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Report on the Enhancement of Energy Efficiency in Hydraulic Fluids through Polymer Integration

Kosar Khajeh1, Hitoshi Washizu 1*

Graduate School of Information Science, University of Hyogo, 7-1-28 Minatojima-minamimachi, Chuo-ku, Kobe, Hyogo, 650-0047, Japan 1
Abstract
This report presents a study aimed at enhancing the energy efficiency of hydraulic fluids through the integration of polymers, utilizing a multiscale approach. By examining the evolution of polymer coil
size and flow field characteristics, this research explores the dynamics of polymers within a solvent. The objective is to connect the atomic properties of additives with the macroscopic properties of dilute
polymer solutions.
Introduction
Recent advancements highlight polymers' potential to significantly improve the energy efficiency of hydraulic fluids. This study employs an atomistic-continuum hybrid model that merges Brownian
Dynamics and Lattice Boltzmann methods within a bead-spring conceptual framework. It concentrates on the influence of polymer configurations under varying shear rates.
Methodology
The study involves modeling a set number of polymer chains, with each chain consisting of n spherical particles, to understand their behavior under different shear rates. The key objective is to monitor
alterations in the velocity and temperature distributions within the shear flow. It pays particular attention to how dipole-dipole interactions influence the arrangements of polymers, along with studying the
effects of the intensity of shear rates, temperature variations, and the structural characteristics of the chains, which include the mass and radius of the particles, among other factors. Additionally, a
foundational model of hydrodynamic coupling has been established, enhancing both the precision and efficiency of the integrated model.
Conclusion
The study sheds light on the behavior of dipole and non-dipole polymers in hydraulic fluids, paving the way for the creation of advanced, energy-efficient lubricants. It emphasizes the importance of
merging atomistic and continuum methods to fully grasp the dynamics of polymers in complex fluid systems. Moreover, the research underlines the hybrid model's capacity to capture the multiscale nature
of polymer dynamics, implying profound implications for improving fluid properties via polymer additives. Additionally, the application of this numerical technique and the developed Fortran code as a
simulation package extends beyond industrial applications. It has been utilized to study the behavior of biomolecules in blood, aiming to understand vascular health and disease.
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[ 1: The comparison of Stokes force magnitude over time reveals significant differences between the basic Stokes force model, used
as a means of coupling hydrodynamics (illustrated by a red line), an analytical method (shown with a purple line), and implicit
discretization (represented by a green line), specifically within a solvent of a certain viscosity. Notably, as the viscosity number
High
increases to a particularly high level, the discrepancy between the basic model and the other methodologies not only enlarges but also viscous

indicates that the basic model is likely to fail in converging when calculating high Stokes forces. This suggests limitations in the basic

hydrodynamic coupling model's ability to accurately predict Stokes force in environments with high viscosity, contrasting with the

N=64 N=32 N=64

potentially more reliable predictions offered by the analytical and implicit discretization methods.
Low shear rate Low shear rate High shear rate

1% 3: 2D snapshots (XY plane) of the polymer solution flow field at t=90 ns under different conditions; up: p 1 ImIR1, bottom:

p 1 2mIR1. (left) n=64 and U=1 m/s, (middle) n=32 and U=1 m/s, and (c) n=64 and U=100 m/s.
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