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the fluid increases, more of the hotter fluid from the bottom displaces the colder fluid
in the wellbore at any given point and therefore the temperature increases. ANSYS
Fluent was used to simulate the fluid flow and heat transfer in wellbore of crude oil
flowing upward in the tubing and gas (air) injected through holes to increase the
wellbore production. Results show that the crude oil velocity seems to be decreased
downstream throughout the tubing. The pressure seems to be reduced throughout the
tubing because of losses cause the friction between crude oil and the tubing wall. Eddy
viscosity of crude oil be larger at the entering and fluctuated between decrease and
increase throughout the tubing. Turbulent eddy dissipation be large only at the
entering (bottom) and gradually reduced along the tubing till it minimum value at the
exit (top). The turbulent kinetic energy be larger be larger at the entering (bottom) and
minimized throughout the tubing till it be in a lower value at the exit (top). Crude oil
temperature was decreased along the tubing centerline and the minimum value at the
tubing exit (top). The heat transfer coefficient value be minimum at the entering and
increased suddenly through the (0.1) of the total tubing length.
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1. Introduction

One of the wonders of modern science is the ability to discover or create energy intensive fuels.
The on-going battle between the depleting energy resources and the initiatives to find new ones has
given birth to a need of a greater workforce striving towards this important task. According to recent
surveys, the World population is expected to increase by a billion in the next decade. Due to such
unprecedented increase in population, energy demands are expected to soar high as well. And with
most of the ‘easy hydrocarbon’ almost on the verge of depletion, it behooves us to remember that
the total hydrocarbon reserve of the world is finite and it is dwindling every day. Thus it becomes
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incumbent to find new resources and develop efficient and economically feasible means of extracting
the available ones [1].

One of the earliest works in this field could be traced back to Schlumberger et al., [2] who indicate
the utility for measuring temperature of the wellbore fluid. Following this, there were a few
developments in the area but it was not until two decades later that Moss and White [3] and Lesem
et al., [4] came up with procedures to estimate wellbore fluid temperature. Edwardson et al., [5]
were firstly to offer a theoretical sample to estimate temperature for fluid as a function of the
production time and the well depth. Sagar et al., [6] made a significant improvement by extending
Ramey’s work to include multiphase flow and accounting for the kinetic energy effects and Joule -
Thompson expansion using an empirical approach. Alves et al., [7] came up with the merged equation
for temperatures of flowing which was applicable to both wellbores and pipelines, and degenerated
into Ramey’s equation for single phase incompressible liquid. In addition, they also accounted for
convective heat transfer in the casing annulus, demonstrating excellent coherence with the field
data. In more recent time, Hagoort [8] illustrated a graphic correlation to assessment the length of
early passing period for the flowing well. This development was based on the result of revisiting
Ramey’s model on which Hagoort made further improvement by presenting an analytically solution
for temperature of wellbore fluid of the gas wells. Hasan et al., [9] developed analytical models for
transient wellbore fluid temperature for both draw-down and build-up for transient gas-well testing.
Their models were validated with field data. Their model assumed conduction to be the only mode
of significant heat transfer. lzgec et al., [10] proposed improvements to the previous analytic
temperature models by developing a numerical differentiation scheme which removed the
limitations imposed by the constant relaxation parameter assumption used in previous models. In a
more recent study, Bahonar et al., [11] developed a numerically full implicit non-isothermal wellbore
- reservoir simulator. They solve the heat transfer problem in much the same way as Hasan et al., [9]
and stretch its application to the design of gas well tests and interpretation for the both non-
isothermal gas reservoirs and isothermal. Mbaya and Amin [12] developed a new model for unsteady
state flow of gas in the production wellbore with the general physical situation of the well such as
the wellbore and surface materials, formation. Many researchers adopted researches on fluid flow
and heat transfer in pipeline [13-21].

In this paper, modeling of velocity, pressure and temperature distribution, eddy viscosity,
turbulent eddy dissipation, turbulent kinetic energy and heat transfer coefficient for the process of
gas injection in wellbore.

2. Heat Transfer of the Wellbore

Two major classes of the models found in the literature for the quantitative temperature
analyses.

The initial model was suggested by Ramey [22] in which analytical expressions for the wellbore
temperature were obtained. This model considers the heat flow problem in steady-state by
neglecting heat conduction in the vertical direction, changes in the fluid injection rate, horizontal
temperature gradients, and any variations of either the heat capacities or the densities of the
formation materials or the injected fluids. [23].

The second class includes McKinley’s model (1986) and other similar models which rely on an
energy balance for the produced fluids and neglect the formation properties provides a review of
these models [23].

2.1 Formation of Temperature Distribution
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The transient one-dimensional heat flow around the well is given by the following partial
differential equation.

10 6Ti) _ aT;
r or (klr ar/) plcpl at (1)

Hasan and Kabir [24] developed a formation temperature distribution model, TD, applicable for
a finite wellbore inner boundary condition that allows easy calculation of wellbore heat loss and
flowing fluid temperature for steady state, two-phase flow. Initially the formation temperature
remains unalterable with time and at the outer boundary the formation temperature does not
change with radial distance.

The heat transfer between the surrounding formation and wellbore - soil interface as can be
calculated according to the following ordinary differential equation.

dQ _ 27K,
dz ~ WKp

(Twp —Te) (2)

The temperature of the Wellbore fluid is controlled by the rate of heat loss from the wellbore to
the surrounding formation, which in turn is a function of production/injection time and depth [24].

2.2 Energy Balance of the Wellbore Fluid

Ramey progressed an approximate solution to the conduction heat transfer problem involved in
motion for fluid during the wellbore [25]. In this solution, two major assumptions are considered.
i.  heat flow through different thermal resistances in the wellbore can be represented by steady
state solutions.
ii.  heat flows radially away from the wellbore (Figure 1) [23].

No Heat Flux Boundary
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Fig. 1. Schemati

(@}

iagram for the wellbore heat transfer [23]

By Ramey the classic model advanced beginning with total energy equation below.
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dH + dEpotentiar + AdEkinetic = dQ (3)

where

Q —the heat transfer

E —the energy

H — the enthalpy of fluid

2.3 Numerical Part

In this work, Modeling of fluid flow and heat transfer through stainless steel wellbore of outside
tubing diameter of 0.073 m, inside casing diameter of 0.18 m, depth of 1.5 km, flow of crude oil
(dynamic viscosity of 6.919x10°3 Pa.s, density of 871, thermal conductivity of 0.145 W/m.K) through
a tubing with velocity of 7.12 m/s, temperature of 673 K. In the case of gas lift which includes injection
of gas (air) in casing to enhance wellbore production, for our work, velocity of injected gas (air) was
0.01m/s, temperature of 573 K. All results were obtained using ANSYS Fluent Version 16.

3. Results and Discussion
3.1 Velocity Distribution

Figure 2 shows contour of velocity distribution of crude oil through tubing, the crude oil velocity
seems to be decreased downstream throughout the tubing, this behavior can be clearly presented in
Figure 3, which presents the velocity distribution of crude oil through the centerline tubing. The crude
oil velocity was decreased along the tubing because of the losses cause the friction between tubing
wall and crude oil.

Velocity
Contour 1

7.274e+000
‘ 6.546e+000
5.819e+000
5.092e+000
4.365e+000
3.637e+000
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2.183e+000
1.456e+000
I 7.283e-001
1.000e-003
[m s*-1]

Fig. 2. Velocity contour of crude oil through
the tubing
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Fig. 3. Velocity distribution of crude oil through the tubing centerline

3.2 Pressure Distribution

Figure 4 presents contour of pressure distribution of crude oil through the tubing and it can be
presented as pressure distribution in the tubing centerline, as shown in Figure 5. The pressure seems

to be reduced throughout the tubing because of losses cause the friction between the tubing wall
and crude oil.

Pressure
Contour 1

2.793e+004
! 2.514e+004
2.234e+004
1.955e+004
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1.396e+004
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2.793e+003

-1.413e-002
[Pa]

Fig. 4. Pressure contour of crude oil through the tubing
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Fig. 5. Pressure distribution of crude oil through the tubing centerline
3.3 Eddy Viscosity

Viscosity causes shear stress in response to shearing of the flow. Eddies cause a similar effect,
but they do it by physical moving faster fluid into slower regions and moving slower fluid into faster
regions. Lots of little eddies make the fluid behave as though it had more viscosity. This phenomenon
can be presented in Figure 6, which presents the contour of eddy viscosity of crude oil flowing
through the tubing. Its value be larger at the entering and fluctuated between decrease and increase
throughout the tubing as shown clearly in Figure 7.

Eddy Viscosity
Contour 1
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Fig. 6. Eddy viscosity contour of crude oil through
the tubing
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Fig. 7. Eddy viscosity distribution of crude oil through the tubing centerline
3.4 Turbulent Eddy Dissipation

The behavior of Turbulent Eddy Dissipation for the flow of crude oil upward through the tubing
can be presented in Figure 8, which presents the contour of Turbulent Eddy Dissipation. Its value be
large only at the entering (bottom) and gradually reduced along the tubing till it minimum value at
the exit (top) as shown in Figure 9.

Turbulence Eddy Dissipation
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Fig. 8. Turbulent eddy dissipation contour of
crude oil through the tubing
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Fig. 9. Turbulent eddy dissipation distribution of crude oil through the tubing centerline
3.5 Turbulent Kinetic Energy

The turbulent kinetic energy can be defined as the variance of the fluctuations in velocity with
dimensions of m?/s2. Figure 10 presents the turbulent kinetic energy for flowing of crude oil upward
through the tubing, its values be larger be larger at the entering (bottom) and minimized throughout
the tubing till it be in a lower value at the exit (top) as shown in Figure 11.

Turbulence Kinetic Enangy
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Fig. 10. Turbulent kinetic energy contour
of crude oil through the tubing
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Fig. 11. Turbulent kinetic energy distribution of crude oil through the tubing centerline

3.6 Temperature Distribution

Figure 12 shows temperature distribution through the tubing centerline. It can be seen that crude
oil temperature was decreased along the tubing centerline and the minimum value at the tubing exit
(top) because of heat will be transfer from the crude oil (higher temperature) to gas (air) which have
the lower temperature.
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Fig. 12. Temperature of crude oil through the tubing centerline

3.7 Heat Transfer Coefficient

The coefficient of Heat transfer or Film effectiveness, or film coefficient is proportionality
constant between thermodynamic temperature difference and heat flux and the, surface area where
the heat transfer take place, its units of W/m?2K. This coefficient can be presented in Figure 13. Its
value be minimum at the entering and increased suddenly through the (0.1) of the total tubing length,
then stabilized till half of the total tubing length and suddenly increased through the last quarter of
tubing.
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Fig. 13. Heat transfer coefficient of crude oil between the crude oil and
tubing

4. Conclusions

The following conclusions can be drawn from the present project.

Vi.

Vii.

The crude oil velocity seems to be decreased downstream throughout the tubing.

The pressure seems to be reduced throughout the tubing outcome of losses cause friction
between the tubing wall and crude oil.

Eddy viscosity of crude oil be larger at the entering and fluctuated between decrease and
increase throughout the tubing.

Turbulent eddy dissipation be large only at the entering (bottom) and gradually reduced along
the tubing till it minimum value at the exit (top).

The turbulent kinetic energy be larger be larger at the entering (bottom) and minimized
throughout the tubing till it be in a lower value at the exit (top).

Crude oil temperature was decreased along the tubing centerline and the minimum value at
the tubing exit (top).

The heat transfer coefficient value be minimum at the entering and increased suddenly
through the (0.1) of the total tubing length.

References

(1]

(2]
(3]
(4]
(5]
(6]
(7]

Alpak, Faruk O., Hani Elshahawi, Mohamed N. Hashem, and Oliver C. Mullins. "Compositional modeling of oil-
based-mud-filtrate cleanup during wireline formation tester sampling." SPE Reservoir Evaluation & Engineering 11,
no. 2 (2008): 219-232.

Doll, H. G., and A. A. Perebinossoff. "Temperature measurements in oil wells." Journal of the Institute of Petroleum
Technologists 23 (1937): 25.

Moss, J. T., and P. D. White. "How to calculate temperature profiles in a water-injection well." Oil and Gas J 57, no.
11 (1959): 174.

Lesem, Louis B., Frank Greytok, Frank Marotta, and John J. McKetta Jr. "A method of calculating the distribution of
temperature in flowing gas wells." (1957).

Edwardson, M. J., H. M. Girner, H. R. Parkison, C. D. Williams, and C. S. Matthews. "Calculation of formation
temperature disturbances caused by mud circulation." Journal of Petroleum Technology 14, no. 4 (1962): 416-426.
Sagar, Rajiv, D. R. Doty, and Zelimar Schmidt. "Predicting temperature profiles in a flowing well." SPE production
engineering 6, no. 4 (1991): 441-448.

Alves, I. N, F. J. S. Alhanati, and Ovadia Shoham. "A unified model for predicting flowing temperature distribution
in wellbores and pipelines." SPE production Engineering 7, no. 4 (1992): 363-367.

69



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 60, Issue 1 (2019) 60-70

(8]
(9]

(10]

(11]

(12]
(13]
(14]
(15]
(16]

(17]

(18]

(19]

[20]

[21]

(22]

(23]

[24]

[25]

Hagoort, Jacques. "Ramey's wellbore heat transmission revisited." SPE journal 9, no. 4 (2004): 465-474.

Hasan, A. Rashid, C. Shah Kabir, and Dongging Lin. "Analytic wellbore temperature model for transient gas-well
testing." In SPE Annual Technical Conference and Exhibition. Society of Petroleum Engineers, 2003.

Izgec, Bulent, C. Shah Kabir, Ding Zhu, and A. Rashid Hasan. "Transient fluid and heat flow modeling in coupled
wellbore/reservoir systems." SPE Reservoir Evaluation & Engineering 10, no. 3 (2007): 294-301.

Bahonar, Mehdi, Jalel Azaiez, and Zhangxing John Chen. "Transient nonisothermal fully coupled wellbore/reservoir
model for gas-well testing, part 1: Modelling." Journal of Canadian Petroleum Technology 50, no. 9/10 (2011): 37-
50.

Mbayaa, J. H., and N. Aminb. "Modelling Unsteady Flow of Gas and Heat Transfer in Producing Wells." Journal of
Advanced Research in Fluid Mechanics and Thermal Sciences 6, no.1 (2015): 19-33.

N. A. Che Sidik , and O. Adnan Alawi.” Computational Investigations on Heat Transfer Enhancement Using
Nanorefrigerants.” Journal of Advanced Research Design 1 no. 1 (2014): 35-41.

MM Jamil, Ml Adamu, TR Ibrahim, GA Hashim.” Numerical Study of Separation Length of Flow through Rectangular
Channel with Baffle Plates.” Journal of Advanced Research Design 7 no. 1 (2015): 19-33.

S Zainal, C Tan, C Sian, T Siang.” ANSYS Simulation for Ag/HEG Hybrid Nanofluid in Turbulent Circular Pipe.” Journal
of Advanced Research in Applied Mechanics 23 no. 1 (2016): 20-35.

B Liu, H Wang, Z Yin.” Numerical Prediction of Thermal Conductivity of Hollow Glass Microsphere-Filled Cement
Composites.” Journal of Advanced Research in Materials Science 24 no. 1 (2016): 9-19.

Mohammed Wahhab Aljibory, Farhan L. Rashid and Shahid M. Abu Alais.” An Experimental and Numerical
Investigation of Heat Transfer Enhancement Using Annular Ribs in a Tube.” IOP Conference Series: Materials
Science and Engineering 433 no. 1 (2018): 1-20.

Farhan Lafta Rashid , Auda J.Braihi, Ahmed Hashim, Akram Jassim Jawad.” Drag Reduction of Iraqi Crude Oil Flow
in Pipelines by polymeric Additives.” International Journal of Mechanical Engineering and Technology 13 no. 9
(2018): 1049-1060.

Mohammed W. Al-Jibory , Farhan Lafta Rashid, Shaheed Mahdi Talib.” An experimental Investigation of Heat
Transfer Enhancement in Elliptical Passage Fitted with Different rib Geometries.” International Journal of
Mechanical Engineering and Technology 13 no. 9 (2018): 1033-1048.

Farhan L Rashid, Shahid M Talib, Aseel Hadi and Ahmed Hashim.” Novel of thermal energy storage and release:
water/(Sn0O2 -TaC) and water/(Sn02 -SiC) nanofluids for environmental applications.” IOP Conference Series:
Materials Science and Engineering 445 (2018): 1-4.

Aseel Hadi, Farhan Lafta Rashid, Hasan Qahtan Hussein and Ahmed Hashim.” Novel of water with (Ce02-WC) and
(SiC-WC) nanoparticles systems for energy storage and release applications.” IOP Conf. Series: Materials Science
and Engineering 518 (2019): 2-5.

Ramey Jr, H. J. "Wellbore heat transmission." Journal of Petroleum Technology 14, no. 04 (1962): 427-435.
Elshahawi, Hani, Magdy S. Osman, and Mahmut Sengul. "Use of temperature data in gas well tests." In SPE Annual
Technical Conference and Exhibition. Society of Petroleum Engineers, 1999.

Hasan, A. Rashid, and C. S. Kabir. "Aspects of wellbore heat transfer during two-phase flow (includes associated
papers 30226 and 30970)." SPE Production & Facilities 9, no.3 (1994): 211-216.

Muradov, Khafiz Mikhailovich, and David R. Davies. "Temperature Modelling and Analysis of Wells with Advanced
Completion." In EUROPEC/EAGE Conference and Exhibition. Society of Petroleum Engineers, 2009.

70


https://iopscience.iop.org/journal/1757-899X
https://iopscience.iop.org/journal/1757-899X

