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NON-NEWTONIAN LIQUIDS: DETERMINATION OF A VALUE OF
VISCOSITY CHARACTERISING THE INITIAL NEWTONIAN
PLATEAU

J. David*, P.Filip*

Summary: The present contribution indicates that precisely the same situation -
as with the determination of the so-called yield stress of viscoplastic materials -
concerns also the value of viscosity describing the initial Newtonian plateau. It is
shown that the determination of this value from the experimental data is not
unique, significantly subjects to the range of measured parameters, and the
proper determination of the precise value is very questionable.

1. Yield stress

The notion of the so-called yield stress is related with the materials denoted as
viscoplastic. Their phenomenological description started in the 20s’ in the last century when
Bingham introduced the model still amply used for the description of the viscoplastic
materials (see e.g. the overview paper on viscoplastic materials by Bird et al.(1983))
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where 7 and y represent shear stress and shear rate, respectively; #, stands for viscosity, and 7y
expresses the so-called yield stress. If an absolute value of the shear stress |7] attains the value
below this quantity there is no apparent external motion of the analysed liquid.

This model was further generalised by many authors all of them respecting the notion of
a yield stress as e.g. Herschel-Bulkley model
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Casson model (often used for description of biomaterials)
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Vocadlo model (Vocadlo (1967), Parzonka and Vocadlo (1967, 1968), sometimes denoted as
Robertson-Stiff model (Robertson and Stiff (1976))
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Shul’man (1968) model

" {TOJ” y (5)
V|

and a series of others (graphical representation of the above mentioned models is in Fig.1).
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Fig.1 Behaviour of selected viscoplastic models.
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However in the past approximately 20 years a wide debate has accompanied the notion of
the yield stress starting with the fundamental paper by Barnes and Walters (1985) that
questioned the introduction of this notion and emphasised the (non-) sensitivity of the
measuring device for low values of shear rate. A series of contributions discussing this
problem was summarised in Barnes (1999) concluding that at present there are two
possibilities how to cope with this problem. Either the so-called ‘academic’ one considering
the non-existence of this notion, or the so-called ‘engineering’ one using this notion whenever
it is suitable e.g. in the calculation process. Nevertheless the question of existence or non-
existence of the yield stress is still open.

2. Initial Newtonian plateau

The analogous situation also appears in the relation viscosity vs. shear stress (or viscosity
vs. shear rate).
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Fig.2 Ambiguity of the initial Newtonian plateau.

Let us consider the following 6-parameter model

_ Mo exp(f(Vs¢, p,q))+, exp(= /(3,2 9)) 6a)
brexp(f(y;e, p,q))+exp(= /(v;e, p.q))
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where
£G:¢.p.q)=signlloglcr )" }log(er )" " (6b)

The non-negative parameters 7, and 7., determine the initial and terminal Newtonian plateau,
respectively. The parameters ¢, p, g are supposed to be positive, the denominator in rel.(6a)
requires b>-2.

If this model is applied to the experimental data by Sebastian et al. (2002) we can see
(Fig.2) that there exists for this model an infinite number of possibilities how to predict the
possible behaviour of the material studied for very low values of shear rates (the so-called
initial Newtonian plateau). The problem of this ambiguity is very similar to that of the
introduction of the yield stress and its solution will be closely related with the development of
the new sophisticated experimental devices.
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