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Keywords: Abstract: Due to importance of pigging operations for purposes
pigging such as monitoring-cleaning, which leads to an increase in the
energy management service life of pipeline networks, management, and optimization of
pipeline energy consumption in oil and gas industries, providing accurate
sph numerical models is a research need that has been very vital.
bypass pig Considering advantages of meshless methods, for the first time in
meta-heuristic optimization this research a model is presented for evaluating the flow around the
algorithm pig using the smooth particle hydrodynamics (SPH) method and the
GWO standard k-¢ model to simulate the turbulence of the flow. Besides,

the performance of the model based on the experimental study has
Original Research Article been evaluated and validated. The results showed that the average

error rate of the SPH model compared to the laboratory model was
Paper History: less than 5%, which indicated the research model's high accuracy
Received: 3/06/2022 and acceptable performance. After validating the performance of the
Accepted: 02/11/2022 research model, the simulation of the flow around the stationary and

mobile pig was modeled, and the results were compared and
evaluated with the existing numerical results. In addition, by using a
meta-heuristic algorithm of gray wolves optimization (GWO),
studies wereconducted on the relative diameter parameter of the
bypass pig to achieve optimal values of this parameter. The results of
the optimization model showed that the optimal relative diameter of
the bypass pig was equal to dD=0.418. The results of this research
showed that the presented model had an acceptable accuracy in
modeling the flow around the bypass pig in the pipe, and it could
also be used as a reference model based on the SPH method for
modeling the flow around the bypass pig.
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Due to importance of pigging operations for  energy consumption in oil and gas industries,
purposes such as monitoring-cleaning, which  providing accurate numerical models is a
leads to an increase in the service life of pipeline  research need that has been very vital. To date,
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few numerical studies have been performed to
evaluate the flow around the pig in pipelines
mainly using the classical CFD methods (based
on meshing methods). Considering the
advantages of meshless methods such as the
particle method, for the first time in this research,
a model for evaluating the flow around the pig
using the SPH method is presented.

Materials and Methods

In this research, a numerical model was
developed using the WCSPH approach to
simulate the flow around the pig. Also, to
evaluate the turbulent flow, the standard k-¢
method was used to solve the turbulence term in
the momentum equation. Therefore, an algorithm
for numerical modeling of pig dynamics, based
on the SPH method, was proposed to simulate
the bypass PIG movement in pipes. Based on the
proposed algorithm, the type of pig movement
(accelerated or constant speed movement) was
determined by calculating the result of the total
forces acting on the pig, t, and the amount of
speed, and finally the amount of PIG
displacement were determined by specifying the
type of movement. . In addition, by using a meta-
heuristic optimization algorithm of gray wolves
(GWO), the bypass pig's relative diameter
parameter was studied to achieve this parameter's
optimal values.

Results

According to the proposed model, the simulation
of pigging operations in two-dimensional space
was implemented using the SPH method. To
evaluate the performance of the proposed model,
modeling was performed under two conditions
(a) fixed PIG, b) - mobile PIG) and the results of
SPH model were compared with the results of
CFD models. The results of this study showed
that the proposed model had an acceptable
accuracy in modeling the flow around the bypass
PIG in pipelines.

Discussion and Conclusion

In this research, through modeling under fixed
PIG conditions while considering the PIG fixed
in the initial position, the amount of force on the
pig with a variable considering the relative
diameter of the PIG (the ratio of pig hole’s
diameter to pipe’s diameter) has been studied.
The results of this model showed that with an

increase in the relative diameter of the PIG, the
amount of pressure dropped around the PIG
decreased, and, consequently, the total force
acting on the pig decreased. In the fixed pig
model, studies have been performed considering
6 different conditions of relative PIG diameters
(0.2, 0.3, 0.4, 0.5, 0.6, and 0.7). Also, the results
of the SPH model have been compared with the
results of the CFD model (Ramirez et al., 2011),
which indicates the acceptable accuracy of the
SPH model for modeling under fixed PIG
conditions. In the mobile PIG modeling,
considering the initial conditions of the model
based on Table 2 and determining the relative pig
diameter equal to 0.4, modeling has been done.
In this model, the PIG is moved in the pipe due
to the collision of fluid particles as well as due to
the pressure difference of fluid particles around
the pig. The moving pig model was implemented
based on the proposed numerical solution
algorithm. According to the results of mobile
PIG modeling, it was found that the pig
movement was accelerated at the beginning of
the simulation. Also, the result of the forces
acting on the PIG at the beginning of the
simulation had maximum values, and the result
of the forces acting on the pig, with passaging
time and increasing the time step of the solution,
decreased to zero. In addition, the results showed
that the pig speed at the beginning of modeling
was equal to zero and the PIG speed increased
over time. Also, in the period of 0.8s <t <Is, the
speed changes were linear, which represented the
movement of the PIG at a constant speed. In
order to evaluate the performance of the mobile
PIG model, we have performed a comparison
between the results of the SPH model and the
CFD model. Examining the results and
evaluating the flow patterns around the pig in the
two models, we found that that the proposed
model had acceptable accuracy in modeling the
flow around the mobile PIG in the pipe.
Examining the results and comparing the outputs
of the SPH model with the results of the CFD
models, it became clear that the proposed model
had an acceptable accuracy in modeling the flow
around the bypass PIG under both fixed and
mobile pig simulation conditions. In addition, the
proposed model can be used as a reference model
based on the SPH method for modeling the flow
around the moving PIG to evaluate and conduct
pigging operation studies.
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2. Conventional pig

3. by-pass pig

4. Smooth Particle Hydrodynamics (SPH)
5. liquid loading
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1. Pigging Operation
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1. Large-Eddy Simulation
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1. Fanning Friction Coefficient
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4. Turbulent Shear Stress Tensor
5. Dynamic Eddy Viscosity

6. Turbulent Kinetic Energy

7. Turbulent Dissipation Rate
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1. Conservation of Mass
2. Conservation of Momentum
3. kinematic Viscosity
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3. Non-Reflecting out flow Boundary Conditions

338 ot w35 K — € skl (glakes 55 LSJJ««T

o+l

dk; 1 z": VT, + T
7 pi+p; v +0.01h2 o0\

_ = 4+ —
dt pkl [
j=1
—g
de; c & + 1 Z vI; +vT; &+ g vw
= =C, 2o, +— ) m; - J "
dr - Ceig, Pl oely I pitpy T +0.01k2 Y

PR m;
+Cszk_ii=zlp_jstij
sleiy bl 1 aS ox g dolae (gade o ol 50 555 50

k — & gldemys Faisl dslan gl ol palie :(1) Jgutr

)

O Og Csl Csz
\ \/Y \/¥Y \/4Y

ol et a3 b S e LS sy b

03 'Wendland C2 155wl ety Slelllas 51 Jols il
¥ 5 FA] ol OF) Bl -0 Ol Wslee a8

W(q h) =~ (1= )*(1 + 49) ()

21h3

q = lxg = xp1/) L ol Jslaa g Jlaie (V) il s

L 3 6,8 sk Sl i ol 53 sddeslsanc 5 Jde s (R

ool Ll s s 60 Slaanl 5l b ools glalls

el sl 53 Ss oS e (O3 el slam )

et 4S5 O] DS 5 581y Ulie s ezl ilayl

n
dﬁ v BxOVmax m Xab (\V)

— Va b 3
dt M b=1 (xab-xab) /2
C,&J_.w ﬂjsu Ivmax sB = 0.04 _;:"’“)li L(\V) :da:b B
OA) daly = s Xp bl 5 ) oo Jbw o J§ Ml

Zw\
n
1 1
Xo = EZ(xab'xab) /2 OA)
b=1

SPH Jus 3 55,0 dal o YUY
lsms Go e bt ) il zme S Sl Jeld (65 0 il 5
3508 Soe b i ¥ LIS S S Bl gh,0 by Y
Ll ol dew s o0 o2 ¥ dl 0L
oo el L el lgns 53 (v=10) S5 ad s 650
Sl i ol 03 s e S S e (550 3

)'lC‘)L}‘)JVC?_.:Q‘).}A_f“YijdbﬁAJjjg‘)‘ﬁb k_éijQbJ

1. Wendland Kernel Function
2. Ghost particles



VN Fe domivo AFY (yLoanli o 85l o555 Cup yyo 9 ikiden g s 1O

S5 0LLE i o €1 SPH. i) 5l (5,50, b s34 >
3§38 358 e o p Ko S - (Gilwdde 53 &S
s 5 Sy o Sl 1 5 03 5 SIS W
5 Fprie) Sl (55,5 O pbay 5 b )l o 53 4
gata (V) el 4 a5 bl o3 i O35k Jo oS
SIS Sy S e S5 G 0 b Skl S 55
Sl b il o ol Dl S 035 (Bp) ) 55
33,5 o s Upp S 835, &b s 0L e o 5 K23
Sl S A s K S siledite 6l cnl Rl (0 daly)
idaly ol 5 () S e 6, Ol Il Glas o8 o8 5 6
S e S5 olie pebal A Bl e 3 05 S i (1)
= aS Sl ($5 5 Uy s a5 b iamen 5 oldiannls
)5 S IS Olir 33,5 o e ) Sl 5 L
03505 b L (Fy = By = Fppic) 555 e amaloes Sy 5
S5 p3lie gLl (F) S s Ssosesn 555 ke slaplS
O 5 Sl 035 bl oS > glls Koy (il Law
S Ol &l ol S o Al el O el
S S yasie 4 S s0 Sladllas 4 ax 5 L sl e dcslee
Sy Slles (g3l gl s A 53 IS K oS -
G S alate b 5 Olay 2 I8 5 slaslid &S > sl
ol s b eS8 o lls (Fp~) SBhol 550 5 S e
Jalns 02,15 55, JS Olse a5 a3 8 o cnl s sl o3
sAal e IS il o L Ky 5 S i B e
Aol 5353, 8 e aloee (8) Aol il 5 Ky sy Ol e
oS a3 LIS LS Sy 3 Candge S de Slilone ol
3 Sl 035 SIS (phn Sle plS Jle 6l Sl
b g b ey plS sdalwsay plrals Ol bl
53 ol s 335 e s oY a3 o 55 K 3
5 S O3 e Sl pLS s K Sl el
oS sl S8 palie (85 R o oS Sl e b 3
Silmdics 53 ol ey ds by o e ool (AE) Lo
oo o3 o8 ke s o A 3 LIS S Ky S >
53,5 5 i o ol L (CFL) <ol 8 b o sls )l
ot J IG5 S ey slaplS S Ol e
S w8 sads Jom 02K 00 S ke 3
s o ot 5 SIl sledits s, (0) i s g s IS0

sl 0l &) I8 LS K Salos

vby@fjf:\.ﬂa.ﬁé)bdsglfw@b:C,w:lé:})j:\ﬁa.w
O Ea) Lsd o ralr (s 5 mse dolee >

v, W (3 V| .
at T ™ ox 9y " 322) "

V=) dslas 5 2ld ol co o SLov ull oS

Dy had b bd Do seas (04) Al
% 6W0b+

— _ n My —
T 17x,02b=1p0b WV = Vo) %, o)

my (Vp=Vo) IMWop IWop
vyR_ b b 0o — 4z
Zb=1 pp (xopl2+€2) \70P "ay, T 0P "z,

@34 Sk Pop = (Po + ) /2 1esls (V) sl 5o
ﬁjﬁ&bbdlﬁﬁ&J.mﬁ'MJH{QBSUA\JUJ&A

.»Jf dsle (YY) daly b e (Vy )

m
Z_bvx,bWOb (Y\)
= Py

Ux,0 =

$ode 5,09, L oV¥slae Jo 5y, LY

sl g Gl S ey ‘c’.j“’ S50 SSSPH )
s slaiss 5 S5 Ols e Sl it Pty
Leap-Frog _&s, 5| joasim o=l 53 .55 eslanal Sl yomee
SVslrs (Il (gl o ol sl eslinal sk ol (gl
b oS bl o sl b Sl slaplS Clsl
rl_f o= ) — (Courant-Friedrichs-Levy (CFL)) =il S
WCSPH s, 55 .ol ods a5 L 55 (At) Sl
oy rLN” S b Sl rijaa 03 &S glaaly sla el sl
IX O3 by Ul O3 Ce w3l WD e (g aiilve
s oS o s sengy it Sl b p s JBs
o ;)‘jCJ_]a (F) US55 55 8 oo drles Sl Aslre b

ol 0l e3ls led

P-rp—! Pn--:l,.f‘l P o +1/2 p-n-ﬁl

u*n-1 un-1/2 u™" un+1/2 Thisass

xn--I x" xr:H
At At

Leap-Frog 2, ;5 J> 44, «(F) Ko

Vslre a4 a5 byl 5o LIS LS K oS > (ileans sl
S W 5 Ky o 2Vl b 5 Ky Salys 2 oS

1. Explicit method
2. Time Integration
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