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Abstract 
Drill pipe failures are common in the oil drilling and its advancement process, particularly in the 
transition zone of the pipe. Using ANSYS software, creating an analytical model based on the 
framework of the drill pipe and examined the stress concentration factor of the transition zone. 
According to the outcome of the analysis, the transition zone area is the vulnerable part of the drill 
pipe. Perforation in the transition zone area is another significant reason for the failure of the drill pipe 
FLUENT, a finite volume CFD solver was used to calculate the flow field of the fluid flowing through the 
transition zone area of drill pipe under various conditions. The distribution of velocity, pressure and 
shear stress in the transition zone area indicated the scouring of the pipe wall by the drilling fluid. The 
drilling fluid type and velocity, structural shape of pipe are significant impact on flow field. 
Keywords: Transition zone area; Scouring; Failure; Fluid flow field; Drill pipe. 

1. Introduction

Drill pipe, which is located in the uppermost section of the drill column, is a significant tool
in oil drilling and gas exploration [1]. Drill pipe is subjected to complicated loads such as wall 
shear stress, bending torque, torque, centrifugal force and vibrational load during the operat-
ing process [2, 21]. Drill pipe failures are common, and they result in a massive amount of 
human, material, and financial loss. As a result, determining the reason of failure and improv-
ing design is critical for the secure and effective operation of the drill pipe in the oil drilling 
and advancement process [3-7]. The failure location of the drill pipe was concentrated in the 
transition zone area. Chemical composition, mechanical characteristics, microscopic structure, 
and cross section shape of drill pipe were all investigated [8-10]. Drilling fluid's effect on drill 
pipe is also frequently overlooked [11-13]. However, due to the shift in flow channel, there is 
an abrupt change in the flow field of the drill pipe in the transition zone area [14]. The flow 
impact on drill pipe is aggravated by pressure fluctuations and the presence of low-pressure 
in areas [15]. As a result, it is critical to conduct the failure study of a drill pipe from the 
standpoint of scouring of pipe walls. The finite volume method was used to derive distributions 
of velocity, pressure and shear stress under various drilling fluid velocities, drilling techniques, 
and transition zone structures using computational fluid dynamics (CFD). The impact of each 
component was then examined in detail. 

2. Modelling

Figure 1 shows a schematic illustration of the drill pipe. Subsequently, the variation in the
size of the structure and the transition zone area becomes the drill pipe's fragile point; the 
transition zone’s structure is indicated in Figure 2. Transition zone length should be kept to a 
minimum. Two key factors are transition length (Miu) and the transition radius (R) [2]. Transi-
tion radius R is not properly standardized in current drill pipes [16-18]. To investigate the impact 
of both transition length (Miu) and transition radius (R) on drill pipe’s stress distribution, tran-
sition length (Miu) and transition radius (R) are defined as factors that change variably, and 
their impact on the factor of stress concentration (Kt) is studied. The finite volume approach 
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was used to derive distributions of velocity, pressure and shear stress under various drilling 
fluid velocities, drilling techniques, and transition zone area 

 
Figure 1. Drill pipe. 

 
Figure 2. Transition zone. 

3. Simulation study 

3.1. Stress distribution 

In the simulation, the axial tensile stress is the most essential consideration. The concen-
tration of stress in transition zone areas is quite greater than in other portions of the tool joint 
and drill pipe, according to simulation study, with the transition radius between the transition 
zone area and tube pipe being the most problematic site. During the study process, the tran-
sition length (Miu) varies from 40mm to 160mm, and the transition radius (R) varies from 0 
to 300mm. With Miu increasing, reduction of the factor of stress concentration (Kt) was ob-
served. When transition radius (R) is increased, the Kt decreases in a predictable pattern as 
Miu increases. R is taller, Miu is longer, and Kt is shorter [2].  

 
Figure 3. Stress distribution. 
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Table 1. Material properties of the drill pipe 

Material Density  
(kg/m3) 

Modul of elasticity 
E (MPa) Poisson’s Ratio Unit weight 

(kN/m3) 
Structural Steel 7850 210000 0.3 78.5 

3.2. Flow field simulation 

The schematic illustration of the simulation using the drill pipe is shown in Figure 2. Tran-
sition zone area close to the pin thread flow channel differs from the transition zone area close 
to the box thread flow channel [15]. The contraction channel is one, and the expansion channel 
is the other. The boundary conditions for inlet velocity and pressure outflow were implemented 
for the realm of computation’s inlet and outflow, consequently [2]. To reflect varying drilling 
fluid displacements, the inlet velocity was taken as 2 m/s, 3 m/s and 4 m/s. The pressure at 
the outflow was kept constant at 0 Pa to allow for a comparison study. In the simulation, air 
is a compressible gas, water is a volume component, and mud is a fluid with the power-law “s 
= 0.59(dv/dy)0.71” [15]. Table 2 shows the initial values for the material attributes. FLUENT 
13.0, a commercial finite-volume CFD code, are used for all calculations. 

Table 2. Material properties of the drill fluids 

Drilling fluid Viscosity 
(Pa s) 

Density 
(kg/m3) 

Thermal conductivity 
(W/(m K)) 

Specific heat capacity 
(kJ/(kg K)) 

Mud 0.59 1200 1.731 1.675 
Water 0.001 997 0.6 4.182 
Air 1.788 x 10-5 1.226 0.242 1.006 

4. Results and discussion 

4.1. Stress distribution 

Stress at the transition zone is greater than in other regions of the pipe and tool connection 
when subjected to axial tensile force [3]. The stress concentration factor (Kt) in the round 
corner of the transition zone is the most dangerous. If the radius is smaller than 100 mm, it 
is simple to produce oscillations in the Kt curves of the stress concentration factor. When the 
transition length is 150mm and the radius is 290mm, the factor of stress concentration (Kt) is 
at its lowest, and the optimal structure size is achieved. 

 
Figure 4. Stress concentration factor (Kt) and transition radius (R). 
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Figure 5. Changing of Kt with R when Miu is 70 mm. 

4.2. Flow field simulation 

The distribution of velocity and pressure in the transition zone area is given in Figure 7. In 
the transition zone at the pin thread, there is a large pressure reduction. The rule of conser-
vation of energy can be used to comprehend this. In normal drilling operations, the drilling 
fluid flow rate remains constant, i.e., a steady flow is present in the drill pipe [19]. As a result, 
the cross-sectional area of the stream is reduced, the stream velocity increases [17]. Pressure 
is reduced as kinetic energy is increased to the detriment of pressure energy. 

The pressure change trend is reversed in the transition zone area close to the box thread. 
The abrupt pressure change is specifically noticeable in the transition zone area link. The site 
stream channel is beginning to grow due to a local low-pressure condition. In addition, there 
is a local high-pressure connection between the transition zone area and the body of the drill 
pipe [20]. As a result, pressure variability is visible in the transition zone area close to the box 
thread. The pipe wall erodes repeatedly, as Eddy currents are formed. This is one of the causes 
for the presence of perforation in the transition zone area close to the box thread. 

Out of the all the drilling fluids, Mud has the highest viscosity resulting in the most frictional 
loss. As a result, the mud drilling’s pressure drop is the largest. The local low-pressure’s max-
imum area is also the largest. Water is a fluid with a viscosity greater than air. As a result, in 
water drilling, the pressure deprivation and the local low-pressure area presumes second po-
sition and the pressure drop is minimum in air drilling. 

Figure 6 shows, the dispersion of velocity affecting the distribution of shear stress in the 
pipe walls. The higher the shear stress in the pipe wall and lesser in the pipe diameter. Due 
to the alteration in the flow channel, abrupt changes are visible in the shear stress of the pipe 
wall at the transition zone’s areas. In the middle of the transition zone area and the body of 
the pipe, the minimum value occurs. The maximum value is displayed in the link between the 
transition zone area and the joint of the drill pipe. Drill pipe walls are subjected to the most 
stress because the shear stress in the pipe walls is interconnected to the viscosity of drilling 
fluid. Second place goes to water and the bare minimum is air. 

When the inlet velocity is kept constant, mud has extreme scouring effect on the pipe walls 
specifically near the transition zone area of the drill pipe, particularly at the box thread. 

We've all learned that increasing drilling fluid displacement improves rock-cracking and 
cuttings-carrying capacity. Changes in displacement, on the other hand, impacts the drilling 
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fluid flow field in the transition zone area. Three different input rates were selected to repre-
sent three different mud displacements.  

 
Figure 6. Pressure and velocity distribution under different inlet velocities in mud drilling:  a) v=2m/s b) 
v=3m/s. 
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Figure 6. Pressure and velocity distribution under different inlet velocities in mud drilling c) v=4m/s. 

In Figure 7, the pressure and velocity trend in the transition zone area in drilling with mud 
at three different inlet rates is portrayed. The larger the displacement for the greater the 
velocity at the inlet, result in a larger tangential velocity gradient. In addition, stream altera-
tions in the transition zone area, particularly at the connection in the middle of the pipe and 
the transition zone, resulting in washout of the pipe by the flowing fluid. The erosion becomes 
more intense as the speed increases. Pressure builds up in the transitory fillet close to the box 
thread. When a fault occurs, the increase in pressure causes the defect to grow even larger. 

 
Figure 7. Wall shear stress distribution under different inlet velocities in mud drilling: a) Close  to the 
pin thread, b) Close to the box thread. 

Figure 7 depicts the shear stress distribution of the pipe wall at various flow rates. A higher 
drilling fluid flow rate results in a larger shear stress on the pipe wall at the transition zone 
area. The drilling fluid flow rate should be set so that the drilling rate is reasonably improvised, 
as well as the scouring of pipe walls is minimal.  

 

1041



Petroleum and Coal 

                         Pet Coal (2023); 65(4): 1036-1043 
ISSN 1337-7027 an open access journal 

5. Conclusions 

Performed the drill pipe stress analysis and advancement of the oil drilling is addressed in 
this study. Stress at the transition zone is greater than in other regions of the pipe and tool 
connection when subjected to axial tensile force. The stress concentration factor (Kt) in the 
round corner of the transition zone is the most dangerous. If the radius is smaller than 100 
mm; it is simple to produce oscillations in the Kt curves of the stress concentration factor. 
When the transition length is 150 mm and the radius is 290 mm, the stress concentration 
factor Kt is at its lowest, and the optimal structure size is achieved. The distribution of pressure 
and velocity in the internal upset transition zone is given in Figure 7. In the transition zone at 
the pin thread, there is a large pressure reduction. The rule of conservation of energy can be 
used to understand this phenomenon. The pressure change trend is reversed in the transition 
zone near the box thread. There is a local high-pressure connection between the transition 
zone and the drill pipe body. As a result, pressure variability is noticeable in the internal upset 
transition zone near the box thread. Eddy currents are formed which repeatedly erode the 
pipe wall. This is one of the causes for the presence of perforation in the transition zone near 
the box thread. Mud has the highest viscosity of the three drilling fluids, resulting in the most 
friction loss. 
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