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Abstract - This paper presents a rigid design of wheel type in-pipe robot for  large diameter pipes. In this era of automation, 
many organizations have started restructuring their manual inspection models with an automated one in order to acquire 
agility, accuracy and precision for sustainability in this rapidly changing scenario. This paper focuses on the characteristics 
of the proposed robot design. This paper also focuses on latest innovations in in-pipe robots. The model is designed to be 
compact and minimally invasive to the flow within the pipe. In this current paper, the CFD simulations for effects on varying 
fluid velocities and constant pressure on the body is shown. The drag force is derived and calculated to understand the forces 
acting on the body. 
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INTRODUCTION 
 
Pipes form the arteries and veins of any utility system 
by transporting both intake and wastes. Pipelines are 
used to transport both biohazardous and chemical 
fluids. Especially in power utilities, they are used to 
transport water from inlet reservoirs to boilers. As 
such, they form an integral part of utilities. 
With dwindling resources, water obtained followed 
by treatment and purification forms a critical resource 
for any power utility. Failures in pipes and 
inefficiencies in transportation of water leads to 
wastage of water and energy. 
Multiple research has been conducted on pipe 
inspection using robots. However, this research has 
been limited to pipes of smaller sizes, with no notable 
research being done on inspection of large pipes. As 
such this paper tries to redress this issue by designing 
an in-pipe robot for large pipes. 
This paper presents a mechanical design of an in-pipe 
inspection robot, with CFD simulations conducted to 
validate the design by checking whether the drag 
affecting the body is below the acceptable range. 
The paper is organized as follows: Literature Survey 
is done in section II; the modelling and meshing of 
the design in section III; the analysis and simulation 
in section IV; the results of the analysis3 are 
discussed in part V with the con 
 
II. LITERATURE SURVEY 
 
Raman et al. [1] reports that losses during 
transmission in India is 20 – 30 % of the total flow in 
the system. According to NWRI report, losses 
through leaks is on an average of 20 % of the total 
losses [2]. As such identifying and resolving these 

leakage problems forms a critical issue that cannot be 
done manually. The motivation for this is to stop fatal 
accidents from occurring by relieving humans the 
necessity to enter hostile environment as requisite of 
manual inspection while simultaneously utilizing 
robots to perform time-consuming continuous 
operations. 
Pipelines and piping most frequently fail because of 
the growth of serious flaws such as cracks, corrosion, 
mechanical fatigue, and mechanical damage [3] as 
shown in Fig. 1. Once started, defects in the pipe may 
continue to grow while the equipment is in service 
until leak occurs. With a leak, there is no delay of the 
length of the defect. A separation will bulge outward 
prior to failure and then the defect will extend into the 
surrounding material before either spreading or 
striking, depending upon the material, the pressure, 
and the physical state (liquid or gas) [3]. 

 
 

Figure 1: Causes of Significant Pipeline Incidents on 
Hazardous Liquid Transmission Pipelines from 1988-2008 [3] 

 
Inspection is not an easy task to perform, especially 
for large pipes. Due to the size and turns of the tubes, 
a simple robot is not able to meet all the 
requirements. Application of In-pipe inspection 
robots has changed over the years, moving from 
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simple inspection to more demanding intervention 
and maintenance. 
 
Over the years, numerous proposals of in-pipe 
inspection robots (IPIRs) have been reported. 
Currently, IPIRs have been classified into six types 
based on differences in their driving mechanisms. 
The six types are a) PIG type b) Wheel type c) 
Caterpillar type d) Wall-pressed type e) Walking type 
and f) Inchworm type. Each type has its merits and 
de-merits in certain aspects over the other types [4]. 
The actual design adopted depends on the task space, 
application performed and the pipe size. The design 
developed has been originally intended for inspection 
in large pipes with horizontal orientation but can also 
be applied for intervention, search & rescue and 
maintenance. 
Zi Ma, et al. discussed a novel design of robot for 
inner lining inspection of large pipes [5]. The 
mechanical prototype designed consisted an in-pipe 
body with four degree of freedom and a 3D laser 
scanning system. The electronic architecture consists 
of professional software system with its intelligence 
enhanced by adaptive control. The robot has a 
measurement diameter range from 580 to 1000 mm. 
Sergei Savin and Ludmilla Vorochaeva developed a 
six-leg in-pipe robot for motion in curved pipes [6]. 
The robot is a fusion between walking type and wheel 
type robot. To move within curved pipes, a footstep 
planning algorithm was developed. 
Shraddha Ghugare and Uday Chhatre proposed a 
low- cost design for pipeline inspection robot that can 
visually detect internal cracks using a camera [7]. The 
robot contains a control box and a robot device. The 
robot is compact with  its diameter being 194 mm. 
With flexible grips the exterior diameter can be 
increased up to 225 mm. Jun Chen, et al. [8] 
discussed on mechanical properties of articulated wall 
pressed robot. The posture model was established so 
that mechanical analysis can be carried out. The 
design concept is modular. Dimitris Chatzigeorgiou, 
et al. [9] [10] discussed design consideration of a 
novel system for leak detection within PVC pipes. 
The design of the system had to take constraints like 
size limitation, flow field characteristics and dexterity 
into consideration. This was simulated using CFD. 
There is a need for checking out the drag affecting the 
body which can be carried out by Fluid flow 
simulation. This can be done by using a CFD 
software tool, and the results can be compared with 
the experimental data for validation. 
 
III. GEOMETRIC MODELLING AND MESH 
GENERATION 
 
While conducting any CFD simulation, there are 
many constraints to be taken in consideration. First, a 
model is developed using CAD software like 
SolidWorksTM and then the mesh is generated, which 
can be structured or unstructured. Next, the boundary 

conditions of each surface are defined. For an 
accurate solution, the setup boundary conditions need 
to be accurate. The mesh file is then exported into the 
solver software, thereby completing the process. In 
the solver, in this case ANSYSTM (Fluent), the 
turbulence model and fluid properties are chosen 
carefully so as to forecast the fluid behavior. 
 
1. Geometric Details 
The diameter of the manhole is 0.5 m which serves as 
the size constraint for designing the geometric model. 
The size of the body is 400mm in length, 300 mm in 
height and 260 mm in width. The geometric details 
are illustrated in Fig. 2 and Fig. 3. 
 
The shape of the fluid domain is considered as 
cylindrical and the length of the domain is 4 m and 
the diameter of the domain is 0.5m. The diameter of 
the domain is considered large enough to simulate 
and visualize the turbulent fluid flow within the pipe. 
 

 
Figure 2: SolidWorksTM model of the proposed design 

 

 
Figure 3: Front View of the model with the pipe as a reference 
 
2. Mesh Generation 
Due to the geometric complexities, unstructured mesh 
is selected. To capture fluid behavior, hybrid meshing 
is selected. Tetrahedral meshes are selected for 
generating nodes in the and components in the fluid 
domain. Prism meshes are used to capture boundary 
layer elements around the body. The primary function 
of this layer is to capture key variables like pressure 
and velocity. The fluid meshing is shown in Fig. 4 
and Fig. 5. 
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Figure 4: Meshing of the fluid section 

 

 
 

Figure 5: Inlet and Outlet of the Mesh 
 
The mesh characteristics are presented in Table 1. 

Number of elements 384170 
Number of nodes 72395 

Maximum Skewness Factor 0.79 
Average Skewness Factor 0.23 

Length of pipe 4 m 
Diameter of Pipe 2.8 mm 

Table 1. Mesh Characteristics 
 
3. Flow field conditions 
The computational results are purely dependent upon 
the boundary conditions. During inspection, the pipes 
will be flooded. The density of the fluid (water) is 
higher due to presence of muddy particles in it. The 
flow of velocity takes place in positive Z-direction 
and is flowing through inlet of the domain, impinging 
on the body and then flowing out of the outlet face. 
The boundary conditions are velocity-inlet at inlet 
face and pressure far-field at the outlet. The body 
along with pipe walls have no-slip boundary 
condition. The solver parameters are presented in 
Table 2. 
 

Solver Pressure based 
Analysis type 3D 

Turbulence Model k-epsilon 
Fluid Type Water (muddy) 

Fluid density 1750 kg/m3 
Time Steady 

Table 2. Solver parameters of the body 
 
IV. ANALYSIS AND SIMULATION 
 
After simulations are carried out, the solutions are 
having residuals of order three for mass, momentum 

and energy. Likewise, the pressure and friction forces 
acting on the models were monitored and converged. 
The coefficient of drag acting on the model are 
calculated using Buckingham’s Π theorem [11]: 
 
f(Fd, V, A, ρ, υ) = 0                            (1) 
Fd = Cd*A*0.5*ρ*V2                                (2) 
Cd = fc(Re)                                           (3) 
Re =  

జ
* A1/2                                       (4) 

 
where Fd is the drag force acting on the model, ρ, A 
and V are density(kg/m3), area of cross-section(m2) 
and reference velocity (m/s), υ is viscosity of fluid, Re 
is Reynold’s number and Cd is coefficient of drag. 
 
The motion constraint is used for braking in place. 
The total velocity V is used to calculate the total drag 
force acting on the body. 
 
V = Vf -Vb                                                              (5) 
 
where Vf is the fluid velocity and Vb is the body 
velocity. 
To withstand this force, the model applies force in 
another direction [9]. This force is called Ff. A 
balancing will give: 
 
mṼb = 0.5CdρAV2 – Ff                      (6) 
mṼb = 0.5KVb2 - KVfVb + 0.5KVf

2 – Ff         (7) 
 
where K=CdρA is a constant and m is mass of the 
model 
 
Equation (7) is a non-linear equation of the body 
velocity Vb. Ff is the input to the differential equation 
as the control variable. 
 
To study the flow pattern around the body, various 
fluid flow simulations have been completed using 
ANSYS CFD (Fluent). Steady state 3D turbulent flow 
has been utilized to study the flow and pressure 
distribution and velocity vector around the body and 
to calculate the coefficient of drag. The standard k-
epsilon model is used for turbulence. The velocity is 
varied between 0.5 to 2 m/s to check for effect of 
varying velocity of fluid on the model. The velocity 
vectors and static pressure distribution are explained 
in the next section. 
Some of the results of CFD simulation are 
summarized in Table 3 for varied choice of velocities 
amid body and pipe fluid (water). As anticipated the 
case of V=2m/s can be considered as worst case due 
to high drag on the body. 

 
Table 3. CFD Results for different velocities, V 
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RESULTS AND DISCUSSION 
 
The velocity vectors around the body are shown in 
Fig. 6 for different refence velocities, V. Due to 
change in cross-section of the body, flow separation 
occurs, which is reduced by rounding off the edges. 
As expected, the velocity vector is maximum in the 
space between the body and the pipe wall. 

 
Figure 6: CFD Results for velocity vectors around the body. 
Simulation done under V=2m/s (direction right to left) and 

P=100 kPa. 
 
The static pressure distribution around the body is 
shown in Fig. 7 for V=2m/s. There is significant 
amount of pressure variation in this case. Fig. 8. 
Shows the same thing, but for V=0.01m/s. It is clear 
that in the later simulation that static pressure is 
almost constant around the body sue to very small 
velocity magnitude. 

 
Figure 7: CFD Results for static pressure distribution around 

the body. Simulation done under V=2m/s 
 

 
Figure 8: CFD Results for static pressure distribution around 

the body. Simulation done under V=0.01m/s 
 
Comparing the two figures Fig. 7 and Fig. 8, it can be 
seen that under simulation is almost constant around 
the body and this is due to very small magnitude of 
reference velocity V. 
 
CONCLUSION 
 
The model is designed by taking size constraints, 
flow-field characteristics and functional necessities 

into consideration. CFD simulations were a great help 
in deciding the stability of the body. The flow-field 
simulations were carried out for a body inside a pipe 
for different fluid velocities and constant line 
pressure. The simulation study shows that for the 
coefficient of drag for low velocity results in constant 
pressure distribution around the body. 
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