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model based on the Bingham model was implemented..With the solver and viscosity model in hands, two dimensional pipeflow simulations were 
made. Due to axial symmetry, only one section of the tube needed simulated.The viscosity of this type of oil depends of the cooling rate, the inicial 
temperature of the cooling, the shear rate among other parameters. So, different values of viscosity is expected to each part of the fluid in the pipe, 
depending of the axial position and the radial position. The objective of the implementation of the solver and the viscosity model is to make a 
more reliable tool to forecast the values of the viscosity along the pipe and, because of this, make a better approximation to the pressure required 
to restart the flow after a stop in the production. Simulations of the steady state were made. In the simulations, some parameters were changed, 
such as the pressure gradient imposed on the tube, the temperature gradient on the tube wall, the fluid inlet temperature and some parameters of 
the viscosity model, and an analysis was made from the results obtained. As expected, it is possible to delay the non-newtonian behavior of the 
fluid changing some parameters, as incresing the pressure gradient or the inlet temperature, or antecipate it, increasing the temperature gradient in 
the tube wall for example. 
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Computational rheology et al. with OpenFOAM® computational library 
J.Miguel Nóbrega 
Insititute for Polymers and Composites, University of Minho, Guimarães 4800-058, Portugal 
The current capabilities of numerical codes, able to model very complex processes, and the existing powerful computational resources, clearly 
promote the advantages of employing numerical modelling tools to assist any design related tasks. For more than a decade, the Computational 
Rheology Group, from the Institute for Polymers and Composites / University of Minho (IPC/UMinho), has been developing and exploiting 
modelling codes to aid the design of different tools, with a special focus on polymer processing applications. During the last 5 years, most of the 
numerical developments done at IPC/UMinho are based on the OpenFOAM® computational library. This talk aims to provide an overview of the 
computational rheology related work done at IPC/UMinho by a large group of researchers, in many cases in close cooperation with industry, and 
to report the advantages of using computational codes based on OpenFOAM® to support design activities. 
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Anaerobic lagoons are used to reduce carbon content of wastewater. Due to non-homogeneous and multiphase nature of the lagoon constituents, 
CFD modelling for process optimisation requires continuous functions of shear and solid-liquid separation properties across all solids 
concentrations. Shear properties are measured using rotational rheometry with vane or cup-and-bob. Separation behaviour is measured from 
sedimentation and filtration testing. Unfortunately, existing material properties of anaerobic sludges are limited to only shear or separation, or to 
a limited solids concentration. In this work, shear and separation properties of an anaerobic sludge were measured in 0.4-12 vol.% solids range, 
which corresponds to lagoon sludge. 
The sludge showed Newtonian behaviour at 0.4 vol.%. In the range of 0.5-2 vol.%, it behaved as a power law fluid with consistency,k, and flow 
index,n. However, for 2-12 vol.%, shear behaviour is fitted using Herschel-Bulkley model with shear yield stress,τy. 
We used multiple approaches to determine relationships between the model fitting parameters and solids concentration. First, experimental data 
was fitted using measured τy to give k and n.The second approach was to extract τy,k and n at each concentration, determine the best functional 
form with concentration, and fit data across all concentrations to minimise spurious regression. The third approach is based on superposition of a 
master curve using shift factors for τy,k and n. 
Lastly, separation properties were measured from sedimentation and filtration using concepts of compressional rheology. These give 
compressibility and permeability across all relevant concentrations, enabling prediction of rate and extent of separation. 
Overall, this work provides correlations for shear rheology and solid-liquid separation properties with solids concentration as input for CFD 
modelling of anaerobic lagoon, with the aim to optimise design and operation. 
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Liquid bridges with moving contact lines play a central role in several industrial applications and natural phenomena. In printing processes, liquid 
bridges undergo significant extension so that liquid can be transferred from one surface to another. In addition, shear deformation arises as the 
contact lines move along the surfaces. Although the liquids involved often exhibit non-Newtonian rheology, the influence of rheology on liquid 
transfer is not well understood. To address this issue, flow visualization experiments complemented with numerical simulations are used to 
determine the role of shear and extensional rheology in liquid transfer between two vertically separating flat surfaces. Shear thinning is found to 
enhance liquid transfer to the more-wettable surface compared to the Newtonian case at the same capillary number, Ca, where Ca is defined based 


