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Summary

A Introduction
AHeatFlux-Fouri erds | aw and
AMolecular Dynamics

A Two Cases
ATemperature-Driven Flow
AShear-Driven (Couette) Flow



Brunel
University
X' London

Section 1

INTRODUCTION
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A Proportional to magnitude
of temperature gradient
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A Taylor expansion in gradients of T and u

o0J
T ~ VT q
Jq(V : V'u,) vV ST
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A Taylor expansion in gradients of T and u

0.J
Jo(VT,Vu) ~ VT~ /j{ -

A

Fouri eros | aw 1 s fi1r
term In expansion
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Beyond RAwafHeat Eandustion

A Taylor expansion in gradients of T and u

J,(VT, Vu)NVTaJ/{ -

A Only temperature gradient and strain cross term is
non-zero to 15t order

Jq ~ —Aeﬂr - V1
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Molecular Dynamics

Discrete molecules in continuous space
AMolecular position evolves continuously in time
APosition and velocity from acceleration «

Acceleration obtained from forces

AGoverned by Newt-bagysgstelmaw f or an
APoint particles with pairwise interactions only

mii; = F; = i i Plris) = de [(i)m - (i)ﬁl

o Tij Tij
i#] ’ J



Molecular Dynamics

Liquid
structure

causes

viscosity

and heat
conduction

Stick -slip
and
temperature
jumps near
walls
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Liquid
structure

causes
viscosity

Stick -slip
near walls
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Molecules
of arbitrary
complexity

Oil, water and textured surface



Molecular Dynamic® Shocks and MuHliPhase

Shockwave

s %

Nucleation

Droplet Formation
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MD Computing

A Force Calculation

A All pairs simulation uses local cell and neighbour lists to reduce
the N2 calculation to order N

x BLr W aNs
F=3"f; = KL
oy ZIN\N 'K‘ \ /. a .
® ] ® ¢ T 1) ® @ o L
A Move particles (leapfrog in time)
m; d’UZ‘ ~ m, Uf,;(t + At/Q) — ’Uz'(t — At/2) _ Fz
dt At

d’ri - Ti(t + At) — T@'(t)
dt At
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MD Computing

Localisations lends itself to parallel computing using MPI
ASpatial decomposition employed

AHalo cells (ghost molecules) are used to link adjacent
regions

—

{—

Halo exchange of variable amounts of data
AMPI_Send
AMPI_Probe and MPI_Recv



