIDENOR and SWERIM Seminars: Solidification modelling

The second event jointly organized by SIDENOR and SWERIM was held on November 28 in a
hybrid format, combining in-person participation at SIDENOR and University of Lulea. The sessions
were streamed live from both Oulu University and the Sidenor Innovation Hub, with the same target
groups than in the previous event.

The speakers were Pavel Ramirez Lopez (SWERIM) and Nora Egido and Befiat Elorrieta, Process
Researchers at Sidenor R&D.

A live Q&A session followed, chaired by Raquel Arias Pérez (Sidenor R&D) and Sailesh Kesavan

(Swerim AB)—providing space for discussion, experience sharing, and technical exchange.

Similar to the previous event, the agenda included three sessions.
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The first (Solidification fundamentals) and the second (Introduction to Solidification Modelling) w,

both led by Prof. Ramirez Lopez, were of ‘fundamental nature, including all involving continuous
casting phenomena theory, from fluid flow principles to key concepts functional to solidification
description as nucleation, heat and mass transfer, microstructure modelling, stress—strain analysis,

and advanced characterization and validation techniques.

The third (Industrial measurements techniques:) presented by Nora Egido and Befiat Elorrieta from

Sidenor R&D, provided an industrial perspective and focused on measurement techniques used
for model validation. More devoted on training and application to industrial continuous casting field,

as in 3" session of the event in the previous section, will be detailed in the related deliverable 4.2.

Images of the two ‘fundamental modelling’ session are shown in Figure 4 as regard to the
solidification theory at the interface solid/liquid steel vs temperature, and in Figure 5 for an outline
of the multiscale phenomena governing the formation of the solidification front within the physical

scenario produced by the operational conditions of steel continuous casting.

Solid/liquid interface morphology and Temperature SWERIM

In a pure metal:

At the mould wall, columnar grains
generate a planar interface advancing
opposite to heat flow (a)

In the melt, dendrites grow radially in
same direction as heat flow (b)

In Alloys:

Morphology at mould wall is usually
dendritic (Columnar) (c)

d «  Equaixed growth is similar to pure
metals (d)

Note: In columnar growth, the hottest part is
the melt, while in equiaxed, the crystals are
1Imm hottest, So, the melt must be always cooled
below melting point (i.e. undercooled)
before equiaxed crystals can grow
(, M ETA Kurz, W., & Fisher, D. J. (1998). Solidification Microstructure: Cells and Dendrites.

In Fundamentals of Solidification (pp. $0-87). Enfield, NH: Trans Tech Publications
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Representative Volume Element (RVE) SWERIM

Consider the volume element which is located in the mushy zone.

The volume element is assumed to be sufficiently large to accurately represent the local structure
at the mesoscopic length scale, yet small enough that important variations in temperature,
enthalpy and volume fraction of the solid are resolved for the problem of interest.

We refer to this volume as a 'Representative Volume Element’ or RVE

®,(x,0)=0
@, (x,1)=1 72
REV: Vg
* .
& 1 in the a phase
oN. e . Byl p
4. (%) 10 in the other phase
(/ META hitp: illinois. hap4-7page.pdf

Pavel Ramirez Lopez

Figure 5. Images from of the “’Solidification modelling” event — Session Il.

For this second session, the Sidenor Innovation Hub gathered 20 in-person attendees,
representing the same audience profiles as in the initial event, university students, early-career
researchers, plant professionals, technologists and engineers. In addition, at Lulea University, 15

students took part in the event.

2.4. Event organised by RINA-CSM (webinar)

The event was organised by RINA-CSM. The title was ‘Modelling Experience in Continuous Casting

— From Fundamentals to Problem Solving’, with registration of 80 people.

The webinar was intended to explore how fundamental principles are evolving into problem solving
and practical tools that solve real-world challenges in steelmaking, in a sort of journey from
academic research to industrial implementation, from physics-based insights to plant-level

applications.

As a result, the approach was mainly following the line ‘fundamental’- ‘application’, showcasing the

industrial examples as fruitful application of the models and tolls developed.
Speakers & Topics were (contributor and presentation, see also figure 6):

- Prof. Marco Mapelli (Politecnico di Milano) — Simulating billet casting and solidification: the
role of EMS to prevent central segregation (images in Figure 7),
- Arianna Gotti — Coupling thermo-mechanics and solid shell formation: fundamental steel

properties and physical approach (images in Figure 8),
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- Michele De Santis (RINA) — Steel intermixing: from reactors mixing fundamentals to on-line

process tools (images in Figure 9)

A Q/A session with audience: experiences, suggestions, feedback was chaired by Edoardo
D’Amanzo (RINA).

Agenda

METACAST: Dissemination of the modelling Approach - (Michele

solid shell formation: fundamental stoel properties and physical approach

mentals to on-line process tools)

(V METACAST

Speakers - 1

Topic:
Simulating billet casting

and solidification: the role of

EMS to prevent central st

ssgregation W METACAST

Modelling Experience in
Continuous Casting

Topic:

Coupling thermo-mechanics
and solid shell formation:
fundamental steel properties
and physical approach

Figure 6. Webinar ‘From Fundamentals to Problem Solving’. Agenda & Speakers.
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Figure 7. Webinar ‘From Fundamentals to Problem Solving’. From Prof. Mapelli

contribution.
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Validate the model: the defects found are the only plant data.
Measuring shell deformations and stresses during the process is
currently almost impossible

* An example of an experimental system for determining the
mechanical behavior of the continuous casting shell is the Mould
Cracking Simulator developed by Tata Steell!)

Include in the model the free surface of the metal bath, which is
variable over time

* An example of a method is the Arbitrary Lagrangian—Eulerian

(ALE) approach: Eulerian (fixed mesh) in liquid, Langrangian
(mobile/deformable mesh) in solid

(1] Santillana, B., Paruchuri, V., Kripak, V. et ol

.

43:53 / 1:46:01

Modifying the parameters of the VP model for the mushy-liquid behavior.

Time ~ 40 s:

Solidification has started. Line plots show solid-liquid interface
Velocity near the solid front is very different in the two cases
It affects the whole flow pattern

Hoem of the Velocity fiekd ] Horm of the Vieodity Feld fnvs]
0.0015 00015

000135

Time=2s:

Solidification has not started yet

Same convective flow in both cases

®) TRANSVALOR

Figure 8. Webinar ‘From Fundamentals to Problem Solving’. From ing. Gotti
(TRANSVALOR) contribution.
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Steel intermixing: from
reactors mixing
fundamentals to on-line
process tools

Michele De Santis (RINA Consulting- ,,.. ' SpA)

;) 11043/ 14601

—
From simulation to formulation - 1 € vera :
C(t)=1-e from C1to €2, C2 > C1
C(t)=e from C1to €2, C2<C1
l Vs Strand Ks) L(m)
length L vimis)
C(L)=1-e 7 fomcitoc2, 2>l * 1L mmes) ~— =
C(L)=e ' from C1 to €2, €2 < C1. Eilling curvap TN T

curves from tp, t, a values (see next)

1:26:47 / 1:46:01

to impl ion - 2 weTa

Final step route to problem solving : implementation

l I Example of Input/ Output charts

for the offline tool P

on-line tool output interface

Figure 9. Webinar ‘From Fundamentals to Problem Solving’. From RINA-CSM contribution.

As outcome of the discussion, the speakers, based on their experience, highlighted the increasing
awareness of the stakeholder's management of the fundamental role of modelling to boost

innovation and problem solving in casting issues. Present challenges were identified for an

increasing success of modelling approach, mainly represented by model validation with reliable

databases set up, e.g. with lab tests. This calls for a strong awareness of the importance of

fundamental research supporting this activity, and hopefully continuously boosted and supported

with institutional support in the funding programs.
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3. CONCLUSIONS AND FUTURE WORK

The document showed at a glance the activity performed by the Consortium concerning training

events in the project frame. The events:

- involved the presence of relevant academics, as claimed in the Project Grant Agreement;

- were either online (full in the case of the webinar organised by CSM) and in presence in
hybrid mode with session with students and researchers’ audience;

- focused on all phenomena involved in continuous casting, from fluid flow features to heat
transfer, solidification, shell stress, segregation, and linking fundamentals to problem

solving.

Indeed, the events organised in the project frame had session at a ‘multi-fold’ character,
including sessions where the fundamental modeling was turned into tools or strategies for
problem solving, as ‘training’ intended as boosting awareness of the powerful role of modelling.

In this view, details on this are given in another dedicated project deliverable (D4.2).
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