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Introduction

FIGURE 1: Snapshot of a

thermally driven vortex tan-

gle (vns = 0.75cm/s, L ≈
12000cm−2).

Quantum turbulence can be generated in superfluid

helium either thermally (by applying a heat flux) or

mechanically (by stirring the liquid). We model su-

perfluid vortex lines as reconnecting space curves

s(ξ, t) with fixed circulation, which move according to
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The self-induced velocity of the vortex filament at the

point s is given by the Biot-Savart law

v
i
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κ
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∮
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The normal fluid can be driven either as a uniform flow for thermally driven turbu-

lence (where vextn (s, t) = const. and we neglect channel profiles), or as a synthetic

FIGURE 2: Snapshot of a me-

chanically driven vortex tangle

(Re = 208, L ≈ 12000cm−2).

turbulent flow for mechanically driven turbulence. To

generate the synthetic turbulence we use a popular

model of classical turbulence as given below

vextn (s, t) =

m=M∑
m=1

(Am × km cosφm +Bm × km sinφm).

(Using M = 188 modes, with an effective Reynolds number of the normal fluid is Re =

(kM/k1)
4/3 = 208, where the dissipation time equals the eddy turnover time at kM .)

We can then determine the differences between

thermally driven and mechanically driven quantum

turbulence after an initial transient.

Energy Spectrum

Thermally driven turbulence:
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FIGURE 3: The perpendicular energy spectrum

E⊥(k⊥) (arbitrary units) vs wavenumber k⊥
(cm−1). The vertical lines mark kℓ at increasing

vns from right to left.

Mechanically driven turbulence:
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FIGURE 4: Energy spectrum E(k) (arbitrary

units) vs wavenumber k (cm−1). The vertical

dashed blue line marks kℓ and the dashed red line

shows the k−5/3 Kolmogorov scaling.

•There is a broad peak in the

mesoscales at intermediate

wavenumbers kD < k < kℓ.

•At larger k the spectrum follows the

typical k−1 scaling of smooth iso-

lated vortex lines as expected.

•The parallel spectrum E‖ exhibits

similar features.
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FIGURE 5: The parallel energy spectrum E||(k||)

(arbitrary units) vs wavenumber k|| (cm−1). The

vertical lines mark kℓ at increasing vns from right

to left.

•The energy is concentrated at the

largest scales, k ≈ kD.

•For large k (in the region of kD <
k < kℓ), we see that Ek ∼ k−5/3.

•Results analogous to those found in

classical ordinary turbulence.

We computed the energy spectra of configurations of circular vortex rings

placed in a periodic box of size D. We find if the rings’ radius R ≥ D then most

of the energy is concentrated at the largest length scales, whereas if R < D the

energy spectrum peaks at intermediate scales.

Curvature

The thermally driven tangle contained relatively more closed loops, while the

mechanically driven tangle contains relatively more long vortices.
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FIGURE 6: Solid black line: mechanically driven turbulence.

Dashed red line: thermally driven turbulence.

Coherent Structures

Thermally driven turbulence:

FIGURE 7: Smoothed vorticity ω sustained by a

constant vextn

Mechanically driven turbulence:

FIGURE 8: Smoothed vorticity ω sustained by a

turbulent vextn

•There are intense vortical regions in the mechanically driven turbulence com-

pared with the thermally driven turbulence which is plotted on the same scale.

•The thermally-induced tangle (sustained by the uniform v
ext
n ) is essentially fea-

tureless, whereas the mechanically-induced tangle (sustained by the turbulent

v
ext
n ) contains “vortical worms”, or regions of concentrated vorticity.

Vortex Reconnections
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FIGURE 9: PDF of the angle between reconnect-

ing vortices, θ. Thermally driven turbulence at

T = 2.1K (dashed red line) and at T = 1.9K
(solid red squares). Mechanically driven turbu-

lence at T = 2.1K (solid black line) and at T =
1.9K (solid black line with solid black circles).

•For thermally driven turbulence

the distribution peaks at large θ,

whereas for mechanically driven

turbulence it peaks at small θ.

•These angles are calculated from

879 reconnections in the mechan-

ically driven turbulence compared

with 1107 reconnections in the ther-

mally driven turbulence.

Conclusions

It is clear that mechanically driven turbulence and thermally driven turbulence

are quite different in every aspect of their behaviour.

Turbulence driven thermally by a constant normal fluid velocity, is uniform in

physical space and the energy spectrum (looked at here for the first time) is

concentrated at intermediate wavenumbers k. On the other hand, quantum tur-

bulence driven mechanically by a turbulent normal fluid, contains regions of con-

centrated coherent vorticity and vortex lines with larger radius of curvature; the

energy is concentrated at the largest scales, exhibiting the same k−5/3 scaling of

ordinary turbulence.
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