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Continuum vs. Discrete

s Assumed Continuous at every point in space

s Mass Conservation

op

s Momentum Bal ance

0
—pu+ V- -puu=V_ 11
ot
s Energy Conservation Direct Numerical Simulation of
Turbulent Couette Flow
0
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Imperial College
London



Continuum vs. Discrete

s Discrete Molecules in continuous space

s Governed by Newtonds Law for an
N-body system

s Point particles with pairwise interactions

N
m;r; = F; = E I
]

-2 (2

s How do we obtain equivalent

Molecular Dynamics Simulation of

descriptions? Couette Flow

s Both modelled by Newtonian mechanics

s Linking the discrete and continuous forms
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Selecting Functions

s The Dirac delta selects molecules at a point

s Infinitely high, infinitely thin peak

6 (r —x;) A
s Equivalent to the continuum differential T
formulation at a point
N
= Z m;o (r —r
i=1
s In a molecular simulation = Is never exactly T T

equal to r;

s Other difficulties with the Dirac delta function

s Relaxed weighting functions
A(x —x;)
s By Hardy(1981), Hoover (2009),

Murdoch (2010) and others
Z m;A (r —r;)
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The Molecular Control Volume
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Derivatives yields the Surface Fluxes

s Taking the Derivative of the CV function
a9
8277; N

s Surface fluxes over the top and
bottom surface

dS;, = dS;" —dS;

s Vector form defines six surfaces

dS; = 1dS,; + dey@ + kdS.;
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Applying the Control Volume Function

s Molecular mass in a control volume
d & N )
dt — — ot <

s Mathematical manipulation yields surface fluxes

d d
dtzmzﬁ —Z(ﬁd— @+mzdtﬁ)

1=1

2

dr; d
= i—— =i
;m dt  dr

N
= — Z m;v; - dSz
=1
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5H\Q R AfaNsport Theorem

s Mass, momentum and energy equations

Mass Conservation
N
d
g 2 mivi =
i=1

Momentum Balance

d & Al
E Z m;v;; = — Z m;V;Vi - dS;
i=1 1=1

Energy Conservation

d & =
pr Z e;V; :—Zem - dS;
i=1 i=1

1 N N D,
5225 fiaty

i=1 i£j

)
= [ pav = - - dS
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