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Abstract: This scientific report focuses on investigating the influence of geometric design on ship ventilation flow efficiency through
numerical simulation with ANSYS. Many sources on the subject state that in a ship's ventilation system, the flowing fluid encounters various
devices and fixtures such as valves, fans, and bends that can cause sudden expansions or contractions of the flow. These geometric factors
cause energy loss, which can be of importance to the efficiency of the ship's ventilation system, especially in the complex conditions of power
generation. Such energy losses are considered significant in these industries and are the subject of serious design and optimization of flow
systems. Using engineering simulations, this report investigates steady laminar flow through a pipe with sudden expansion in order to
understand and predict the energy losses resulting from the expansion. The practical example of application can be the analysis of the
ventilation system of a ship, where such geometric designs can affect the efficiency of the ventilation and therefore the performance and
safety of the crew and passengers. Such research is essential to improve the manufacturing and operational processes of ships and to ensure

their optimal working conditions.
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Introduction:

This scientific report focuses on investigating the influence of
geometric design on ship ventilation flow efficiency through
numerical simulation with ANSYS [4]. Many sources on the subject
state that in a ship's ventilation system, the flowing fluid encounters
various devices and fixtures such as valves, fans, and bends that can
cause sudden expansions or contractions of the flow. These
geometric factors cause energy loss, which can be of importance to
the efficiency of the ship's ventilation system, especially in the
complex conditions of power generation. Such energy losses are
considered significant in these industries and are the subject of
serious design and optimization of flow systems. Using engineering
simulations, this report investigates steady laminar flow through a
pipe with sudden expansion in order to understand and predict the
energy losses resulting from the expansion. The practical example
of application can be the analysis of the ventilation system of a ship,
where such geometric designs can affect the efficiency of the
ventilation and therefore the performance and safety of the crew and
passengers. Such research is essential to improve the manufacturing
and operational processes of ships and to ensure their optimal
working conditions.

1 Geometry

The problem statement involves the movement of fluid through a
pipe extension (Fig. 1). The flow is laminar and axisymmetric. Fig.
1 shows a section of the tube along the axis line (BD) and thus the
computational domain is established over half of the tube. Pipeline
dimensions: V3 =1m, V4 = 2m, H1=20m, H2=100m
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Figure 1 Geometry of pipe [4]

The inlet velocity is uniform, U1 = 0.277 m/s. The liquid flows into
the surrounding atmosphere, which is at a pressure of latm. The
density p = 1 kg/m® and the dynamic viscosity is: p = 0.01 kg/(ms).
Inlet Reynolds number Re = 55.4.

In the tube with the smaller diameter, the viscous boundary layer
increases along the tube wall (fig.2). This process is monitored from
the inlet, and with sufficient pipe length a fully developed velocity
profile is formed. Passing from the smaller diameter pipe to the
larger diameter pipe at the entry point, a recirculation zone is
formed [1]. The secondary flow will develop fully after the
recirculation zone with sufficient length of the second pipe.

Setting boundary conditions in Fluent requires the edges of the
geometry to be named [4]. The pipe with the smaller diameter is
defined as "Inlet" and the one with the larger diameter is "Outlet".
The axis line is defined as "CenterLine™ and the walls of the tube
are defined as "Wall" as shown in Fig.4.
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Figure 2 View of the viscous boundary layer through an expanding tube [3]

2 Mesh

For simulation purposes, it is necessary to form a mesh model of the pipe geometry with a certain number of divisions in the radial and axial

directions. Grid points and dimensions are shown in Fig.3.
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Figure 3 Pipe’s dimesnions [4]
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Figure 4 Pipe’s boundary conditions [4]

3.1 Pressure Contours

In the movement of a real fluid, there is a resistance to movement
caused by the friction between the walls of the pipe and the fluid
(external friction) and friction between the individual layers of the
fluid (internal friction) [1]. Since frictional processes consume
energy, this leads to a decrease in the total energy of the system.
Therefore, when a real fluid moves along a horizontal pipe of
constant cross-section, the static pressure decreases uniformly along
the wavelength. The magnitude of the reduction depends on the
length and section of the pipe and on the viscosity of the liquid. The
longer and narrower the tube along which the fluid moves, the
greater the friction and the lower the velocity of the flowing fluid.

At the places where the cross-section changes, in some cases
vortices occur, in which additional energy is lost. These vortices are
more likely and larger in the transition from larger to smaller cross
section than in the transition from smaller to larger cross section

(fig.6).
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Figure 5 Illustration of pressure contours through the pipe [4]

YEAR IX, ISSUE 2, P.P. 46-49 (2024)



INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD"

WEB ISSN 2534-8493; PRINT ISSN 2367-8399

0.000€+00
[msr-1]

o 4200
2000

Figure 6 Velocity vectors of laminar flow through the pipe [4]
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3.2 Velocity mag Contours

When moving a liquid along a pipe with a variable cross-section,
the flow rate, and hence the static and dynamic pressure, depends
on the cross-section. In places with a smaller cross-section, the
velocity is greater, and from there the dynamic pressure will be
greater and the static pressure less according to Bernoulli's law [2].
Since the fluid is real, due to internal and external friction, an
additional pressure gradient is also created, inversely proportional
to the cross-section of the pipe.
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Figure 7 Velocity magnitude contour [4]

Particles in contact with the tube wall adhere to it and are immobile.
If we mentally divide the fluid into thin cylindrical layers, they will
slide relative to each other, moving at different speeds. The further
from the pipe walls a layer is, the greater its velocity. The speed of
the particles moving along the axis of the pipe is maximum (Fig. 8)
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Figure 8 Velocity magnitude [4]
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Laminar motion is stationary: it is stable and the pattern of
streamlines does not change over time [2]. An important
characteristic of the current is its average speed. This is such a
constant speed, the same for all particles of the fluid, when moving
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with which the same volume of the fluid would pass through the
cross section of the pipe in a unit of time, as in the real flow, where
the individual layers move at different speeds (Fig. 9).
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Figure 9 Velocity contours [4]

3.3 MVelocity vectors
An important characteristic of the current is its average velocity v.
This is such a constant speed, the same for all particles of the fluid,
when moving with which the same volume of fluid would pass
through the cross-section of the pipe in a unit of time, as in real
flow, where individual layers move at different speeds.)
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Figure 10 Velocity vectors [4]
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A characteristic feature of laminar flow is that each particle of the
liquid moves along a smooth trajectory and the trajectories of the
particles do not cross (Fig. 10

In established laminar fluid flow, the trajectory along which a given
particle moves is called a streamline. The fluid velocity at any point
is directed tangential to the streamline.

Figure 11 shows the velocity profile in the pipe at two different
ratios.

The graph shows a comparison of the velocity profile of laminar
flow through a pipe with a sudden expansion.

Laminar flow:

e  The velocity profile is parabolic.

e The highest velocity is in the center of the pipe.

e The velocity decreases towards the walls of the pipe.
Sudden expansion of the pipe:

e  The velocity profile is flatter than laminar flow.

e The highest velocity is near the walls of the pipe.

e The velocity decreases towards the center of the pipe.
Differences:

e Laminar flow has a higher velocity in the center of the
pipe, while sudden pipe expansion has a higher velocity
near the walls of the pipe.
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e  The velocity profile of laminar flow is more peaked,
while the velocity profile of sudden pipe expansion is
flatter.

Cause of the differences:

e  The sudden expansion of the pipe leads to swirling of the
flow, which flattens the velocity profile.

Velocity profiles
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Figure 11 Velocity profile [4]

Consequent:

The graph shows that sudden pipe expansion leads to a change in
the velocity profile of laminar flow. The highest velocity shifts from
the center of the pipe to the walls of the pipe, and the velocity
profile becomes flatter.

Additional notes:

e  The graph shows two velocity profiles: for 0.4X/L and
0.8X/L. X/L is a dimensionless quantity that represents
the distance from the beginning of the pipe expansion
divided by the diameter of the pipe.
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e The graph shows that the velocity profile changes with
distance from the beginning of the pipe expansion.

Results, Conclusions

The conducted simulations confirmed the theoretical propositions
for energy loss in the transition part of a pipeline with a variable
section. In fig. 12 shows a comparison between velocity and
pressure in the pipeline in the two sections. In the transition zone
from a smaller diameter to a larger one, low pressure and low
velocity are observed. Along the length of the pipe, velocity and
pressure remain relatively constant.

i it
Figure 12 Comparison of velocity mag contour and pressure
contour [4]
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