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A semi-empirical model describing the hydrodynamic contribution to the viscosity in a polydisperse suspension is presented. This approach is presented as an alternative to the maximum packing fraction models that are also used to describe viscosity in polydisperse suspension [1, 2]. The maximum packing fraction models assume the same functional form for the relative viscosity as that of monodisperse suspensions and only manipulate the maximum packing fractions that appear in the functional form of the viscosity expressions. In this new proposed approach, a renormalization-based method to extend Farris’ approach [3] to truly polydisperse suspensions is presented. This work systematically extends Farris’ idea from bimodal suspensions to polydisperse suspensions without the added constraint of large size differences between successive particle sizes. The viscosity is calculated starting from the smallest particle fraction (where a standard monodisperse viscosity expression is used) and then consecutively adding the effects of the next larger particle size, always delegating part of the previous (smaller in size) particles to act in increasing the background viscosity and the other part in increasing the “effective” volume fraction.

The implementation of this model requires the development of weight functions that describe the effective volume fractions present in a multi-modal system. The development of these functions is guided by available results from bimodal suspensions where certain limiting behavior must be captured by the model. Ultimately, the model thus derived requires only rheological data from a bimodal suspension to parameterize. Experimental work by Chong et al. [4] on bimodal systems of non-colloidal particles is used to establish the model parameters. In extending this model to truly polydisperse systems, the challenge lies is in adequately representing a particle size distribution using an appropriate number of moments. In particular, it has been proposed that a sufficient number of low order moments can adequately describe a particle size distribution [5]. Therefore, a continuous distribution can be transformed into a discrete representation by matching any even number of moments. 

The resulting model, in its equivalent 6 moment approximation, is applied to model viscosity of a polydisperse suspension of coal slurry with good agreement[6]. In addition, the model is applied to a uniform and lognormal particle size distribution of non-colloidal particles and shows semi-quantitative agreement with experimental viscosity data [7]. The predictions obtained for these particle size distributions using the new model are also compared against those from maximum packing fraction models. In summary, the viscosity of a polydisperse suspension is described by an alternative viscosity model based on simple rescaling arguments where the contribution of each additional particle size class to the suspension viscosity is considered explicitly in the model. Subsequently, by representing a continuous particle size distribution using an appropriate number of moments, the effect of polydispersity on viscosity can be described. Limitations and potential applications of the model will be discussed.
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