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Table of Symbols

Symbol Description

o time

o] Wavenumber

B Reduced Planck's Constant

a Mass of Particle

0 Amplitude of Wavefunction

Y Phase of Wavefunction
® Ordinary Potential
n Laplace Operator

W Wavefunction

Q Interaction Strength

@ Scattering Length

| Velocity (Madelung's Transform)

: Density (Madelungés TransHf
I Quantum of Circulation
0 Velocity Field

(0} Vorticity

3 Circulation

W Quantized Vortex Core Thickness
L Quantized Vortex Tangle Position
, Position Along Vortex Tangle

T Quantized Vortex Velocity

Q Mutual Friction Coefficient

Q Mutual Friction Coefficient

T Normal Fluid Velocity

= Unit Tangent Vector of Quantized Vortex
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Target Point Position on Vortex Tangle

@ Quantized Vortex Ring Velocity
Y Quantized Vortex Ring Radius
’ Kinematic Viscosity
Y Pistol Gun Stroke Time
Y Effective Radius
&) Propagation Axis Offset
"Oor Functional of the Tangle Before Reconnection
"O- Functional of the Tangle After Reconnection
0 Tangle Length
'O-tf Velocity Field Difference Before and After Reconnection
1 Difference in Velocity Field
_ Kelvin Wave Wavelength
W _ Velocity of a Kelvin Wave with a Given Wavelength
y Numerical Core Size
0o Energy at a Given Wavenumber
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i Vortex Cylinder Radius in Chorin's Vortex Stretching
- Enstrophy
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YQ Reynolds Number
Y Fluid Temperature
L Position of Point i Along Vortex Tangle
L Position of Previous Neighbour Point of i Along Vortex
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L

Position of Next Neighbour Point of i Along Vortex
Tangle
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Inter-Vortex Distance

Yo Discretisation Length in Reconnection Model
| Allowed Variation in Spacing Between Neighbouring
Points
0 Total Tangle Length
@ System Volume in Reconnection Model
k'S Vortex Line Density
f Reconnection Gauge
0" Smoothing Kernel
i 0Qi Derivative of the Curve with Respect to Arc Lenth
i 0QQI Second Derivative of the Curve with Respect to Arc
Lenth
0 Curvature
W Future Position in Runge-Kutta Scheme
(%) Current Position in Runge-Kutta Scheme
Q0o Time Step in General Runge-Kutta Scheme
[4) Runge-Kutta Scheme Coefficient
V] Velocity in General Runge-Kutta Scheme
0 Number of Particles
n Summation of Velocities in Every Direction
n Summation of Difference in Velocity Between Parallel
and Serial
0 Box Size in Results
y Diagnostic Core Size
, Discretisation Length in Results
0 Characteristic Time
@ Vortex Bundle Velocity
0 ¢ Vortices Per Layer for a Given Layer n in a Vortex

Bundle

EQ



Distance Between Vortex Rings in a Vortex Bundle

Vortex Bundle Core Diameter

Vortex Bundle Diameter

Vortex Bundle Core Diameter to Vortex Bundle
Diameter Ratio

Small Time Scale

Large Time Scale
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| S NBs the superfluid velocityy is the velocity of the normal or classical fludd, is the

—n

unit tangent vector which tells you the direction of the vorticity 83dand™Q are the mutual
friction parameters which tell you how the superfluid and the normal fluid interact, so they
are used to couple both fluids. Aamworking with Schrodinger fluids, there is no interaction
between classical and superfluids, therefdt® and 'Q parameters equate to zero and

Equation22 simplifies to:
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To T (23)
> K& Iﬁﬁs given by the BieBavart integral found iEquation24. After understanding how
quantizedvorticesevolve, it is important to denote the behaviour of the vortex filaments
when they approach and are in proximity with each other; what happens in this situation?
As suggested by Feynman[88], if two vortex filaments approach each other, the system
becomes unstable and the filaments start to twist around each other; once the distance
0SU6SSYy GKS FAfFIYSyita 06S02YSa avlitf Syz2dzaK i
results in a new aemgement in the system. It was also mentioned by Schwdi2jnhat if
two vortex filaments cross each other, they would reconnect after deforming themselves at
their closest point, this would result in the reconnection points moving apart quickly after it
happens. This introduces us to an interesting part of Schgii fluid turbulence, this
reconnection described previously would give way to the generatidfedfinwaves which

explain ina latersection.
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‘Qm is the differential solid angle (dimensionless)
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f Sy 3 K 3iKKSS NGB i 2R, arg the sameDoing thisapplies a numerical

core to the vortex filaments that smoothke results As it was explained by Kivotides in

[99], the cores that are given to the individual vortices (radial thickngssannot deform

and are constant throughout the entire length of the tandlhe tangle is given a numerical

thickness only temporarily, which iemoved once themoothed velocity field has been

calculated.This now introduces a variable in my system tmaistbe well thought of: Too

small of a smoothing core and the results would be prone to numerical instabilities, while

too large of a smoothing corgould remove any smaficale physics of the vortices like

smallKelvinwaves.
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| S NB”Z depends on which smoothing kernel is selectpérsonally | used the High
Algebraic smoothing kernel for velocitglculations and the Gaussian smoothing kernel for

the energy spectra calculations.
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Having the information regarding how fasKalvinwave propagates along a vortex filament
can be important in many ways; for the sake of this thesis,Kbe&/inwave propagation
velocity was used to determine which regimgy quantizedvortex simulations were, by
looking at the simulation time and the propagation veloci§elvinwaves also play an
important part in the transfer of energy within vortex tanglespecially in isolatequantized

vortices | aim to study the signature d€elvinwaves in the energy spectrum, and how the

energy is transferred from large scales to small scales.
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