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A Study on the Thermohydrodynamic Phenomena of
Simple Fluid via Molecular Dynamics

Chong Euk Kim, Sung Chung An and Yong Seop Kim
Abstract

The stresses in lubricants by external force lead to rise in temperature and drop in viscosty,
and the performance of lubricants decrease by this phenomena.

The processes of shear stress generation and relaxation are linear under light load condition but
those are changed into nonlinearly over a certain limit of load and speed, and this phenomena
influences to viscosty change. This study investigates dense fluid which carries property
change for high shear rate by using molecular dynamics, and that result can be related to
research a behavior of property change of lubricants under high speed and heavy load.
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Fig. 1 Homogeneous shear method
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Table 1 Lennerd-Jones reduced unit

Psysical value L-J unit SI unit
Length a 0. 3405nm

Mass m 6. 64X 10 *kg
Energy u 1.65%x10721]
Time a(m/u)V'? 2. 16Psec
Density a3 42. 1kg-mol/m3
Temperature u/Ks 119. 8°K
Pressure stress u/a® 41. 8MPa
Modulus u/ad 41. 8MPa
Viscosity (mu)¥*/a® | 9,03x10"°Pasec

SR X FIA

set the initisl conditions
position i x, ¥, 2

velocity : Vx, Vy, Vz
increment : dx, dy, dz

TInd the new position
2i e 7i+ Azi

any particles are
beyond z plane

2i=2zi - Azi
return to previous position
with .opposite

find the momentum chenge snd woTK
in fluid well region
We=Fz* Az=Fz (- Az/N)

find the external [forces
F=-{(1/N) Z Fi

find the external work for shear
flow
Aux =Fx (V)N 4t

find the increments for the interior

region
first store old increment
A= fzi

new increment

Azi = A« (At) Fzi
velocity for time t
Vzi= (dzi+48)/ (24t)

k 2djust " the fluid wall temperature]
by the sca-e1/2acter vs
VS=(Te /T )

i

subtracting momentum increment due to
elastic wall cellision
dz=-2 2 (g ziyn)

velocity ~change reduces the z  comporent
fluld wall terr"\eAa’ture
AT /E ) == (1/2) (N/K=1) (ot 2/ AT )

find anther scale focter to increase
the 2z direct xcnﬂ/zerrvperature

VSz = (AT/T +
1

caleulate the scale facter and adjust
-L mcremert

Azi = (vs) (VS2) (444 2)

calculate the kinetic energy changE
AXEvs = 1/2(4zi-4)( (Azi +4)/ 8¢
+ Fzi - Fext )

caleulate the energy change
AE ext = 4 wx + A vz + A Kiz

adjust the velocity and increment
A az

Azi = A+ (At) {Fzi-~Fext)
Vo= (Azi+ p Y/ 2 4%

celculate the stress, relaxation Tunction
and viscosty by the equstion 4, 1, and 7|

Fig. 2 Flow chart
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Fig. 4 Behavior of stress build up
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Fig. 5 Behavior of shear viscosty change
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