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Abstract -

Abstract

Conserved estimates show that heavy oil reserves are estimated to be more than
six trillion barrels throughout the world. Their importance tends to increase
progressively, as light oil fields are exhausting. The progressive increase of oil demand
coupled with the depletion of light crude oils has led to the rapid development of the
large world resources of heavy oils. Production of heavy crudes is increasing
significantly as low viscosity crudes are depleted. The production of hydrocarbons
from heavy oil and bitumen (oil sands) reserves increases annually. The main problem
is their high flow resistance caused by the high viscosity. This makes its transportation

almost impossible, due to the immense power requirement.

Water lubricated transport of heavy oil is an effective technique for the pipeline
transportation of such high viscosity oils. Water is injected into the oil pipelines such
that it flows as annular film encapsulating the oil in the core region. Such flow is well
known as oil-water core annular pipe flow. Water is acting as lubricant for heavy oils
transport in pipeline. Since oil does not come in contaci with the wall, the wall shear is
comparable to the shear encountered during the flow of water in the pipe. This reduces

drastically the pumping power and the cost of transportation of heavy oil and bitumen.

Literature review reveals that there is limited number of numerical studies
concerning the core annular flows of heavy oils and water. Many aspects need to be
clarified such as flow structure and the influence of different parameters on pressure
reduction. In this work, study of the core annular flow of heavy oils and water in a pipe
is presented. Numerical simulation of the axisymmetric laminar core, turbulent annular
flow is carried out using the standard k4~ model. The flow field and flow
characteristics are investigated using Fluent 6.32 CFD package. The core annular flow
of heavy oils water in 15.24 cm diameter pipe is considered. The influence of different
core annular flow parameters upon pressure gradient and friction coefficient is

investigated. Flow parameters considered are flow Reynolds number, oil to water

ii



Abstract

viscosity ratio, water to oil volume ratio, core to pipe diameters ratio, and oil and water

superficial velocity. Oil and water flow development is also investigated.

Flow structure investigation demonstrated that major changes in flow structure
occur at the oil-water interface. The fully-developed velocity profile of oil-water core
annular flow exhibits distinguishable core and annular regions, and the oil velocity
profile in the core region is almost constant with little variations, while in the annulus
it looks like a turbulent one with sharp increase near the wall to maximum at oil-water
interface. For heavy oils with viscosity p>3000 cP, velocity profile exhibits constant
distribution in the oil core and the core looks like a rigid body carried by the annular

water flow.

Results show that the pressure drop and friction losses of the oil-water core
annular flow is much smaller compared to those of oils flowing alone in the pipeline.
That means saving a lot of pumping power is achieved when injecting small amount of
water to encapsulate heavy oil in the pipe core. Results of oil-water core annular flow

exhibit better reduction in friction loss in pipes with thicker water annulus.

It has been demonstrated that friction coefficient C; of heavy oil pipe flow, as

single phase, is in full agreement with the well-known Blasius relation (¢ = 16/Re.
For the results presented in this work, the friction coefficient Cy of the heavy oil-water

core annular flow is best fitted by the relation Cr = 0.003. Re, ™12,

Results show that the reduction in pressure gradient ratio @ and friction
coefficient ratio p of oil-water flow increases with the viscosity of the heavy oil p,.
The pressure gradient ratio @ is best fitted to oil’s viscosity (u4,) by the
relation ® = 0.126. [pr]°'7, whereas the friction coefficient ratio p is best fitted by
B =0.083.[p ]%77. The results of ®, and B are best fitted to oil based Reynolds

number as, ® = 1016/Re,*"* and p = 1515 /Re, %" showing that they are inversely

proportional to the relative viscosity B
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Abstract -

Abstract

Conserved estimates show that heavy oil reserves are estimated to be more than
six trillion barrels throughout the world. Their importance tends to increase
progressively, as light oil fields are exhausting. The progressive increase of oil demand
coupled with the depletion of light crude oils has led to the rapid development of the
large world resources of heavy oils. Production of heavy crudes is increasing
significantly as low viscosity crudes are depleted. The production of hydrocarbons
from heavy oil and bitumen (oil sands) reserves increases annually. The main problem
is their high flow resistance caused by the high viscosity. This makes its transportation

almost impossible, due to the immense power requirement.

Water lubricated transport of heavy oil is an effective technique for the pipeline
transportation of such high viscosity oils. Water is injected into the oil pipelines such
that it flows as annular film encapsulating the oil in the core region. Such flow is well
known as oil-water core annular pipe flow. Water is acting as lubricant for heavy oils
transport in pipeline. Since oil does not come in contaci with the wall, the wall shear is
comparable to the shear encountered during the flow of water in the pipe. This reduces

drastically the pumping power and the cost of transportation of heavy oil and bitumen.

Literature review reveals that there is limited number of numerical studies
concerning the core annular flows of heavy oils and water. Many aspects need to be
clarified such as flow structure and the influence of different parameters on pressure
reduction. In this work, study of the core annular flow of heavy oils and water in a pipe
is presented. Numerical simulation of the axisymmetric laminar core, turbulent annular
flow is carried out using the standard k4~ model. The flow field and flow
characteristics are investigated using Fluent 6.32 CFD package. The core annular flow
of heavy oils water in 15.24 cm diameter pipe is considered. The influence of different
core annular flow parameters upon pressure gradient and friction coefficient is

investigated. Flow parameters considered are flow Reynolds number, oil to water
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viscosity ratio, water to oil volume ratio, core to pipe diameters ratio, and oil and water

superficial velocity. Oil and water flow development is also investigated.

Flow structure investigation demonstrated that major changes in flow structure
occur at the oil-water interface. The fully-developed velocity profile of oil-water core
annular flow exhibits distinguishable core and annular regions, and the oil velocity
profile in the core region is almost constant with little variations, while in the annulus
it looks like a turbulent one with sharp increase near the wall to maximum at oil-water
interface. For heavy oils with viscosity p>3000 cP, velocity profile exhibits constant
distribution in the oil core and the core looks like a rigid body carried by the annular

water flow.

Results show that the pressure drop and friction losses of the oil-water core
annular flow is much smaller compared to those of oils flowing alone in the pipeline.
That means saving a lot of pumping power is achieved when injecting small amount of
water to encapsulate heavy oil in the pipe core. Results of oil-water core annular flow

exhibit better reduction in friction loss in pipes with thicker water annulus.

It has been demonstrated that friction coefficient C; of heavy oil pipe flow, as

single phase, is in full agreement with the well-known Blasius relation (¢ = 16/Re.
For the results presented in this work, the friction coefficient Cy of the heavy oil-water

core annular flow is best fitted by the relation Cr = 0.003. Re, ™12,

Results show that the reduction in pressure gradient ratio @ and friction
coefficient ratio p of oil-water flow increases with the viscosity of the heavy oil p,.
The pressure gradient ratio @ is best fitted to oil’s viscosity (u4,) by the
relation ® = 0.126. [pr]°'7, whereas the friction coefficient ratio p is best fitted by
B =0.083.[p ]%77. The results of ®, and B are best fitted to oil based Reynolds

number as, ® = 1016/Re,*"* and p = 1515 /Re, %" showing that they are inversely

proportional to the relative viscosity B

iii
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