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BACKGROUND OF RESEARCH




Offshore Drilling Overview

Offshore Drilling in Malaysia Offshore Drilling in U.S

Peninsular Malaysia:
The Malay Basin
Sarawak Basin, Sabah Basin (MPRC,
2020)

Central & Western Gulf of
Mexico (Worldometer, 2020)

J
Gas Fields | ’ 1 . Gas Fields
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One of the highest gas producing
country in the world

AN —

Source: GIPHY

One of the key gas producers in the
Asia-Pacific region




Overview of LNG Operation

: Why is the LNG How is the LNG What is the final
What is LNG? operation done? processed? stage of this process?
@
U LNG Process Chain
: : Regasification terminal
Liquefaction plant (Export) (Import)

A Shipping )
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Water Hammering Effect

What is water
hammering
effect?

How does it

Where does it
occurs?




PROBLEM STATEMENT
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Problem Statement

*\\|,/0

Literature review

LNG Regasification
Process
Water Hammering

o

Objective

To conduct predictive
assessment of Fluid
Hammering Effect in pipe
networks of LNG
regasification system
through analysis of
modelling simulations and
visualization softwares.

Scope of research

The case study that we
will be analyzing is on
‘Simulation’ Based
Modelling’
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RESEARCH METHODOLOGY
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General Research Methodology

e Perform literature
review

« Simulation using
the Aspen HYSYS
software

» Analyze & Visualize the
data from the simulation
using TABLEAU
software
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Simulation Run Design

‘ e Diameters of pipe: 0.25, 0.4, 0.5, 0.8 meters

Source: Gyfcat

Low Flowrates (<2500 m3/h): Medium Flowrates (~5000 m3/h): High Flowrates (>7000 m3/h):

e 1000 m¥/h o 3720 m¥h e 7790 m¥h
e 1050 m¥h ‘ e 4090 m¥h ‘ e 7960 m¥h
e 1550 m¥h e 4570 m¥h e 8180 m¥h
e 2000 m¥h o 4640 m¥h e 8390 m¥/h
e 2010 m3h e 5370 m3/h e 9140 m3/h
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Preparing the Data Set

Determine change in fluid velocity dv = 100% V0
for diff ipe attrib at - 2 0%V
or different pipe attributes. > 80% V0
Calculate wave speed for each = |— 1 p = 1000 kg/m”3 D = Pipe diameter
ipe diameter p [l + i] K =219x10™ Pa t = Pipe wall thickness
PP ' K" Et E =2.02x 10"11 Pa P

Source: Yang (2011)

Joukowsky Equation:
Find pressure surge for each oP _ _ _ , v
— FTS (pressure surge) = p(fluid density)x c (speed of wave during fluid hammer) X m

Source: Tijsseling (2006)
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RESULTS & DISCUSSIONS
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Simulation Results from ASPEN HYSYS

[ = =1

Material Stream: From the sea

Worksheet | Attachments | Dynamics

Worksheet Stream Mame From the sea
Conditions Vapour | Phase Fraction 0.0000
Properties Temperature [C] 28.00
Composition Pressure [kPa] 101.3
Oil & Gas Feed Melar Flow [kgmole/h] 5.540e4+004
Petroleum Assay | | Mass Flow [ka/h] 9.980e+005
K Value Std Ideal Lig Vol Flow [m3/h] 1000 |
User Variables Molar Enthalpy [KkJ/kgmole] -2.860e+005
Motes Molar Entropy [k1/kamole-C] 54.43
Cost Parameters Heat Flow [k1/h] -1.584e+010
Mormalized Yields| | Lig Vol Flow @5td Cond [m3/h] 983.4

| Emissions Fluid Package Basis-1

Utility Type

Neleta

| |

Datasheet
generated using
Google Sheets

|
N

‘ Sizing

Settings | Details | Notes

ame

Line Sizing Manager-From the sea

Append Lines

A

Pipe Tag/Name

Calculation Type

Stream Mame

Flow Margin [%%]

Pipe Material

Schedule

Pipe Nominal Diameter
Pipe Inside Diameter [mm]
Pipe Wall Thickness [mm]
Pipe Roughness [mm]
Force Single Phase

Sizing Criteria

Pressure Gradient [kPa/m]
Criteria Pressure Gradient [kPa/m]

Velodty [m/s]

Line Sizing-1
Rating
From the sea @Main
a8.00
Carbon Steel
40
250 mm
254.5
9.271
4.572e-002

O
Criteria-I
0.8218
<empty>

5.422

——

) ‘ Delete |
I'):'-::’inp from Stream... h : ’
Fluid Velocity |Wall thickness _~{Flow Percentage |Adjusted Fluid Pressure Pressure Reynolds
Diameter (m)  [(VO, (m) (x, out of 1) Velocity (VO *x)|c (m/s) [Surge (Pa) Surge (Bar) number
/ 1 5.422 7.06E+06 70.6
A » 0.9 4.8798 6.35E+06 63.5
0.250 5.422 0.009271 0.8 4.3376| 1301.76 5.65E+06 56.5] 1.66E+06
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All Flowrates
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Flowrate (D=0.25m)

Pressure Surge (Bar)

[
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4K 6K
Fluid flowrates (m3/h)

Flowrate (D=0.5m)

Pressure Surge (Bar)

[¥)]
(=)

M

ax: 100.32 Bar

4K BK
Fluid flowrates (m3/h)

Flowrate (D=0.4m)

&

Max: 105.56 Bar

Pressure Surge (Bar)

4K 6K
Fluid flowrates (m3/h)

Flowrate (D=0.8m)

80 Max: 72.67 Bar

an
[=]

I
=}

Pressure Surge (Bar)

4K BK
Fluid flowrates (m3/h)

Flow Percentage (%)
(7)80%

()90%

@I 100%

Region of fluid flowrate
M High (>7000 m3/h)

[ Medium (~5000 m3/h)
M Low (<2500 m3/h)




Pressure Surge vs. Flowrate Pressure Surge vs. Diameter

@ Pressure Surge (Bar) == 0.0195*x + 2.48E-04 R? =1 W Pressure Surge == 7.32x*-1.98 R? =0.997
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Surge Analysis Too

™=y Surge Analysis Tool — X
g Yy

File Tables

Pressure Surge Analysis

(program currrently in develbpment)

Pipeline diameter (in): 20
Pipeline material: Steel ¥
Pipeline schedule: ‘Schedule 40 )

Calculate

The maximum permissible pressure with these settings is 100.32 Bar.
Keep flowrates below 5157 m3/hr to mitigate unsafe pressure surges.

This tool was devebped in colaberation with students and advisors from:
-North Dakota State University
-Texas A & M Uniersty
-University of Las Vegas, Nevada
-Universiti Teknologi PETRONAS

E? Pipe Properties

Pipe Size
(in)

Diameter
(in)
External Internal
0.405 027
10.3 6.86
0.540 0.36
13.7 9.14
0.675 0.49
171 12.4
0.840 0.62
213 157
1.050 0.82
287 208
1.315 1.05
334 26.7
1.660 1.38
42.2 351
1.900 1.61
48.3 409
2.375 207
60.3 526
2.875 247
73 627
3.500 3.07
88.9 78
4.000 365
102 902
4.500 4.03
114 102
5.563 505
141 128
6.625 6.07
188 154
8625 7.98
219 203
10.750 10.02
273 255
12.750 11.94
324 303
14.000 13.13
356 334
16.000 15.00
406 381
18.000 16.88
457 429
20.000 18.81
508 478
24.000 2283
610 575

ANSI Steel Schedule 40 Properties

Nominal

DN @O S0 S; e P

SO O PO NO 5O 5O N0 O N0 WO WO WO O
Rl = sy g L i N Ol e = g
N R 2e Po TR B g

o
I

b

o so
Nin =
~8 R

056

142

0.59
15

069
175

External

013

023

0.38

055

087

136

218

284

443

6.49

962

12.56

15.90

2430

34.47

58.42

90.76

127.64

153.94

201.05

254.85

314.15

452.40

Transverse Areas
(in?)
({mma2)
Internal

0.06

0.10

0.53
0.86
1.50

2.04

9.89
12.73
20.00
28.89
50.02
78.85
111.90
135.30
176.70
224.00
278.00

402.10

Steel

0.07

013

017

025

033

049

067

080

1.08

170

223

268

317

430

568

8.40

11.90

16.74

18.64

24.35

30.85

36.15

50.30

Length of Pipe
(ft per sq. foot of

surface)
External Internal
Surface Surface

() (f)

9.43 14.20
7.07 10.49
5.66 775
4.55 614
364 464
2.90 364
2.30 277
2.01 237
161 1.85
133 155
1.09 1.25
0.95 1.08
0.85 0.95
0.69 076
0.58 063
0.44 0.48
0.36 038
0.30 0.32
0.27 0.28
0.24 025
0.21 023
0.19 020
0.16 017

Volume

(FE/Fe)

0.0004
0.0007
0.0013
0.0021
0.0037
0.0060
0.0104
0.0141
0.0233
00333
0.0513
0.0687
0.0884
0.1389
0.2006
0.35562
0.5476
07763
09354
1.2230
1.5550
1.9260

27930

Weight

(Ib/fe)
024
042
057
085
113
168
227
272
365
579
758
911
10.79
1461
1897
2855
4048
53260
62.00
78.00
105.00
123.00

171.00

https:/iwww_engineeringtoolbox com/ansi-steel-pipes-d_305.html

(kg/m)

038
063
0.84
126
168

250

543
862
11.27
1356
16.06
2174
2823
42.49
60.24
79.77
93.75
116.08
156.26
183.05

254.48

Number of
Threads per
inch of
Screw

27
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CONCLUSIONS & FUTURE RESEARCH




Implications for Engineers and Managers

In order to use higher flowrates, larger

diameter pipes must be considered.

Source: Motrhys
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L imitations

Computer Simulation

Cost of Infrastructure

Water Pump
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Conclusion

Research Problem
Statement

The Fluid hammer
effect on pipe
Systems

-+

Research
Contribution

Effect of diameter
on pressure

~

Findings and Implications

Larger Diameters > Smaller Diameters

\

Limitations

Cost: Infrastructure & Energy

/
<
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Cost Data

Source: Motrhys

Calculate pipe weight and price

Pipe nominal size
10" NPS250

Pipe length (L)
1000.0

Steel price (USD)
170.0 USD/t

Total pipe price (USD)
10250.0 USD

Calculate

Outside diameter (OD)
10.8 in

Wall thickness (wt)
0.365

Pipe unit weight (W/L)
60.31 kg/m

Empty pipe weight (W)
60310.0 kg

Calculation Software from “Pipe Flow Calculations” website (pipeflowcalculations.com).



https://www.pipeflowcalculations.com/tables/schedule-40.xhtml

