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As the oil and gas exploration and development are turning to high temperatures and high pressure 
(HTHP) deeper and complex formations, the narrow density window drilling problems are widespread. 
And the drilling fluids rheological properties are often affected by HTHP, the careful research on the 
drilling fluids rheological properties at HTHP is very important. The rheological properties of a high 
density (2.04 sg) oil-based drilling fluid at HTHP were measured. The experimental results indicate 
that the pressure effect on the rheological properties at ambient temperature was considerable, and 
this effect could be gradually reduced with the increase of temperature. Based on the experimental 
data, a comprehensive prediction model for HTHP rheological parameters was established, a novel 
mathematical model for calculating the HTHP shear stress of different shear rate at HTHP was 
formulated, which established the relationship between HTHP and shear stress directly, rather than the 
traditional model that related the specific rheological parameters (such as Bingham yield stress, Bingham 
plastic viscosity, et al) to HTHP, and therefore this model is applicable for all common rheological models 
(Bingham, Power-law, Casson, Herschel-Bulkley, et al.). And then the HTHP rheological parameters can 
be obtained easily based on the accurate HTHP shear stress. The predictions of this model have been 
compared with several set of HTHP rheological experimental data, and the results show very good 
agreements with the experimental data. Therefore it can be used to accurately predict the rheological 
parameters and calculate the hydraulic parameters in the HTHP conditions while drilling.  
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Introduction
As deeper well are being drilled in searching 

for new crude oil and natural gas reservoir, the 
prediction and control hydraulics of drilling become 
increasingly important. The successful prediction 
of drilling hydraulics is crucially dependent on an 
accurate representation of the drilling fluid rheology 
[1]. The rheological properties of drilling fluids 
under downhole conditions may be very different 
from those measured at ambient pressure and 
temperatures at the surface. High temperature and 
high pressure (HTHP) can influence the rheological 
properties of the drilling fluid. Therefore, pivotal 
to the HTHP drilling hydraulics calculation is the 
accurate HTHP rheological properties prediction of 
drilling fluid.

There are many publications in literatures 
that deal with the HTHP rheological properties 
prediction for drilling fluid. In general, researchers 
have found that the fluid viscosities decrease with 
increasing temperature and increase somewhat with 
increasing pressure. Earliest, Srini-Vasan & Gatlin 
studied the high temperature rheological properties 
of clay water based mud at different temperature 
using Fann V-G viscometer, and then proposed 
a simple model for predicting high temperature 
plastic viscosity and yield stress [2]. McMordie 
et al. [3] studied the effect of temperature and 
pressure on the viscosity of Oil-based muds, the 

muds tested under elevated temperature (150 oF 
- 350 oF) and pressure (0 psi - 14500 psi), the 
power-law model was used to describe the drilling 
fluid properties, and then a mathematical model 
related the power-law parameters to HTHP was 
proposed, from which the power-law rheological 
parameters can be obtained. Politte [4] researched 
the effect of HTHP on the invert oil mud rheological 
properties and gave a series of HTHP rheological 
data. The Bingham model was selected to describe 
the mud property in this research and based on the 
experimental data a mathematical model for plastic 
viscosity and apparent viscosity prediction was 
proposed too. The American Petroleum Institute 
[5] addresses the issue of downhole rheology of 
invert emulsions through the use of exponential 
equations that predict downhole viscosities as 
functions of temperature and pressure. Yan [6,7] 
tested the HTHP rheological properties of mineral 
oil and diesel oil mud with different compositions 
and densities, who analyzed the variation tendency 
Bingham rheological parameters along with the 
variation of temperature and pressure and then 
developed a model to predict the apparent viscosity 
of the OBM at HTHP by using of regression analysis. 
Later, based on the research of Yan, Zhao et al [8] 
made further research on the effect of HTHP at OBM 
rheological properties and proposed an improved 
model to predicted HTHP Bingham rheological 
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parameters. In addition, other scholars have done 
some research of HTHP rheological properties 
analysis [9-12]. But all of above researchers were 
based on the Bingham or Power-law rheological 
model (two parameters model), in which the HTHP 
rheological experimental was conducted and then 
a prediction model for the specific rheological 
parameters (such as plastic viscosity, apparent 
viscosity et al.) was proposed. Nowadays, with 
many wells drilled deep, slim or horizontal on the 
shore and off shore using more complex drilling 
fluids, as yet no single rheological model is able to 
accurately represent the behavior of all them over 
the full spectrum of shear rates [1]. Therefore, it is 
necessary to do further research on how to accurately 
predict the drilling fluid rheological properties 
at HTHP. In this article, rather than use specific 
rheological model parameters in the construction 
of modeling efforts, a novel HTHP rheological 
properties analysis model was proposed, which 
was applicable for all common rheological model.

1. HTHP rheological experiment
In order to established the novel HTHP rheological 

properties analysis model, a series of HTHP tests was 
run on a high density (2.04 sg) OBM with the Anton 
Paar HTHP viscometer firstly. The test sample was 
aged overnight at 200 oC for properties to stabilize. 
The test was initially begun at the lower temperature 
where a set of measurement were mad, and the mud 
was then heated to the next level required for testing. 
Pressure on the drilling fluid sample during these step 
increases in temperature were manually controlled 
at the desired level. Pressure applied during the test 
were 0, 2, 4, 6 MPa. Temperatures applied during the 
tests included 20, 40, 50, 60, 80, 120, 150, 180 oC. 

Accordingly, a large number of pressure/
temperature combination were tested for the OBM, at 
each pressure combination the shear stress of the fluid 
was measure at the six specific shear rates: 1022, 511, 
340, 170, 10.22, 5.11 s-1 on the viscometer, table 1 shows 
the details of this HTHP rheological test.

The shear stress curves of each viscometer shear 

Pressure,
MPa

Shear rate,
s-1

Shear stress, Pa

20 oC 40 oC 50 oC 60 oC 80 oC 120 oC 150 oC 180 oC

0

1022 198 86.3 60.8 45.5 30 - - -

511 98.4 42 29.7 22.6 15.3 - - -

340 65.8 28.2 20 15.4 10.5 - - -

170 33.8 15.1 10.9 8.67 6.36 - - -

10.22 4.31 2.66 2.24 2.06 1.96 - - -

5.11 3.03 2.06 1.7 1.55 1.45 - - -

2

1022 206 88.7 61.6 46.8 30.9 17.9 14.2 -

511 103 43.1 30.1 23.2 15.7 9.1 6.15 -

340 68.6 28.8 20.3 15.7 10.8 6.41 4.58 -

170 35 15.4 11.1 8.85 6.47 4.32 3.28 -

10.22 4.23 2.69 2.24 2.02 1.85 1.66 1.52 -

5.11 3.07 2.2 1.9 1.66 1.55 1.41 1.39 -

4

1022 215 91 63 48.2 31.72 18 14.3 -

511 107 44.2 30.8 23.8 16.1 9.2 6.26 -

340 71.4 29.5 20.8 16.2 11 6.5 4.67 -

170 36.4 15.7 11.3 9.06 6.62 4.38 3.34 -

10.22 4.33 2.83 2.38 2.11 1.9 1.67 1.61 -

5.11 3.26 2.24 1.97 1.84 1.75 1.46 1.24 -

6

1022 223 92.8 64.4 49.4 32.6 18.1 14.4 12.3

511 111 45 31.4 24.3 16.4 9.3 6.34 5.1

340 74.1 30.1 21.1 16.5 11.3 6.6 4.77 3.86

170 37.6 15.9 11.5 9.26 6.79 4.45 3.35 2.83

10.22 4.55 2.81 2.4 2.23 2.06 1.68 1.51 1.28

5.11 3.33 2.03 1.73 1.7 1.79 1.51 1.14 1.1

Table 1
Shear stress at different shear rate at various temperature and pressure (OMB, 2.04 sg)
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rate at constant pressure (6 MPa) and at the constant 
temperature were shown in figure 1 separately. From 
figure 1 (a) we can see that the shear stress is 
influenced by temperature greatly, the shear stress 
value decrease exponentially with the temperature 
increase. And from the figure 1(b) we can see that the 
shear stress slightly increase with the rise in pressure 
and this variation assumes an approximately linear 
character. Moreover, we can see that the higher the 
shear rate, the more obvious the shear stress variation.

2. Generalized prediction model for HTHP 
rheological parameters

As mentioned before, several researches have 
carried on the analysis and research on the rheological 
properties of drilling fluid under the condition of 
HTHP and proposed several model for predicting 
the HTHP rheological parameter. While, for the great 
limitation of these conventional models associated the 
specific rheological model (Bingham and Power law 
model) parameters with the changes of temperature 
and pressure, on the condition of complicated drilling 
fluid whose rheological properties can’t be describe 
by two parameters model, these models appears 
incapable. Therefore, in this section a utility model 
will be established.

2.1. The prediction method for HTHP shear stress
Because of the rheological parameters are obtained 

based on a set of measurement shear stress and shear 
rate, rather than use the specific rheological model 
parameter in construction of prediction model, once 
the various of HTHP shear stress can be predicted for 
each viscometer shear rate, the optimal rheological 
model and parameters can be optimized. Therefore, 
the key is to establish the model for predicting HTHP 
shear stress.

For each viscometer shear rate, the HTHP shear 
stress can be made relative to the particular shear 
stress measured at normal temperature and pressure:

                (1)

Where τ(P,T) is the shear stress of a specific shear rate 
at temperate T and pressure P, Pa·s;
τ(P,T)  is the shear stress of the specific shear rate at 

temperate T0 and pressure P0, Pa·s; 
k is a model coefficient, which can describe the 

ratio of τ(P,T) and τ(P0,T0) , dimensionless.
According to experimental data are given in table 

1, with 1022 s-1 measuring shear stress as an example 
for analysis, using the shear stress value at initial 
temperature and pressure (20 oC and 0 MPa) as the 
base value, viz. τ(P0,T0) , the ratio of shear stress τ(P,T) at 
temperature/pressure to τ(P0,T0)  as k, viz. k = τ(P,T)/τ(P0,T0) , 
were given in table 2.

From the table 2 we can know that the coefficient 
k is not a constant, but a variable of temperature and 
pressure. Therefore, the eq.(1) can be expressed as:

       
              (2)

Where k = f(ΔT, ΔP) ΔT is the temperature difference, 
ΔT = T - T0, oC;

ΔP is the pressure difference ΔP = P - P0, MPa. 
Obviously, the eq. (2) is a simple function for calculating 
the shear stress at any temperature and pressure. From 
the eq. (2) we can know that the concrete form of f(ΔT, 
ΔP) is vital for prediction shear stress. Therefore, the 
temperature and pressure influence of HTHP shear 
stress will be analyzed separately based on the HTHP 
experimental results and then the concrete form of 
f(ΔT, ΔP) will be established.

2.1.1. The influence of temperature for shear stress 
at normal pressure

The influence of temperature for shear stress at 
normal pressure was analyzed firstly. According to 
the table 2 Using regression method the expression 
for coefficient k when the pressure is P0 (0 MPa) can 
be given as following:

Fig.1. HTHP rheological experimental results of oil based drilling fluids
a) constant pressure (6 MPa); b) constant temperature (60 oC)
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               (3)

Where kT,P0
 is the model coefficient when the 

pressure is P0, dimensionless;
τT,P0

 is the shear stress when temperature is T and 
pressure P0.

From the eq.(3) we can see that kT,P0
 can be expressed 

as an exponential equation of temperature difference 
ΔT. Based on the eq.(3) the predicted kT,P0

 of different 
temperature at P0, can be obtained easily, and the 
comparison of the predictions with measurement is 
shown in figure 2. Very good match is seen for kT,P0

 of 
different temperature at normal pressure.

At the same time, the shear stress ratio kT,P0
 of the 

other shear rate at the temperature T and pressure 
P0 were analyzed by the above method and the same 
changes rules of kT,P0 was obtained. Therefore the kT,P0  
can be expressed through using exponential equations 
that as functions of temperature difference:

       
                (4)

Where a1, a2 and a3 are model 
coefficients, dimensionless.

And then the shear stress for each 
viscometer shear rate at temperature 
T and pressure P0 can be expressed as:

     
                               (5)

The eq.(5) is generalized equation for predicting 
the shear stress for each viscometer shear rate at the 
temperature T and pressure P0. Therefore, if the model 
coefficients a1, a2 and a3 were obtained according to 
the HTHP rheological experimental results, the shear 
stress can be predicted easily.

2.1.2. The influence of pressure for shear stress at 
constant temperature

The above paragraphs analyzed the influence of 
temperature for shear stress at normal pressure, then 
the prediction model for shear stress at constant 
pressure and different was established. From the 
figure 1 (b) we can see that the trend profile of the 
shear stress with the pressure increasing at constant 
temperature is a straight line. Therefore, the prediction 
model for shear stress at constant temperature can be 
expressed as:

              (6)

Where τP,T is the shear stress when temperature is 
T and temperature P, Pa; 

b1 and b2 are model coefficients, dimensionless.
Based on the eq.(6) and table 1, with the measured shear 

stress at 1022 s-1 as an example, the model coefficients for 
different temperature were given in table 3. It can be 
seen that the model coefficient b2 of different temperature 
are approximately equal to the measured shear stress at 
atmosphere pressure based on a comprehensive analysis 
according to the table 1 and table 3, viz. b2 = τT,P0

. And 
if the shear stress τT0,P0

  at normal temperature and 
atmosphere pressure is known, based on the Eq. (5) we 
can obtained the shear

 stress τT,P0
, viz.                                                  , 

combined the Eq. (5) and Eq. (6), the following 
equation can be obtained:

       
                          (7)

The eq.(7) is a simple formula for predicting the 
shear stress at different temperature and pressure. 

Fig.2. The comparison of predictions 
with measurements of k (P0, 1022 s-1)
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In order to solve b1, according to the table 3 using 
regression method the expression for coefficient b1 can 
be given as following:

       
               (8)

From eq.(8) we can see that the b1 can be expressed 
as an exponential equation of ΔT. The comparison 
of predicted b1 of different temperature for shear 
stress prediction at 1022 s-1 and measured was shown 
in figure 3. And we can see that there is very 
good match between predicted and measured values. 
Furthermore, we can found that the greatest change 
in the coefficient b1 when the testing temperatures 
were increased from 20 oC to 120 oC, which decrease 
rapidly with the temperature increase, and at higher 
temperatures the rate of change was less.

Therefore the b1 can be expressed through use of 
exponential equations that as a function of temperature 
difference:

                         (9)

Where a4, a5 and a6 are model coefficients, 
dimensionless.

Combining eq. (7) and eq. (9), the following 
equation can be derived:    
              
             (10)

Obviously, the eq. (10) is the generalized prediction 
formula for shear stress predicting at different 
temperature and pressure, which is a function of the 
temperature difference ΔT and pressure difference ΔP. 
Because of the influence of high temperature and the 
combined influence of HTHP were took into account 
in this model, the HTHP shear stress at different shear 
rate can be accurately predicted easily.

2.2. The prediction model of HTHP rheological 
parameters

According to the HTHP rheological experimental 

data, the change of shear stress with temperature 
and pressure has been analyzed and a generalized 
prediction model for HTHP shear stress was 
established. Based on a set of HTHP rheological test 
data, through eq.(10) we can obtained the concrete 
model for shear stress predicting at each shear rate 
using the multiple nonlinear regression method, and 
then the HTHP shear stress at different shear rate can 
be computed easily. To summarize, we established a 
novel rheological parameters prediction model and the 
flow diagram is given in figure 4(a). From the figure 
we can see the HTHP rheological test is the basis of 
rheological prediction. The vital part of this calculation 
procedure is the coefficients calculation of eq.(10) and 
the procedure is shown in figure 4(b). Following the 
above procedure, the optimal rheological model and 
the related rheological parameters can be obtained 
easily. Then a Visual Basic computer program was 
written to implement the computational procedure 
outlined here. The code is also being interfaced as 
ActiveX DLL to create a user-friendly program.

3. Results and Discussion
Firstly, in order to verify the accuracy of the 

proposed model, according the prediction model 
eq.(10) and the calculation procedure shown in figure 
4, the model coefficients for each shear rate of the 
OBM (2.04 sg) were listed in table 4.

And the predicted shear stress at 0 MPa and 4 MPa 
were listed in table 5 as an example.

Comparing the predicted and measured shear 
stress at different temperature and pressure we can 
see that the maximum absolute error of prediction 
is less than 1.1 Pa and the relative error is only 2%. 
Moreover, we can see that the temperature at constant 
pressure in this rheological test is less than 80 oC, 
but based on the prediction model the shear stress at 
higher temperature can be predicted easily. Similarly, 
according this prediction model the shear stress at 
higher pressure than the test pressure can be also 
obtained easily. Therefore the proposed model can 
accurately predict the shear stress of different shear 
rate at different temperature and pressure, which 
can supply the accurate basic data for predicting the 
rheological properties at HTHP. Then we can analyze 
and select the optimal rheological model to describe 
the mud flow behavior according to the predicted 
shear stress and the related shear rate, rather than 
the traditional HTHP rheological prediction model 
that select a special rheological model firstly and then 
related its rheological parameters to the changes of 
temperature and pressure.

According to the predicting HTHP shear stress, the 
Bingham rheological model was selected to describe 
the properties of this mud and the figure 5 shown the 
comparison of predicted and measured rheological data 
and the flow behavior curves, we can see that the Bingham 
model can describe its rheological properties very well.

Furthermore, for purpose of verifying the 
applicability of the proposed model, a HTHP 
rheological test running on a 2.55 sg OBM collected 
from KS_W well with the Fann75 viscometer was 
done, the OBM was exposed to gauge pressure of 4, 
6, 8 MPa at temperatures of 40 oC, 60 oC, 80 oC, 100 oC, 

Fig.3. The comparison of predictions 
with measurements of b1 (1022 s-1)
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Shear rate, s-1 Temperature, oC a1 a2 a3 a4 a5 a6

1022

0 - 80 0.8924 0.04991 0.1075 3.798 0.08645 0.383

80 - 120 0.44239 0.02534 0.054802 10.91 0.05389 0

> 120 0.44239 0.02534 0.054802 0 0 0.05

511

0 - 80 0.881 0.05237 0.1188 1.896 0.09125 0.1944

80 - 120 0.34404 0.01319 7E-6 1.317 0.03271 0

> 120 0.34404 0.01319 7E-6 0 0 0.05

340

0 - 80 0.8757 0.05265 0.1241 1.247 0.09705 0.1385

80 - 120 0.35 0.01547 0.02126 0.545 0.02389 0

> 120 0.35 0.01547 0.02126 0 0 0.05

170

0 - 80 0.8462 0.05324 0.1539 0.5582 0.1152 0.08166

80 - 120 0.33533 0.01174 0.022416 0.2677 0.02189 0

> 120 0.33533 0.01174 0.022416 0 0 0.03

10.22
0 - 80 0.36016 0.01562 0.01443 1.317 0.03271 0

> 80 0.36016 0.01562 0.01443 0 0 0.05

5.11

0 - 80 0.5875 0.05876 0.46107 0 0 0.05

80 - 120 0.3942 0.01433 0.2886 0 0 0.025

> 120 0.3942 0.01433 0.2886 0 0 0.0025

Table 4
Results of model coefficients of HTHP shear stress prediction model (OBM, 2.04 sg)

Fig.4. The flow diagram for HTHP rheological properties prediction
a) rheological parameter calculation; b) HTHP shear stress calculation
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120 oC, 150 oC, 180 oC, and the detail experimental 
results were listed in the table 6.

Based on the HTHP test results the model 
coefficients for this OBM were calculated and listed 
in table 7. According to the model coefficients, the 
HTHP shear stress of this drilling fluid at different 
shear rate can be obtained easily, and the predicted 
shear stress at 8MPa have been listed in table 8 as an 
example, from the table we can see there are excellent 
matches between the predictions and proposed model 
and the experimental results. The predictions at other 
pressures also have been obtained high precision, 
the figure 6 shown the comparison of predicted and 
measured rheological data and the flow behavior 
curves, in which we choose the Casson rheological 
describe this mud flow behavior, from the figure 6 we 
can see that this model is an yield pseudoplasticity 

fluid and the Casson model can describe its flow 
behavior very well.

The KS_W well located in block X in Tarim Oilfield 
and the depth is 6736 m, which is an important 
exploration well and the bottomhole temperature is 
higher than 150 oC. On the basis of the coefficient for 
HTHP shear stress prediction of this mud listed in 
the table 7, the rheological parameters of this mud in 
well hole while drilling can be obtained easily by the 
developed computer program. It should be point out 
that we used the model was proposed by Raymond 
[13] to calculated the temperature profile in annulus, 
and the pressure in well hole can be calculated based 
on the evaluation model that Harris and Osisanya 
proposed [14]. And the figure 7 show the predicted 
Casson rheological parameters curves of the OBM in 
annular after circulating 1 hours.

Fig.5. The contrastive analysis of HTHP rheological behavior
a) at constant pressure and 80 oC; b) at 6 MPa and 120 oC
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Shear rate,
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Shear stress, Pa

20 oC 40 oC 50 oC 60 oC 80 oC 120 oC 150 oC 180 oC

0

1022 197.98 86.40 60.82 45.28 30.13 17.80 14.10 12.37

511 98.38 42.11 29.71 22.36 15.43 9.05 6.09 4.10

340 65.79 28.27 20.04 15.18 10.61 6.30 4.48 3.34

170 33.80 15.06 10.99 8.60 6.37 4.26 3.22 2.49

10.22 4.50 2.55 2.23 2.08 1.96 1.65 1.51 1.42

5.11 3.18 1.95 1.70 1.57 1.45 1.16 1.06 1.00

4

1022 214.70 90.63 63.49 47.29 31.75 18.00 14.30 12.57

511 106.74 44.11 30.97 23.34 16.24 9.25 6.29 4.30

340 71.33 29.54 20.87 15.84 11.18 6.50 4.68 3.54

170 36.36 15.61 11.39 8.95 6.70 4.38 3.34 2.61

10.22 4.70 2.75 2.43 2.28 2.16 1.66 1.52 1.43

5.11 3.38 2.15 1.90 1.77 1.65 1.26 1.07 1.01

Table 5
The predicted shear stress at different shear rate at different temperature and pressure (OBM, 2.04 sg)
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Shear rate, s-1 Temperature, oC a1 a2 a3 a4 a5 a6

1022
40-120 0.7099 0.03688 0.2888 7.518 0.1002 2.434

>120 0.4253 0.01029 0.1331 6.329 0.01163 0

511
40-120 0.642 0.03676 0.3567 3.744 0.05271 1.247

>120 0.5228 0.01481 0.2239 16.96 0.03432 0.1111

340
40-120 0.5922 0.04048 0.407 1.121 0.029 1.379

>120 0.5761 0.01275 0.2182 0 0 0.5

170
40-120 0.4351 0.04558 0.5635 1.751 0.06209 0.7486

120-150 0.8289 0.0148 0.314 0 0 0.5

10.22
40-120 0 0 1 1.296 0.03381 0.216

>120 1.583 0.00628 0 0 0 0.25

5.11
40-120 0 0 1 0 0 1.4

>120 1.974 0.009082 0 0 0 0.25

Table 7
Results of model coefficients of HTHP shear stress prediction model (OBM, 2.55 sg)

Pressure,
MPa

Shear rate,
s-1

Shear stress, Pa
40 oC 60 oC 80 oC 100 oC 120 oC 150 oC 180 oC

8

1022 144.9 85.4 61.5 50.7 45.6 37.3 31.7 

511 81.2 51.5 38.9 33.2 30.6 24.6 21.4 

340 60.3 41.1 32.5 28.6 26.8 20.5 18.1 

170 39.3 27.8 23.5 21.9 21.0 17.3 15.3 

10.22 14.6 13.3 12.6 12.3 12.1 9.6 8.1 

5.11 13.8 13.8 13.8 13.8 13.8 8.5 6.6 

Table 8
The predicted shear stress at different shear rate at different temperature and 8 MPa (OBM, 2.55 sg)

Pressure,
MPa

Shear rate,
s-1

Shear stress, Pa
40 oC 60 oC 80 oC 100 oC 120 oC 150 oC 180 oC

4

1022 124.7 77.7 56.7 46.5 39.9 33.7 29.1 
511 70.5 46.5 35.8 30.1 27.1 23.0 20.4 
340 55.2 36.8 29.1 25.6 23.5 19.9 17.4 
170 34.2 25.0 22.0 20.4 18.9 16.4 14.3 

10.22 11.5 11.2 13.3 11.8 11.1 8.9 7.7 
5.11 11.0 10.7 10.7 10.2 10.7 8.7 5.6 

6

1022 134.9 81.8 58.8 49.1 42.4 35.5 30.7 
511 75.6 48.5 37.8 32.2 28.9 23.8 21.0 
340 57.7 38.8 30.9 27.2 25.0 20.4 17.9 
170 36.8 26.3 23.0 21.5 19.9 16.9 14.8 

10.22 13.0 12.8 13.5 12.5 11.2 9.2 7.2 
5.11 12.5 12.3 11.8 11.8 10.7 8.9 5.9 

8

1022 145.1 84.8 61.3 51.6 45.0 37.3 32.2 
511 81.2 51.1 39.3 33.7 30.9 24.5 21.5 
340 60.3 40.9 32.7 28.6 26.6 21.0 18.4 
170 39.3 27.6 24.0 22.5 20.4 17.4 15.3 

10.22 14.6 14.3 13.8 13.8 11.5 9.5 7.4 
5.11 14.1 13.8 13.3 13.3 13.8 8.7 6.6 

Table 6
Shear stress at different shear rate at various temperature and pressure (OBM, 2.55 sg)
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From the figure 7 we can see that the rheological 
parameters were variables which related to the well 
depth, not constants that measured at surface value. In 
this case, the Casson viscosity and yield stress of this 
OBM increase with the increasing of the well depth. 
The value of yield stress increased nearly by 50% than 
it at the surface, and the Casson viscosity at the bottom 
hole is nearly a three-fold greater than that measured 
at the surface. In order to ensure high-quality and fast 
drilling, according to the HTHP rheological properties 
prediction, we can study the mud properties in well hole 
and adjust its flow behavior in real time. Furthermore, 
the role of accurately predicted rheological parameters 
is vital portion of drilling hydraulics calculation, which 
will have a large impact on the drilling hydraulics 
calculation precision, because of the HTHP influence 
at the rheological behavior have been taken into 
account, the hydraulics results computed based on 
these rheological parameters will be more accurate 
than which obtained based on the constant surface 
rheological parameters.

4. Conclusions
The shear stress of each viscometer shear 

rate variation with pressure and temperature 
has been analyzed systematically based on the 
HTHP experimental results. Then a comprehensive 
mathematical model for calculating shear stress 
of different shear rate at HTHP was formulated, 
which established the relationship between HTHP 
and shear stress directly. Through the mathematical 
model we can calculated the HTHP shear stress 
and related them to the HTHP rheological 
parameters calculation, and because of the HTHP 
shear stress calculation didn’t been related to the 
special rheological model, and so the new model 
was extended to all common rheological model. 
This model will provide a foundation for the 
popularization and application of some complex 
but more precise rheological models in engineering. 
The application results show that the model can 
precisely calculated HTHP rheological properties 
for different drilling fluids.

Fig.7. The contrastive analysis of HTHP 
rheological behavior
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Fig.6. The contrastive analysis of HTHP rheological behavior
a) at 4 MPa and 40 oC; b) at 8 MPa and 180 oC

0

5

10

15

20

25

30

35

40

0 200 400 600 800 1000 1200

Sh
es

r s
tr

es
s, 

Pa

Shear rate, s-1

Measured
Predicted
flow curves

0

20

40

60

80

100

120

140

160

0 200 400 600 800 1000 1200

Sh
es

r s
tr

es
s, 

Pa

Shear rate, s-1

Measured
Predicted
flow curves

Acknowledgement
The paper is funded by the National Science 

Foundation of China (51274219) and the 
Science & Technology Ministry of SINOPEC 
(P12075).



                                                                                ELMİ ƏSƏRLƏR  •  PROCEEDINGS  •   НАУЧНЫЕ ТРУДЫ      

22

2015 №2

References

1. Z.Haobo, F.Honghai, Z.Yinghu, W.Echucin, P.Qi. A comprehensive hydraulic calculation 
method of non-newtonian fluids used fourparameter model //SOCAR Proceedings. -2013. –
No.2. –P.39-45.

2. S.Srini-Vasan, C.Gatlin. The effect of temperature on the flow properties of clay-water 
drilling muds //Journal of Petroleum Technology. -1958. -Vol.10. –No. 12 . -P.59-60.

3. W.C.McMordie Jr., R.B.Bennett. The effect of temperature and pressure on the viscosity of 
oil-base muds //Journal of Petroleum Technology. -1975. -Vol.27. -No. 7. -P.884-886.

4. M.D.Politte. Invert oil mud rheology as a function of temperature and pressure //SPE/IADC 
Drilling conference. USA: New Orleans, Louislana, 1983. 

5. Recommended practice on the rheology and hydraulics of oil-well drilling fluids //American 
Petroleum Institute, API Recommended Practice 13D, Fourth Edition, 2003.

6. J.N.Yan. The rheological properties of mineral oil and diesel oil muds at high temperatures 
and high pressures (HTHP) //Journal of the University of Petroleum (China). -1989. -Vol.13. 
-No.5. -P.18.

7. J.N.Yan. A model for predicting the apparent viscosity of invert emulsion muds //Journal of 
University of Petroleum (China). -1990. -Vol.14. -No.1. -P.9.

8. S.Y.Zhao, J.N.Yan, Y.Shou et al. Prediction model for rheological parameters of oil-based 
drilling fluids at high temperature and high pressure //Acta Petrolei Sinica. -2009. -Vol.30. 
-No.4. -P.603.

9. M.E.Annis. High-Temperature flow properties of water-base drilling fluids //SPE Third 
Conference on Drilling and Rock Mechanics. USA: Austin, Tx, 1967. 

10. J.Elward-Berry, J.B.Darby. Rheologically stable, nontoxic, high-temperature water-
base drilling fluid //The 67th Annular technical conference and exhibition of the SPE. USA: 
Washington, 1992.

11. H.Z.Zhao, Y.Z.Xue, G.R.Li et al. Rheological properties of high-temperature water based 
drilling fluids at high temperature and high pressure //Petroleum Drilling Techniques. -2009. 
-Vol.37. -No.1. -P.5.

12. F.H.Wang, R.H.Wang, J.H.Liu et al.  Rheology of –high-density water-based drilling fluid at 
high temperature and pressure //Acta Petrolei Sinica. -2010. -Vol.31. -No.2. -P.306.

13. L.R.Raymond. Temperature distribution in a circulating drilling fluid //Journal of Petroleum 
Technology. -1969. -Vol.21. -No.3. -P.333.

14. O.O.Harris, S.O.Osisanya. Evaluation of equivalent circulating density of drilling fluids 
under high0pressure/high-temperature conditions //SPE Annual technical conference and 
Exhibition. USA: Dallas, Texas, 2005.



23

                             ELMİ ƏSƏRLƏR  •  PROCEEDINGS  •  НАУЧНЫЕ ТРУДЫ                                                                                               2015 №2

Новая модель прогнозирования реологических 
свойств буровых растворов в условиях высоких 

пластовых давления и температуры (ВПДТ)

Х.Б.Жоу1,2, Г.Ванг1, Х.Х.Фан2, Х.М.Ниу1, Й.Йе2

(1Научно-исследовательский институт нефтяных технологий «SINOPEC»,
2Китайский Нефтяной Университет,)

Реферат

В статье приводятся результаты экспериментальных исследований бурового раство-
ра с высокой плотностью на нефтяной основе в условиях ВПДТ, предлагается комплекс-
ная модель прогнозирования реологических параметров и  расчета напряжения сдвига 
при различных скоростях сдвига. Показано, что предлагаемая модель, в отличие от 
традиционной, устанавливает непосредственную связь между давлением, температурой 
и напряжением сдвига. 

 Yüksək lay təzyiqi və temperaturu (YLTT) şəraitində 
qazma məhlullarının reoloji xassələrinin 

proqnozlaşdırılması üçün yeni model 

(H.B.Jou1,2, G.Vanq1, H.H.Fan2, X.M.Niu1, Y.Ye2

(1«SINOPEC» Neft Texnologiyası üzrə Elmi-Tədqiqat İnstitutu,
2Çin Neft İnstitutu)

Xülasə

Məqalədə, YLTT şəraitində neft əsaslı yüksək sıxlıqlı qazma məhlulunun eksperimental 
tədqiqatlarının nəticələri, reoloji parametrlərin proqnozlaşdırılması və sürüşmənin müxtəlif 
sürətlərində sürüşmə gərginliyinin hesablanması üçün kompleks model təqdim olunur. 
Təqdim olunan model, ənənəvi modeldən fərqli olaraq, təzyiq, temperatur və sürüşmə 
gərginliyi arasında olan bilavasitə əlaqəni müəyyən edir.


