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Abstract:

With the increasing global demand for energy, the transportation of oil and gas has become a critical component of energy
infrastructure. As exploration and production activities extend into more remote and challenging environments, efficient and
reliable pipeline systems are essential for ensuring a continuous supply of crude oil and natural gas to processing and
consumption centers. However, transporting fluids over long distances presents several technical challenges, particularly due
to variations in fluid properties and operational conditions. Key factors such as viscosity, density, temperature, and the internal
friction of pipeline surfaces significantly influence flow behavior and pressure drop along the pipeline. These variables must
be carefully accounted for during the design and optimization of pipeline systems to minimize energy losses and operational
costs. In particular, changes in temperature and composition of crude oil can alter its rheological properties, affecting pump
efficiency and flow stability. This study focuses on analyzing the performance of an 800 km crude oil pipeline in Libya under
varying operating and fluid conditions. To identify the optimal flow parameters that maximize energy efficiency and reduce
power consumption, ASPEN HYSYS software was employed to simulate pipeline operations and evaluate the impact of
changing fluid and pipeline properties on pressure, temperature profiles, and energy requirements. The results provide valuable
insights for improving pipeline design and operational strategies in similar settings
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Introduction
Flow of fluids in pipes is a major engineering subject and is well covered in basic engineering courses. However, the complexity

of this subject is noticed from the huge size of research efforts by people working in this field. Fluids, in any process, can be
either single phase or more than one phase flowing simultancously. A major part of the energy available today is through
hydrocarbon reserves, mainly oil and gas deposits. The development of offshore and onshore drilling technology has allowed
these reserves to be tapped. These hydrocarbon reservoirs are produced, drained and transported over large distances through
pipelines. During the life cycle of a crude oil pipeline, the properties of transported oil change, because in gathering systems
the produced oils come from different wells. New wells may be added, or some wells may go out of production for maintenance
and repair. Production rates during the life of wells vary, too. In addition, the properties of crude oil change during production.
Due to seasonal variation, the average line temperature may also change. viscosity of crude oil is a strong function of API
gravity and temperature.[2] So, flow Assurance is the discipline dealing with the risks in oil and gas production arising from
the properties and behaviour of the transported fluids. The efficient operation of pipelines transporting hydrocarbons is crucial.
Any change to the internal pipe surface significantly impacts both the pipeline through-put and energy requirements for
maintaining design flow rates [2].

Material and methods
Principles Of Fluid Flow:

Fluid flow in pipes is governed by both material and energy balances. For a given system such as a segment of pipe, material
and energy balance equations are used to develop design equations for the system.

Material Balance: Material balance on system shown on Figure 1 means that:
Z mass into system =
Y, mass out of system + mass accumulation

For constant cross section: PV, = PV, + d(PV)/dt (SR @

For steady state flow, accumulation of mass in system is zero.
PV1 = PV2 Srr eer wes was mes aes we wes was was ses es wee wes e (2)

This equation is applied for any flowing phase, either liquid or gas, when only one single phase is flowing. This equation is
also applied to each phase when two phases are flowing in the same pipe but assuming no mass transfer between phases occurs.
This equation is applied for any flowing phase, either liquid or gas, when only one single phase is flowing. This equation is
also applied to each phase when two phases are flowing in the same pipe but assuming no mass transfer between phases occurs.
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Figure 1: System Boundary for Material Balance
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Results and discussion

Produced oil at Al-Feel Oil Field is pumped into a 24",75km pipeline and then into 30",625km pipeline to Melita. Figure (1)
shows the elevation and pressure profiles for the existing pipeline. The figure shows the elevation profile along the pipeline.
Significant elevation variations are observed, with the elevation decreasing from about 3100 ft at the beginning to nearly zero
at the end. These changes affect flow pressure and pumping energy requirements, as shown in Figure 2. This should be
considered in pipeline hydraulic calculations. Whereas, Figure (3) presents the required pumping horsepower (HP) as a function
of oil flow distance for the Al-Feel pipeline. The results show that the required pumping power increases with increasing flow
rate because higher flow rates lead to greater frictional pressure losses along the pipeline. Therefore, increasing the flow rate
requires higher pumping energy to maintain the desired oil transportation rate
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Figure 1: The elevation profile for the pipeline
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Figure 2: The pressure profile for the pipeline

146



Libyan Journal of Health, Science, and Development, LJHSD

Power vs. Flow Rate
379.5 379.3

163800 164100 164200 164400 164500 164600
Flow Rate (barrel/day)

Figure 3: The required HP for pumping versus oil flow rate.

Figure 4 presents the effect of temperature (F) on the pipeline length in (m) along the 30-in, 800-km pipeline. The results
indicate that the inlet fluid temperature has a noticeable effect mainly in the initial section of the pipeline, after which its
influence gradually decreases due to heat transfer with the surrounding environment. Consequently, the effect of inlet
temperature on the required pump horsepower (HP) becomes limited over long pipeline distances.
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Figure 4: Oil temperature with pipeline length
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Conclusion

Based on the results of this work, the following conclusions are presented

a.

An increase in inlet temperature results in a reduction of oil viscosity and density. This results in less pressure drop
and less pumping energy (HP).

Inlet oil temperature has a strong effect on fluid flow through long-distance pipelines.

Drag reduction chemicals would have a significant effect on fluid flow in pipes through the reduction of pipe roughness
and the friction factor.

Heating of high pour point crude oil would result in a significant loss from the storage tank

Future perspectives

Based on the results obtained from this research, this study has sought to delve into the intricate and multi-faceted physics

governing Oil and gas flow within pipelines. While it has provided crucial insights for the development of efficient energy
systems and ensuring the safety of Oil and gas transport, it has also brought to light notable research gaps in leakage modelling.
Understanding the distinct fluid dynamic behaviours resulting from OIL low viscosity and high diffusivity is vital, yet further
exploration is needed. Recognizing the challenges and safety concerns associated with oil and gas transportation, this review
emphasizes the need for more detailed investigations into Oil and GAS leakage during pipeline transport under varying

conditions.
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   ∑  m a s s   i n t o   s y s t e m =


   ∑  m a s s   o u t   o f   s y s t e m + m a s s   a c c u m u l a t i o n


    P V 1 =     P V 2 +     d  ( P V )  d t … … … … … … … … . . ( 1 )


    P V 1 =     P V 2 … … … … … … … … … … … … … … . . ( 2 )

