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SECTION 2. Applied mathematics. Mathematical
modeling.

CALCULATION OF PRESSURE LOSSES OF LIQUID AT A
CYLINDRICAL STRAIGHT PIPELINE SECTION

Abstract: Results of a computer simulation of liquid flow and a calculation of resulting pressure loss at a
cylindrical straight pipeline section are presented in the article. It is determined that pressure drop at an inlet and
an outlet of the cylindrical straight pipeline section by a length of 1000 mm is 26%.
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Introduction detailed change of velocity of liquid flow at the
Hydraulic resistances in pipelines lead to length of the straight pipeline advisable to consider
significant hydraulic losses. These losses are caused by the results of the computer simulation.
by a change of a direction and velocity of liquid flow
at a certain length of the pipeline [1 — 3]. The Materials and methods
constant direction of liquid flow is observed across The calculation of pressure losses of liquid at
entire a transverse section of the straight pipeline. the cylindrical straight pipeline section was
However, variable velocity of liquid in different performed in the Flow Simulation software
layers of flow (laminar and partially transitional environment.
flow) leads to the change of hydraulic pressure of A solid model of the straight pipeline section
fluid, and thus to an increase of energy costs on was built in the SolidWorks software environment.
pumping liquid [4 — 8]. The change of hydraulic An inner diameter of the model was adopted by 30
pressure and velocity of liquid flow at an inlet and an mm, a wall thickness is 5 mm and the total length of
outlet of the pipeline can be determined by analytical the pipeline section is 1000 mm. Steel was selected
formulae, measuring of pressure drop by special by material of the pipeline section. The solid model
measuring instruments and a computer simulation of the cylindrical straight pipeline section is
(calculation) in special engineering programs subject presented in the Fig. 1.

to initial conditions of the researched process. The

Figure 1 — The solid model of the straight pipeline section.
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For implement of the simulation of liquid flow
it was adopted by the task type "Internal”, since a
calculated area was a volume of a channel of the
pipeline section. Cavity of the pipeline section
without flow conditions was excluded from the
calculation. Orientation of the solid model of the
pipeline section was carried out in the global
coordinate system.

The model of the straight pipeline section was
split into the following finite elements: partial cells —
3760, solid cells — 528, fluid cells — 3264. The total
number of the finite elements was amounted to 7552.
The calculated number of the finite elements along
the axes X and Y was amounted to 4, along the axis
Z was amounted to 66. At set parameters of splitting
of the solid model, accuracy of the obtained results
was amounted to 3. The values of minimum gap and
minimum wall thickness were adopted by default.

As fluid was adopted by water at a temperature
of 293.20 K. For a set temperature, density of water

At inlet

is 997.56 kg/me. Laminar and turbulent flow types of
liqguid at the straight pipeline section with an
adiabatic wall were considered. Roughness of the
inner wall of the straight pipeline section is 0
micrometer. Development of turbulent liquid flow in
the pipeline was occurred at the length of 8 x 10* m
when turbulence intensity of 2%. Mass flow rate at
the inlet of the straight pipeline section was adopted
by 0.45 kg/s. At the outlet of the straight pipeline
section was acted normal atmospheric pressure
(static pressure is 101325 Pa).

The set calculation control options: maximum
travels — 4, analysis interval — 0.5, refinement —
disabled.

Results and discussion

The velocity change of liquid flow at the length
of the straight pipeline section (transverse section) is
presented in the Fig. 2.

—(9) — (10)

— (1D
At outlet

Figure 2 — The velocity fields of liquid flow across entire the length of the straight pipeline section. The unit
of measurement of flow velocity is m/s.

In the figure — (1) corresponds by the velocities
field of liquid flow at the inlet of the straight pipeline
section, (2) is the velocities field at the distance of

100 mm from the inlet, (3) is the velocities field at
the distance of 200 mm from the inlet, (4) is the
velocities field at the distance of 300 mm from the
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inlet, (5) is the velocities field at the distance of 400
mm from the inlet, (6) is the velocities field at the
distance of 500 mm from the inlet, (7) is the
velocities field at the distance of 400 mm from the
outlet, (8) is the velocities field at the distance of 300
mm from the outlet, (9) is the velocities field at the
distance of 200 mm from the outlet, (10) is the
velocities field at the distance of 100 mm from the
outlet and (11) is the velocities field at the outlet of
the straight pipeline section.

At the distance of 300 mm from the inlet of the
straight pipeline section, velocity of liquid flow
uniformly increases throughout the transverse

il
[en)

section. In considering the plots (5) — (10) it can be
concluded that the layers of liquid, located closer to
the axis of the straight pipeline section, are moved
with higher velocity than the upper layers. At the
outlet of the straight pipeline section, velocity of
liquid flow was amounted to 0.213 m/s (contours of
red color on the corresponding plot). Significant drop
of static liquid pressure was determined at 1/3 of the
length of the straight section to the outlet opening of
the pipeline.

Vorticity intensity of liquid flow at entire the
length of the straight pipeline section can be
presented in the Fig. 3.
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Figure 3 — Vorticity intensity of liquid flow: A —the model of the straight pipeline section with the calculated
trajectories of vorticity, B — the dependencies of vorticity from the length of the straight pipeline section.

The length of the calculated trajectory of
turbulent liquid flow on the model of the straight
pipeline section corresponds to the length of the
particular dependence in the graph. In accordance
with the graph of dependence it is determined that
the highest vorticity intensity is observed in the
layers of liquid located close to the inner wall. This

liquid flow is observed at 1/2 of the length of the
straight pipeline section from the side of the inlet
opening.

The change of average static liquid pressure at
the inlet and at the outlet of the straight pipeline
section is presented in the Fig. 4.
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Figure 4 — The dependence of average static liquid pressure at the length of the straight pipeline section from
the number of iterations.
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Hydraulic liquid pressure at the inlet of the
straight pipeline section was amounted to 127503.98
Pa, at the output hydraulic liquid pressure was
amounted to 101325 Pa. Pressure drop at the inlet

and at the outlet of the straight pipeline section was
amounted to 26%. The results of calculation of the
average value of static liquid pressure at the straight
pipeline section are presented in the table 1 [9].

Table 1

The results of calculation of the average value of static liquid pressure at the straight pipeline section.

Name Unit Value

Progress

Delta Criteria

Static Pressure | Pa | 121720.95

5

7780.55083 | 382.606315

Conclusion

Thus, it is determined that at the straight
pipelines sections of the short length (no more than
300 mm) the change of static liquid pressure is
practically not observed. Herewith, vorticity intensity
of liquid flow at this length of the straight pipeline
section is maximum. Constancy of the trajectory of
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