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Abstract: The rheological properties of two kinds of oil-based drilling fluids with typically composition were studied at pressures up 
to 138 MPa and temperatures up to 204 ℃ using the RheoChan 7400 Rheometer. The experimental results show that the apparent 
viscosity, plastic viscosity and yield point decrease with the increase of temperature, and increase with the increase of pressure. The 
effect of pressure on the apparent viscosity, plastic viscosity and yield point is considerable at ambient temperature. However, this 
effect gradually reduces with the increase of temperature. The major factor influencing the rheological properties of oil-based drilling 
fluids is temperature instead of pressure in the deep sections of oil wells. On the basis of numerous experiments, the model for 
predict the apparent viscosity, plastic viscosity and yield point of oil-based drilling fluids at high temperature and pressure was 
established using the method of regressive analysis. It is confirmed that the calculated data are in good agreement with the measured 
data, and the correlation coefficients are more than 0.98. The model is convenient for use and suitable for the application in drilling 
operations. 
 
Key words: oil-based drilling fluids; high temperature; high pressure; rheological property; mathematical model 
                                                                                                             
 
 
1 Introduction 
 

Oil-based drilling fluids have become widely used 
in oil industry because of their distinct advantage over 
water-based drilling fluids. Unlike water-based drilling 
fluids, Oil-based drilling fluids show significant 
rheological properties dependence on temperature and 
pressure[1]. For shallow wells the temperature and 
pressure changes are not so large, and the effects of both 
temperature and pressure on rheological properties are 
usually ignored. But for wells with small margins 
between pore and fracture gradient and high temperature 
and high pressure (HPHT) wells, the above practice was 
unsatisfactory. On the one hand, statistically[2], well 
control incident rates for non HPHT wells were 4% to 
5% i.e. an incident per 20 to 25 wells. However, for 
HPHT wells, the well control incident rate was as high as 
100% to 200% i.e. one to two incident(s) per well; on the 
other hand, the rheological properties play an important 
role in hole cleaning, cutting lifting and calculation for 
friction pressure losses in annular[3]. It is highly 
recommended to measure rheology of the actual mud 
system at HPHT condition prior to drilling operations. If 
such measurements have not been done at the time of 
making calculations, the next best choice is to use 
theoretical or empirical models that predict pressure and 

temperature dependence of rheology. Therefore, it is 
critical to investigate the rheological properties of 
oil-based drilling fluids at HPHT carefully and develope 
equations that predict temperature and pressure effects 
on the rheological properties of drilling fluids. 
  
2 HPHT rheology experiments 
 
2.1 Experimental equipment and test drilling fluids 

 A rheoChan 7400 Rheometer was used for the 
measurement of the rheological parameters under various 
temperature and pressure conditions. This is a coaxial 
cylinder viscometer where the test material is sheared 
between an outer sleeve (the rotor) and an inner cylinder 
(the bob) which is attached to a torsional spring. The 
deflection of the spring is indicated on a scale reading in 
degrees. It is capable of operating at pressures to 206.9 
MPa, maximum temperatures to 260 ℃ and viscosity 
range to 100 mPa·s. Temperature and pressure can be 
controlled automatically, so it is convenient to use. 

The drilling fluids were prepared with typical 
formulations of high-temperature oil-based drilling 
fluids. Six kinds of samples were divided into three 
groups. Two samples have same compositions in each 
group, except that the base oil of one sample is diesel 
and another is mineral oil. Table 1 lists the compositions 
of the samples. 
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Table 1 Compositions of oil-based drilling fluids  

Group Number Density/(g·cm−3) Compositions 

1 1.32 
115.9 mL Diesel+20 mL Water+6.8 g Invermul+9.1 g Duratone+2.7 g Geltone+4.5 g 
EZ-Mul+9.1 g Rev-Dust+9.1 g Lime+9.2 g CaCl2+85.8 g Barite 

Ⅰ 
2 1.32 

Compositions of drilling fluids 2 are as same as drilling fluids 1, except that base oil is 
mineral oil 

3 1.32 
231.5 mL Diesel+63.2 mL Water+2 g DFL+2 g DWA+6.45 g VG-69+2 g Lime+22.3 g 
CaCl2+167.3 g Barite 

Ⅱ 
4 1.32 

Compositions of drilling fluids 4 are as same as drilling fluids 3, except that base oil is 
mineral oil 

5 2.04 
194.7 mL Diesel+25.3 mL Water+2 g DFL+2 g DWA+3 g VG-69+2 g Lime+8.93 g 
CaCl2+504 g Barite 

Ⅲ 
6 2.04 

Compositions of drilling fluids 6 are as same as drilling fluids 5, except that base oil is 
mineral oil 

 
2.2 Experimental procedure 

The measurements were taken starting at 23.9 ℃, 
then heating up to 121.1 ℃ and 204.4 ℃, at each 
temperature, the pressures were 0, 6.895, 20.69, 41.37, 
62.06, 82.74 and 103.4 MPa respectively. Recorded the 
dial readings at 8 rotor speeds (600, 300, 200, 100, 60, 
30, 6 and 3 r/min) representing shear rates in the range     
1 022 s−1 to 5.11 s−1, determined the rheological 
parameters based on the measured data according to the 
API standard test procedures[4], and plotted the 
rheological curves of each sample. The data collected 
with the RheoChan 7400 Rheometer are shown in 
Figs.1−5. 
 
3 Results and discussion 
 
3.1 Rheological model  

Figs.1 and 2 show the rheological curves of 
oil-based drilling fluids 1 and 2 respectively at various 
temperatures and pressures. Figs.1 and 2 show the 
following main trends: The shear stress for a given shear 
rate decrease significantly with the increase in 
temperature at constant pressure; the shear stress for a 
given shear rate increase with increasing pressure at 
constant temperature. The variation amplitude is much 
more pronounced at high shear rates than at low shear 
rates.  

The correct selection of rheological model to 
describe drilling fluids rheology is very important for 
hydraulic calculations during drilling operations. It can 
be seen from Figs.1 and 2 that the rheological curves are 
not through the point of origin, nearly straightlines, 
which show that the drilling fluids behavior like 
Bingham plastics at high temperature and high pressure, 
so we can conclude that the Bingham plastic model can 
be chosen to characterize the muds data[5].  

 

 
Fig.1 Rheological curves of oil-based drilling fluids 1 at 
various temperatures and pressures 

 

 
Fig.2 Rheological curves of oil-based drilling fluids 2 at 
various temperatures and pressures 
 
3.2 Rheological properties 

Data in Table 2 show the rheological parameters 
obtained with the RheoChan 7400 Rheometer. It can be 
seen from Table 2 and Figs.3−5 that the apparent 
viscosity(µa), plastic viscosity(µp) and yield point(τ0) of 
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oil-based drilling fluids decrease with the increase of 
temperature, and increase with the increase of pressure, 
in general, the effect of temperature on the rheological 
properties of oil-based drilling fluids is dominate. The 
effect of pressure on the apparent viscosity, plastic 
viscosity is considerable at ambient temperature. 
However, this effect gradually reduces with the increase 
in temperature. Overall, the effect of pressure and 
temperature on apparent viscosity and plastic viscosity is 
greater than that of yield point. 

 

 
Fig.3 Curves of apparent viscosity for oil-based drilling fluids 
of group 2 

 

 
Fig.4 Curves of plastic viscosity for oil-based drilling fluids of 
group 2 

 

 
Fig.5 Curves of yield point for oil-based drilling fluids of  
group 2 
 
4 Prediction model for rheological parameters 
 
4.1 Establish of model 

With Data in Table 2 and Figs.3−5 obtained by the 
RheoChan 7400 Rheometer, an exponential expression 
was found to be able to model the pressure and 
temperature behaviour of the apparent viscosity, plastic 
viscosity and yield point using the method of regressive 
analysis[6]: 
 

+−+−= )()(exp[),(),( 0000 ppBTTATpfTpf  

])())(( 2
000 TTDppTTC −+−−                (1) 

 
where  T is the temperature, ℃; p is the pressure, Pa; 
f(p, T) stands for (µa)p, T, (µp)p, T, or (τ0)p, T, respectively; 
f(p0, T0) stands for (µa)0, (µp)0 or (τ0)0, respectively, at 
T0=23.9 ℃, p0=0 Pa. 

 (µa)0, (µp)0, (τ0)0, A, B, C and D are characterized 
constants of drilling fluids, which were determined by 
least-squares analysis of date obtained with the 
RheoChan 7400 Rheometer. Characterized constants and 
correlation coefficients for various drilling fluids are 
given in Tables 3 through 5. All of the correlation 
coefficients are more than 0.98 as shown in Tables 2−4 
that means the data are well described by Eqn.(1). 

 
Table 2 Characterized constants for various drilling fluids for prediction model of apparent viscosity 

Drilling 
fluids No. (µa)0/(mPa·s) A/℃−1 B/Pa−1 C/(Pa−1·℃−1) D/℃−2 Correlation 

coefficient R

1 53.58 −1.176×10−2 1.110×10−8 −2.357×10−12 −1.404×10−5 0.999 7 

2 84.51 −1.793×10−2 0.972×10−8 −3.058×10−12 2.820×10−5 0.999 1 

3 48.64 −1.540×10−2 1.134×10−8 −1.187×10−11 3.170×10−5 0.999 4 

4 43.53 −1.554×10−2 0.979×10−8 −3.297×10−12 2.612×10−5 0.999 8 

5 87.49 −1.551×10−2 1.219×108 −5.344×10−12 1.649×10−5 0.999 0 

6 71.14 −1.804×10−2 1.207×10−2 −0.808×10−12 3.799×10−5 0.999 1 
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Table 3 Characterized constants for various drilling fluids for prediction model of plastic viscosity 
Drilling 

fluids No. (µp)0/(mPa·s) A/℃−1 B/Pa−1 C/(Pa−1·℃−1) D/℃−2 Correlation 
coefficient R

1 44.22 −1.568×10−2 1.191×10−8 1.200×10−11 −1.004×10−5 0.998 6 

2 65.14 −2.218×10−2 1.079×10−8 −4.211×10−12 4.069×10−5 0.997 9 

3 39.02 −1.749×10−2 1.239×10−8 −1.687×10−11 3.510×10−5 0.999 1 

4 33.99 −1.727×10−2 1.070×10−8 −1.610×10−11 2.739×10−5 0.999 8 

5 80.32 −1.679×10−2 1.108×10−8 7.355×10−12 8.193×10−6 0.999 4 

6 64.43 −2.300×10−2 1.169×10−8 1.218×10−11 4.437×10−5 0.999 7 

 

Table 4 Characterized constants for various drilling fluids for prediction model of yield point 
Drilling 

fluids No. (τ0)0/Pa A/℃−1 B/Pa−1 C/(Pa−1·℃−1) D/℃−2 Correlation 
coefficient R

1 9.23 9.397×10−4 6.778×10−9 2.763×10−12 −4.865×10−5 0.982 6 

2 13.57 −5.075×10−3 1.087×10−8 −2.178×10−11 −6.291×10−6 0.985 0 

3 10.06 −7.036×10−3 5.797×10−9 2.056×10−11 3.270×10−6 0.991 0 

4 9.14 −6.771×10−3 5.354×10−9 2.427×10−11 2.111×10−6 0.992 5 

5 11.50 −9.460×10−3 1.537×10−8 −3.648×10−11 2.349×10−5 0.988 9 

6 10.68 −1.751×10−3 1.419×10−8 −3.240×10−11 −5.145×10−6 0.989 6 

 
The measured values were compared with predicted 

values with Eqn.(1), data presented in Fig.6 show that 
the predicted and measured values were in excellent 
agreement. 

 

 
Fig. 6 Comparison of calculated values with measured values 
of apparent viscosity of No.3 drilling fluids 
 
4.2 Application of model 

Eqn.(1) can be used to predict downhole oil-based 
drilling fluids rheology in the fields. A possible 
procedure for implementing the model is: Firstly, 
according to our model experiments should be made at 
HPHT in order to determine the characterized constants 
for the specific drilling fluid in use, which are required 

for accurate extrapolation of rheological parameters to 
downhole conditions. Secondly, to accurately predict the 
rheological parameters throughout the wellbore requires 
an accurate transient temperature and pressure profile to 
be calculated[7]. It can be obtained using a transient 
temperature and pressure simulator, and it has been 
described in detail elsewhere[8]. Finally, the characterized 
constants, temperature and pressure values should be 
substituted into Eqn.(1), and the rheological parameters 
at downhole could be obtained. 
 
5 Conclusions 
 

1) The shear stress of oil-based drilling fluids for a 
given shear rate decrease significantly with increasing 
temperature and increase with increasing pressure. The 
variation amplitude is much more pronounced at high 
shear rates than at low shear rates. The Bingham plastic 
model can be used to characterize the mud data. 

2) The apparent viscosity, plastic viscosity and yield 
point of oil-based drilling fluids decrease with increasing  
temperature, and increase with increasing pressure, and 
the effect of temperature on the rheological properties is 
dominate. The effect of pressure on apparent viscosity,  
plastic viscosity are considerable at ambient temperature 
and gradually reduces with increasing temperature. 

3) Compared with typical water-in-oil emulsions, 



J. Cent. South Univ. Technol. (2008) 15(s1): 457−461 461

the mineral oil-based drilling fluids have better 
rheological properties at high pressure and high 
temperature. 

4) The model for predict the apparent viscosity, 
plastic viscosity and yield point of oil-based drilling 
fluids at high temperature and pressure has been 
established. It is confirmed that the calculated data are in 
good agreement with the measured data. The model is 
suitable for accurate hydraulic calculation during drilling 
operations. 
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