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Large-scale vortical motions in thermal 
counterflow around an obstacle 



Motivations

The current results indicate that both components may be undergoing 
a kind of flow separation as they pass over the cylinder

It is worth noting that for classical fluids at ReD > 10,000 considerably 
different flow structures are normally present downstream of a cylinder

There is a need to understand the two-way coupling between the normal-fluid 
and the superfluid component !

… investigation by numerical simulations

PIV measurements
T=1.6K

ReD=41000

T=2.03K
ReD=21000



Numerical modeling of thermal counterflow

Geometry of simulations:

conversion normal fluid

to superfluid

conversion superfluid
to normal fluid

Sketch of experimental set-up Sketch of numerical configuration

2d and 3d

𝜌𝑛𝑉𝑛 + 𝜌𝑠𝑉𝑠 = 0
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6 smoothed superfluid velocity field

Ingredients of the physical modeling (at macroscopic level):  

Magnus effectmutual friction

Two-fluid model (Landau & Tisza)

Boussinesq-type approximation

𝛻𝑝𝑛 =
𝜌𝑛
𝜌
𝛻𝑃 + 𝜌𝑠 𝑠 𝛻𝑇 𝛻𝑝𝑠 =

𝜌𝑠
𝜌
𝛻𝑃 − 𝜌𝑠 𝑠 𝛻𝑇

• Thermo-mechanical effect is encapsulated in a generalized partial pressure
• isothermal and incompressible approximations:

• Temperature T is a parameter (not a variable) of the system
• 𝜌𝑛 = 𝜌𝑛 𝑇 and 𝜌𝑠 = 𝜌𝑠 𝑇 : 𝛻. vn = 0 and 𝛻. vs = 0

𝜌𝑛
𝐷𝑣𝑛
𝐷𝑡

= −𝛻𝑝𝑛 + 𝐹𝑛𝑠 + 𝜈Δ𝑣𝑛 𝜌𝑠
𝐷𝑣𝑠
𝐷𝑡

= −𝛻𝑝𝑠 − 𝐹𝑛𝑠

𝜌 = 𝜌(𝑃, 𝑇)

𝐹𝑛𝑠 ≈ −
𝐵𝜌𝑠𝜌𝑛
2𝜌

 𝜔𝑠 × 𝜔𝑠 × 𝑣𝑠 − 𝑣𝑛 +
𝐵′𝜌𝑠𝜌𝑛
2𝜌

(𝜔𝑠 × 𝑣𝑠 − 𝑣𝑛 )

HVBK approximation for mutual coupling

… dynamics is integrated numerically at a mesoscopic level
by the Lattice Boltzmann method



Lattice Boltzmann method - key ingredients only:

At solid boundaries: 

He-II is viewed as populations of normal-fluid and superfluid particles that propagate and collide on a lattice

The Lattice Boltzmann scheme expresses the  dynamics of these propulations on the lattice

fa(x,t) is the number of particles moving in the direction a in (x,t):
In the bulk : 

Note that for the sake of numerical stability, a very small artificial viscosity is affected to the superfluid :  𝝂𝒔/𝝂𝒏=
𝟏

𝟐𝟓

« particles carry pressure »



How to drive the thermal flow (at a mesoscopic level) ?

conversion superfluid to normal fluid conversion normal fluid to superfluid

Exchange coefficient 𝜸𝒆 similar to heat power 

Thermostats are coupled so that the total number
of particles of each component is conserved

As a result, a counterflow naturally
establishes between the two thermostats :

𝜌𝑛𝑉𝑛 + 𝜌𝑠𝑉𝑠 = 0

T=1.5K

𝑉𝑛 ∝ 𝛾𝑒 is here equivalent to the heating law 𝑉𝑛 ∝  𝑞



Existing simulations of thermal counterflow simulations (two-way coupling) :



Counterflow without mutual coupling

pair of attached vortices Von-Karman vortex street

pair of attached vorticesVon-Karman vortex street

T=1.96K
𝜌𝑛 ≈ 𝜌𝑠



Turning on mutual coupling at low Reynolds number

T=1.96K

Very low Reynolds number for normal fluid: 𝑅𝑒𝑛 = 2

𝜌𝑛 ≈ 𝜌𝑠 𝑉𝑛 ≈ −𝑉𝑠

𝑅𝑒𝑠 ≈ 25 𝑅𝑒𝑛



Mutual friction turned off

Appearance of high-friction bands : virtual boundaries
T=1.96K

Reynolds number for normal fluid: 𝑅𝑒𝑛 = 10

High-friction bands 

Virtual boundaries

High speed Low speed

High speedLow speed



Upstream recirculation zones
T=1.96K

Reynolds number for normal fluid: 𝑅𝑒𝑛 = 19

Reynolds number for normal fluid: 𝑅𝑒𝑛 = 20,5



Summary of flow topology



in three dimensions

High-friction surface ≈ virtual boundaries

T=1.96K
ReD=30



Conclusions and perspectives
Vortical structures are associated with normal fluid rather than a kind of flow separation

of the normal fluid and superfluid components as they pass over the cylinder

Two-fluid dynamics are strongly influenced by the mutual friction :
- apparition of virtual boundaries which separate the flow of each component
- non trivial flow topology

supplementary (to experimental flow viszualisation) insight into He-II counterflows
consistent with Joe Vinen’s comment  ``… need to account for what the normal fluid is doing
in a dynamically self-consistent  computation  of the flow patterns ‘’




