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ABSTRACT 

 

The final year project in its present form is to analyze the various factors effecting on 

pressure drop along the gas transportation pipeline design by using PIPESIM 

software. Initially to analyze the effect of factor that can cause the pressure drop 

along the gas transportation design. Typically author will focus on four main factors , 

Elevation: conversion of fluid potential energy into hydrostatic pressure, Friction 

(roughness) : shear stress between pipe wall and gas, Start node Temperature, Pipe 

sizing, which will cause the pressure drop along the gas pipeline. Consideration of 

pipeline transportation is very important before designing the gas transportation 

pipeline. There are majors problem may occur if failure to analyze on the pressure 

drop during designing the gas transportation pipeline. The result will be failure to 

fulfill the customer desire pressure and flow rate and it may lost the large amount of 

profit. 

Author will develop the graphical relationship between  these five main factors 

effecting on the pressure drop in this research. Designing a small model of  gas 

transportation pipeline, simulating by PIPESIM software, analysis on outcome 

results are main criteria of this project. Brief introduction on project, theory and 

literature review of the project, methodology and project activities will be included in 

the report.  
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND OF STUDY 

Pipelines transportation have become an important means of moving natural gas and 

with the expansion of market and large demand, millions of pipeline have been laid. 

Pipelines are long and continuously welded, they have a minimum number of curves, 

they have no sharp bends, and they are most often buried underground. Pipeline 

transportation is mostly considerable for gas because it takes large amount of volume 

to transport by mean of shipping and tanker. Pipeline is the most preferred option to 

transport oil, gas or products in bulk. It could be thousands of km long, branched and 

networked.  

Configuration of both oil & gas pipeline are very similar. A cross country oil or gas 

pipeline system, normally starts with pumping of oil or compression of gas to 

develop the requisite pressure to travel a long distance. The pressure required for 

pumping of oil or compression of gas depends on pipeline length, pipe diameter, & 

destination pressure requirements. For long pipelines (hundreds of km), booster 

compressor for gas pipeline and booster pumps for oil pipeline are required along the 

length as in the graph below. 

 

  Figure 1: Simple Pipeline Design Process flow 
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In the past few decades, researchers have devoted much of their attention on  

consideration of pressure drop on gas transportation pipeline design. There are much 

pipelines simulation software that have been developed by developers including 

PIPESIM software to design the oil and gas transportation pipeline. In this final year 

project, author will be develop on graphical relationship within all the factors 

effecting on pressure drop along gas transportation pipeline. This software is used in 

some oil and gas companies to design and operate production-gathering and 

distribution systems with confidence. PIPESIM software produces details flow 

regime maps at the existing pipeline operating conditions, incorporating all angles of 

inclination. PIPESIM software uses the in-situ superficial gas and liquid velocities to 

identify the flow pattern at every node in the system, it make easy to determine the 

pressure distribution in pipeline system. Author will be analyze on how these 

distribution of pressure will affect on specific gravity of oil and gas. A wide varieties 

of methods can be simulate model in PIPESIM. In this project, Author will design 

the single phase (gas) flow.   

1.2 PROBLEM STATEMENT 

During natural gas transportation in pipeline, pressure drop along the pipeline will 

occur due to fraction factor, elevation and fittings. 

 It may result in  

 reduce the maximum deliverability for gas 

 to install additional pressure boost up equipment  

1.3 OBJECTIVES  

The objective of this work is: 

 to analyze the  factors that effecting on pressure drop on gas flow 

performance modelling the simple pipeline design by using PIPESIM 

simulation software. 

 to develop graphical relationship within all the factors.  

1.4 SCOPE OF STUDY 

The scope of study involved would be starting from information gathering on toward 

simulating the simple gas transportation pipeline design. Necessary data and  

Information would be gathered  from Myanmar Gas field case study  to create 



3 
 

pipeline model for analyzing factors affecting on pressure drop along gas 

transportation pipeline. Study will be divided into two stages as FYP 1 and FYP 1. In 

FYP-1, and research will be made theoretical application of pressure drop on fluid 

flow calculation, necessary data will be collected to develop the simple pipeline 

design. 

1.5 SIGNIFICANT OF PROJECT  

Pressure drop is major problem to consider when designing the transportation 

pipeline. If it was not studied and pipeline designer could not do necessary research 

on pressure drop, it may failure to deliver the amount of customers desire pressure 

and flow rate and result in losing the large amount of profit from the project. That is 

a reason for author to motivate to study and analyze on factors which will cause the 

pressure drop along pipeline. Through this project, there are propose variables that 

need to be investigate such as pipeline design (pipe wall thickness, material of pipe, 

sizing of pipe) , phase envelope, pressure drops ( inlet temperature, pipe sizing, 

elevation)  and gas flow rate. In ASME 31.8 specifications, steel pipe design formula 

and design factor can be considered.  

1.6 FEASIBILITY OF THE PROJECT 

There are total two semesters, 8 months of period to finish the final year projects. 

Since there will two semesters to analyze and develop model in PIPESIM, final year 

project was divided into two sections, FYP-1 and FYP-2. Especially for FYP-1, 

author will get one semester to do research on the projects and to gather necessary 

information and data. In FYP-2, the project will be finished by building model and 

analyze the results. Forty percentage of process will be occupied by finding research 

and gathering data before building model. Twenty percentage of process is building 

the model with different types of fluid properties and the rest will be more to the 

analysis on the specific gravity effect on fluid flow performance in transportation of 

oil and gas. Author will get 14 week to complete some research on theoretical 

application of specific gravity effect and case study of PIPESIM software. For FYP-

2, there will have 14 week to construct the pipeline design and to develop the 

graphical relationship within all the factors that cause pressure drop. To achieve the 

goal of this project, author need to follow on the procedures and schedule of the 

work. 
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     CHAPTER 2 

    THEORY AND LITERATURE REVIEW 

 

2.1  THEORY  

 Several equations are used to calculate pressure drop along the gas transportation 

pipeline and these equation will be discussed. 

2.1.1 Pressure Drop Calculation  

Several equations are available that relate the gas flow rate with gas properties, pipe 

diameter and length, and upstream and downstream pressures.  

2.1.1.1 General Flow equation 

The General Flow equation, also called the Fundamental Flow equation, for the 

steady-state isothermal flow in a gas pipeline is the basic equation for relating the 

pressure drop with flow rate. The most common form of this equation in the U.S. 

Customary System (USCS) of units is given in terms of the pipe diameter, gas 

properties, pressures, temperatures, and flow rate as (eq.2.0) follows.  

 

 

Eq.2.0 

 

Note: General Equation for flow rate calculation vs pressure drop without elevation 

effect 

The general flow equation for considerating with elevation effect, and frictional 

effect in SI unit is, 

 

Eq.2.1 
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Where,  

Q = gas flow rate at standard conditions, m3/day 

Tb = base temperature, K (273 + ◦C) 

Pb = base pressure, kPa 

Tf = average gas flow temperature, K (273 + ◦C) 

P1 = upstream pressure, kPa 

P2 = downstream pressure, kPa 

H1 = upstream elevation, m 

H2 = downstream elevation, m 

Le = equivalent length of pipe, km 

L = pipe length, k 

The parameters depend on the elevation difference H2 − H1, and the value of 

constant S can be calculate from the following Equation (Eq.2.2) 

 

Eq.2.2 

 

To find the slot between the elevation is,  

   Eq.2.3 

 

To find the Equivalent length, 

Eq.2.4 
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Note: The term j must be calculated for each slope of each pipe segment of 

length L1, L2, etc., that make up the length L. where j1, j2, etc., are calculated for 

each rise or fall in the elevation for pipe segments between the upstream and 

downstream ends. 

where, 

Le = equivalent length of pipe, mi 

L = length of pipe between upstream and downstream ends (miles) 

s = elevation correction factor, dimensionless 

2.1.1.2 Weymouth Equation 

 

The Weymouth, Panhandle A, and Panhandle B equations were developed to 

simulate compressible gas flow in long pipelines. The Weymouth is the oldest and 

most common out of  three. It was initially developed in 1912. 

                      

                            Eq.2.5                                                 

 

 

 

  L = length of pipe (mile) 

 D = Diameter of pipe(in.) 

 P1 = upstream pressure 

 P2 = downstream pressure  

 z = compressibility factor 

 Tb = base temperature 

 Pb = base pressure 
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  qh        =           Flow rate (scf/hr) 

 

 

 

 

   Figure 2 Steady flow in gas pipeline 

2.1.1.3. Calculation for Friction Factor 

 

Colebrook-White equation. The Colebrook-White equation for obtaining the friction 

factor is applicable for a wide range of flow in gas pipelines. Friction factor f is given 

for turbulent flow as: 

 

Eq.2.6 

 

for Re > 4000. 

where f = Darcy friction factor 

D = pipe inside diameter, in 

e = absolute pipe roughness, in 

Re = Reynolds number of flow 

In SI units the Reynolds number is given by, 

 

Eq.2.7 

 

where Pb = base pressure, kPa 
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Tb = base temperature, K 

G = gas gravity (air = 1.0) 

Q = gas flow rate, m3/day 

D = pipe internal diameter, mm 

μ = gas viscosity, P 

2.2  LITERATURE REVIEW 

In this project, there are several factors effecting on pressure drop  that need to be 

understand before developing the graphical relationship between them. The efficient 

and effective movement of natural gas from producing regions to consumption 

regions requires an extensive and elaborate transportation system. In many instances, 

natural gas produced from a particular well will have to travel a great distance to 

reach its point of use. The transportation system for natural gas consists of a complex 

network of pipelines, designed to quickly and efficiently transport natural gas from 

its origin, to areas of high natural gas demand. Transportation of natural gas is 

closely linked to its storage: should the natural gas being transported not be 

immediately required, it can be put into storage facilities for when it is needed. 

There are five main factors which cause pressure drop along gas pipeline. 

 Elevation: conversion of fluid potential energy into hydrostatic pressure.  

 Friction: shear stress between pipe wall and gas  

 Fittings such as valves & pipeline elbow 

 Start node Temperature 

 Pipe sizing 

Mohammed A. Milan,Petroleum Engineering Handbook for the practicing 

engineer, Volume 1, Pressure drop plays a role in calculation of deliverability of a 

gas production system starting from the pipeline and to compressors calculations, 

gathering system calculations and production string. In the end, the pipeline capacity 

will affect in maximum system deliverability for gas. According to the PIPESIM, 

training course, The contribution from the major terms; elevation and frictional can 

be summarized as; In well, the effect of elevation term will be (85-100%) with 
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compare to effect of frictional (0-15%). In pipeline transportation, the effect of 

elevation term will be (0-30%) and effect of frictional pressure drop will be (70-

100%).  

Based on ‘Distribution Piping: Understanding Pressure Drop’ by Compressed Air 

Challenge, excessive pressure drop will result in poor system performance and 

excessive energy consumption. Flows restrictions of any type in a system require 

higher operating pressures than are needed, resulting in higher energy consumption. 

The particular pressure rise resulting from resistance to flow can involve increasing 

the drive energy on the compressor by 1% of the connected power for each 2 psi of 

differential.  

H. Dale Beggs stated in his ‘Production Optimization Using Nodal Analysis’ that the 

final design of a production system cannot be separated into reservoir performance 

and piping system performance and handled independently. The amount of oil and 

gas flowing into the well from the reservoir depends on the pressure drop in the 

piping system and the pressure drop in the piping system depends on the amount of 

fluid flowing through it. Therefore, the entire production system must be analyzed as 

a unit. 

Donald F.B Jackson stated that in single phase flowing conditions, the effect of 

elevation on pressure loss calculations is generally limited to the net elevation 

change between the start and end of the pipeline. For gas pipelines, the elevation 

profile affects the in situ pressure, and hence the gas velocity and frictional pressure 

losses. The low density of natural gas mitigates the effect of hydrostatic head on the 

in situ pressure, and for most systems, the elevation profile has only minimal impact 

on the total pressure loss. The effect of the elevation profile on pressure losses in a 

multiphase pipeline is much more significant.  He tried to compare this to single 

phase gas since the existence of single phase black oil is nearly zero nowadays. In 

multiphase flow, the different velocities of the gas and liquid phases create a gas 

liquid slip condition in which the denser liquid phase tends to accumulate in the 

uphill sections of the pipeline. This accumulation of liquid reduces the area for flow 

for the gas phase, which increases its velocity until an equilibrium condition is 

reached. At this steady state condition, the volume of liquid lifted up the hill is equal 

to the volume of liquid arriving at the base of the hill. 
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 In Petroleum Engineering Handbook for the practicing engineer, Volume 1, by 

Mohammed A. Milan, pressure drop plays a role in calculation of deliverability of a 

gas production system starting from the pipeline and it works backward to 

compressors calculations, gathering system calculations, production string and 

reservoir. In the end, the pipeline capacity will affect the total system and result in 

maximum system deliverability for gas.  

There are several companies developed the different types of pipeline design 

simulation software. According to the CanQualPro Training Systems, there are some 

pipeline design factors need to be consider before designing the pipeline.  

2.2.1 Pressure Drop Due to Friction  

Pressure drop is the pressure decrease from the inlet to the outlet as the flow 

increases. Pressure drop is important to know when understanding hydraulics and 

liquid behavior within a pipeline as the operator will be in a position to prevent 

pipeline incidents such of Maximum Allowable Working Pressure exceedances or 

low suction pressure to pipeline pumping facilities.The amount of pressure drop due 

to friction depends on the velocity of the liquid (laminar or turbulent flow), the liquid 

viscosity (determined by the products density and specific gravity) and the piping 

friction factor. These three factors are used to create the Reynolds numbers that 

reflects velocity variations due to laminar flow (low flow rates) and turbulent flow 

(high flow rates). This number is then used to determine the product’s drag 

characteristics which are then used to determine the friction factor of the product at a 

given flow.  

Example: Comparing crude oil and liquid propane, liquid propane will have a higher 

Reynolds number meaning that it will reach turbulent flow much sooner than crude 

oil in the same size pipe at the same flow rate.  

The friction factor for the product within the pipe is now calculated using a Moody 

Diagram. This is used to calculate the pressure drop within the pipeline per 

kilometer. The Moody Diagram is a graph that relates the friction factor, the 

Reynolds number and relative roughness for flow within a pipe. This calculation can 

determine if the liquid will reach its destination with the proper amount of pressure 

for pump suction or to storage facilities. Moody Diagrams are found on the internet. 

Just enter Moody Diagrams in your search engine 
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2.2.2 Pressure Drop due to elevation 

In a flat pipeline, the pressure needed to deliver the product is based on the delivery 

point requirements and the pressure drop within the pipeline. Final delivery point 

pressure takes into consideration such things as storage tank farm pressure 

requirements. 

 

Figure 3 Flat Elevation – Red Line Represents Pressure Drop 

As with a flat elevation, pressure requirements within an increased elevation pipeline 

are determined based on the final delivery point requirements. Within elevation 

changes there may be peaks that must be taken into consideration 
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  Figure 4 Increasing Elevation – Red Line Represents Pressure Drop 

2.2.3 Pressure Drop due to Inlet node Temperature 

Based on the research, according to the PIPSIM training course, the effect of inlet 

node temperature also may cause the minimum amount of pressure drop. Basically 

the starting node point of transportation pipeline start from Compressor station. Most 

of the natural gas are being treatment under the some process such as, Dehydration, 

Separation,  H2S removal. From the Separation unit , most of the temperature set 

point are different base on the well head condition. According to the PIPESIM 

training course, the following graph can be seen as relationship between Inlet node 

temperature and Pressure drop. 

 



13 
 

 

 

  Figure 5 Relationship between Pressure Vs Inlet Temperature   

2.2.4 Pressure drop due to Pipeline Sizing  

There are different pipeline sizing can be consider during designing the pipeline. 

According to the PIPESIM Training Course, the different sizes of pipeline diameters 

may also effect the pressure drop along the gas transportation pipeline. The area of 

the inner pipeline is larger, or the diameter of the pipeline is large, there may be 

reduce in some pressure drop as describe in the Figure below. Vice Versa, minimum 

diameter of the pipeline will give the highest pressure drop along gas transportation 

pipeline.   
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Figure 6 Relationship between Pressure Vs Pipe Diameter  
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CHAPTER 3 

METHODOLOGY 

 

 

3.1 RESEARCH METHODOLOGY 

The research methodology to be carried out  is as follows: 

 to make research work on factors that affect on pressure drop in pipeline 

transportation, Understanding fundamental theories and concepts, performing a 

literature review, tools identification 

 to obtain available software  for this research work. 

 to obtain data that required for simulating pipeline transportation design. 

 to familiarize with the PIPESIM software 

3.2 PROJECT ACTIVITIES 

There are several steps included to analyze factors effect on pressure drop along the 

gas transportation pipeline. firstly author will gather the information about PIPESIM 

software to familiar with software. The data gathering and theoretical calculation 

needed to be done during FYP-1 period. During data gathering, author needed to get 

real performance compositional data for different types of fluid. After gathering data 

and information, author need to study on PIPESIM soft on how to build a new 

pipeline designs model using single phase flow system. As a final stage, basic simple 

pipeline design will construct and by inputting different types parameters and test on 

how these parameters will effect on the pressure drop along gas transportation 

pipeline. Author will illustrate by using graphs of flow rate Vs pressure drop, 

temperature Vs pressure drop to analyze on the effect. Author will describe basic 

work flow chart in below for the activities of work flow system. 
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3.3 THE WORK FLOW CHART 
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START 

Research on: 

 Theoretical application of 
PIPESIM 

 Gathering data  

Analysis of gathered data 

Development of Pipeline design 
using  PIPESIM 

Analysis of results

Satisfaction on 
the result 

Developing graphical relationship 
within all the factors affecting on 

pressure drop 

END
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3.4 GANT CHART 
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3.5 TOOLS AND SOFTWARE 

PIPESIM-Optimizing pipeline facilities design  

In Universiti Teknologi PETRONAS, simulation software available regarding 

pipeline and facilities is PIPESIM by Schlumberger. PIPESIM is an applicable tool 

for modeling  single phase gas flow from the reservoir through the production 

facilities to delivery point. In facilities modeling, PIPESIM can also be used to 

design systems by varying key system parameters, thus enabling optimal pipeline 

and equipment sizes to be determined. 

Typical applications of module include: 

 Multiphase flow in flowlines and pipelines 

 Point by point generation of pressure and temperature profiles 

 Transportation pipeline design and calculation flow rate 

 Flowline & equipment performance modeling (system analysis) 
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           CHAPTER 4 

                RESULTS AND DISCUSSION  

 

In Final Year Project, Author used Pipe Simulation Software to run a Pipeline design 

with gas compositional model to analyze the various factors which effecting the 

pressure drop along the gas transportation pipeline. In this project, author used the 

following data to run the simulation without including facilities and pipeline will be 

started from compressor discharge point.  

For simulation of gas transportation pipeline design 

Pipeline Distance  - 200 Miles (for Sensitivity Analysis) 

                          - 177.10 Miles (for real case) 

Pipeline Diameter - 24 inches 

Wall Thickness     - 0.77 inches 

Compressor Discharge Pressure - 2325 Psi 

Ambient Temp - 28 

   

Figure 7 Gas Transportation Pipeline diagram 
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Real Gas field data is used for gas compositional phase envelope to simulate model. 

 

Figure 8 Gas compositional properties table 

Figure 9 Phase envelope for gas compositional 
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4.1 Effect of elevation on pressure drop 

To analyze the effect of elevation on pressure drop, author used two different  

scenarios. Firstly author used the real gas field data with zero pipeline elevation 

started from compressor outlet until it reached to the delivery point. For the another 

cases author used real gas field data with actual elevation to simulate the gas 

transportation pipeline model.  The relationships graphs between pressure drops vs 

distances for each of the scenarios were obtained from the simulation.  

4.1.1 For zero elevation with actual gas field data,  

   

Figure 10 Schematic pipeline diagram for zero elevation 

   

The Figure 10 above shown the schematic pipeline diagram with zero elevation for 

real gas field. The purpose of simulation for zero elevation with real gas data is to 

analyze the percentage of pressure drop caused by elevations and to compare 

pressure drop percentages between two of the results.. 460MMscf amount of gas 

were used to transport from the compressor outlet which is started node to the 

delivery point which is located 177.1miles away from start node.     
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Table 1Experiment Results for Distance 
Vs Pressure 

Total Distance 
(miles) 

Pressure (psia) 

0.0000 2325.0145 

0.0000 2325.0145 

10.0000 2289.1343 

20.0000 2253.8641 

30.0000 2219.0638 

40.0000 2184.7236 

50.0000 2150.7434 

60.0000 2117.0132 

70.0000 2083.5530 

80.0000 2050.2928 

90.0000 2017.1426 

100.0000 1984.0424 

110.0000 1950.9122 

120.0000 1917.7420 

130.0000 1884.5018 

140.0000 1851.1215 

150.0000 1817.5513 

160.0000 1783.7411 

170.0000 1749.6109 

177.1000 1725.1508 

177.1000 1725.1508 

 

 

 

 

 

Length of Pipeline = 177.104 miles 

Gas Flow rate        = 460 MMscf 

Pipeline Diameter   = 24 inches  

 

Compressor Outlet Temp = 212 F 

Outlet Pressure = 2325 psi 

 

Total pressure drop = 599.86 psi 

 

Pressure drop percentage =25.80%
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Figure 11 Pressure (Psi) Vs Pipeline Distance (miles) graph 

 

The figure 11 above shown the relationships between Pressure vs total distance 

(length of pipeline). The constant slope was seen in the graph because the elevation 

of the pipeline was zero. It was observed that, 599.86 Psi of pressure will drop along 

the gas transportation pipeline which is caused by other factors such as compressor 

outlet temperature, pipeline diameters and pipeline roughness which will be 

discussed afterward. The 25.80% of pressure drop was observed from the simulation 

without elevation effect. 

4.1.2  For elevation with actual gas field data,  

 

Figure 12 schematic pipeline diagram with elevation 
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The Figure 12 above shown the schematic pipeline diagram with elevation for real 

gas field. The purpose of simulation for zero real gas data with elevation is to 

analyze the percentage of pressure drop caused by elevations and to compare 

pressure drop percentages between two of the results.. 460MMscf amount of gas 

were used to transport from the compressor outlet which is started node to the 

delivery point which is located 177.1miles away from start node. In this scenario, the 

elevation of transportation pipeline was used as same in real gas field. Since the 

platform was located in offshore, the transportation pipeline start from 0 miles to 125 

miles will be lied under subsea. The elevation of this portion will be zero since the 

seabed of oceanic was almost plain. Afterward, the elevation of pipeline on portion 

of 125 miles to 177.10 miles will be placed on the surface of uphill and downhill. 

The elevation of this portion will be positive and negative as seen in figure 12.  

The simulation results can be seen in APPENDIX I. Author will be divided into three 

segments with zero elevation, uphill elevation and downhill elevation sections 

according to results. Below, Table 2-5shown different segments of pipeline elevation 

from the results. 

   

Table 2 Results for  subsea pipelines zero elevation 

Total Distance Total Pressure 

Miles Psi 

0 2325.0145 

10.6261 2304.3744 

21.2511 2267.1041 

30.1061 2236.4439 

40.7311 2200.1137 

51.3561 2164.1835 

60.2112 2134.4633 

70.8371 2099.0331 

81.4631 2063.8529 

90.317 2034.6327 

100.9411 1999.6325 

109.7911 1970.4623 

120.4212 1935.3721 

125.7311 1917.822 
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Table 3 Results for  uphill elevation 

Total Distance Total Pressure 

Miles Psi 

125.7311 1917.822 

127.5023 1893.1818 

132.8248 1838.2515 

141.6754 1789.8912 

152.3055 1744.2409 

162.9259 1705.2806 

 

Table 4 Results for  downhill elevation 

Total Distance Total Pressure 

Miles Psi 

162.9259 1705.2806 

164.6962 1709.7107 

 

Table 5 Results for  uphill elevation 

Total Distance Total Pressure 

Miles Psi 

164.6962 1709.7107 

164.6962 1709.711 

166.4687 1677.001 

168.2411 1644.53 

170.0142 1609.23 

171.7845 1596.55 

173.5644 1593.52 

175.3347 1580.84 

177.1045 1577.78 

177.1045 1577.78 
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From the Table 2-5,  

s zero elevation, (From 0 miles to 125.73 miles), Pipeline Segment 125.73 miles 

Total pressure drop for = 407.178 psi 

Total Pressure drop percentage = 17.51 % 

 

Uphill elevation, (125.73 miles to 162.93 miles), Pipeline Segment 37.2 miles 

Total pressure drop for = 212.5414 psi 

Total Pressure drop percentage = 11.08 % 

Downhill elevation, (162.93 miles to 164.70 miles), Pipeline Segment 1.7 miles 

Total pressure drop for = -4.4301  psi 

Total Pressure drop percentage = - 0.3 % 

Uphill elevation, (164.70  miles to 177.10 miles), Pipeline Segment 12.4 miles  

Total pressure drop for = 131.93 psi 

Total Pressure drop percentage = 7.71% 
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Based on the Figure 13, there are 4 portions of slopes can be seen according to 

different elevation of pipeline. Pipeline Segment 37.3 miles,11.80 percentage of 

pressure drop is a large number compare to 17.51 percentage of zero elevation with 

pipeline segment 125.73 because the pipeline segment of zero elevation is very much 

higher than uphill elevation. And again, downhill elevation with pipeline segments 

1.7 miles have - 0.3 percentage because pressure is increase instead of decreasing in 

downhill elevation pipeline. It was observed that, the uphill elevation will greatly 

affect the pressure drop compare to zero elevation and downhill. The percentage of 

the pressure drop is increased compare to zero elevation case, because the upward 

elevation of pipeline will be result in losing some pressure due to specific gravity of 

the gas.   

4.2 Sensitivity analysis on pipeline sizing factor  

To analyze the effect of pressure drop due to pipeline sizing, author simulated the 

model using Gas transportation pipeline with elevation zero ft. By ranging the values 

of diameters, authors obtained the different types of pressure drop due to different 

types of pipeline sizing. "Figure 8", is the details simulation results of pressure drop 

according to different types of sizing ranging from 6 inch diameter to 56 inch 

diameter.  

Figure 13 Pressure (Psi) Vs Pipeline Distance (Miles) graph 
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     Figure 14 Sensitivity analysis on pressure using various types of pipeline diameters 

 

The results from the sensitivity analysis of simulation can be seen in APPENDIX II. 

Below, Table 6 will be the summarized results of Pipeline diameter with percentage 

of pressure drop to analyze.  

  

Table 6 Summarized simulation results of pipeline sizing vs pressure drop percentage 

Pipeline 
Diameter 
(inch) 

Pressure 
drops 
(psi) 

Percentage 
of pressure 

drop 
(%) 

6 N/A N/A 

9 N/A N/A 

12 1733.8548 
 

N/A 

15 1972.0823 
 

N/A 

18 2197.9947 
 

94.6 
 

21 1666.9404 
 

71.7 
 

24 747.2347 
 

32.1 
 

27 472.4629 
 

20.3 
 

30 350.0822 
 

15.1 
 

33 288.4918 
 

12.4 
 

36 255.2216 
 

11 

39 236.3315 
 

10.1 
 

42 225.2214 
 

9.7 
 

45 218.4914 
 

9.2 
 

48 214.3513 
 

9.2 
 

51 211.7713 
 

9.2 
 

54 210.1613 
 

9.002 
 

56 209.4613 
 

9.009 
 



29 
 

According to the results obtained from simulation, the minimum diameter which can 

handle for Gas transportation  system with gas flow rate 400MMscf/D is, 12 inches 

diameter. But according to the Table 6, using diameter 6, 9, 12. 15 and 18 inches 

diameters were failure to deliver to a point which is located at 177.10 miles. Which is 

because, less than 20 inches diameter invalid to use for a long transportation gas 

pipeline.  Therefore, the minimum diameter which can handle the flow rate of 

400MMscf/D is 21 inches diameters  pipeline which gave 71.1% pressure drop at the 

delivery point. Since, sustaining the maximum delivery pressure as possible at the 

delivery point is very important fact in oil and gas system, the most suitable diameter 

is 56 inches diameter pipeline with 9% pressure drop which can give minimum 

pressure drop But, economic consideration was also one of the factors in oil and gas 

system to make profit, most suitable pipeline diameters are 25 to 35 inches diameter. 

And it was observed that, the large amount of  pressure drop will decrease as pipeline 

sizing increase. Choosing suitable diameter is one of the important factor to design 

gas transportation pipeline.  

4.3 For analysis on roughness value  

To analyze the frictional factors, the roughness of the pipeline is important 

parameter. The roughness of the pipeline is directly proportional to the friction. In 

this project, author simulated the gas transportation system with gas production rate 

of 440 MMscf/d. " APPENDIX VIII to IX," is  the details for simulation results with 

various ranges of roughness and pressure drop. 

Figure 15 Sensitivity analysis on pressure drop using various roughness values 
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Table 7 Simulation results of different roughness values vs percentage of pressure drop 

 

 

 

 

 

 

 

Based on the results obtained, was observed that the pipeline with smallest value of 

roughness gave the smalles amount of pressure drop (25%) compare to other values 

which is 0.000005. The pressure drop due to the roughness occur due to the frictional 

force between wall of the pipe and gas flow are against the tendency of the flow 

toward. It may result in pressure drop along the gas pipeline. Most commonly used 

roughness is 0.0006 values which is used to calculated the frictional factor in oil and 

gas transportation pipeline. It was observed that, the roughness of pipeline also can 

give the additional pressure drop along the gas pipeline rather than elevation, 

pipeline sizing  which are described above. It is very important to consider the 

roughness of the pipeline to calculate pressure drop along pipeline. 

4.5 Sensitivity analysis on compressor discharge temperature  

To run simulation on the sensitivity analysis of compressor discharge temperature, 

types of compressor with it maximum and minimum outlet temperature were studied 

and researched. It was obtained, the maximum and minimum outlet temperature of 

gas turbine compressor used in facilities were 180 F to 300F. APPENDIX  X shown 

the results of different temperature outlet vs compressor discharge temperature. 

 

 

 

Roughness  Pressure drop  Pressure drop (%) 

0.000005  581.00  25.00 

0.00026  647.36  27.84 

0.00046  681.71  29.32 

0.00066  709.27  30.50 

0.00086  732.63  31.51 

0.001  727.23  31.278 
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Figure 16  Sensitivity analysis on pressure drop using various compressor outlet temperature 

 

Table 8 Simulation Results various inlet temp vs percentage of pressure drop 

Temperature (F) Pressure drop (%) 

180 31.0 

190 31.3 

200 31.7 

210 32.0 

220 32.2 

230 32.8 

240 33.1 

250 33.4 

260 33.8 

270 34.2 

280 34.5 

290 34.9 

300 35.2 
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According to the simulation results by using different values of compressor outlet 

temperature, it was observed that  the percentage of pressure drop for all the values 

of temperature is same from the result. By varying the outlet temperature of 

compressor is not a serious factor to consider in pipeline design.  The compressor 

outlet temperature depending on the types of compressors which is installed for 

facilities. Based on the research, In oil and gas industry the maximum and minimum 

values of compressor outlet temperature for gas turbine would be 180F to 300F. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion  

Real data from one of the Myanmar gas field will be used to simulate the pipeline 

design in PIPESIM Software. By simulating various different data on PIPESIM 

software and analyzing on the pressure drop results, it was found that  there are four 

main major pressure drop factors which are affecting long distance transportation 

pipe line. Among these are  

• increasing  uphill elevation 

• increasing  roughness values 

• increasing start node  temperature, and  

• decreasing  pipe diameter. 

In this report, author developed the graphical relationship within these factors after 

simulating the simple gas pipeline transportation designs. Furthermore, author could 

done some research for types of compressor with respect to outlet pressure and 

temperature to get better analysis result for compressor outlet temperature.  As a 

conclusion, Pressure drop along the gas transportation pipeline is a common  

problem that always occur  in transportation of oil and gas. These all the factors need 

to consider when we are designing the pipeline system to meet with customer desire 

pressure and flow rate. 

5.2 Recommendation 

In this report, the scope of work can be done within one semester to achieve 

objective. There are few recommendations for this project for further research. This 

project is focused only on four parameters which affecting pressure drop along gas 

transportation pipeline. For the future work, author would like to recommended that,   

 To analyze on pressure drop caused by valves and pipeline fittings  

 To make sensitivity analysis on various flow rate vs pressure drop 

 To analyze on pressure drop caused by  multi phases flow  
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APPENDIX I 

APPENDIX I Simulation Results for Real gas field data with elevation 

Column1 Column2 

Total 
Distance 
(miles) 

Pressure (psia) 

Unit Unit 

0 2325.0145 

0 2325.0145 

1.7709 2318.6145 

3.5428 2329.5745 

5.3137 2323.2445 

7.0847 2316.9344 

8.8556 2310.6444 

10.6261 2304.3744 

12.3971 2298.1143 

14.1681 2291.8843 

15.9391 2285.6643 

17.7101 2279.4642 

19.4811 2273.2742 

21.2511 2267.1041 

23.0222 2260.9441 

24.7932 2254.7941 

26.5642 2248.664 

28.3352 2242.544 

30.1061 2236.4439 

31.8771 2230.3539 

33.6481 2224.2739 

35.4182 2218.2138 

37.1892 2212.1738 

38.9602 2206.1338 

40.7311 2200.1137 

42.5021 2194.0937 

44.2731 2188.0936 

46.0441 2182.1036 

47.8152 2176.1236 

49.5852 2170.1535 

51.3561 2164.1835 

53.1271 2158.2235 

54.8981 2152.2734 

56.6691 2146.3334 

58.4402 2140.3933 

60.2112 2134.4633 

61.9822 2128.5333 

63.7542 2122.6132 

65.5252 2116.7032 

67.2962 2110.8032 

69.0661 2104.9231 

70.8371 2099.0331 

72.6081 2093.1531 

74.3792 2087.283 

76.1502 2081.423 

77.9212 2075.5529 

79.692 2069.7029 

81.4631 2063.8529 

83.2341 2058.0028 

85.0051 2052.1528 

86.7752 2046.3128 

88.5462 2040.4727 

90.317 2034.6327 

92.0881 2028.8027 

93.8591 2022.9626 

95.6301 2017.1326 

97.4011 2011.2925 

99.1722 2005.4625 

100.9411 1999.6325 

102.7112 1993.8024 

104.4811 1987.9724 

106.2511 1982.1324 

108.0212 1976.3023 

109.7911 1970.4623 

111.5612 1964.6223 

113.3411 1958.7422 

115.1112 1952.9022 

116.8811 1947.0621 

118.6511 1941.2221 

120.4212 1935.3721 

122.1911 1929.522 

123.9612 1923.672 

125.7311 1917.822 

127.5023 1893.1818 

129.2725 1877.9417 

131.0424 1871.0917 

132.8248 1838.2515 

134.5947 1832.2714 

136.3652 1817.0913 

138.135 1810.1613 

139.9051 1804.1313 

141.6754 1789.8912 

143.4453 1783.8311 

145.2153 1774.1311 

146.9854 1762.621 

148.7555 1756.511 

150.5256 1750.4009 

152.3055 1744.2409 

154.0758 1729.1308 

155.8456 1722.9707 

157.6157 1716.7807 

159.3856 1710.5907 

161.1559 1711.4907 

162.9259 1705.2806 

164.6962 1709.7107 

166.4687 1677.0005 

168.2411 1644.5303 

170.0142 1609.23 

171.7845 1596.55 

173.5644 1593.5199 

175.3347 1580.8399 

177.1045 1577.7798 

177.1045 1577.7798 
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APPENDIX II 

 

 

APPENDIX II Simulation results of various pipeline sizing vs pressure drop 
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APPENDIX III 

APPENDIX III Simulation results of various pipeline sizing vs pressure drop 
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APPENDIX IV 

APPENDIX IV Simulation results of various pipeline sizing vs pressure drop 
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APPENDIX V 

APPENDIX V Simulation results of various pipeline sizing vs pressure drop 
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APPENDIX VI 

APPENDIX VI Simulation results of various pipeline sizing vs pressure drop 
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APPENDIX VII 

APPENDIX VII Simulation results of various pipeline sizing vs pressure drop 
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APPENDIX VIII 

APPENDIX VIII Simulation results of various pipeline roughness value vs pressure drop 
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APPENDIX IX 

APPENDIX IX Simulation results of various pipeline roughness value vs pressure drop 
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APPENDIX X 

APPENDIX X Simulation results of compressor outlet temp vs pressure drop 
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APPENDIX XI 

APPENDIX XI Simulation results of compressor outlet temp vs pressure drop 
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APPENDIX XII 

APPENDIX XII Simulation results of compressor outlet temp vs pressure drop 

 


