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Abstract: A new technique is proposed for the detection of
blockages in pipelines based on prediction of wall shear stress.
Theoretical analysis for the flow in a pipe with blockage on part
of its wall was considered where a small sinusoidal disturbance
in flow is introduced artificially at pipe entrance to the original
flow in order to have time changes in velocity distribution and
wall shear stress capable of sensing the presence of blockage in
the pipe. Numerical scheme is developed for solving the
governing equations of motion using the finite difference
method. Successive under relaxation method was used to solve
the discretized equations. Results showed that thereis a sudden
increase in the shear stress at the beginning of blockage surface
that decreases gradually till the end of the blockage. The shear
stress at the blockage surface remains higher when compared to
the wall shear stress in the non-blocked part of the pipe. From
the resulting shear stress distribution, the location and length of
blockage could be determined. The suggested model is capable
of detecting blockage in pipeline no matter what the length of
the blockage and its position in the pipeline are.

Keywords: Pipeling; Blockage Detection; Shear
Numerical Analysis.

l. INTRODUCTION

Pipeline is the most efficient way to convey flyidghere
it is widely used in transportation of oil, natugas, industrial
plants networks and water distribution networksakse and
partial or complete blockages are common faultsioot in
pipelines which causes problems. Leaks producedbfisid
which leads to loss in pressure, production ant@wnic cost,
and in some cases it could affect the environni@lockages
impede flow leading to loss in pressure and henceease the
needed pumping force /cost to overcome the logseasure,
and sometimes blockages could lead to completeatmpof
operation. Early detection and accurate locationeaks or
blockages could help to avoid the problems caugeduch
faults and foster the right timing decision for lileg with
such faults in order to avoid or minimize produntaperation
interruption.

Stress;

Blockages could arise from condensation,
depositions, or un-intentionally partially closedirie valves.
Blockages are classified on the basis of their ighys®xtent
relative to the total length of the system. Locadiz
constrictions that can be considered as point dismdgties
are referred to as discrete blockages, while bigekathat
have significant length relative to total pipe l#ngre termed
extended blockages [1]

Unlike leaks within piping systems, a blockage does
generate clear external indicators for its locasoch as the
release and accumulation of fluids around the pipten
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intrusive procedures using instruments, such asnhertion
of a closed-circuit camera or a robotic pig, arquied to
determine the location of blockages. Insertion afmera or
robotic pig may have some uncertainties regardihg t
travelling speed and travelling distance betweenitisertion
point and the blockage , where in many cases thee@aor
the robotic pig get stuck into the blockage andseala bigger
problem in this case than the presence of the afgelonly.
The creation of nonintrusive techniques for faeftsgtion that
gives a clear picture of the internal conditiongha pipeline
is desirable [2], Non-destructive testing technguas
radiographic testing is commonly used as a nomsite test.
Over the last two decades researchers have trieéuelop
flow analysis based techniques to detect blockageshods
that was developed used fluid transients dependmghe
response of the system to an injected transientiétecting,
locating and sizing blockages; these non intrusiethods
have shown a promising development.

The flow transients may be analyzed either in theet
domain or in the frequency domain. In the time diomthe
method of characteristics (MOC) is used to solve th
governing partial differential equations [3], [4wo methods
are available for analysis in the frequency domaime
impedance method [3] and the transfer matrix mefpd[5]

Adewumi, Eltohami and Ahmed [6] , Adewumi, Eltohami
and Solaja[7] proposed a time reflection method and
conducted numerical experiments for detection oftigda
blockage of discrete and extended type in singbeljie for
both single and multiple blockages. Vitovsky et[&l
introduced an impulse response method for detectidaaks
and partial blockages of discrete type in singlgeline and
the method was tested numerically. Wang, Lambed an
Simpson[9] utilized the damping of fluid transietigsed on
analytical solution and experimental verificatidosdetection
of partial single discrete blockage in single pipel Other
researchers used Frequency Response Method fatidetef

soliddiscrete blockages type in single pipelines throngmmerical

experiments [10], [11] and [2] and for detection dfscrete
blockages type in branched pipelines by [5]. Sattdraudry
and Kassem [11] compared the numerical results with
laboratory experiments which showed that blockampation
could be obtained with almost no error , while thigze
detection had some errors. Duan, Lee, GhidaouiTamdy [1]
proposed another technique based on Frequency ReEspo
Analysis for detection of single and multiple bleges of
extended type in single pipeline, later Duan ef{12].
conducted analytical simplification to their prevsowork in
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2012 and verified the numerical results throughotatory

experiments. Meniconi et al. [13] proposed a cadiple

frequency and time — domain analysis for detectibsingle
and multiple blockages of extended type in singleelmne,
where the two methods were verified experimentaiig the
results showed that the time domain method (pressignal
analysis) is most accurate for locating the bloekagd that
the frequency domain method (frequency responsigsasiis
most accurate for determining the radial constictiand
length of the blockage. Stephens, Lambert,

Lambert [15] conducted some field transient flowtseusing
time transient analysis to detect single discrédekage in a
single pipeline, the results showed good accuracygétecting
and locating blockage but with limitation that @ blockages
with reduction in pipe cross section less than 6%%
suggested model failed to detect the blockage. fnic

Simpsor
Vitkovsky and Nixon [14] and Stephens, Simpson anc

.~
.
s

Marzani and Karamlou [16] proposed a technique tc

preliminary identify obstructed pipes in a pipewatk relying

on measurements that do not disrupt normal operaschead
and flow measurements and to quantify the extentauh

blockage (based on residual diameter) as a figsgland then
to use one of the previously developed techniquesther

researchers to locate blockage within the obstdugiipe.

Wang et al. [17] proposed a technique for dischdtekage

detection in gas pipelines utilizing the reflectiofinjected

acoustic signal and the method was verified bylfiebt.

II.  THEORETICALANALYSIS

A. Governing Equations

For cylindrical polar coordinates and
incompressible laminar flow in pipe, with no pragsdriving
conditions in the tangential direction,
symmetric flow and assuming no flow swirl én— direction;
the equations of motion for flow in the pipe wittodkage
(seeFig. 1) are given by:

assumingi- ax

Fig. 1 : The pipe and blockage model used and the cidaigrolar
coordinates system - sectioned for clarity

Where;r, 6 and z are radial, angular and axial coordinates
respectively and is time.v; ,\y , \, and P are the velocity
components irr, 6 and z directions and the fluid pressure
respectively.p and p are the fluid density and viscosity
respectively. The geometrical parameters showtrig 1 R,

L, %, |, andt, are pipe radius, pipe length, blockage location,
blockage length and blockage thickness respectively

B. Dimensionless Analysis

unsteadylintroducing the following dimensionless variables:

v, P
:—Z,t*=a)t,P*=_
U pU?2

*_T —_— —_—
_E’Z —Z,Ur——,UZ

Where; U is a reference velocity and is a frequency of
oscillation.

v, v, v, aP 0%y, 10v. v 0%,
p(—+vr—+vz—)=——+y — ot ) , N
ot or 0z or or? ~r or r? 0z (1) Equations (1), (2) and (3) may be written in dinentess
form as follows:
v, v, v, P 0%v, 10dv, v,
p(—+v,—+vz—)=——+ = +- = -
ot or 0z 0z ar? r or 0z ) Sf)v;+ *av;+R Lov, 0P 1 (9% 10v; v, R20%;
ac  "or "197  or +Re ar?  ror r*2+L2 dz*%
- o 4
And the continuity equation is given by: @)
d d
% ks %zo G0, 0% R v ROP 1 a2, 1au;+RZazv;
rroe @) St T I T T TRe\or? Tr o T 2922
)
v, v Rov, 0
ar* r Ldzt
(6)
Where;Sis Strouhal NumberS=wR/U) andReis Reynolds
Number Re=pUR/).
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Introducing small perturbation to the main flow as$uming D. Wall Shear Stress
the axial velocity perturbation,; to have the following form:

The perturbation wall shear stress will be:

* _ * * t’k
Vs KM 2)E] () Tilyeer = Ty cOS(t" + ) (12)

We get: 1 05 ;
Where;B=tan™(tin/ Tre) andt,=(14e + 74m) » asp is a phase

shift angle andz, is the dimensionless perturbation wall

) R  dv 1 (6217 1 617)
lSU'l'Z
(8) shear stress amplitude.

*
v —=—|—+—=—
“9z* Re\dr* r* or

Where; i=(-1)>° and & [ | stands for the real part of

oscillations and(r’,z) is the dimensionless complex velocity E. Transformation

amplitude.
The following transformation is used in order tonder
Let governing equations well suited to numerical soluti
V=V + Wiy ©) Ve =7"Fe,  Vim=7" Fim (13)
Where,n=-0.5

From (7), (8) and (9) we get;
. NUMERICAL ANALYSIS

v;, =Ycos(t* + ¢) (10) A. Discretization

. . ) .. Discretization is based on the scheme shown in
Where; v, is the real part of dimensionless complex velocity Fig.3. The pipe is divided into n-sections in the diietof 7
amplitude andviy is the imaginary part of dimensionless g0 section equal taz'and divided into m-sections in the
complex velocity amplitudep=tan™(vin / ie ) andY=(VZe + girection ofr" each section equal #”. As shown
Vin)**, as¢ is the phase shift angle ads dimensionless Fig. 3 blockage is modeled as reduction in the pipe diu

real velocity amplitude starting an1 and ends ai2 with thickness of blockage1

C. Boundary Conditions Discretized equations using finite difference asayare:
Assuming the boundary conditions for a pipelinehwitall

surface blockage to be as showiFig.2, whereye,{r')isthe g =¢&lay(Fe . —Fre. )+ a1 (Fre .. +FEe..
amplitude of velocity disturbance at the entrancthe pipe . "Ctinew [ o( Ty Ty ) 1( Tetp re”'l)
ty, and I'y, are the dimensionless blockage thickness and "‘azFimi,,-]“L(l‘f)Frei,jmd (14)

dimensionless blockage lengti,{r') may be assumed to
take the form:

Vene(r*) = 0.1 [sin( (%* + %))

Where;y is the exponent of velocity disturbance, wheis
increased the disturbance wave becomes thinnendrthe
axis of the pipe and vice versa.

2y Fimi'jNew = E [aO (Fimi_llj - FimHLj) + al (Fimi’j+1 + Fimi,j_l)

(12) - azprei,j] +(1- E)Fimirjold (15)

e =0, Vi = 0

D L/
r=1
& )
I I I o
Vre = vent(r*) I I azrj =0
=1z =z, + 1
Vi =0 T i,
0z i-1 L

0 z o e o e s . e . e .

r=
—_— e i=1 i=nn
=0 W _ o i _ r=1 Fig. 3 : Numerical Scheme for pipe with blockage
ar ! ar

Fig. 2 : Boundary Conditions on the pipe with blockage

IJERTV5I S060675 www.ijert.org 594
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by :
http://www.ijert.org

International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 5 I'ssue 06, June-2016

Where,

Re Cvy, _ 1 Re S

%o = S —— = (-2 a2 = (—
(A2 42 ar? (412 42

And , ¢ is the relaxation parameteiC=R/L andV ,, is the
dimensionless steady state axial velocity.

Modified boundary conditions in discretized form as

At pipe Entrance (i = 1,1 < j < mm);
o 405 _
F;’ei,,- = Ve () T > Fl'mi,j =0

At pipe Centerline (1 < i <nn,j =1);

FreiJ =0 vFimw =0
=1(sR, E Fim, . =~ (4F, F,
repji1 T 5\ Teijyz Tejjyz) olimgjg T g imjiy im;jy3
4 4
E Teij+2 — 11 T€ij+3 ’Fimi,j+2 T g imijys

At pipe Exit (i =nn,1 < j <mm);

(16)
1 1
Frey =5 (4Frepny = Fres))  Fimy =5 (4Fimiy, = Fimeay)
At pipe Surface (1 <i<nlandn2 <i<nn,j=mm);
F;'eij =0 sFimi,,- =0
At Blockage M1 <i < n2,j =ml) and
ml<j<mm,i=nl&i=n2);
Fre,-j =0 ’Fiml-v]- =0
Discretized wall shear stress will be given asoiol:
., 1 317;%. + 217,*61’] ) 417;1,”_1
" " Re 2(ar
1 3V;m,-,j + Zvi*m[,,_z - 4V;m,]_1
Timij = R_ *
. e 2(4r
(ar*) (18)
B. Algorithm

Successive under relaxation (S.U.R.) method is fized
solving the discretized equations Different caselene
considered with changes in the length of the blgekand its
position along the pipe in order to test the résgleffect of
changing blockage length and position on the flova ipipe.
Also the effect of changingRe y and S were tested.
Relaxation parametef is varied between 0.1 to 0.% is
fixed at 0.025 for all cases and the relative eisdaken to be
0.01.

IV.  RESULTSAND DISCUSSION

Fig. 4 to Fig. 6 shows the dimensionless wall slsé@ss
amplitude on the pipe wall and blockage surfaceglthe
pipe for three different cases :

» Case 1: Pipe with no blockage

» Case 2: Pipe with blockage starting at a prescribed
distance from the pipe entrance say: 0.24 and
extended to the pipe end

+ Case 3: Pipe with blockage startingzat 0.24 and
extended to say, = 0.64

It is seen that the presence of blockage has dfisat
effect on the wall shear stress amplitude distidout

Fig. 4 shows the dimensionless wall shear stress
amplitude distribution along the pipe with no blagk (case
1). Fig. 5 represents the dimensionless wall shear stress
amplitude distribution for case 2. It is observédttatz =
0.24 there is a sudden dropripto zero which corresponds to
the point on the pipe wall where the blockage beght the
same statioz = 0.24 there is a significant rise in the value of
7, 0N the blockage surface when compared with valubisit
point in the no blockage case (casel). The valuer,of
continues to decrease till the end of the pipe.

In Fig. 6 the value ofr, drops to zero a = 0.24 and at
Z=0.64 on the pipe wall showing higher value on kéme
surface betweer = 0.24 andz = 0.64 when compared with
the no blockage case.

| |
| |
0 ! 1

Fig. 4: Dimensionless wall shear stress amplitude distoib{iRe=600, S=1,
no blockage] — case 1

Fig. 5: Dimensionless wall shear stress amplitude disioib{Re=600, S=1,
Zyt0Z,=0.24t0 ] - case 2
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(10" Fig. 9 which shows the values af, / Tymax at z, and z,
corresponding t&e=300,600 and 900

3

——Re=300

~—Re=60(

" Re=90Q
T

25

0.5

Fig. 6: Dimensionless wall shear stress amplitudeiligion [Re=600, S=1,
Z,to Z;=0.24 to 0.64] - case 3

Where, z, and Z, are the dimensionless location of
blockage start and blockage end.

In Fig. 7 the difference im,, value along the pipe is seen E—
clearly when comparing the three cases. In casg, ®llows _ oo
the profile of case 1 in the region before the kége ¢ = 0 | A N\ NV
toz = 0.22) with a drop of,, at the pipe wall and rise in, L N N A
at blockage surface both of which at= 0.24 .7, then T e
continues to decrease till the end of the pipestilithigher N A
than the values of,, in the no blockage case (case 1).[% oa - -/ — 1} -1 NN Lt oL
Similarly for case 3 the value of; follows the profile of case
1 in the region before the blockage € 0 toz = 0.22 ), a
drop in the value of, atz = 0.24 at pipe wall takes place
followed by a rise ir, from z = 0.24 toz = 0.64 (blockage
length) then it drops to zero &t= 0.64 and returns back at

= 0.66 to follow the same profile af, of the no blockage o
case (casel). Hence, the wall shear stress amglitud Fig. 9: Effect of Changin®eont, / Tumex[S=1, Zvt0 2, = 0.24 t0 0.6}

distribution could accurately reflect the locatemd length of _ ) o
blockage. Fig. 10 shows the effect of changipgn the distribution

of the wall shear stress amplitude in a pipe wiktckage,
P when Re=600, S=1for blockage starting at}, = 0.24 to
1 —robockage (casd Z,=0.64 and fory=1,3,6 and 9. For the same blockage length
7777777 | DR (s increasingy causes a decreaseny It is therefore clear that
i i i i i adses]|  the jnput signal withy=1 is recommended to be used as it

gives the largest possible response.

Fig. 7: Dimensionless wall shear stress amplitude bigtan [Re=600, S=1]
for cases 1,2 and 3

Fig. 8 illustrates the effect of changifg on the wall
shear stress amplitude distribution in a pipe vitbckage,
for S=1,y=3 for blockage extending fronz , = 0.24 toz | =
0.64 and forRe = 300,600 and 900lt is seen that for the Fig. 10: Effect of changing onz, [Re=600, S=1, 2 t0 Z, = 0.24 to 0.6}
same blockage length;, at the pipe wall and blockage
surface decreases with the increasdReflt is worth noting Fig. 11 shows the effect of changi®on wall shear
here that varyingRewill affect the valuer, but doesn't affect stress amplitude distribution in a pipe with blogéa with

the pattern as it remains almost the same. Thilsétrated in ~ Re=600 =1 for blockage starting at,=0.24 toz =0.64 and
for S=0.5,1 and 2. It is observed that for the sameKalge
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location and length the value of on pipe wall and blockage length of the blockage irrespective to its extenit® start or
surface decreases with the increaseSinThis means that end point.

lower frequency of the disturbance signaWwill cause higher
values ofr,, which is considered an advantage as the lowe
frequencies is preferable to be used in practioce fthe point

of view that the pipe structure is not affected &mdvoid any
damage that could occur to the pipe due to highuiacies

and also from the view of measurement as higheufecies
require more sophisticated instruments with higheguency
response.
1.6 10‘5 T T T T T T T T
| | | | | ! —6—5=0.5
M+
| | | | | | | | T
| | | | | | | | | \ i
| i s e el i At Sttt il iy 0.1 0.2 03 0.4 05 0.6 0.7 0.8 09 1
I z
s - S e N Fig. 13: Comparison for, between blockages zt, = 0.1andz’, = 0.6 -
i s e R A N T extended blockagd&re=600, S=1
| | | | | | | |
; . ‘ . . . ! T : 3027205
0 0.1 0.2 0.3 04 05 0.6 0.7 08 0.9 1 —— Z;=0-2, 7"=0,5
z T
Fig. 11: Effect of changing ont, [Re=600, 7 t0 Z, = 0.24 to 0.6} « T I
|
|
Fig. 12 and Fig. 13 illustrate changes iy due to ] i
presence of discrete and extended blockages resggct i ___ IR L I
Placing one blockage at a time for discrete type=4.2 and |
z=0.8 and for extended type 2t0.1 andz =0.6, it is seen - c--r--q---r--
that there is a rise im, at the blockage surface each time ‘
which reflects the location and the length of theckage for O
both cases of discrete and extended types, empimashat

the blockage location and length could be deterchfoeany ~ Fig- 14: Comparison for, for 2 =80;21 andz, = 0.26, 0.&ind0.8 [Re=600,
type of blockage and at any position in the pipe. =1

x10 x10
6, T T T T T T T = = T T T T T T = =
IR L [reis o | L e
| | | | | 1|—7=08,7=0.86 | | | | | I |——7=05,7=1
E e e Sttt ettty Rl iy § G ik e Rl N il Bt ey Bl ittt B B ik
| | I I I I | | | I 1 [Peg=074,221
| | | | | | | | | | | T
] ]

Fig. 12: Comparison far, between blockages b = 0.2 andz=0.8 - Fig. 15: Comparison far, for 7}, =0.24, 0.5and0.74andz’, =1 [Re=600,
discrete blockaggRe=600, S=1 S=])
Fig. 14 illustrates changes in, due to presence of V. CONCLUSIONS

different types of blockages that were placed ana me The following conclusions are drawn from the foriago

where all starting a =0.2 and ending & =0.26 for discrete analysis and discussion:

type, Z=0.5 and 0.8 for extended type. Fig. 15 illustrates . presence of blockage causes an increase in the shea

changes irr, due to presence of extended type blockages that  gtress at the blockage surface

were placed one at a time startingzat0.24,0.5 and 0.74 + Lower Reynolds Number will give higher amplitude of

and all endmg ar =1. Examining both figures the accuracy shear stress at the blockage surface , changing

of the model is proven to be able to detect thatlon and Reynolds Number does not affect the pattern of wall
shear stress distribution along the pipe with bhgek
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(1]

[2]

+ Wider disturbance signal is recommended to us¢ as [®] X. J. Wang, M. F. Lambert and a. A. R. Simpson.etation and

gives larger response

Lower Strouhal Number (lower frequency of
disturbance ) gives higher and more detectablélo]
response for the wall shear stress which is an
advantage for the proposed technique . [11]
The proposed model is capable of detecting the
location and length of the blockage in a pipe
irrespective to its extent or its start or end piwith
high accuracy.
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