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ABSTRACT

In this paper, the transportation economy of two heated crude oil pipelines laid in one ditch is analyzed by taking
into account the influence of operating temperature, interval between two pipelines, and distance between two
heating stations on the heating energy consumption. To analyze the transportation economy, the two heated crude
oil pipelines laid in one ditch are simulated under four operating conditions based on an unstructured finite volume
method. Compared with laying two crude oil pipelines separately in two ditches, the results attest notably higher soil
temperature, meaning reduced heat dissipation of each pipeline by laying two pipelines in one ditch. It is inferred
that for the same desired oil temperature at the inlet of the next heating station, laying two pipelines in one ditch
requires lower oil temperature at the outlet of heating station, indicating decreased energy cost at the heating station
and improved transportation economy. Then economy analysis of four configurations of laying two pipelines in one
ditch is performed. By comparing the results of four conditions, the interval between two pipelines of 1.2 m is found
to save the energy most efficiently, which is as large as 26.6% compared with that of laying two pipelines in two
separate ditches. In addition, narrowing the pipeline interval and extending the distance between heating stations
is beneficial to save heating energy. This study is expected to provide valuable guidance for operation optimization
of heated crude oil pipelines.
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1 Introduction

In the past decades, there have been ever increasing exploitation of oil and gas. While at the same
time, a large number of existing crude oil pipelines are close to or beyond its service life, leading to
the decrease of oil transportation capacity. Laying two crude oil pipelines in the same ditch has been
accepted as an effective means to improve the transportation efficiency in petroleum transportation
engineering [1—4]. In addition, laying two crude oil pipelines in one ditch can significantly save the
investment of pipeline construction. Besides, a large percentage of crude oil produced in China has
high wax content and pour point, which needs to be heated during transportation to guarantee smooth

This work is licensed under a Creative Commons Attribution 4.0 International
@ @ License, which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.


http://dx.doi.org/10.32604/ee.2022.019526
mailto:liangyt21st@163.com

2050 EE, 2022, vol.119, no.5

flow [5—8]. Due to the temperature difference between heated oil in the pipeline and soil surrounding
the pipeline, heat is transferred from the oil to the soil and then dissipated into the atmosphere. When
the two hot crude oil pipelines are laid in one ditch, the soil around pipelines is heated under combined
effect of two pipelines, and the thermal field of two crude oil pipelines interact with each other, leading
to decrease heat dissipation along the pipeline and reduce heating energy consumption for smooth
transportation. Thus, laying two heated crude oil pipelines in one ditch can reduce the operating cost
and promote a better economic performance.

The technology of either laying the crude oil pipeline and product oil pipeline in one ditch, or
laying the crude oil pipeline and natural gas pipeline in one ditch has been extensively studied by
researchers. For example, through numerical simulations, Yu et al. [9—1 1] compared the thermal fields
of two oil pipelines laid in the same ditch with that laid separately, and the thermal effect of product
oil pipeline on the crude oil pipeline in one ditch was revealed. Ling et al. [12,13] investigated on
the influence of product oil pipeline on hot crude oil pipeline under different operation parameters,
especially the impact on the oil temperature was the main concern in their work. Zhang et al. [14]
conducted research to analyze the effect of product oil pipeline on crude oil pipeline transporting hot
and cold crude oil in sequence. Wang et al. [15] studied the configuration of laying natural gas pipeline
and oil pipeline in one ditch. Under various intervals between two pipelines, the temperature difference
and thermal characteristics of laying natural gas pipeline and oil pipeline in one ditch were compared
with that of laying two pipelines separately in two ditches. For Shanshan-Lanzhou pipeline in China,
Wu et al. [16] calculated the temperature drop of hot oil pipeline and product oil pipeline laid in one
ditch during a shutdown period. It was reported that in February, a shutdown of 72 h was acceptable
and the heating station along the pipeline was reasonably arranged; when the interval between hot oil
pipeline and product oil pipeline was 1.2 m, the influence of product oil pipeline on the shutdown of
hot crude oil pipeline is negligible. Readers of interest can also refer to [1 7-22] for more information.
From the literature review, it is known that previous researches have devoted great effort to studying the
thermal impact by laying two pipelines in one ditch, however, the investigation on economic benefits
by laying two pipelines in one ditch is still insufficient and more effort is needed.

In this paper, the technology of laying two hot crude oil pipelines in one ditch is carefully studied
under four representative operating conditions, and the energy consumption and transportation
economy under different operating temperatures are analyzed quantitatively. The results are expected
to provide data support for economy analysis. In addition, this research will be valuable reference for
the application of laying two pipelines in one ditch in petroleum transportation engineering.

2 Mathematical Model and Numerical Methods

2.1 Mathematical Model

The computational domain of laying a hot crude oil pipeline in the ditch is shown in Fig. 1a,
where the soil domain thermally affected by the pipeline is restricted within 10 m from the pipeline,
thus the size of the computational domain is —10m < x < 10m and —10 < y £ 0 m. While when
laying two hot crude oil pipelines in one ditch, considering that the soil is thermally affected by both
two pipelines, the computational domain is determined as Fig. 1b to ensure an equilibrium heating
effect of the two pipelines on the surrounding soil. In Fig. 1b, the oil pipeline 1 locates at exactly the
y-direction symmetry axis of the domain, while the oil pipeline 2 is located at the left side of pipeline
1 with a L, distance (interval) along the x axis.
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Figure 1: Sketch map of buried hot crude oil pipelines

Comprehensively considering the interaction between crude oil, wax deposition layer, steel
layer, anti-corrosion coating, soil, and air, the mathematical model of oil pipeline transportation is
established based on the following assumptions [9—12]: (a) The temperature of crude oil only depends
on time and axial position along the pipeline; (b) Soil is treated as an isotropic homogeneous medium,;
(c) The temperature drop of soil along the pipeline axial direction is ignored, and thus the three-
dimensional heat transfer can be simplified as the two-dimensional one.

Based on above assumptions, the governing equations including the continuity equation, momen-
tum equation, and energy equation for the pipeline transportation of crude oil can be written as,
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where p is the crude oil density, kg/m?®; A4 is the cross-section of pipeline, m?; 7 is the time, s; V' is the
mean velocity of oil flow, m/s; z is the axial coordinate, m; g is the acceleration of gravity, —9.81 m/s?;
£ is the Darcy friction coefficient; s is the location of elevation, m; u is specific internal energy of crude
oil, J/kg; h is the specific enthalpy of crude oil, J/kg; D is the internal diameter of pipeline, m; T is
the temperature of crude oil, °C; « is the angle between pipeline axis and horizontal direction; p is the
average cross-section pressure of the flow, Pa; ¢ is the dissipated heat of crude oil on unit pipe wall
area in unit time, W/m?.

On the basis of Egs. (1)~(3), the heat exchange equation of oil flow can be derived as,
dT7 T dp fV® = 4q

= — 4
"dt  p dt 2D pD @)

where C, is the specific heat capacity at constant pressure of crude oil, J/(kg-°C); B is the expansion
coefficient of crude oil, °C~".
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The heat transfer equation of wax deposition layer, pipe wall and anti-corrosion coating is
described as,

aT; 10 aT; 10 aT,
P = v ) T s M) ©)
where i =1, 2, 3 respectively denote the wax deposition layer, pipe wall and anti-corrosion coating; r is
the radial coordinate, m; 6 is the circumferential coordinate; p; represents the density of the ith layer,
kg/m?; C; corresponds to the specific heat capacity of ith layer, J/(kg-°C); T; is the temperature of ith
layer, °C; X, is the heat conductivity coefficient of ith layer, W/(m-°C).

The boundary condition (third type of condition or Robin condition) is presented as follows:

T

where T is the temperature of internal pipe wall, °C; «, is the heat transfer coefficient from oil flow
to pipe internal wall, W/(m?-°C).
According to the laws of thermodynamics, the heat transfer equation of soil can be formulated as,
oT, a _ dT, a 0T
IOSCS_ = _()‘-q_) + _()"%_
at ax  ~ ox ay 0y
where p,, C, and A, are respectively the density, specific heat capacity and heat conductivity coefficient
of soil, kg/m?, J/(kg-°C), and W/(m-°C). T, is the temperature of soil, °C.

The corresponding boundary conditions are set as,

) (7
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where «, is the heat transfer coefficient from the ground surface to the air, W/(m*.°C); T, is the air
temperature, °C; T, is the soil temperature at the buried depth of H, °C.

2.2 Numerical Methods

In this study, the hydraulic and thermal characteristics of the two buried crude oil pipelines laid
in one ditch are simulated using an unstructured finite volume method [10,11]. The computational
domain is discretized and then the location of each node and corresponding control volume are
determined. Specifically, the unstructured triangular grid is used to discretize the soil region, as shown
in Fig. 2; and the polar grid is applied to discretize the wax deposition layer, steel layer, and anti-
corrosion coating, with the enlarged details presented in Fig. 3[23]. The hot oil pipelines are discretized
by one-dimensional girds, with the computational node starting from the outlet of the upstream
heating station (node 1), ending at the inlet of the downstream heating station (node n), as shown
in Fig. 4. Readers of interest can refer to [11,23] for more details regarding the grid system.
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Figure 2: Unstructured triangular grid of the soil domain

\/ AN ~ 0
,qﬁ%ﬂﬂ'g%"""«huuu A
SO
[P S NV

=

NS
NSRRI
OEERRS

Figure 3: Polar grid for wax deposition layer, steel layer and anti-corrosion coating
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Figure 4: Grid of the pipeline

3 Results and Discussions

3.1 Calculation Conditions
Based on the field data, the calculation parameters that have appreciable influence on the oil
temperature along pipeline are selected and set carefully in numerical cases in this part. These
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parameters include the pipeline diameter, distance between two heating stations, interval between two
pipelines, pipeline buried depth, soil temperature at pipeline buried depth, heat conductivity coefficient
of soil, throughput of two oil pipelines, and oil temperature at the outlet of heating station. The values
of these parameters are presented in Table | and the reasons for setting these values are based on
following considerations.

Table 1: Parameter settings in the numerical cases

Parameters Values
Diameter of oil pipeline 1 (mm) ¢720 x 8
Diameter of oil pipeline 2 (mm) ¢813 x 10.3
Distance between two heating station (km) 120
Pipeline buried depth (m) 1.6

Soil temperature at pipeline buried depth (°C) 1.6

Heat conductivity coefficient of soil (W/(m-°C)) 1.4
Throughput of oil pipeline 1 (t/a) 1500 x 10*
Throughput of oil pipeline 2 (t/a) 1900.5 x 10*
Freezing point of crude oil (°C) 32
Thickness of anti-corrosion coating (mm) 4
Thickness of wax deposition layer (mm) 4

(a) Pipeline diameter: the pipeline diameter in the fields of China generally ranges from 377 to
1016 mm in diameter. Accordingly, the oil pipeline 1 in Fig. 2 is selected as $720mm x 8§ mm and
the oil pipeline 2 is set as 813 mm x 10.3mm; (b) Distance between two heating stations: it is the
distance from the outlet of a heating station to the inlet of the neighboring downstream heating station,
which is set as 120 km in this study; (c) Interval between two pipelines: with a small interval between
two pipelines, the construction in the field is difficult. While, if the interval between two pipelines is
extremely large, laying two pipelines in one ditch is degraded to be similar with that laying two pipelines
in two ditches separately. Thus, the interval between two pipelines is generally restricted between
0.7-1.6 m. In this study, the interval of 1.2 and 1.6 m is selected; (d) Throughput of two pipelines:
in engineering practice, there is a range of economic velocity for oil transportation, which is within
1-2m/s. In present numerical cases, the economic velocity is set as 1.5m/s and then the throughput
of two oil pipelines can be determined; (¢) Pipeline buried depth (namely the distance between the
center of the pipeline and the ground surface): from the perspective of construction feasibility and
construction convenience, the pipeline buried depth should be within 1.2-1.6 m. Generally, a larger
pipeline buried depth is favorable for a larger pipeline diameter. In present study, the pipeline buried
depthis set as 1.6 m; (f) Soil temperature at pipeline buried depth: it is commonly around 0°C in winter,
while in summer it is about 20°C. At different locations, the soil temperature at pipeline buried depth
is different because of the various external environments. In this work, the average soil temperature
at pipeline buried depth in winter is selected, which is set as 1.6°C; (g) Heat conductivity coefficient
of soil: according to the geological characteristics of China, the heat conductivity coefficient of soil
is generally in the range of 1.2-2.6 W/(m-°C), basically it is set as 1.4 W/(m-°C) in present numerical
cases.
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The other physical parameters used in the simulation are presented as follows: the crude oil density
is 860 kg/m?, the heat conductivity coefficient of oil is 0.1378-0.0002 T W/(m-°C); the specific heat
capacity and the viscosity of crude oil is a function of oil temperature [24]; the expansion coefficient
of crude oil is 7.8 x 107*°C~". The density of wax deposition layer, pipe wall and anti-corrosion
coating layer is 1200, 7800, 1000 kg/m®, respectively; the specific heat capacity of wax deposition
layer, pipe wall and anti-corrosion coating layer is 2000, 465, 1400 J/(kg-°C), respectively; the heat
conductivity coefficient of wax deposition layer, pipe wall and anti-corrosion coating layer is 0.19,
48, 0.15 W/(m-°C), respectively. The soil density is 1800 kg/m’, the specific heat capacity of soil is
980 J/(kg-°C). The heat transfer coefficient from the ground surface to the air is 20.6 W/(m?.°C); the
air temperature is set as 10°C.

Except for above parameter settings, the oil that transported in the two pipelines is waxy crude
oil with the freezing point of 32°C. The thickness of anti-corrosion coating and wax deposition of
the pipeline is set as 4 mm. According to “Code for design of oil transportation pipeline engineering
(GB50253-2014)”, the oil temperature at the inlet of heating station should be 3°C higher than the
freezing point of crude oil. When two pipelines transport the same waxy crude oil, provided the freezing
point is 32°C, the oil temperature at the inlet of heating station should not be lower than 35°C, which is
referred as the allowable lowest inlet oil temperature. Then the oil temperature at the outlet of heating
station can be determined accordingly.

3.2 Simulation Results and Analysis

For comparison, the following numerical cases are considered: (a) the oil pipelines 1 and 2 are laid
separately in two ditches, namely standard case; (b) the oil pipelines 1 and 2 are laid in one ditch with
the interval of 1.2 and 1.6 m, namely the test cases. To make sure that the oil temperature along the
pipeline is higher than the allowable lowest inlet oil temperature, the oil temperature at the outlet of
heating station for oil pipeline 1 is not lower than 51°C, while that for oil pipeline 2 is not lower than
48°C.

Table 2 presents the oil temperature at the outlet and inlet of heating station for above numerical
cases. The comparison indicates that by laying the oil pipelines 1 and 2 in the same ditch, the oil
temperature at the outlet of heating station is at least 2°C higher than that of standard case laying two
oil pipelines in two separate ditches. In addition, it can be found that with smaller interval between
the two oil pipelines, the increase of oil temperature against that of standard cases is more obvious.

Table 2: Comparison of oil temperature at the inlet and outlet of heating stations

Cases Interval (m) Inlet oil temperature (°C) Outlet oil temperature (°C)
Pipeline 1 Pipeline 2 Pipeline 1 Pipeline 2
Standard case - 35.00 35.00 51.00 48.00
Test case 1.2 38.51 37.51 51.00 48.00
1.6 37.99 37.06 51.00 48.00

To clarify the influence of pipeline laying mode on the economy of pipeline operation, firstly the
soil temperature fields at the inlet and outlet of a heating station are presented, as shown in Figs. 5 and
6. In addition, the heat flux at ground surface and the oil temperature distribution along the pipeline
are provided in Figs. 7 and §.
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Figure 8: Oil temperature along the pipeline

From Figs. 5 and 6, it can be clearly seen that when the oil pipelines 1 and 2 are laid in the same
ditch, the soil temperature around especially between the two oil pipelines is obviously higher than that
of laying oil pipelines 1 and 2 separately in two ditches. In addition, narrower interval between the two
oil pipelines leads to the higher temperature of surrounding soil, the soil temperature with the interval
of 1.2m is higher than that with the interval of 1.6 m in this study. This phenomenon can be attributed
to the combined heating effect of the two oil pipelines in the same ditch on the surrounding soil, which
is enhanced as the interval between the two oil pipelines is narrowed. It can also be found that the
pipeline laying mode has slight influence on the soil temperature far from the two oil pipelines. In other
words, whether laying two oil pipelines in the same ditch or in two separate ditches, the soil region far
from the two oil pipelines has approximately similar temperature distributions and the thermal impact
of pipeline laying mode is negligible at these regions. Thus, the assumption that the thermal effect of
oil pipelines on the soil is within 10 m from the pipelines is reasonable, and the computational domain
of this study has been properly determined.

Fig. 7 compares the heat flux along the pipeline for both laying two oil pipelines in two separate
ditches and laying two oil pipelines in one ditch. It can be clearly seen from Figs. 7a~7b that any of the
oil pipelines laid in one ditch has a less heat dissipation than that laid separately in two ditches. Fig. 7c
demonstrates that the system has smaller heat dissipation in case of laying two oil pipelines in one
ditch. As the interval between the two oil pipelines in one ditch increases, the heat dissipation along
the oil pipeline also increases, so does the absorbed heat by the atmosphere, while the soil temperature
around the pipelines decreases.

Fig. 8 depicts the oil temperature along oil pipelines laid in the same ditch and laid separately in
two ditches. It can be observed that under the same parameter setting and same oil temperature at the
outlet of a heating station, the oil temperature along the pipeline for laying two oil pipelines in one ditch
is higher than that of laying two oil pipelines separately in two ditches. Besides, the oil temperature
profiles present obvious dependence on the interval between the two pipelines, demonstrating slower
oil temperature drop along the pipeline and higher oil temperature at the inlet of a heating station
as the interval is reduced. Therefore, compared with laying two oil pipelines in two separate ditches,
the oil temperature at the outlet of a heating station can be reduced to a certain extent when two oil
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pipelines are laid in the same ditch, and this is a means to save the energy consumption at heating
stations.

Above numerical analysis indicates that the pipeline laying mode has significant influence on the
heat dissipation in the transportation of hot crude oil. To explore the influence of pipeline laying mode
on the economy of pipeline operation quantitatively, the following four numerical cases are presented
and corresponding parameter setting is shown in Table 3: (a) Test case 1: two hot oil pipelines are laid in
one ditch with the outlet-of-station oil temperature identical with the standard case, being respectively
51°C and 48°C for the two pipelines; (b) Test case 2: two hot oil pipelines are laid in one ditch, and
pipeline 1 has the same outlet-of-station oil temperature 51°C with that of pipeline 1 in the standard
case, while pipeline 2 has the lower outlet-of-station oil temperature than the standard case, by which
the oil temperature at the inlet of the downstream heating station is exactly same with the allowable
lowest oil temperature. (¢) Test case 3: two hot oil pipelines are laid in one ditch, and pipeline 2 has
the same outlet-of-station oil temperature with that of pipeline 1 in the standard case. The outlet-of-
station oil temperature of pipeline 1 is reduced and is exactly the same with the allowable lowest oil
temperature. (d) Test case 4: two hot oil pipelines are laid in on ditch, and the oil temperature at the
outlet of heating stations of the two pipelines is reduced and is exactly same with the allowable lowest
oil temperature.

Table 3: Parameter setting for oil temperature at the inlet and outlet of heating stations

Cases Interval (m) Inlet oil temperature (°C) Outlet oil temperature (°C)
Pipeline 1 Pipeline 2 Pipeline 1 Pipeline 2
Standard case - 35.00 48.00 51.00 48.00
Test case 1 1.2 38.51 48.00 51.00 48.00
1.6 37.99 48.00 51.00 48.00
Test case 2 1.2 38.26 45.00 51.00 45.00
1.6 37.86 46.00 51.00 46.00
Test case 3 1.2 35.45 48.00 46.00 48.00
1.6 35.51 48.00 47.00 48.00
Test case 4 1.2 35.90 46.00 47.00 46.00
1.6 35.45 47.00 47.00 47.00

Through the hydraulic and thermal simulation of laying two hot oil pipelines in one ditch in the
four numerical cases, the oil temperature at the inlet and outlet of heating stations of the two pipelines
is presented in Table 3. In real pipeline operation, considering that the oil temperature at the outlet of
a heating station can be accurately controlled, the calculated oil temperature at the outlet of heating
stations is presented as integers. Table 3 indicates that compared with the standard case and test case
1, the outlet-of-station oil temperature of at least one pipeline in cases 2—4 declines to a certain extent,
among which the case 4 has the largest decrease. Take case 4 as an example, the oil temperature along
the pipeline is shown in Fig. 9. It can be clearly seen from Fig. 9 that although the oil temperature at the
outlet of heating stations of the two pipelines decreases at the same time, the oil can still be smoothly
and safely transported in the pipeline and heating station. Thus laying two pipelines in one ditch can
not only ensure good economy but also guarantee the reliability and safety of pipeline operation. In
addition, it can also be found that the thermal interaction of two pipelines laid in one ditch depends
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on the interval between two pipelines. Under the same parameter setting, the smaller interval yields
greater thermal influences, lower required oil temperature at the outlet of heating stations, less energy
dissipation along the pipeline and therefore better economy of pipeline operation. However, in real
engineering of pipeline construction, many other factors such as the field construction condition,

should be taken into account to determine a reasonable interval between two pipelines laid in one
ditch.
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Figure 9: The oil temperature along pipeline in case 4

3.3 Economy Analysis

Assuming that there is a heating station that receives the crude oil with high pour point from
the two pipelines laid in one ditch, the oil temperature at the inlet of this heating station is presented
in Table 3. To smoothly and safely transport the crude oil from this heating station to next heating
station, the crude oil needs to be heated to the required temperature. That is to say, the oil temperature
at the outlet of this heating station should reach a certain value as shown in Table 3.

In the economy analysis, the heating station uses transported crude oil as the heating fuel, and

the efficiency of heating furnaces is set as 0.85. To heat the crude oil, the required heat energy can be
calculated by,

0= Com(T —T,) (11)

where Q represents the heat required for heating crude oil, J; m is the mass of crude oil to be heated,
kg; T, and T are respectively the temperature of crude oil before and after being heated, °C; C, is the

specific heat capacity of heated crude oil at constant pressure, J/(kg-°C), and C,=2100J/(kg-°C) in
this study.

The heating energy consumption in the numerical cases presented in Table 3 can be calculated
according to Eq. (11), as presented in Table 4. It can be clearly seen from Table 4 that the test case 4
with the interval between the pipelines being 1.2 m consumes the least heating energy, i.c., the 26.6%
of heating energy consumption can be saved compared with that of the standard case (laying two
pipelines separately in two ditches).
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Table 4: Heating energy consumption in the numerical cases with the distance between two neighboring
heating stations of 120 km

Cases Interval (m) Heat energy required x 10" (J/a) Energy saving
Standard case - 10.23 /
Test case 1 1.2 8.13 20.5%
1.6 8.47 17.2%
Test case 2 1.2 7.78 23.9%
1.6 8.23 19.5%
Test case 3 1.2 7.64 25.3%
1.6 8.07 21.1%
Test case 4 1.2 7.51 26.6%
1.6 7.95 22.3%

3.4 Increasing the Distance between Heating Stations

With the development of pipeline construction technologies, saving construction and operation
costs and extending the distance between heating stations have been the economical pursuit in pipeline
construction. Table 5 presents the oil temperature at the inlet and outlet of heating stations with the
distance between heating stations being 240 km under various calculation conditions. The similar
conclusions can be obtained from Table 5 with Table 2.

Table S: Oil temperature at inlet and outlet of heating stations with the distance between two
neighboring heating stations being 240 km

Cases Interval Oil temperature of pipeline 1 (°C)  Oil temperature of pipeline 2 (°C)
Inlet Outlet Inlet Outlet
Standard case - 35.84 76.00 35.83 67.00
Test case 1 1.2 41.73 76.00 40.20 67.00
1.6 40.69 76.00 39.20 67.00
Test case 2 1.2 40.66 76.00 35.80 57.00
1.6 40.10 76.00 36.05 60.00
Test case 3 1.2 35.80 61.00 38.91 67.00
1.6 35.83 64.00 38.40 67.00
Test case 4 1.2 35.43 62.00 35.90 60.00
1.6 3542 64.00 36.15 62.00

The economy analysis of laying two hot oil pipelines in one ditch with the distance between two
neighboring heating stations of 240 km is presented in Table 6. It can be found that compared with
laying two hot oil pipelines separately in two ditches, laying two pipelines in one ditch can save at
most 29.9% energy consumption when the distance between heating stations is extended to 240 km. In
addition, compared with laying two pipelines in one ditch when the distance between heating stations
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is 120 km, extending the distance between two heating stations to 240 km can further gain 20.1% more
energy saving.

Table 6: Energy saving with the distance between two neighboring heating stations being 240 km

Cases Interval Required heat Energy saving Energy saving

energy/x 10" (J/a)  compared with compared with

standard case that of 120 km
Standard case Pipeline 1 12.91 / 28.1%
Pipeline 2 12.77 / 23.0%
Test case 1 1.2 21.5 16.3% 32.2%
1.6 22.21 13.5% 31.1%
Test case 2 1.2 19.59 23.7% 25.9%
1.6 20.86 18.8% 26.7%
Test case 3 1.2 19.15 25.4% 25.3%
1.6 20.27 21.0% 25.6%
Test case 4 1.2 17.99 29.9% 20.1%
1.6 19.32 24.8% 21.5%

4 Conclusions

In this paper, the economy of two hot crude oil pipelines laid in one ditch is analyzed by
considering the influence of operating temperature, interval between two pipelines, and distance
between two heating stations on the heating energy consumption. Using the unstructured finite volume
method and finite difference method, two hot crude oil pipelines laid in one ditch are numerically
simulated. The economy benefits of laying two hot pipelines in one ditch are analyzed by comparing
the four numerical cases (laying two hot pipelines in one ditch) with standard case (laying two hot
pipelines separately in two ditches). The main conclusions of this study can be summarized as follows:

(1) Compared with laying two hot oil pipelines separately in two ditches, laying two pipelines in
one ditch can significantly reduce the oil temperature at the outlet of heating stations and save
the energy consumption for heating the oil. The technology of laying two hot oil pipelines in
one ditch is beneficial to energy conservation. Thus for two hot oil pipelines in engineering
practice, it is recommended to bury the two hot oil pipelines in one ditch to save energy.

(2) With the increase of pipeline interval, the heating impact of the two hot oil pipelines laid in
one ditch on the surrounding soil will be weakened, and the energy saving will decrease as well.
Thus the interval between two hot oil pipelines should be determined carefully.

(3) When the distance between two adjacent heating stations is doubled, the required oil tem-
perature for smooth and safe transportation at the outlet of heating stations will increase,
however, the energy saving will increase to 20.1% compared with that with the distance between
two neighboring heating stations being 120 km. Therefore, the set of distance between two
adjacent heating stations should strike a balance between the temperature at the outlet of
heating stations and the overall energy saving.
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