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Childers & Tough1976 
(schematics representation) 

Tough 1982 

T1 

T2 



!  T1 : superfluid tangle appears (normal fluid remains laminar) 

!  T2 : normal fluid instability 
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e.g.: Edwards 1965 
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!  Example :     critical velocity  vc  versus Diameter  d 

◦   vc independent of d   [Landau 41, Iordanskii 65, Langer et al. 67 ] 
◦   vc ~ d -1/4  [Kruglov 2011]  

◦   vc ~ d -1/3 w/ or without log corr. [Craig 66] [Jones 69]  

◦   vc ~ d -1 with log corr  [Feynman 55, Peshkov 61, Fineman et al.63, 
  Glaberson et al. 66, Swanson et al. 85,
  Schwarz 88, Barenghi et al. 97]  

◦   vc ~ d -1  [Mongiovi and Jou 2005, Fetter 1963, 
  Childers and Tough 1976]  
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Schwarz 1988 sarcasms about 

profusion of models  

!  Example :     critical velocity  vc  versus Diameter  d 

◦   vc independent of d   [Landau 41, Iordanskii 65, Langer et al. 67 ] 
◦   vc ~ d -1/4  [Kruglov 2011]  

◦   vc ~ d -1/3 w/ or without log corr. [Craig 66] [Jones 69]  

◦   vc ~ d -1 with log corr  [Feynman 55, Peshkov 61, Fineman et al.63, 
  Glaberson et al. 66, Swanson et al. 85,
  Schwarz 88, Barenghi et al. 97]  

◦   vc ~ d -1  [Mongiovi and Jou 2005, Fetter 1963, 
  Childers and Tough 1976]  
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Do we have a measurement interpretation problem ? 
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!  Classical laminar hydrodynamics : 
!   Viscous diffusion time  Vs.  Advection time 
!   Entry profile forgotten after few tens of diameters 

Le ⇠ V
(D/2)2

⌫
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!   What happens in a superfluid ? 
 Does the flow ever forget the entry profile ?  
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•  The pipe’s aspect ratio seems a relevant parameter 
•  Insufficient aspect-ratio in some datasets ? 
•  Lack of data within 100 < L/Dh < 500 
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Rule of thumbs  : 
pipe aspect ratio should be one decade larger 

than suggested by classical hydrodyanmics 



!  Superfluid vorticity is carried into the pipe 

   Physical origin of this vorticity 
◦   Reservoirs vortices 
◦   Flow recirculation near the heater/cooler 
◦   Geometrical discontinuities at pipe’s entry 
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!  Model for reservoirs : 

  spatially-distributed heating /cooling zone 

  no geometrical discontinuity 

  symmetric heating / cooling reservoirs (for direct comparison) 
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!  Full mutual coupling (two-way simulation ) : HVBK model, 
no vortex tension 
Artificial superfluid viscosity : 𝝂s /𝝂n = 1/25 (validations at 1/50, 1/100) s /𝝂n = 1/25 (validations at 1/50, 1/100) n = 1/25 (validations at 1/50, 1/100) 

!  Side-wall boundary conditions : Normal = no-slip , Superfluid = slip 

!  Boussinesq-type approximation Incompressible isothermal fluid 

!  Lattice-Boltzmann numerical schemes, 2D (3D not presented here) 

!  Code validations : conservation of population, impulsion, mass flux, 
single-fluid flow special case,… 15 



!  T    =  1.5 K 
!  ReN = 146.7 
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!  T    =  1.5 K 
!  ReN = 146.7 
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!  T    =  1.5 K 
!  ReN = 146.7 
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!  T    =  1.5 K 
!  ReN = 146.7 
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!  T    =  1.5 K 
!  ReN = 146.7 
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Consequence of 
full mutual coupling : 
Effective pipe section iis 
reduced for normal fluid 

Tail-flattened 
normal flow 



21 Pressure drop much more pronounced on cold side  
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22 Full reciprocal mutual friction : key ingredient 

Heating 
reservoir 

Cooling 
reservoir 

Entry effect 

Entry effect 

!sh/Vs

vn/Vn



23 

Question #1 : how does LH compares to classical entry length ? 
Question #2 : how does LC compares to classical entry length ?  
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Heating side end : 
 similar to the classical hydrodynamics entry effect 

Thermostat length (dimensionless) 

Simulated Entrance length 

Simulated Entrance + Thermostat lengths 
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Normal fluid Reynolds number (1.5 K) 

Diameter 
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RATIO  : Superfluid entry LC / Normal fluid entry LH 

Cooling side end : 
  The entry effect is nearly one decade larger 
  than in classical hydrodynamics 



!  The superfluid entry lengh –defined using excess in pressure drop- can 
greatly exceed the classical « viscous » entry length. Mutual friction 
determines the transcient. 

!  Special attention needed in counterflow visualisation 
( channel aspect ratio, flow conditionner, …) 
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!  The superfluid entry lengh –defined using excess in pressure drop- can 
greatly exceed the classical « viscous » entry length. Mutual friction 
determines the transcient. 

!  Special attention needed in counterflow visualisation 
( channel aspect ratio, flow conditionner, …) 

!  Perspectives : 
◦  determination of  T1 for aspect ratio 100 < G <500  
◦  consequences on the T1 « puzzle »  
◦  extend the analysis from T1 to T2 
◦   determine LC/LH for alternative definition of entry lengths 
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