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Abstract:
Prediction of the wellbore fluids and formation temperatures is crucial during drilling
operation, especially for high temperature wells, such as geothermal applications. This
work presents the applications of an improved comprehensive drilling simulator for
predicting the wellbore system temperature during the drilling process. A fully transient
numerical model of the wellbore temperature is developed for drilling and geothermal
production applications. The model describes the dynamic behaviour of the thermal
state of the wellbore during circulation and static conditions. The developed model
is implemented with the commercial virtual drilling simulator through an application
programming interface. This implementation allows the coupling of the thermal model
with other physical models, which leads to more advanced and realistic simulations.
The model has been previously validated through a direct comparison with field data
from geothermal well located in the Hanover area in Germany. The results showed a
good agreement between the predicted outlet fluid temperature and the measured one.
Furthermore, an analysis of the effect of various parameters on the wellbore system
temperature is performed. This analysis showed the impact of these parameters on the
wellbore temperature profile including the critical areas such as the casing setting point
and bottom hole assembly. This information may lead to enhancing the wellbore stability by
monitoring the thermal stresses, especially in high-temperature wells. Moreover, predicting
the drill bit temperature can result in increasing the lifetime of the bit by adjusting the
operating conditions to keep the bit temperature within the specified range. Based on these
results, the enhanced drilling simulator with the transient temperature model showed to be
a suitable tool for effective well planning.

1. Introduction
Extracting energy from the deep Earth layers is a difficult

and complicated procedure. These energy sources are equiva-
lent to renewable geothermal energy or fossil fuels like oil and
gas. Additionally, in recent years, energy storage in subsurface
formations has become popular. Renewable energy sources
like sun and wind are converted into another storable form,
such as hot water or hydrogen gas, which is then stored in
salt caverns, depleted reservoirs, or underground aquifers.

To be able to create or store this type of energy, it is
necessary to drill wells up to thousands of metres deep.
There are a number of technical issues with deep wells. Hard
formations and high formation temperatures are examples of
this, particularly for geothermal purposes. It is difficult to
economically drill such type of wells because of these two
fundamental issues.

A crucial factor for the proper design of the well is
the temperature of the wellbore system. All steps of the
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well design can be influenced by the heat transfer process
that occurs between the wellbore fluids and the surrounding
formation, casing, and cement. These include the properties
of the drilling fluid and the cement slurry, and the electrical
components used for Measurement While Drilling tool (Fattah
et al., 2010; Dirksen, 2011; Zhang et al., 2019; Cayeux,
2020). The rheological characteristics of the drilling fluid
are significantly influenced by its temperature. Numerous
studies have been conducted to simulate how temperatures
affect the characteristics of drilling fluids (Annis, 1967; Wang
et al., 2012; Vryzas et al., 2017; Ohenhen et al., 2018).
They have concluded that the temperature directly affects the
density, gel strength, yield point, and viscosity of drilling
fluid. The drilling process may be impacted by changes to
these variables. The drilling fluid’s insufficient viscosity might
cause serious issues with wellbore cleaning (Gautam and
Guria, 2020). The annular pressure losses are also impacted
by viscosity, which affects the equivalent circulating density
value (Ataga and Ogbonna, 2012). This value is critical and
especially during drilling wells with narrow mud windows,
which is the margin between the pore pressure and the fracture
pressure.

Moreover, Zhang et al. (2019) performed a study on the
influence of the temperature changes on wellbore stability.
They have determined that during the thermal recovery periods
where the circulation stopes and the wellbore fluid remain
static, the wellbore walls can experience severe damage. This
occurs due to the effect of temperature on the mechanical
properties of the rock.

Additionally, other researchers such as Choi and Tan
(1998), Chen and Ewy (2005), and AlBahrani et al. (2018)
have considered time-dependent wellbore stability issues re-
sulting from the drilling fluid temperature variations. They
have concluded in their work that the temperature difference
inside the wellbore can result in a reduction of the rock grains
volume in the wellbore wall, which may reduce the hoop
stresses. This phenomenon depends highly on the thermal
behaviour and the physical properties of the rock including
the thermal expansion coefficient and the porosity. Additional
critical aspect regarding the thermal effects on the wellbore
stability occurs during drilling gas hydrate reservoirs. Li et
al. (2019) explored the thermal effect on the wellbore wall
integrity in gas hydrate reservoirs. They have concluded a
relationship between the drilling fluid temperature and the
borehole collapse.

Beside the wellbore stability issue, the temperature of the
wellbore can affect different parameters during cement slurry
design. Different researchers have noted the direct effect of
the temperature on cement properties such as, thickening time,
compressive strength, and the rheology of the cement during
cementing operation (Pernites et al., 2017). Moreover, the
temperature has a direct impact on the main chemical reactions
that control the hydration of the cement slurry. Overestimating
or underestimating the wellbore temperature will result in a
variety of non-productive time events, ranging from excessive
Wait on Cement to drilling-out of cementing of the casing
(Chen and Novotny, 2003).

All that have been said shows the importance of accurate

modelling and simulation of the borehole temperature and the
surrounding formation during drilling. Precise prediction and
simulation of those temperatures should be supported by a
comprehensive dynamic study of the heat transfer between
the wellbore fluid and the surrounding formation.

In the last decades, various studies have been performed
to investigate the influence of temperature on the wellbore
system. This includes different studies during oil and gas
production operation (Hasan and Kabir, 1996; Hasan et al.,
2005; Onur and Cinar, 2017), and during steam injection
operation (Almeida and Rahnema, 2017), and during the
drilling operation (Santoyo et al., 2003; Xu et al., 2018).
Xu et al. (2018) studied the effect of a gas kick on the
temperature distribution of the wellbore. Santoyo et al. (2003)
were concerned about the loss of circulation problem and its
effect on the temperature profile. Moreover, different research
modelled the effect of the shut-in operation on the thermal
response on the wellbore system (Garcı́a et al., 1998a, 1998b;
Santoyo et al., 2003; Abdelhafiz et al., 2021). Additionally,
various research work investigated the effect of the fluid
properties on the wellbore temperature. Zhang et al. (2021)
have presented a work investigating the effect of various
thermophysical properties of the drilling fluids on the wellbore
system temperature. These parameters include the density,
thermal conductivity, specific heat capacity, and viscosity of
drilling fluid. According to their results, the changes in density
and thermal conductivity of drilling fluid due to temperature
have a minimal impact on the calculation of wellbore temper-
ature. Similarly, the effect of the drilling fluid’s specific heat
capacity variation with temperature on wellbore temperature
calculation is negligible. However, the viscosity variation of
the drilling fluid with temperature has a significant impact on
the calculation of wellbore temperature.

To the best of authors’ knowledge, the effect of various
drilling parameters on the temperature of the wellbore is
not studied. These parameters include the rate of penetra-
tion (ROP) and the heat generated at the bit/rock interface.
Additionally, previous models consider a constant inlet fluid
temperature, however, the effect of this assumption is still not
well known.

Therefore, in this paper, a thermal analysis of the wellbore
system is conducted to investigate the effect of the afore-
mentioned parameters on the wellbore temperature profile
during the drilling operation. For this objective, an improved
virtual drilling simulator is utilized. This paper is structured
as follows; after the introduction, the methodology of this
work is presented, where the thermal model of the wellbore
system is described. Additionally, the main components of
the virtual drilling simulator are also elaborated. Then, the
application of the model in a simulation case and the results
of the analysis using the developed model are also presented
and thoroughly discussed. Finally, the conclusions of the work
are summarized.

2. Methodology
The approach proposed by this work is to perform and

analyse the wellbore system temperature using physics virtual
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Fig. 1. Basic wellbore sketch representing the main components of the thermal model and the discretization scheme.

simulator for realistic drilling scenarios. This approach has
been followed by different authors for training purposes and
for drilling cost optimization (Scott et al., 2016; Tang et al.,
2016; Höhn et al., 2019). In this section, a mathematical model
that describes the thermal behaviour of the wellbore during
drilling operation is illustrated. The model is implemented
in a comprehensive virtual drilling simulator to calculate the
temperature variation in the wellbore components during a
realistic drilling scenario.

2.1 Modeling the wellbore temperature
The first step in modelling the thermal behaviour of the

wellbore is to identify the basic component of the system.
Fig. 1 presents a generalized wellbore sketch with the basic
components during the drilling operation. As per our previous
work in Abdelhafiz et al. (2021), the wellbore system is
divided into two main regions. the first region is the wellbore,
and the second region the post wellbore.

In the first region, which represents the wellbore itself,
we focus on the fluid inside the drillstring, the drill string
walls, and the fluid within the annulus between the wellbore
walls and the drill string. This section is treated as a one
dimensional in space along the axial direction, allowing us to
analyse temperature changes over time and along the length
of the wellbore. By considering the axial dimension, we can
account for variations in temperature along the wellbore depth
and effectively model heat transfer processes in the drilling

fluid and drill string. The heat transfer in the radial direction
in this region is accounted through three different convective
heat transfer coefficients. This allows for accurately describe
the phenomenon within each flowing section.

The second section, known as the post-wellbore section,
encompasses the rock formation, casing, and cement. In this
section, we introduce a two-dimensional space that includes
both the axial and radial dimensions, in addition to the time
dimension. This enables us to accurately represent the radial
temperature distribution within the surrounding rock formation
and the thermal interactions between the casing, cement, and
the wellbore. By incorporating the radial dimension, we can
better capture the effects of heat conduction in the post-
wellbore environment.

To couple these two regions, the balance equation at the
wellbore walls is solved. This ensures that energy is exchanged
appropriately between the wellbore and the post-wellbore
sections, allowing for a more accurate representation of the
overall thermal behaviour of the wellbore system.

The model further assumes the decoupling of the energy
and momentum equations, which limits its applicability to
incompressible fluids. Additionally, all thermophysical prop-
erties are considered independent of temperature. These as-
sumptions greatly simplify the model and reduce computa-
tional requirements, making it faster to run. Moreover, these
assumptions align well with the specific application of the
model as the drilling fluid can be assumed as incompressible
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fluids.

2.2 Governing equation
For each of the described regions above, a thermal balance

equation is developed that describes the heat transfer within
and between the different zones. The complete set of equations
is published in Abdelhafiz et al. (2021), and Abdelhafiz (2022),
and it is repeated here for the sake of clarity:
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where Eqs. (1)-(4) account for the temperature of the fluid
flowing inside the drill string T (P), ◦C; the drill string T (S),
◦C; the fluid flowing inside the annulus T (A), ◦C; and finally,
the formation casing and cement T (PW ), ◦C. t is the time, s;
and z accounts for the vertical coordinate, m; and r is for
the radial coordinate, m. The equations account for the radial
heat transfer using three different convective heat transfer
coefficients. hP is the convection heat coefficient for the flow
in the drill string, W/m2·K; hA,in and hA,out are the convection
heat coefficient for the flow in the inner and the outer annulus
respectively, W/m2·K. rP,in and rP,out are the inner and the
outer radius of the drill string respectively, m; while rA annulus
radius, m. r∗s is the local radius, m; in the drill string section
having the mean temperature, which can be assumed to be
equal to (rP,in+rP,out)/2. ρ , kg/m3; cp, J/kg·K; and k, W/m·K;
are the density, the specific heat, and the thermal conductivity

index with the subscripts f and s which denote the fluid and
the drill string solid sections, respectively. uz,P and uz,A are
the fluid flowing velocities in the drill string and the annulus,
respectively, m/s. r∗j=1, m; is the local radius of the first grid
in the radial direction of the post wellbore zone where the
average cell temperature is located, here it is assumed to
be the cell centre. The previous set of equations is solved
numerically using the finite volume method with the upwind
scheme (Abdelhafiz et al., 2020).

The model described in Eqs. (1)-(4) shows that it is
physics-based model which can be applied for various geolog-
ical formations and drilling conditions. The model discretizes
the formation and wellbore properties and solves the thermal
balance equation, offers flexibility in accommodating diverse
geological properties. The discretization of the formation and
wellbore into a number of cells with finite volumes allows
our model to capture the spatial variations in thermophysical
properties. This feature enables the consideration of different
geological formations with varying characteristics such as rock
type, density, specific heat capacity, and thermal conductivity.
By assigning the appropriate thermophysical properties to each
cell, the model accurately represents the complexities of the
subsurface system.

To ensure the reliability and applicability of our model
across various regions, we have undertaken rigorous valida-
tion efforts. The numerical solution has been validated using
theoretical methods, computational methods and employing a
comparison with the field and experimental data obtained from
geothermal wells in Mexico, Norway, and Sweden (Abdelhafiz
et al., 2023). The comparisons have consistently demonstrated
good agreement between our model predictions and the ob-
served data (Abdelhafiz, 2022).

2.3 Initial and boundary conditions
The model is initiated with a temperature equivalent to

the initial geothermal temperature: The initial conditions for
the temperature for both models are assumed equal to the
geothermal temperature. Therefore, at time t = 0:

T (P)(z, t = 0) = T (S)(z, t = 0) = T (A)(z, t = 0)

= T (PW )(r,z, t = 0) = Te +
∆T
∆z

∣∣∣∣∣
e

(z−L)
(5)

where Te is the surface ambient temperature, ◦C; and
(∆T/∆z)|e is the geothermal gradient, ◦C/m; and L is the well
total length, m. For the boundary conditions, the following is
applied to the bottom of the wellbore:

T (A)∣∣
(i=1) = T (P)∣∣

(i=1) (6)
where the subscript (i= 1) donates the first cell at the wellbore
bottom in the discretised scheme according to Fig. 1. The
additional heat generated at the interface between the drill bit
and the rock formation due to friction is added according to
Glowka and Stone (1985):

Q f =
K f FNv

Ac
(7)
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Fig. 2. Wellbore sketch of the proposed well for the study.

where Q f , W/m2; is the heat rate generated due to friction per
bit/rock contact area, K f is the coefficient of friction between
the bit cutters and the formation, FN , N; and v, m/s; are the
normal force acting in the drill bit and the drill bit speed,
respectively. The normal force is considered as the weight on
bit (WOB), and the bit speed is derived from the bit rotational
speed (RPM). Ac is the contact surface area between the drill
bit and the formation in m2.

While at the surface: the boundary conditions for the drill
pipe, drill pipe walls, and the annulus vary between flowing
and shut-in conditions. In addition to the first grid volume
in the post-wellbore section (i.e., j = 1). For the flowing
conditions, the following boundary conditions are applied:

T (P)∣∣
(i=Nv)

= Tin (8)
where Tin is the inlet fluid temperature in ◦C and calculated
by performing energy balance on the mud tank:

mtankcp, f (Ttank −T 0
tank) =

ṁincp, f (T
(A)

out −T (P)
in )∆t − Q̇loss∆t

(9)

where Ttank is the final tank temperature, ◦C; T 0
tank is the initial

tank temperature, ◦C; T (A)
out and T (P)

in are the drilling fluid outlet
temperature from the wellbore and inlet temperature to the
wellbore respectively in ◦C. mtank is the fluid mass inside the
tank, kg; ṁin is the mass flow rate of the return fluid, kg/s; and
finally, ∆t is the time step, s; Q̇loss is the heat rate loss/gain to
the ambient surface air due to free convection, W.

2.4 The virtual drilling simulator
The German Centre for High-Performance Drilling and

Automation which is known as Drilling Simulator Celle is
recently equipped with the state-of-the-art virtual drilling sim-
ulator. This simulator is utilized for training and for research
and development applications (Höhn et al., 2019).

The simulator’s capabilities extend beyond its initial con-
figuration, due to the availability of an Application Program-
ming Interface (API). This API enables the incorporation of
newly developed downhole models, which can be seamlessly
connected to the simulator’s internal models. By utilizing the
API, the simulator can be constantly improved and customized
according to specific requirements. The potential applications
of integrating physical modelling into the virtual drilling
simulator are vast. For instance, it can facilitate the devel-
opment and testing of advanced drilling systems, such as
automated drilling rigs or autonomous drilling operations. By
incorporating physical models into the simulator, researchers
can assess the feasibility and performance of such systems
before deploying them in real-world scenarios. Additionally,
the simulator can be utilized to study the behaviour of different
drilling fluids, wellbore stability, and the effects of various
drilling techniques on the surrounding formations.

Furthermore, the virtual drilling simulator serves as a
valuable research and development tool. It enables engineers
and researchers to explore and experiment with different down-
hole models, evaluating their performance, efficiency, and
impact on drilling operations. The simulator allows for testing
and validation of innovative drilling technologies, equipment
designs, and drilling techniques. By integrating physical mod-
elling, researchers can analyse complex interactions between
drilling parameters, downhole conditions, and the resulting
drilling performance. This information can be used to op-
timize drilling processes, enhance equipment reliability, and
minimize drilling risks.

Moreover, the simulator’s API allows for seamless com-
munication between the simulator and the external physical
models. This integration opens up possibilities for real-time
monitoring and control of drilling parameters. For instance,
a physical thermal model can be linked with the simulator
to provide accurate temperature predictions in the downhole
environment. This information can then be utilized for oper-
ational decision-making, optimizing drilling parameters, and
ensuring wellbore integrity.

In order to dynamically simulate the transient thermal be-
haviour of the wellbore, a computer code has been developed
based on the thermal model described in Section 2. The code
has been implemented in two versions, utilizing MATLAB®

and C# programming languages. The MATLAB® version
serves as a stand-alone thermal simulator, allowing users to
execute simulations independently. The authors have made the
MATLAB® code available online (Abdelhafiz, 2021), enabling
researchers to access and utilize it for their own investigations.
On the other hand, the C# version of the code is integrated
with the virtual drilling simulator mentioned earlier, leveraging
an API for seamless interaction. This integration facilitates a
comprehensive analysis of the thermal aspects within the con-
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Table 1. Drill string and drilling fluid properties.

Property Rock formation Drill string Casing Cement Drilling fluid

ρ (kg/m3) 1,800 8,000 7,800 2,140 1,220

cp (J/kg·K) 1,250 440 420 2,000 1,600

k (W/m·K) 2.5 47.7 47.2 1.1 1.2

µ (Pa·s) - - - - 0.025

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Relative time (t/tfinal)

10

20

30

40

50

60

70

80

90

100

110

120

Te
m

pe
ra

tu
re

 (°
C

)

Tbottom, ROP = 40 m/h 
Tin, ROP = 40 m/h 
Tout, ROP = 40 m/h

Tbottom, ROP = 20 m/h 
Tin, ROP = 20 m/h 
Tout, ROP = 20 m/h

Tbottom, ROP = 10 m/h 
Tin, ROP = 10 m/h 
Tout, ROP = 10 m/h

Fig. 3. Inlet, outlet, and bottom hole temperatures for rate of
penetration 40, 20 and 10 m/h using constant inlet temperature.

text of the virtual drilling environment.

3. Results and discussion

3.1 Case setup
To perform the thermal analysis, a drilling scenario case

was set up. Fig. 2 shows a sketch of the wellbore that is utilized
for this study. The figure represents the main wellbore system
and downhole components. The case includes a complex drill
string from three parts and two installed casing strings as
shown in the figure. The simulations start at an initial depth
of 1,500 m, and end when the drill-bit reaches the depth of
2,000 m. The thermophysical properties of the rock formation,
drilling fluid, drill strings, casing strings and cement are
summarized in Table 1.

In this simulation, the domain is discretized spatially into
100 grid cells in the vertical direction and 20 cells in the radial
direction. This allows for a comprehensive representation of
the physical space under consideration. To ensure stability
and accuracy in the temporal discretization, the time step is
selected such that the Courant number, remains below 1. In this
case, a Courant number of 0.8 is chosen, striking a balance
between solution stability and computational efficiency. The
time step is calculated according to the following equation:

∆t =
0.8∆z
uz,P

(10)

This approach maximizes the stability of the numerical
solution while maintaining a reasonable level of temporal
resolution. For each simulation case, the initial and boundary
conditions are established based on Eqs. (6)-(9), as outlined
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Fig. 4. Final temperature profile of the wellbore for rate of
penetration 40, 20 and 10 m/h using constant inlet temperature.

in Section 2.2.

3.2 Effect of ROP on the wellbore system
temperature

The first comparison case was developed to analyse the
effect of the ROP on the thermal behaviour of the wellbore.
To that extent, two simulation packages were performed. Each
simulation package has three simulation runs with rate of
penetration values of 10, 20, and 40 m/h. The first simulation
package assumes a constant inlet fluid temperature Tin is const.
The results can be summarized in Figs. 3 and 4.

In Fig. 4, the inlet, outlet and the bottom hole temperature
are recorded with relative time t/tfinal, where tfinal is the final
simulation time. The inlet temperature for this simulation case
was kept constant, which can be observed in Fig. 3 as the inlet
temperature curve for the three simulation cases are overlayed
with value of 20 ◦C. It is clearly shown that the ROP has
a direct effect on the bottom hole temperature. A difference
of 7 ◦C is observed between the 40 and 20 m/h cases after
reaching the final depth. Regarding the outlet temperature, no
significant effect is observed. The vertical temperature profiles
presented in Fig. 4 show that the effect is major deep in the
wellbore, however, it decreases towards the surface.

The second simulation package on the effect of the ROP on
the wellbore thermal behaviour is performed with calculated
inlet fluid temperature. Tin is assumed to be equal to the mud
tank temperature Tin = Ttank which is calculated according to
Eq. (9). The results from these simulations are summarized in
Figs. 5 and 6.

In comparison with the previous case (constant inlet tem-
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perature), A major difference can be observed. For the cal-
culated inlet temperature case, the ROP shows initially an
observable effect on the bottom hole temperature, however,
after the circulation of bottoms up, the difference in the bottom
hole temperature with respect to the ROP is negligible. On
the other hand, a major effect is observed on the inlet and
the outlet temperatures. The ROP shows an inverted effect on
those temperatures, as the low ROP values show the highest
inlet and outlet temperature.

3.3 Effect of the heat generated due to bit/rock
interaction on the wellbore system temperature

The second set of simulations is aiming to analyse the
effect of the heat generated due to friction between the bit
and the formation during drilling. The parameters that control
this effect which are the WOB, bit RPM, and K f are analysed
in case of low circulation rate and high circulation rate. During
drilling, WOB and RPM varies according to the drilling
program which are optimized for the highest ROP values.
However, K f depends on the rock formation type and the drill
bit. For example, rough and abrasive formations may have
higher K f than soft formations. Additionally, one important
factor that may affect the friction between the formation and
the bit is the bit wear. As the bit wears down, the friction
coefficient can change, affecting the heat generation process.
This alteration in heat generation can subsequently influence
the temperature profile within the wellbore. The results which
are presented in Figs. 7-9 show a minor effect of the previously
mentioned parameter on the bottom hole temperature in case
of low circulation rate, and almost no effect is observed at the
inlet and the outlet temperature. In case of a high circulation
rate, a slight increase in the bottom hole temperature for higher
values of K f , WOB and RPM, however, no observed effect
on the inlet and the outlet temperature.

3.4 Effect of the drilling and abnormal
formation on the wellbore system temperature

The next simulation is designed to analyse the effect of
drilling an abnormal formation on the wellbore system
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Fig. 6. Final temperature profile of the wellbore for rate
of penetration 40, 20 and 10 m/h using calculated inlet
temperature.

temperature. In this work, the term abnormal is used for a
formation that has extremely different thermal properties than
its overburden and sub-burden formation. This situation can
be found in different geological structures. For example, sand
lenses that are submerged in shale formations, or magmatic
dikes. This can cause an abrupt change in the physical and
the thermal properties of the formation. For that reason, a
simulation case was set up by creating an anomaly in the for-
mation thermophysical properties within a specific formation
thickness as described by Fig. 10. The formation properties
-which are ρ , cp and k - within this abnormal formation are
considered to have double the magnitude of the overburden
and the sub-burden formation. The resultant effect on the
temperature behaviour is plotted with respect to time in Fig.
11.

Fig. 11 shows a comparison between the inlet, outlet,
and the bottom hole temperatures in case of normal forma-
tion without anomalies (curves marked with O) and of the
formation which include an anomaly at depth 1,600 m and
a thickness of 260 m (curves marked with +). The plot
also indicates the relative time which the abnormal formation
has been penetrated, which in this case at relative time is
0.2. From the plot, one can observe an instantaneous change
in the bottom hole temperature once reaching the abnormal
formation. The temperature increase in the bottom hole reaches
up to 10 ◦C. The rate of change in the bottom hole temperature
is decreased once passing the abnormal formation, which is
indicated on the graph by the dashed vertical line at relative
time is 0.72.

On the other hand, a slightly delayed effect on the outlet
fluid temperature is also observed after reaching the abnormal
formation. This delay is due to the lag time between the bottom
hole and the surface. This delay will be function of the well
depth and the annular fluid velocity. The magnitude of the
change in the outlet temperature should be dependent on the
formation properties.

This result shows the significance of interpreting the
bottom hole temperature and the outlet temperature to get
information about the downhole formation.
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Fig. 7. Effect of the K f between the drill-bit and the formation on the bottom-hole, inlet, and outlet temperatures in case of
(a) low circulation rate case Q = 54m3/h and (b) high circulation rate case Q = 108m3/h.
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Fig. 8. Effect of the WOB on the bottom-hole, inlet, and outlet temperatures in case of (a) low circulation flow rate case
Q = 54m3/h and (b) high circulation flow rate case Q = 108m3/h.
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Fig. 9. Effect of the bit RPM on the bottom-hole, inlet, and outlet temperatures in case of (a) low circulation flow rate case
Q = 54m3/h and (b) high circulation flow rate case Q = 108m3/h.
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hanomaly

Lanomaly

Formation inconsistency

Fig. 10. Sketch representing an inconsistent formation with
abnormal properties encountered during drilling.

4. Conclusions
In this paper, a thermal analysis was conducted on the

wellbore system during drilling using an improved drilling
simulator. The study focused on examining the impact of
drilling parameters on the inlet and outlet drilling fluid temper-
atures. The findings of the analysis provide several important
insights.

Firstly, the rate of penetration was found to exert a signifi-
cant influence on the temperature of the wellbore system. This
highlights the importance of considering the drilling speed
when assessing thermal behaviour. Secondly, it was observed
that assuming a constant inlet fluid temperature greatly af-
fected the wellbore’s thermal performance. This emphasizes
the need to accurately account for temperature variations in
the inlet fluid. While the WOB and RPM had a minor effect on
the drilling fluid’s temperature at low flow rates, their impact
became negligible at high-volume flow rates. This suggests
that WOB and RPM have limited significance in terms of
temperature variation unless the drilling fluid flow rate is
substantial. The simulation results also revealed the high sensi-
tivity of the wellbore system’s temperature to the properties of
the formation being drilled. This underscores the importance of
considering formation properties when predicting the thermal
behaviour of the wellbore.

Additionally, the bottom hole temperature was found to be
highly sensitive to changes in formation properties, whereas
the outlet fluid temperature displayed less responsiveness to
variations in subsurface thermal properties. These findings
demonstrate the potential of accurate modelling and simulation
in enhancing drilling efficiency. By predicting the thermal
behaviour of the wellbore under different conditions, issues
related to drilling fluid properties and bit lifespan can be miti-
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Fig. 11. Effect of an abnormal formation layer at depth
Lanom = 1,600 m and thickness hanom = 260 m on the bottom-
hole, inlet, and outlet temperature.

gated. Furthermore, maintaining a consistent inlet temperature
of the drilling fluid using sufficiently large mud tanks during
circulation can significantly reduce the overall temperature
profile of the wellbore. This highlights the practical importance
of temperature control during the drilling operation.
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