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Summary 

In this thesis the mesoscopic modelling of fluid dynamics problems involving poly

mers is described. A special focus will be on the simulation of the melting of a 

polymeric object in shear flow, and the flow of polymers through a small capillary. 

In Dissipative Particle Dynamics the motion of particles, representing fluid pack

ages or blobs of molecules, is solved in such a way that Navier-Stokes equations 

are obeyed. Polymers are easily created by attaching springs between the particles. 

In this way a flow simulator is constructed in which polymers retain some of their 

molecular structure, which is completely lost in conventional flow solvers. Before 

this method can actually be used for the modelling of polymer melting, several 

issues had to be solved. 

Boundary conditions are a crucial ingredient of a flow simulator. Since the method 

of implementing boundary conditions in DPD, as used by other authors, did not 

result in the desired constant temperature or velocity boundary condition, a new 

way of implementing boundary conditions has been investigated. Both a constant 

temperature and a constant velocity condition, the so-called no-slip condition, has 

been implemented. The temperature boundary condition is validated by perform

ing heat penetration calculations and comparing the results with analytical solu

tions. The velocity boundary condition is checked by comparing flow calculations 

in a lid-driven cavity with results from conventional CFD calculations. With this 

new implementation the boundary conditions are successfully met for both cases. 

At various points in this work a validation of the results is performed by comparing 

simulation results with other calculation methods or analytical solutions. If no such 
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solutions are available a different approach has to be taken, to gain confidence in 

the results. A method to change the resolution of the DPD simulation is described, 

similar to mesh refinement in conventional CFD. In this way a check of the calcula

tions can be performed within the DPD method, and the optimal set of simulation 

parameters for a given flow problem can be found. 

When polymers flow inside small capillaries, the size of the polymer molecule de

termines the average distance of the centre of mass from the walls of the capillary. 

This will cause larger polymers to flow faster through the capillary than smaller 

polymers. This is the basis of a separation method called hydrodynamic chro

matography. Here, this principle is investigated with DPD. It was found that the 

polymers in DPD do indeed move at larger distances from the walls and their mean 

axial velocity is larger, proving that DPD is indeed capable of handling these kind 

of simulations. 

The simulation of a substance that undergoes a phase change was not possible with 

DPD. Therefore, a new equation of state, linking the energy of the particles to the 

temperature in such a way that the enthalpy of fusion can be incorporated, has been 

investigated. This was found to accurately describe the movement of a melting 

front through a solid substance. When flow is added to these melting simulations, 

it was found that a solid consisting of unconnected DPD particles melts faster than 

a polymeric solid. When the polymer thermodynamics are added to the simulation, 

the melting rate can also be influenced. These melting simulations again show the 

strength of this method when dealing with flow problems involving polymers. 


