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Objectives

Mixing in turbulent flows is notoriously difficult to
predict due to extreme fluctuations and highly variable
mixing rates. Rather than focusing on averages, this
research models the maximum of the scalar.

The advantage is that by defining this upper limit, we
can determine if a safety threshold will be crossed; if the
critical limit is above the predicted maximum, the
probability of an incident is mathematically zero.

APPLICATIONS

• Hydrogen Propulsion: Explosion risk assesment

• Chemical Manufacturing: Reaction control

• Environmental Protection: Toxic exposure limits

• Statistical models fail to capture transient extremes.
• DNS give precise statistics but are computationally very expensive
• Most studies focus on steady-state mixing and not transient

LIMITATIONS OF CURRENT MODELS

• Construct an extensive database describing the statistics of the transient mixing of scalar in
turbulence

• Characterization of transient mixing dynamics in terms of flow patterns
• Construct statistical models that provide theoretical explanations and predict statistics of transient

mixing depending on the initial distribution of scalar
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EQUATIONS

DNS in GPUs
CUDA-based solver using

parallel computing

Massive Ensembles
of simulations

Statistical analysis
of mixing

Theoretic measure for
predictability and 

modelling

𝒖 ≡ 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑣𝑒𝑐𝑡𝑜𝑟
𝝎 ≡ 𝑣𝑜𝑟𝑡𝑖𝑐𝑖𝑡𝑦 𝑣𝑒𝑐𝑡𝑜𝑟

𝑝 ≡ 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒
𝜌 ≡ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

𝜈 ≡ 𝑘𝑖𝑛𝑒𝑚𝑎𝑡𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦
𝒄𝒇 ≡ 𝑎𝑑𝑎𝑝𝑡𝑖𝑣𝑒 𝑓𝑜𝑟𝑐𝑒 𝑡𝑜
𝑠𝑢𝑠𝑡𝑎𝑖𝑛 𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑐𝑒

𝜙 ≡ 𝑠𝑐𝑎𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛
𝐷 ≡ 𝑠𝑐𝑎𝑙𝑎𝑟 𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑣𝑖𝑡𝑦

Probability Density Function of
Φ = max 𝜙 standarized at t𝑐∗[1.5, 2, 2.5, 3, 3.5, 4]

follow a lognormal distribution

• Initial condition of scalar: Gaussian
sphere of radius 𝒓𝟎

• Mixing depends on 𝑅𝑒" & 𝛽 = 𝑟#/𝜂
(initial scalar size in Kolmogorov
units)

Analyse statistics of Φ" = 𝐿𝑛(Φ)

• The lognormal median shows an excellent collapse across all cases with scaling behaviour
suggesting the presence of intermitency.

• The lognormal variance fails to collapse → dependence on 𝑅𝑒# and 𝛽
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• To account for the scalar size, time is non-dimensionalised with the inertial scalar time and a
correction 𝜏# is substracted to account for the time required to break the Gaussian : 𝑡𝑐∗ = %&'!
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