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Classical hydrodynamics focuses on pure liquids. In nature and technology, fluid dynamical systems
are however multicomponent, and often with gradients in concentration, even changing in time, i.e.,
they are out of equilibrium. These concentration gradients, be they smooth or sharp, can induce
a flow. Moreover, phase transitions can occur, with either evaporation, solidification, dissolution, or
nucleation of a new phase. The liquids can be binary, ternary, or contain even more components, with
several across different phases. The non-equilibrium can be driven by flow, mixing, phase transitions,
chemical reactions, electrical current, heat, etc.
To theoretically deal with such systems, in the 1950s, Levich wrote the wonderful book “Physico-
chemical Hydrodynamics” [1]. The central theme of the book is the “elucidation of mechanisms of
transport phenomena and the conversion of understanding so gained into plain, useful tools for appli-
cations,” as L. E. Scriven describes it in the foreword to the book in its 1962 translation into English
[1]. Levich can be viewed as a physical chemist and theoretical physicist at the same time, or, as
Scriven puts it, above all, as an “engineering scientist” with a recognizable “blend of applied chemistry,
applied physics, and fluid mechanics.” V. Levich himself, in his foreword to the first Russian Edition
(1952), describes the scope of physicochemical hydrodynamics as the “aggregate of problems deal-
ing with the effect of fluid flow on chemicals or physicochemical transformations as well as the effect
of physicochemical factors of the flow.”
First and foremost, Levich’s “Physicochemical hydrodynamics” is a book describing the relevant theo-
retical and mathematical concepts, given that in those days the experimental tools to actually measure
the flow on the microscale were very limited and the possibility to perform direct numerical simula-
tions of the underlying partial differential equations even absent. Today, more than 60 years later,
the scientific and in particular the hydrodynamical and physicochemical communities have developed
tremendously and the experimental, instrumental, and numerical means to actually deal with the prob-
lems Levich defined in his book have become available and are being used to do so.
These developments are more than timely, as the relevance of physicochemical hydrodynamics of mul-
ticomponent and multiphase liquids is ever increasing, in order to address the challenges of mankind
for the 21st century. These challenges include energy, namely storage and batteries, hydrogen produc-
tion by electrolysis, CO2 capture, polymeric solar cell manufactering, biofuel production, and catalysis.
They also include health and medical issues like chemical analysis and diagnostics or the production
and purification of drugs, advanced material manufacturing, environmental issues like flotation, water
cleaning, membrane management, and separation technology, or food processing and food safety is-
sues. They also include issues in modern production technologies such as additive manufacturing on
ever decreasing length scales and inkjet printing, and in the paint and coating industry.
These challenges have often been approached with a pure engineering approach, and less in the
spirit of Levich as an engineering scientist. On the other hand, as said above, classical hydrody-
namics has focused on pure and single-phase liquids. In the last two decades, the advent of new
experimental and numerical tools has allowed for a more integrated understanding of physicochemical
hydrodynamics and to further narrow the gap between classical hydrodynamics and chemical engi-
neering and colloid & interfacial science. The objective of this effort is to improve the quantitative
understanding of multicomponent and multiphase fluid dynamic systems far from equilibrium, in order
to master and better control them. To achieve this objective, one has to perform controlled experi-
ments and numerical simulations for idealized setups, allowing for a one-to-one comparison between
experiments and numerics/theory, in order to test the theoretical understanding. This effort indeed is
in the spirit of Levich’s “Physicochemical Hydrodynamics”, but now building on and benefiting from the
developments of modern microfluidics, microfabrication, digital (high-speed) imaging technology, con-
focal microscopy, atomic force microscopy, and various computational techniques and opportunities
for high-performance computing. These are, in a nutshell, the blessings from what can be considered
as the golden age of fluid dynamics, which builds on the digital revolution, both on the experimental
and the numerical side. Given these developments, and given the necessity in chemical engineering
to move towards higher precision and enhanced control, this effort is indeed very timely.
There is a large number of physical phenomena and effects which come into play in multicomponent
and multiphase liquids far from equilibrium. These include gradients in concentration, either in the bulk
of the liquid or on the surface, leading to solutal Marangoni flow and diffusiophoresis. They include
(selective) dissolution of (multicomponent) droplets and bubbles in host liquids or vice versa their
nucleation and growth. They also include the coalescence of droplets consisting of different liquids,
possibly with chemical reactions and/or solidification and other transitions from one phase to another.



The material parameters which become important are the various diffusivities and viscosities of the
liquids, their surface tensions and how they depend on the concentrations, the volatilities and mutual
solubilities, latent heats, reaction rates, etc.

Fig. 1: Evaporating ouzo droplet: Optical image of the droplet after phase separation, with a milky
droplet sitting on an oil ring. The seven insets show earlier and later snapshots of the droplet. Figure
based on our work in ref. [2].

In this talk I will restrict myself to multiphase hydrodynamical systems at small length scales, focus-
ing on the physicochemical hydrodynamics of (multicomponent) droplets far from equilibrium. The
objective is to show examples of such systems for which a successful quantitative description and
one-to-one comparison between well-controlled table-top experiments and theory and numerics has
been achieved, to identify the complex interplay of the underlying principles, The discussed examples
include immiscible droplets in a concentration gradient [3], coalescence of droplets of different liquids,
droplets in concentration gradients emerging from chemical reactions and phase transitions such as
evaporation [4], dissolution, or nucleation [2, 5], and droplets in ternary liquids, including solvent ex-
change, nano-precipitation, and the so-called ouzo effect, which, for the case of an evaporating ouzo
droplet, is shown in figure 1.
I will also briefly discuss the relevance of the physicochemical hydrodynamics of such droplet sys-
tems for many important applications, including in chemical analysis and diagnostics, microanalysis,
pharmaceutics, synthetic chemistry and biology, chemical and environmental engineering, the oil and
remediation industries, inkjet-printing, for micro- and nano-materials, and in nanotechnolgoy.

References
[1] V. G. Levich, Physicochemical hydrodynamics (Prentice Hall, Englewood Cliffs, 1962).
[2] H. Tan, C. Diddens, P. Lv, J. G. M. Kuerten, X. Zhang, and D. Lohse, Evaporation-triggered micro-

droplet nucleation and the four life phases of an evaporating Ouzo drop, Proc. Nat. Acad. Sci. 113,
8642 (2016).

[3] Y. Li, C. Diddens, A. Prosperetti, K. L. Chong, X. Zhang, and D. Lohse, Bouncing Oil Droplet in a
Stratified Liquid and its Sudden Death, Phys. Rev. Lett. 122, 154502 (2019).

[4] Y. Li, C. Diddens, P. Lv, H. Wijshoff, M. Versluis, and D. Lohse, Gravitational effect in evaporating
binary microdroplets, Phys. Rev. Lett. 122, 114501 (2019).

[5] C. Diddens, H. Tan, P. Lv, M. Versluis, J. G. M. Kuerten, X. Zhang, and D. Lohse, Evaporating pure,
binary and ternary droplets: thermal effects and axial symmetry breaking, J. Fluid Mech. 823, 470
(2017).


