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Abstract— This research is on design of and fabrication of a single barrel pig launcher. A 14 inches diameter pipe was used
for the main launcher barrel and a 10 inches diameter pipe used for the minor barrel. These parts were joined by welding
processes. Components such as signaler, vent, drainer, pressure gauge, eccentric reducer, etc, were welded alongside the pipe.
The launcher was designed to withstand fluid pressure of 200bar and also accommodate a single pig during launching
operation. Solid cast pig was employed and launcher designed to suit the upstream oil industries where it would find
application for cleaning, inspection and monitoring of pipelines.
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l. INTRODUCTION

A pig launcher is a mechanical device used for inserting pigs into a pipeline and launching them without flow obstruction.
They are integral part of a pipeline network system for periodic cleaning of pipelines conducting crude oil and natural gas. Pig
launcher could be installed in facilities handling products such as lubricating oil, paints, chemical, toiletries, cosmetics and
foodstuffs. Usually pig launchers are located at compressor stations and at terminal points where special arrangement of pipings
and valves allow the running of pigs with little or no disruption of ongoing pipeline operation. During installation of pipeline
network system, temporary pig launcher stations can be located at convenient intervals to enable clearing construction debris
from the pipeline.

Generally pig launchers are used in cleaning operations, corrosion control, distribution of corrosion inhibitors and internal
inspection of gas pipeline network system. Having been acquainted with the areas of application of pig launcher in pipeline
network system, the research focus is to design a prototype pig launcher that could perform its intended function optimally
with economic viability as critical object of concern.

1. LITERATURE REVIEW

In oil and gas transmission industries pipeline is a form of stationary transportation system made up of pipes and fittings used
in the construction of the facilities. The commaodities being transmitted include crude oil, petroleum products, slurries etc, over
a great distance without being seen in the piping system. For periodic cleaning of the internal surface of the pipeline, an
equipment known as pig launcher is required to introduce the pig into the pipeline and retrieve it at the end of the segment
being pigged (Antaki, A. G., 2003; Jim C., 2003; Jim, C. and Hershal, V, 2013).

According to (Tirasco, 2013; Meshner, T. O. and Leffler L. M., 2006; Nayyer, M. L., 2000) the history of transmission of fluid
through pipelines dates back to 1904 when a 4 inches pipeline was installed in Montana. Cleaning and inspection of the line
employed rubber balls (sphere) as displacement pigs. The era of displacement pigs using rubber balls led to the development
of pig launcher. Three configurations of pig launchers in use in flow line stations to remove gases and condensates due to
formation of waxes and condensates are as outlined: (i) Valve type multiple pig launcher, (ii) Vertical multiple pig launcher
and (iii) Automatic sphere launcher.

The valve type multiple pig launcher is fitted with a set of launch valves for each pig in the launcher. This allows the pressure
to be directed behind each in turn and so be launched individually as required (Antaki, 2003). Though the system is reliable,
additional valving requirement makes the device cost ineffective.
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The beauty of the vertical multiple pig launcher revolves around the space solution. It has additional hydraulically operated
launch pins that protrude into the oversize barrel of the launcher. Though the system is reliable, it suffers the drawback of the
valve type multiple pig launcher.

The third variation is automatic sphere launcher. Technically not a pig launcher, spheres are regularly used when large numbers
of cleaning runs are required. The efficiency of operation is not a major concern when removal of unwanted fluid is the primary
consideration.

1. RESEARCH SIGNIFICANCE

The design considerations of outlined pig launchers employed concentric reducers resulting in the awkward transition of the
pig from the launcher to the mainline. This research noted this drawback and proposed design changes for eccentric reducer.
More so a simple quick closure that will be more cost effective, time saving and having safety consideration in its design will
be integrated.

V. MATERIALS AND METHOD
4.1 Design Consideration

The launcher is designed for pipeline inspection gauge or to perform various maintenance operations in oil and gas pipelines
to clean the pipes and protect the internal section from corrosion. Low cost materials are sourced to design the launcher.

4.1.1  Design Pressure and Pipe thickness:

The design pressure and nominal pipe thickness is subject to American Society of Mechanical Engineers (ASME) B31.8
standard code. The expression relating the design pressure and nominal pipe wall thickness is given as:

2StXFET
D

pP=

@)
Where,

P—Design pressure (bar)

S—Specific maximum yield strength (N/m?)

D—Nominal outside diameter (m)

t—Nominal pipe thickness (m)

E—Longitudinal joint factor (=1 for API 5L specification)

T—temperature derating factor (=1, if T < 25°F)

F—Constructional type design factor. This factor is governed by the population density of the environment in view.
The environment in question are classified as follows:

Type A—Sparsely populated area such as desert, mountains and farm land.
Type B—Areas around cities and towns.

Type C—=Cities or towns with no building taller three storey.

Type D—Areas with building over three storey.

The construction type design factors for the different environment question are as specified in Table 1:

TABLE 1
VVALUES OF BASIC DESIGN FACTORS (MOHINDER L. MAYYER, 2002)
Construction Type Design Factor
A 0.72
B 0.60
C 0.50
D 0.40

Page | 2



International Journal of Engineering Research & Science (IJOER) ISSN:[2395-6992] [Vol-10, Issue-3, March- 2024]

4.1.2  Code and Criteria for the Design of the Pig Launcher

The design of the pig launcher is in accordance with American Society of Mechanical Engineer (2003): B31.8 Code for gas
transmission and distribution piping system, ASME B31.3 Code for process piping and ASME SEC viii for Boiler and pressure
vessel code. The design criteria for the launcher are as specified:

e A specified maximum design operating fluid pressure.
e  Specified minimum design ambient temperature.
e  Design factor for launcher of type B.
e  Specified minimum yield strength of the main pipeline.
e  The size of the launcher.
4.2 Design Equations:
The expression relating the barrel thickness to the design pressure of the mainline is as expressed in Equation 1.
The launcher is made up of the following component.
The barrel has the following details:

o A specified pipe diameter of a given length.
e Aneccentric reducer.

o A flange connection for by pass-line.

e  Connection for drain.

e  Connection for vent.

e Provision for pressure indicator and signaler.
e A quick opening closure of a clamp nature.

The quick opening closure is a proprietary item and must be designed in accordance with ASME 36.10 section viii Division
1.

The weight of launcher barrel is determined as follows:
Pipe volume is given as:
V=AxL=mnR?L 2
Where,
A—area of pipe (m?)
L—Ilength of pipe (M)
R—internal pipe radius
Pipe mass is given as:
m=pV 3)
p —pipe density (kg/m?)
Weight of pipe is expressed as:
W =pVg (4)
g—acceleration due gravity (m/s?)
The clamping pressure are determined as follows:

The clamping pressure is given as:
F
P == (®)

F--clamping force (N)
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The clamping pressure is equal to the pressure on inner part of the closure

Hoop stress acting on the barrel is determined as follows (Khurmi, R. S., and Gupta, J. K., 2006) :

on="7 (6)

P—internal pipe pressure (N/m2)
d—internal pipe diameter (m)
t—pipe thickness (m)
The longitudinal stress acting on the barrel is given as:

Pd
oL =7 )

The working stress in the flange given as:

6FY
2
n><tf

ap =

Where,
F—force trying to separate the flange (N)
Y—a specified distance from the center of the bolts in vertical direction
n—number of bolts
x—center to center distance of two bolts with a bolt in between
t—thickness of flange

4.2.1  Choice of Pig

A solid cast pig is chosen. It is made of steel body with polyurethane cup or disc. The cup and disc are typically sized to be
1/16 to 1/18 inches larger in diameter than the pipe inner diameter.

B Design Calculations

4.2.2  Pipe Thickness Design

Operating Parameters:
P—Design pressure =200bar
S—Specific maximum yield strength =7860N/m2
D—Nominal outside diameter=0.356m
E—Longitudinal joint factor (=1 for API 5L specification)
T—temperature derating factor (=1, if T < 25°F)
F—Constructional type design factor=0.60

The nominal pipe thickness, t, can be obtained by rearrangement of Equation (1), hence,

p= PP _ 2000356 _ (o540

T 2SFET ~ 2x785X0.6X1x1

4.2.3  Design for Weight of Quick Closure
Operating Parameters:
Diameter of closure, D=14"= 0.355.6mm
Length of Closure, L=0.78"=20mm

To determine volume of closure,
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V =nr’L =n X 177.8% x 20 = 1986550.9mm3 = 0.001986551m3
To determine the mass of closure, m

Density of high carbon steel, ASTM-A242=7860kg/m?

m = pV = 7860 x 0.00198551 = 15.61kg

Weight of closure, W=mg=15.61x9.81=153.13N
4.2.4  To calculate the weight of the main launcher

Area of cylindrical pipe, A = nR? = w x 0.178% = 0.099m?

Length of the main pipe=2m

Volume of main pipe, V = mR%L = 0.099 x 2 = 0.198m?3

Mass of the main pipe, m = pV = 7860 x 0.198 = 1556.28kg

Weight of the main pipe, W = mg = 1556.28 X 9.81 = 15267.12N
4.2.5  To determine the weight of the minor launcher barrel

Area of cylindrical pipe, A = mR? = m x 0.1272 = 0.05m?

Length of the minor pipe=0.8m

Volume of minor pipe,V = nr2L = 0.05 x 0.8 = 0.04m3

Mass of the minor pipe, m = pV = 7860 x 0.04 = 314.4kg

Weight of minor launcher barrel, W = mg = 313.4 X 9.81 = 3084.26N

TABLE 2
SUMMARY OF WEIGHT OF COMPONENTS
Components Weight (N)
closure 153.13
Main launcher barrel 15267.12
Minor launcher barrel 3084.26
Total weight 18504.51

4.2.6  To determine the barrel clamping force

The clamping force of the barrel varies according to the fluid pressure or force emanating from the fluid pressure. In this
scenario, the clamping force should be equivalent to design pressure of 200bar.

Thus, clamping force, F = PA = 200 x 10° x = x 0.165% = 1710.8N
To calculate the stresses acting on the barrel:

4.2.7  Hoop stress

Operating parameters

Internal fluid pressure, P=200bar

Radius of barrel R=0.178m
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Wall thickness, t=0.02m

The hoop stress acting on the barrel is given by Equation (6)

__Pd _ 200X10°x0.356

O = 3¢ = 2%0.02 = 178MN /m?
The longitudinal stress acting on the barrel is as in Equation (7)

Pd __ 200x105x0.356

= = 89MN /m?
4t 4x%0.02

g, =

4.2.8  To calculate the working stress on flange

Referring to Equation (8), the working stress on the flange is expressed as:

6FY
2
nxtf

O_F—

With reference to appendix C, for 10 inches:

Pipe diameter, D=273mm (0.273m)

Fluid pressure, P=200bar

Pitch circle diameter of bolts, D,=387mm (0.387mm)

The flange is connected using sixteen M12 bolts

Number of bolts, n=16 and bolt diameter, d=12mm

Wall thickness for 10 inches pipe, t=21mm (0.021m)

Thickness of flange, t; = 1.5t + 3 = 1.5 X 21 + 3 = 34.5mm

Diameter of bolt hole, di=d+2=12+2=14mm
Diameter of the circle tangential to the inner part of the bolt holes, D1=D,-d1=387-14=373 mm (0.373)
Therefore, the force trying to separate flange, that is the force acting on the 16 bolts,

F= %DfP = % X 0.373% x 200 x 10° = 2185433.22N

Bending moment at section X-X tangential to the outside of the pipe
By measurement, X=150mm (0.15m)

Distance of section X-X, Y from the center of the bolt is given as:

Dp

2o (Z4+¢) =2 - (£ +21) = 45.4mm

Y =

The bending moment on each bolt My, due to force F:

FY _ 2185433.33X45.4

My =— = 6201166.76 Nmm
n 16

The resisting moment in the flange, Mgr is given as:
1 1
Mgy = 0, X (g) X X X t2 = 0, X (g) x 150 X 34.5% = g, X 29756.25Nmm

The bending and the resisting moment should be equal. Hence, o;, then working stress is given as:

6201166.76 MN
oy = —— = 208—
w 29756.25 m2

V Launcher Cost Imperative

Material specification and cost estimation to build the launcher is as in Table 3.

(®)
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TABLE 3
PRELIMINARY PI1G LAUNCHER STATION MATERIAL LIST AND COST
Tag . . . Material Fabrication
No. Quantity | Item Description Material Used Cost (N) Cost (N) Total (N)
HS01 1 14" fillet \_/veld 200mm x 1118.5mm 12000 5000 17000
rolled pipe
10 fillet weld 2mm thickness, 1000mm x
HS 02 ! rolled pipe 85mm, 7.8mm thickness 9000 4500 13500
Flange face thickness
14 WN RTJ 62x1835mm for end closure,
N12 1 flange 600# Flange neck 1118.6 x 5000 4000 9000
1335.35mm
PT Paint 5000 5000
EL 2 Pkts Electrodes 7000 7000
TP Transportattion 25000 25000
CON Contingencies 30000 30000
Grand Total 139,900.00

V. DISCUSSION OF RESULTS

The barrel of the prototype pig launcher was designed to handle fluid pressure of 200bar. The operating condition of the barrel
demands that the hoop stress, the longitudinal stress and the working stress should be able to withstand the operating pressure
of the barrel fluid. Design calculations confirmed the numerical value of the hoop stress as 178x108N/m?, longitudinal stress
as 89x108N/m? and working stress as 208x108N/m?. Subject to all safety precautions, it is evident that the barrel will not rupture
or burst longitudinally or transversely. The working stress of the barrel is on the high side compared with barrel fluid operating
pressure of 200x10°N/m2. The beauty of this research is that the materials are sourced locally. The unit cost of the pig launcher
is one hundred and thirty nine thousand and nine hundred naira only (N139,900.00). The detailed designs for the various
components of the pig launcher are as shown in appendix A, appendix B and appendix C.

VI. CONCLUSION

The research culminated in the design of a suitable quick closure and smoother means of transition of pig through the pipeline.
In the course of research, fabrication was carried out and the problem of setting the eccentric reducer to the main and minor
barrel, then locating the vents and the drains was handled with excellent practical superiority. The design pressure is 200bar
and the barrel successfully accommodated a single pipeline pig. The launcher met the requirement to permit more efficient
operation compared with the previous designs.

Despite just being a prototype, it was able to highlight its effectiveness which will lead to further development of this launcher
to a larger scale.
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