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Part 1: 

Fluid dynamics is a research area lying at the 

crossroads of physics and applied mathematics with an 

ever-expanding range of applications in natural sciences 

and engineering. However, despite decades of 

concerted research efforts, this area abounds in many 

fundamental questions which still remain unanswered. 

At the heart of these problems often lie mathematical 

models, usually in the form of partial differential 

equations, and many of the open questions concern the 

validity of these models and what can be learned from 

them about the physical problem. This two-part theme 

issue surveys the progress recently made on a number 

of outstanding problems in this area using approaches 

that transcend traditional discipline boundaries by 

combining modern methods of modeling, computation, 

and mathematical analysis. 

Editorial: Mathematical problems in physical fluid dynamics: 

part I 

 

The background method: theory and computations 

 

Relationship between the methods of bounding time averages 

 

Bounds on heat flux for Rayleigh–Bénard convection between 

Navier-slip fixed-temperature boundaries 

 

Heat transport in Rayleigh–Bénard convection with linear 

marginality 

 

Velocity-informed upper bounds on the convective heat 

transport induced by internal heat sources and sinks 

 

Large-scale flow in a cubic Rayleigh–Bénard cell: long-term 

turbulence statistics and Markovianity of macrostate transitions 

 

Systematic search for extreme and singular behaviour in some 

fundamental models of fluid mechanics 

 

Robust and efficient identification of optimal mixing 

perturbations using proxy multiscale measures 

 

Optimal cooling of an internally heated disc 
 
Steady thermal convection representing the ultimate scaling 
 
Growth of Sobolev norms and loss of regularity in transport 
equations 

 
Open-flow mixing and transfer operators 

 
Stokes drift and its discontents 
 
 

 

 

 

 

 

 

 

Editorial: Mathematical problems in physical fluid dynamics: 

part II 

 

Remarks on stationary and uniformly rotating vortex sheets: 

flexibility results 

 

On the dynamics of point vortices for the two-dimensional 

Euler equation with Lp vorticity 

 

Equations of motion for weakly compressible point vortices 

 

Self-similarity in turbulence and its applications 

 

On the role of continuous symmetries in the solution of the 

three-dimensional Euler fluid equations and related models 

 

Continuing invariant solutions towards the turbulent flow 

 

Self-similar hierarchy of coherent tubular vortices in 

turbulence 

 

Self-regularization in turbulence from the Kolmogorov 4/5-law 

and alignment 

 

On the Prandtl–Kolmogorov 1-equation model of turbulence 
 
Geometric microcanonical theory of two-dimensional 
truncated Euler flows 
 
Spontaneous symmetry breaking for extreme vorticity and 
strain in the three-dimensional Navier–Stokes equations 

 
Extreme events in transitional turbulence 

 
Convergence to precipitating quasi-geostrophic equations 
with phase changes: asymptotics and numerical assessment 
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