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A torque and drag calculation model with consideration
of temperature effect and its application
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Abstract: When drill pipes are subjected to variable circulating temperatures in the wellbore, the thermal stress induced will
change the axial forces on the pipes, which can affect the calculation of the torque and drag. In this study, the effects of tem-
perature on the lubricity coefficient and cake frictional coefficient of drilling fluids were measured via indoor experiments, and
a torque and drag prediction model was established considering the effect of temperature on the friction coefficient and axial
force. The results show that both the lubricity coefficient and cake frictional coefficient of KCl polymer drilling fluids and oil
based drilling fluids can increase with temperature. A case study for well drilling in Fuling Jiaoshiba region was conducted
and the results show that the errors of the top drive torque and hook load can be of 3. 7% and 4. 4% , respectively, when the
effect of temperature is not considered.

Keywords : torque and drag; drilling circulating temperature ; lubricity coefficient; cake frictional coefficient; friction coeffi-

cient; Fuling shell gas
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Table 1 Lubrication coefficient of KCI polymer

lubricated drilling fluid at different temperatures

sl 10 °C 30 C 50 °C 70 °C 90 C

14 0.171  0.183 0.215 0.258 0.255
¥24  0.165  0.189 0.197 0. 240 0.235
H34 0.192  0.199 0.211 0.243 0.258
$a4H 0175 0.192 0.220 0.231 0.243
540 0.185  0.180 0.203 0.252 0. 259
64 0.167  0.176 0.210 0.239 0. 260
FHE 0.176 0.187 0.209 0.244 0.251

F2 ARBETEHHESAGEDBERE
Table 2 Lubrication coefficient of diesel oil-based

drilling fluids at different temperatures

Vil 10 C 30 C 50 C 70 C 90 C
$14 0.045  0.059 0. 067 0. 096 0.083
#2401 0.036  0.061 0. 065 0.088 0.107
34 0.044  0.062 0. 062 0. 080 0. 096
44 0.046  0.065 0.071 0.091 0.112
#5410 0.057  0.058 0.078 0. 086 0.121
$edl  0.041  0.062 0. 067 0. 095 0.097
M 0.045 0. 061 0. 069 0. 089 0.102
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Fig.4 Relationship between lubricity coefficient
and temperature
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coefficient experiment
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Table 3 Result of KCI polymer drilling fluid cake

frictional coefficient experiment at different temperatures

e 10 C 30 C 50 C 70 C 90 °C

$140 0.0349 0.0437  0.0524  0.0612  0.0612
240 0.0437 0.0437 0.0437  0.0612  0.0787
340 0.0349 0.0524  0.0524  0.0524  0.0524
%440 0.0437  0.0524  0.0524  0.0612  0.0612
540 0.0437 0.0437  0.0524  0.0787  0.0787
$640 0.0349 0.0437  0.0524  0.0612  0.0612
SEHMH 0.0402  0.0472  0.0506  0.0594  0.0664

x4 FRBETHESHREARERYALBRER
Table 4 Result of oil-based drilling fluid cake frictional

coefficient experiment at different temperatures

il 10 °C 30 C 50 °C 70 C 90 C

B4 0.0262 0.0349  0.0437 0.0437 0.0437
$F24 0.0262 0.0262 0.0349 0.0437 0.0349
34l 0.0349 0.0349  0.0349 0.0349 0.0524
a4l 0.0262 0.0262  0.0349 0.0437 0.0524
540 0.0262 0.0262  0.0349 0.0437 0.0437
Fodl 0.0262 0.0349  0.0349 0.0349 0.0262
FHME 0.0277  0.0306  0.0364 0.0408 0.0422

2 Yok R v AR IR AR AL R AL, T

7 FR
0.07 -
0.06 o
% 005 L 4
% 004l ’
% .03 A
& + KCLRAWEREIHB
= 0.02 o MR
0.01
0
0 20 40 60 80 100
W/ C

E7 WS REHETREEEETLNXR
Fig.7 Relationship between cake frictional

coefficient and temperature
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Fig.8 Circulating temperature profile in drilling pipe and annulus at different well depth
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Fig.9 Calculation results of top drive torque

in rotary drilling
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Fig. 10 Hook load calculation results of sliding drilling
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