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Abstract
Ratanapisit, J.! and Ely, J. F.2
Shear viscosity of hard chain fluids through molecular dynamics simulation

techniques
Songklanakarin J. Sci. Technol., 2005, 27(4) : 847-857

In this paper, we represent the viscosity of hard chain fluids. This study was initiated with an in-
vestigation of the equilibrium molecular dynamic simulations of pure hard-sphere molecules. The natural
extension of that work was to hard chain fluids. The hard chain model is one in which each molecule is
represented as a chain of freely jointed hard spheres that interact on a site-site basis. The major use of the
results from this study lie in the future development of a transport perturbation theory in which the hard
chain serves as the reference. Our results show agreement to within the combined uncertainties with the
previous studies. Comparisons have also been made to a modified Enskog theory. Results show the failure of
the Enskog theory to predict the high density viscosity and that the theory fails more rapidly with density
as the chain length increases. We attribute this to a failure of the molecular chaos assumption used in the
Enskog theory. Further comparisons are made to real fluids using the SAFT-MET and TRAPP approaches.
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As expected, the hard sphere model is not appropriate to estimate properties of real fluids. However, the
hard sphere model provides the good starting point to serve as the reference basis to study chain molecule
systems.

Key words : viscosity, molecular dynamics, hard chain fluids, Enskog theory, TRAPP,
SAFT, perturbation theory
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Figure 1. Hard chain model and their site-site interactions with different chain molecules.
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Figure 2. Reduced shear viscosity as a function of reduced time t* at packing fraction 0.38.
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Table 1. Reduced shear viscosity simulation results for hard sphere chain fluids.

packing fraction  hard sphere hard sphere hard sphere hard sphere
fluids dimer fluids 4-mer fluids 8-mer fluids

0.10 0.26 0.17 0.13 0.11
0.15 0.33 0.24 0.26 0.39
0.20 0.36 0.33 0.38 0.43
0.25 0.49 0.52 0.59 0.72
0.27 0.59 0.64 0.72 1.03
0.28 0.63 0.68 0.81 1.14
0.29 0.68 0.71 0.88 1.21
0.30 0.72 0.77 0.92 1.42
0.31 0.81 0.84 0.97 1.82
0.32 0.96 0.96 1.06 1.80
0.33 1.02 1.17 1.37 2.10
0.34 1.09 1.32 1.48 2.38
0.35 1.15 1.44 1.57 2.75
0.36 1.34 1.55 1.80 3.19
0.37 1.42 1.66 2.17 3.41
0.38 1.56 1.89 2.39 4.29
0.39 1.60 2.08 2.78 4.62
0.40 1.77 2.15 2.98 5.01
0.41 1.89 2.39 3.25 5.90
0.42 2.19 2.65 3.52 6.83
0.43 241 2.97 4.35 8.45
0.44 2.75 3.58 4.9 9.92
0.45 3.06 4.10 6.2 11.05
0.47 5.42 — — —

0.48 6.20 — — —
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Figure 3. Reduced shear viscosity of hard sphere
fluid as a function of packing fraction.
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Figure 5. Reduced shear viscosity of hard sphere
4-mer fluids as a function of packing
fraction.
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Figure 4. Reduced shear viscosity of hard sphere
dimer fluids as a function of packing

fraction.
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Figure 6. Reduced shear viscosity of hard sphere
8-mer fluid as a function of packing
fraction.
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Figure 7. Comparison of reduced shear viscosity
as a function of packing fraction of
hard sphere fluid to other predictive
models.
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Figure 9. Comparison of reduced shear viscosity
as a function of packing fraction of
hard sphere 4-mer fluid to other pre-
dictive models.
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Figure 8. Comparison of reduced shear viscosity
as a function of packing fraction of
hard sphere dimer fluid to other
predictive models.
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Figurel0. Comparison of reduced shear visco-
sity as a function of packing fraction
of hard sphere 8-mer fluid to other
predictive models.
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Table 2. Collision rates of hard sphere chain fluid at packing fraction 0.35.

Fluid Intercollision/total collision Intracollision/total collision
hard sphere 1 0

hard sphere dimer 0.48 0.52

hard sphere 4-mers 0.32 0.68

hard sphere 8-mers 0.24 0.76
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