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BIGGER ISN’T ALWAYS BETTER…
Mixing is a crucial operation in numerous industrial sectors (i.e., food,
cosmetics and drug development), and is greatly responsible for the
yield, quality, and physicochemical properties of the end products.

DESIGN HEURISTICS

OVER-SIZING

OVER-CONSUMPTION

Due to lack of fundamental knowledge, traditional design relies on
limited empirical methods, leading to over-sizing and over-consumption
of raw materials, energy, and polluters [1].
Estimates: lower yield from poor mixing (over ~£70 million) and
complications in process development (over ~£360 million) [2].

SMART MIXING: DATA - CENTRIC ENGINEERING
Physics-based modelling: State-of-the-art CFD code based
on a revolutionary interface tracking algorithm implemented
on a massively-parallel computer architecture.
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SYSTEM
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DESIGN STAGE

IoT STREAM

Machine learning:
physics-informed
data-driven predictions

A.I.

HISTORICAL
DATABASE

Virtual information constructs updated from
high ﬁdelity, physics-based and historic data.

Data from the digital twin informs the
real-life decision-making process for both
design and operation in a loop.

THE CAPABILITIES OF OUR CODE
COMPLEX MORPHOLOGIES

HIGH TURBULENCE

SURFACTANT-LADEN
Surfactant-free

INDUSTRIALLY-RELEVANT OUTPUTS

Surfactant-laden

Static Mixer

Stirred Vessel
Deep insights into highly complex turbulent oil-water
emulsiﬁcation processes are obtained, unravelling
knowledge inaccessible through experiments.

Complex interfacial topological transitions tracked in
detail, elucidating the driving deformational mechanisms
at each stage in the static mixer.
Top right shows high strain rate ( ) corridors in between
crossbars, responsible for the initial elongation of the drop
into a ligament. Bottom left shows an alternating pattern of
high and low stretching efﬁciencies (
), dictating the
pinch-oﬀ of the ligament into smaller droplets.
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Left view shows a myriad of interfacial singularities,
such as ligament stretching, breakup, and coalescence.
Right view presents the rich ﬂow dynamics where
several complex vortical structures are identiﬁed (e.g.,
near the vessel’s walls), responsible for the intricate
dynamical evolution of the interface’s morphology.

Relationships between surface tension, altered by the
presence of surfactants, and drop deformation and
breakup mechanisms are established and contrasted
against a surfactant-free case.
Right view shows more ligaments being generated as
the interface descends towards the impeller following a
helical deformation, where several branches are pulled
apart due to lower surface tension. These ligaments
subsequently pinch-oﬀ into smaller drops, resulting in
a higher drop count.

MAKING AN IMPACT

The performance of the mixer with different set-ups
can be accounted for through the droplet size
distribution (top), as well as a detailed tracking of
the complex temporal evolution of breakup and
coalescence events (bottom).

- Catalysing the transition from empirical-based heuristics to robust physics-informed decision-making for mixer’s operation and design.
- Unconventional and counter-intuitive designs can be explored without incurring in heavy costs associated with experimental tests or pilot-plants.
- High ﬂexibility to explore and implement modiﬁcations in the design/operation.
- Savings over ~£7 billion per annum could be achieved (estimated cost due to improper understanding of mixing in the chemical sector alone [2]).
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