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The current results indicate that both components may be undergoing =

100

a Rind of flow separation as they pass over the cylinder

=100 4

It Ls worth noting that for classical flulds at Re, > 10,000 considerably

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

400 -

different flow structures are normally present downstream of a cylinder -%0:

-400

PIlV measurements

—400  —200 \ ' ( 600

, , , » , , Figure 3 Computed streamlines for particle motion for the two heat flux

s LV\:\/&S{'.L@ atton b 5 numaerical stmaulations cases in Fig. 2. a, = 4 KW m2 at T 1.6 K corresponding to Re, = 41,000
and Lo=1x10"mm=2.b, g=11.2KWm 2 at T=2.03 K corresponding
to Rey=21,000and Ly =2.6 x 10" mm~3.




Numerical modgling of thermal counterflow

Geometry of simulations:

(ooling interface) conversion normal fluin

d ST y to superfluid
B P
w N % In PV +psVs =0 le
!\ _—
N § ‘\" * super fluid
;\\\ §\ % g 0 L X
N N SR\, conversion superfluid
N B o oreal fluio
NI Spom | o normal flut
Sketeh of experimental set-up ) Sketeh of numerical configuration
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Ingredients of the physical modeling (at macroscopic level):

¥
moothed superfluid velocity field

%
)
N

*  Thermo-mechanical effect Ls encapsulated in a generalized partial pressure
* isothermal and incompressible approximations:

* Temperature T is a pavameter (not a variable) of the system p = T)
o p,=pn(T)and ps =p(T):V.vy, =0and V.vg =0
Dv, Dvq
Pn—7 = —Vpp + Fys + VA, Ps = =Vps — Fus

Dt Dt

K HVEK approximation for mutual coupling

Bpspn __
2; =5 X (ws X (s —vp)) + 2 (ws X (Vs = 1))

mutual friction Magnus effect

B ,pspn i

Fnsz_

1 1 1 ]
0,0 05 1,0 15 2,0 25
Temperature [K]

... dynamics is integrated numerically at a wesoscopic Level
by the Lattice Boltzmann method



Lattice Boltzmann method - Rey tngredients only:

He-11 Ls viewed as populations of normal-flutd and superfluld particles that propagate and collide on a Lattice
The Lattice Boltzmann scheme expresses the dynamics of these propulations ow the Lattice

* n the bulk :

fo (1) Ls the nuwmdber of particles moving in the direction o tn (x,t):

1. . .

. ll - fr.r(x + Cﬂ"&'t? L+ ﬂf) = ff_r{x-. f} - ; [:im:(xr- f) - t:?nq(p! v, Fh\.-'bkj(x; t))
. B-c, C:(caco— i)
eq o ) : s 5

F"- hj fcr (pﬁ v, Fl‘wbk) = Wy (1 + f-'-z + 2(_3 )

A=p/c?
] , B=pv+ V/CE Fhyvbk
. — 2 « particles carvy pressure » - s
../ rl \]:Imu wle p Z fr_tf,-,- < P ¢ 8 P ¢ e C = PVV + QU//(E Fh\-’bkv
! o
Tn#tice cell i
- PV = Z f(l‘cd.’} + &f/Q Fh\-’bk-

x

/ 287 7/ 4 I 4 7 1
Note that for the sake of nwmerical stability, a very small artificial viscosity is affected to the superfluid : vg/vp= —

25
slip condition no—slip condition
A A
* At solid boundaries: \M . m .
Y Y



*  How to drive the thermal flow (at a wmesoscopic Level) ?

conversion superfluid to normal fluid conversion normal flutd to superfluid

ﬂ Thermostats are aouqsLeol so that the total wumwber

, . of particles of each component ts conserveo
Exohawge coefﬁcwwt Ye stmilar to heat power ﬁ} f P

0.5

—o—P,Vn

——P, Vs

T=1.5K

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

PnVn +psVs =0

debit massique (kg.m-2.5-1)

Vo X Ve is here equivalent to the heating law 1, o« ¢

0 0.1 0.2 0.3 0.4 0.5
T, ¢ (m.s-1j



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

The knowledge of cooling characteristics of He IT is indispensable

to design superconducting magnets !
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Counterflow without mutual coupling




Turning on mutual coupling at low Reynolds number

very low Reynolds number for normal fluid: Re, = 2

composante normale composante superfluide

Un.r / "fn. Usx f I‘/’Sl



HAppearance of high-friction bands : virtual boundarigs

Reywolds number for normal fluid: Re, = 10

Low speed High speed

Highspeed speent
cmnposzult*/normalo
e ——

0 0.7 14

vorticité superfluide

foree de friction Fi_ -, selon x

High-friction bands &
_—

PF s/ (—paVp)

-1 0803 0.0e-04 00e+00 G 0e-04 1.0e-03



Upstream recirculation zongs

Reywolds nuwnmber for normal fluid: Re, = 19

composante normale composante superfluide Energie dissipée par friction
| e———— — e

T—

—

,l,".H/\,rn is:/“ql £ friction
2 1.4 07 0 0.7 14 2 0.0=+00 0.0003 0. 000 0.0009 1.1e-03

| N e

Reywnolds number for normal fluid: Re, = 20,5

composante normale composante superfluide

Uy ,.r/ ‘;z Us.z ,-‘, | ‘s |
2 -1.4 0.7 0 0.7 14 2

|




Summary of flow topology

Re, < 5,0 5,0 < Re,, < 18.5H 18.5 < Re,, < 20,5 20.5 < Re,




in threg dimegnsions

High-friction surface = virtual boundaries

compaosante normale




Conclusions and perspectives

% Vortieal structures are assoctated with normal fluld rather than a kind of flow separation
of the normal fluid and superfluld components as they pass over the cylinder

* Two-fluid d awamics are strongly influenced by the mutual friction :
- apparition of \Artuat boundaries which separate the flow of each component
- now trivigbflow

). ¢ supplementary (to expertmental flow viszualisation) insight tnto He-tt counterflows
consistent with Joe Vinen's comment ™ ... need to account for what the normal fluld Ls dotng
in a dynamically self-consistent computation of the flow patterns



Kinetic Models for CFD in a nutshell

— Boltzmann equation (BE)
Kn<<1 of 2 ‘
Tty Bl s

5;+ g'—’ﬂ(./)

CE-expansion

v BGK-approximation
Navier-Stokes equation Y Y _ L fay
o(pv) L - ot ox T
+V(pw) =-Vp+ uA(pv)
ot l
continuity equation Discrete BE
P 4 V() =0 ¢ LR
ot =Ly L shim e (£
A 4

ot ' ox
/ FD-Discretization

Lattice BE
.f}(1+Ahf+5-Af)—f(f,f)=—lr(./; — £

Kn, Ma <<1

Chapman-Enskog expansion



