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Rebuild Ukraine
Isaac Newton Institute and London Mathematical Society will deliver this new scheme together, designed to 

support research active Ukrainian mathematicians to come to the UK for short term research visits. 

University of Edinburgh Sanctuary Studentships: PhD positions for Ukrainian students in natural sciences, 
medicine, and veterinary sciences.

sciences.  



“rod climbing”“die swell” “siphon effect”

Bird et al. Dynamics of Polymeric Liquids (1987)

Unusual flows of polymer solutions 
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“hoop stresses”



Polymer stretching by flow gradients

Perkins et al, Science, 1997 Arratia group

FlowFlow
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laminar flow flow instabilities turbulence

Newtonian fluids

Viscoelastic fluids

but the anisotropic elastic forces (first normal stress 
difference) similarly tend to give instabilities

Larson; Groisman and Steinberg, Nature (2000)

Purely elastic instabilities

Wi
laminar flow flow instabilities turbulence



Elastic instabilities in parallel shear flows: conjecture
• Parallel streamlines à no linear instability

• Even though viscoelastic parallel shear flows a linearly stable, there 

could exist a finite-amplitude instability – similar to Newtonian 

turbulence

Wi

Elastic turbulence

Bertola et al., Phys. Rev. Lett. (2003) 
AM and W. van Saarloos, Physics Reports (2007)

Perturbation
Amplitude bifurcation from infinity 

(sub-critical)



L. Pan et al., PRL (2013)

ET in parallel shear flows: experimental evidence

Li & Steinberg arXiv:2201.06342 (2022)



Current state-of-the art summary:

• Sujit S. Datta, Arezoo M. Ardekani, Paulo E. Arratia, Antony N. Beris, Irmgard 
Bischofberger, Jens G. Eggers, J. Esteban López-Aguilar, Suzanne M. Fielding, 
Anna Frishman, Michael D. Graham, Jeffrey S. Guasto, Simon J. Haward, Sarah 
Hormozi, Gareth H. McKinley, Robert J. Poole, Alexander Morozov, V. Shankar, 
Eric S.G. Shaqfeh, Amy Q. Shen, Holger Stark, Victor Steinberg, Ganesh 
Subramanian, and Howard A. Stone. Perspectives on viscoelastic flow instabilities 
and elastic turbulence, Phys. Rev. Fluids 7, 080701 (2022)

• Hugo A. Castillo Sanchez, Mihailo R. Jovanovic, Satish Kumar, Alexander Morozov, 
V. Shankar, Ganesh Subramanian, and Helen J. Wilson Understanding viscoelastic 
flow instabilities using the Oldroyd-B model, J. Non-Newt. Fluid. Mech. 302, 
104742 (2022)



2D coherent structures
AM Phys. Rev. Lett. 129, 017801 (2022)



• 2D plane Poiseuille (channel) flow
• sPTT constitutive model

Flow Geometry and Equations of Motion

&

• Dimensionless groups

• Conformation tensor boundary conditions



Global spectral methods for Cartesian & curvilinear domains

Phase-fields & immersed boundaries

Interdisciplinary applications
Flexible model development

DEDALUS 
PROJECT

Keaton Burns   
MIT

Geoff Vasil   
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Jeff Oishi 
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• Spectral in-house code implemented in Dedalus

• Fourier & Chebyshev discretization (256 x 1024 modes)

• RK443 time stepping

• Parameters:

• Initial conditions:

• Integrate until:

Direct Numerical Simulations

K. Burns et al.  Phys. Rev. Res. 2,  023068 (2020)

J. Schumacher & B. Eckhardt, 
Phys. Rev. E 63, 046307 (2001) 



Travelling wave solutions à Narwhal* states

*Arrowhead structures first found in EIT (Page et al. PRL 125, 154501 (2020))



Narwhal states

L. Pan et al., Phys. Rev. Lett. 110, 174502 (2013):



3D linear stability analysis of the Narwhal states
Lellep et al. J. Fluid Mech. 959, R1 (2023) 

Conclusion: all 2D states are linearly unstable in 3D



3D structures & elastic turbulence
M. Lellep, M. Linkmann, AM (PNAS, 121, e2318851121 (2024))

Dedalus 2 code available:



Governing Equations and Parameters

• 3D pressure-driven plane Poiseuille (channel) flow
• PTT constitutive model

• Fourier-Fourier & Chebyshev discretization 

 (256 x 256 x 1024 or 512 x 512 x 2048 modes)

• SBDF4 time stepping

• Parameters:

• About 109-1010 degrees of freedom



Bifurcation Diagram







In-plane video



Turbulent spectra
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FIG. 8. Third-order statistics |z|3P (z) for z = @tu
0
i (lo-

cal accelerations) and z = @xu
0
i (longitudinal gradients), for

Wi = 24.9. Panel (a) refers to the streamwise velocity com-
ponent (i = x), panel (b) to the cross-stream one (i = y).
Red (circle) and blue (triangle) points respectively correspond
to data from temporal and spatial probes, located where the
mean flow is maximum and minimum; aqua color points (solid
line) correspond to global spatial data. All spatial statistics
are further averaged over time using 1000 instantaneous ve-
locity fields.

showing the spectra of u0
x and u0

y, respectively. In both
cases, and independently of the considered flow compo-
nent, we find power-law decaying spectra Eu0

i
(f) ⇠ f�↵

and Eu0
i
(k) ⇠ k�↵, with a common exponent ↵ ⇡ 4. The

scaling range extends over almost two decades for the
spatial spectra, and slightly less for the temporal ones.
The non-overlapping of temporal and spatial spectra, af-
ter appropriate conversion, reflects the limited validity of
TH. The similar behavior of Eu0

i
(f) and Eu0

i
(k), however,

suggests that the latter may be still used as a working
hypothesis, depending on what statistical features one fo-
cuses on. Finally, we remark that similarly steep spectra
have been found in experiments [1, 17], in the frequency
domain, and theoretically predicted assuming homogene-
ity and isotropy [14], in the wavenumber domain. Such a
similarity is intriguing, considering that both the theory

and experiments deal with 3D flows, and calls for further
studies on the role of the space dimensionality in ET.
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FIG. 9. Spectra of velocity fluctuations u0
x (a) and u0

y (b)
from temporal and spatial data from probes located where
the mean flow is maximum and minimum, for Wi = 24.9.
The bottom horizontal axis refers to the spatial spectra, the
top one refers to temporal spectra, after conversion, where
! = 2⇡f , f is the frequency and U the mean flow intensity.
All spectra in (a) and (b) are normalized by their maximum
values.

2. Second-order structure functions and isotropy

We are interested in assessing the isotropy properties
of the flow at di↵erent length scales. At large scales,
the flow is anisotropic, as evidenced by the di↵erent rms
values of velocity fluctuations in the two directions (Ta-
ble II). A natural question then is if isotropy is recovered
at smaller scales. To explore this point, we consider the

Negro et al.



Narwhal blessings in long domains
<latexit sha1_base64="YyQ00PBaQGNsUGmGoPP1+gj3WmA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrb0IBS8eK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/Md3uQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJrdzv/NElWZSPJhpTP0IjwQLGcHGSu0Ou/Gu3EG54lbdDGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k+za2fozCpDFEplSxiUqb8nUhxpPY0C2xlhM9bL3lz8z+slJqz7KRNxYqggi0VhwpGRaP46GjJFieFTSzBRzN6KyBgrTIwNqGRD8JZfXiXti6pXq9buLyuNeh5HEU7gFM7Bg2towB00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AUQ+OSg==</latexit>

Wi = 150
<latexit sha1_base64="pMYZ9x39S4i7nlDX2Lc7Sww8ITM=">AAACGnicbZBNS8NAEIY39avWr6hHL4tF8FSSIrUXoeDFQw8V7Ae0IWy2m3bpZhN2N2IM/R1e/CtePCjiTbz4b9y2KWrrwMIz78wwO68XMSqVZX0ZuZXVtfWN/GZha3tnd8/cP2jJMBaYNHHIQtHxkCSMctJUVDHSiQRBgcdI2xtdTurtWyIkDfmNSiLiBGjAqU8xUlpyTbvu3sGeogGRsO4mP3gPL2DVmuflOdiWaxatkjUNuAx2BkWQRcM1P3r9EMcB4QozJGXXtiLlpEgoihkZF3qxJBHCIzQgXY0c6T1OOj1tDE+00od+KPTjCk7V3xMpCqRMAk93BkgN5WJtIv5X68bKrzop5VGsCMezRX7MoArhxCfYp4JgxRINCAuq/wrxEAmElXazoE2wF09ehla5ZFdKleuzYq2a2ZEHR+AYnAIbnIMauAIN0AQYPIAn8AJejUfj2Xgz3metOSObOQR/wvj8BjbFnnI=</latexit>

Lx ⇥ Ly ⇥ Lz = 80⇥ 2⇥ 10
<latexit sha1_base64="vPBwAUCN/NbjWrnAcB6ufMbwX9U=">AAACH3icbZDLSsNAFIYn9VbrLerSzWARXJUk1NiNUHDjqlSwF2hLmEwn7dDJhZmJGEPfxI2v4saFIuKub+O0jbfWHwY+/nMOZ87vRowKaRgTLbeyura+kd8sbG3v7O7p+wdNEcYckwYOWcjbLhKE0YA0JJWMtCNOkO8y0nJHl9N665ZwQcPgRiYR6floEFCPYiSV5eh2zbmDXUl9ImDNSX7wHl5AyyhXvhzT+kbrzHb0olEyZoLLYGZQBJnqjv7R7Yc49kkgMUNCdEwjkr0UcUkxI+NCNxYkQniEBqSjMEBqUS+d3TeGJ8rpQy/k6gUSztzfEynyhUh8V3X6SA7FYm1q/lfrxNKr9FIaRLEkAZ4v8mIGZQinYcE+5QRLlihAmFP1V4iHiCMsVaQFFYK5ePIyNK2SaZfs63KxWsniyIMjcAxOgQnOQRVcgTpoAAwewBN4Aa/ao/asvWnv89acls0cgj/SJp/bNp+1</latexit>

Nx ⇥Ny ⇥Nz = 2048⇥ 128⇥ 256



Conclusions:

• Elastic	turbulence	is	very	different	from	its	Newtonian	counterpart

• Bifurcation	from	infinity	in	purely	elastic	channel	flow

• Coherent	structures:	unstable	travelling	wave	solutions

Where to from here?

• Diversify	(LUMI-C?)

• CPU	à	GPU	transition;	next	eCSE	call??

arXiv:2509.03175




