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Robotics Laboratory UFRJ CHVOJJHE

 The Robotics Laboratory (LabRob) is part of the
postgraduate program in mechanical engineering
of Institute Alberto Luiz Coimbra of postgraduate
and investigation of engineering, COPPE/UFRJ,
IS linked to the sector of the machine design and
IS specialized in development of products in the
area of mechatronics.

http://www.labrob.coppe.ufrj.br/
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Robotics Laboratory CFD@J"E

« The LabRob works with kinematical ano
dynamical analyses, virtual prototypes, technica
feasibility studies, design, construction anc
testing of mechanical systems.
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Problem Description CFWOJH.%

« The pipelines correspond to the veins and
arteries of our cities and industries.

 |ts use is universal and has records of first pipes
to 4000 B C.
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Problem Description CFD(O)"E

e |Inthe U.S. It Is estimated that 80000
km of pipelines to be rehabilitated In
the next 9 years. In other countries
like Russia approximately 20% of ol
and gas pipelines are near the enc
of life. In 15 years 50% of al
pipelines in the world come to the
end of Its operation.

e In Brazil it 1S estimated that there
are more than 30000 km of
pipelines buried.
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Problem Description CFWOJ)".%

. L] = * o
 The maintenance of pipelines cnesso || 5000 | oo

local . corrosdo externa
estabelecida

IS a part of the program of Faiaio 6

revestimento e

integrity assurance, which are 5 |
based on data  from - s;:':rfaz%; e e

Inspections of service lines. cardtse iz te || inspactoorpic

PIG Instrumentado instrumentado

o In case of buried pipelines " mwoc _
one of the main tools of HIwrmsme:s v
inspection is the PIG 1
(Pipeline Inspection Gauge)
which Is used for inspection,
maintenance, and IS a

procedure standard for gas
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Problem Description

CFD/DILE

The PIGs have several purposes during the travel into

the pipeline, like: cleaning the
separation of products and ins
An operation with PIG demand t

nipe, removal of liquid,
pection, among others.

ne evaluation of various

operational parameters such as maximum and minimum
pressures and speed of movement of the pig during the
planning stage and keept certain limits during the

monitoring of the operation.
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Methodology
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Methodology CFWOJ]"E

CFD Methodology used in this work

— Mathematical Modeling
« Kinematics
— Fluid
— PIG
e Dynamics
— Fluid
— PIG
e Solve equations system
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Mathematical Modeling [:HYO)"E

e Kinematics.

Elvagsa fm)

- B B H BB B FE BB
[ =n

MEDGAZ

B® rerrosras ~ ESSS




Mathematical Modeling

e Kinematics

wd

CIR

ré= y ¢= (ccosf)/2 (ccos) /2

N < X

X 1

e

- (csinf)/2- (csirf ) /2

Xo

fo

-c/b

t-csinf

0

tccosf

0

c/b

> (wa + m

2
Ot%(Wd - wi)dt

Wi
WA

)dt

(wa +wi)dt

www.cfdoil.com.br



Mathematical Modeling

e Dynamics
Continuity equation
\l |l
ﬁ(rAdx)+ﬁ(r AV) dx=0

Fluid compressibility (Isothermal)

1dr _ 1 dp

rodt ra dt
Change of pipe area
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Mathematical Modeling

e Dynamics

F. = rAﬂ dx
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Mathematical Modeling

e Dynamics
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Simulations

e Results
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Simulations

e Results
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Conclusion

« The solution of the mathematical modeling of
coupled nonlinear differential equations using the
finite differences In a rectangular grid, with
coordinates of time and position, was presented.

e An algorithm to simulate movement of PIGs In
service lines, modelled  using Matlab
environment, obtaining solutions for different
configurations of the pipelines under some
conditions of operation was developed and
presented.
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Conclusion

« The results of the simulations show that the
pressure can achieve 1.3 times the operation
pressure. This fact shows the importance of the
effect analysis during the passage of PIGs In
service lines.

« The maximum allowed pressure of operation
(PMOA) can be oversteped.

« The minimum conditions of pressure generating
conditions for slack line flow, damaging the pipe
or decreasing Its life can be achieved and must
be avoided.
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