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1 INTRODUCTION
Fluids with non-Newtonian rheological proper-
ties are widely used in the technological process-
es of different industries, such as chemical indus-
try, oil and gas production etc. Efficient manage-
ment of these processes requires reliable infor-
mation about rheological properties of fluids and
influence of state parameters and other factors
upon them. Rotational viscosimeters with coax-
ial cylinders are most widely used for measuring
rheological properties of fluids on practice. Rota-
tional viscosimetry data processing is based
upon the use of equation which describes Cou-
ette flow in a gap between coaxial cylinders

(1)

where w is the angular velocity of rotation of out-
er cylinder, tand a are the shear stresses on inner
and outer cylinders, g· (t) the fluid rheological
model, and g· the shear rate. The relation
between stresses on the outer and inner cylin-
ders is determined as follows

(2)

where t0 is the yield point, a = R1/R2, while R1, R2
are the radii of the inner and outer cylinders. In
Equation 1 the class of rheologically stationary
models of non-Newtonian fluids permits clear
analytical solution g· = g· (t) and includes the
models of Bingham [1] g· =�(t - t0)/h, Ostwald [2]
g· = (t/k)1/n, Herschel-Bulkley [3] g· =�((t - t0)/k)1/n,
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With the use of Procedure 9, evaluations of rhe-
ological properties of n�Î�J models for each point
m of experiment plan (which consists of M
points) are built. Procedure 10 determines the
adequate rheological model selection out of the
condition of dispersion s`cn2 minimum for experi-
ment plan. Let us examine the results of treat-
ment of rotational viscosimetry data (Fann 75,
a=0.9365) of waterbased drilling fluid [18]. In
Table 4 there are the results of shear stresses
measurements for experiment plan with 5 pres-
sure levels and 4 temperature levels. Class J is
formed by rheological models of Bingham, Ost-

wald, Herschel-Bulkley and Schulman-Casson. In
Table 5 we list evaluations of dispersions of ran-
dom component and highlight the most ade-
quate rheological models for each point of exper-
iment plan. In 16 points of experiment plan, the
most adequate is Schulman-Casson rheological
model, in 2 points – Herschel-Bulkley model and
in 2 points – Bingham model. For experiment plan
according to Procedure 10 the most adequate is
Schulman-Casson rheological model (0.2325 Pa2),
which rheological properties evaluations are list-
ed in Table 5.
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Figure 5 (left above):
Rheogram for bentonite-
lignite suspension (S5 [11,
16], a = 0.9365).

Figure 6 (right above):
Rheogram for CMC-water
solution (S33 [11, 17],
a = 0.79384).

Figure 7 (left below):
Rheogram for bentonite-
lignite suspension (S7 [11,
16], a = 0.9365).

Figure 8 (right below):
Rheogram for drilling fluid
(clay 10 %, CMC 0.1 %) [7]
(a = 0.981).

Table 4 (left):
Rotational viscometry data
for drilling fluid [18].

Table 5:
The main results of rota-
tional visosimetry data
treatment for drilling fluid
[18].
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6 CONCLUSIONS
Methodology of evaluation of non-Newtonian
fluids rheological properties is built in class J of
rheologically stationary models, which permit
clear analytical solution g· = g· (t). Methodology is
based upon rigorous solution of the main rota-
tional viscosimetry problem (Equations 1 and 2)
and considers informational content of experi-
ments. Class J�has been expanded due to piece-
wise approximation of measurements data by
biviscosity rheological models. The methodology
has been generalized for treatment of rotation-
al viscosimetry data coming from plans of exper-
iments. In such conditions the most adequate
rheological model is selected for the whole plan
of experiment (Procedure 10).

The above mentioned, in comparison with
widely spread methodologies [5 – 8], ensures
more adequate and accurate evaluations of rhe-
ological model and properties of investigated flu-
ids. In petroleum industry the use of adequate
rheological models (biviscosity ones included)
and equations of their state is especially impor-
tant for evaluation of cuttings transport proper-
ties of drilling fluid [19, 20] and replacement of
one fluid with the other in the process of well
cementing [21]. In applied aspect the important
one is the information concerning covariations
matrix O of rheological properties evaluations,
which let us evaluate influence of different
effects upon rheological properties with the use
of statistical tests and use it in statistical model-
ing of technological processes, building of sta-
tistical decision making models etc. Practical
implementation of the proposed methodology is
connected with the use of computer systems for
rotational viscosimetry data treatment [10].
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