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In hydrogen-based direct reduction, iron ore pellets slowly descend
through a shaft furnace while hot hydrogen gas flows upward to
convert them into iron. Getting this solid flow right is critical: if
pellets move unevenly, the gas cannot reach every pellet equally,
and the whole process becomes less efficient. A previous issue of
this newsletter introduced the computer simulations that BFl and
Ruhr-University Bochum (RUB) use to study this flow. Deliverable
D2.3 takes the next step: bringing physical experiments and two
independent digital models together into what the project calls a
“hybrid demonstration” - and checking, rigorously, whether they
agree.

At BFI's demonstration-scale shaft furnace, cameras film how DR-
pellets, clay pellets and wooden spheres descend through a
transparent front window, while software tracks their velocity frame
by frame. Earlier measurements were noisy - surface reflections,




dust and scratches on the window made the pellets hard to distinguish. This year the
team completely revised the video-analysis procedure: enhancing contrast, filtering
out implausible readings, and correcting for camera-angle distortion. The result:
measured descent velocities now match independent reference sensors to within
0.1 mm/s - a major improvement on the earlier data, and a solid basis for calibrating
the digital models.

Using the improved dataset, RUB validated its detailed, particle-by-particle DEM
model - simulating around 176,000 individual pellets falling through the furnace.
The simulation reproduces the real flow pattern well: velocities rise from the furnace
walls towards the center with clear stagnhant zones above the Midrex furnaces
internal installations (the “Christmas tree” and bolts/horizontal feeders shown
below).

For clay pellets, simulated and measured velocity trends already agree closely; for
the wall conditions and the coarser DR-pellets, the model currently predicts
somewhat higher speeds than measured - a gap the team is closing through further
parameter tuning.
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With both models now validated under these cold, gas-free conditions, the next set
of simulations adds gas flow: RUB is already running coupled DEM-CFD simulations
with 1,200 m3/h of air moving through the furnace, capturing how the rising gas and
descending pellets interact. This hybrid demonstration - experiment, detailed
particle model and fast rheology model, all agreeing on the essentials - gives the
MaxH2DR consortium a validated foundation for the final step: scaling these models
up to real, hot industrial conditions and optimising the direct reduction process for
clean, hydrogen-based steelmaking.
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The furnace’s internal installations - bolts, the diamond-shaped "hexagon” and outlet plates -
are exactly what shapes the uneven flow patterns both models are learning to reproduce.

v ((y~) Stay updated by following the MaxH2DR project on LinkedIn and Twitter
Max H2 DR


https://www.linkedin.com/company/maxh2dr/
https://twitter.com/MaxH2DR
https://www.estep.eu/clean-steel-partnership/maxh2dr/outcomes

