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Vinen Equation

Vinen equation

dC(t)/dt = P(t) —D(t)

Hall and Vinen works (1956-1958)

\ / \ / Vinen: Proc. R. Soc. A 238, 204 (1956)
. Proc. R. Soc. A 242, 493 (1957)
productz on deca Y Proc. R. Soc. A 243, 400 (1958)

Hall : Phil. Trans. A 250, 359 (1957)

P(t) = aC L3 2|V,s| D(t) = akCoL?

L - vortex line density Vs = Vi — V5 - counterflow velocity

« - mutual friction parameter C7 and Cj5 - fitting parameters

k -quantum of circulation, for *He: k = 9.97 x 10™%e¢m?/sec



Dimensional analysis

P =Py = arl’F(x)
D =D, = arl*G(x)
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1/2 3 9 and P-, (dashed line) production terms
733 o OéCg,C ‘ Vns ‘ /K S.K. Nemirovskii et. al PRB 48, 1993



Generalization of Vinen’s equation for
nonhomogeneous case

oL(r,t
() -V - TJ(r,t) = P(r,t) —D(rt)
ot N —’ N —r’ N —’
flux production decay
T (r,t)? —
) \Y ?;’) Lz > X
D(T’ t) ~ £2(7,q t)‘? ns:; >

P(Ta t) ~ Vns(ra t)£3/2 (7’, t)? Two dimensional channel counterflow



Equation of motion for single vortex line

ds(&,t)

7 = V3(s,t)+ (o — /s x )8 x Vie(s,t)

Vi(s.t) = Vi + Vis(s)

K (S — Sl) X d-S‘l ) ;
Vils) = 1= | 2 SV + Vi)
. s — s1 local nonlocal

VS

LIA(S) = f3s' x §" B = - ln(a0|s”|) Si-1(g5t)

4

. _ ex line is parametrize r radius vect ’
ag - vortex core radius, for ‘He ag ~ 10~8¢m Vortex line is parametrized by radius vector s(&,t)

¢ - arc length

s K (8 —s1) x ds; , ds . A ) )
nl(s) = - 3 s’ = — - unit vector in direction of vortex line
4 |S — 81| dé’
C' 12
0 U 5 vector of curvature
S . . -_— T a = /CLUu - U /LU U -
Vis = Vas + VA -counterflow velocity without dg?

local component



Equation of motion for vortex line segment length

do& ) (6&dt) = &' - ds'/dt = aV,s- (8" x 8")+ 8 -V —a's" -V

After integration

OL(y,t) 0T (y.t)
ot ! 0y — P(ya t) o D(yv t)

Tyt) = & / SV de
Py, 1) / VO (s x 8)de
Dly.1) = / " 2de



Analysis of the decay term

al [ ‘ -2
D(y,t) = — 8" |2d¢ = aBLS?
€
S? = <‘8”‘2> -mean square curvature [ = £_1/2 - intervortex distance
S?~ L

D(y,t) = aBCgec L?



Analysis of the production term




Analysis of the flux term

Z ' ns,X ns
K

EO!D

/ VO de = Ly 4

dy
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Numerical simulation

We consider counterflow in a planar channel ty
= Vortex filament model using full Biot-Savart calculations -
g Vns__> /Z > X

= Computational domain 0.2x0.1x0.1 cm

= Periodic boundary conditions in .x,Z directions
Solid walls with slip boundary conditions

= Line resolution Aé=1.6X107—3 cm >

= Dissipative reconnection criterion

= T=1.6K, @=0.098, ' =0.016.

VI0Ts calculated dynamically from the zero net mass flux
condition

pdn (Vin )=pls (VI0Ts +VIBST)

Two normal velocity profile types — parabolic and non-parabolic
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Numerical results: profile of vortex line density

Parabolic profile Non parabolic profile
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Normalized variables: y' = y/h; £f = &2L/(V2); Vi = Vu/ (V2 H2

Vi = Vs / <V2 >1/2
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Numerical results: Decay

Parabolic profile Non Parabolic profile
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Normalized variables: ' = y/h; D' = kD) <Vn{>
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Numerical results: Production

Parabolic profile Non parabolic profile
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Numerical results: Flux of the vortex line density

Non parabolic profile

Parabolic profile
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Normalized variables: y' =y/h; 77 =x27/ (V)
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Conclusion about equation for VLD
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Summary

* We have suggested the equation of motion for
vortex line density in inhomogeneous channel

counterflow

 We proposed closure relations for production, decay

and VLD flux terms and verify them by direct
numerical simulations using VFM in a plane c

* We found quantitative agreement between t
closure and the numerical results for parabo
non-parabolic normal velocity profiles
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