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1. Introduction
Here you need to describe the task to be completed (description of the problem, scheme) and the purpose of the exercise. An example is shown below.

The aim of the exercise is to familiarize with the basic workflow while conducting numerical simulations of fluid flow using the ANSYS CFX software.
Numerical calculations will be made for the sample geometry shown in Fig. 1. A two-dimensional flow of water in a straight channel inside which an orifice (narrowing) will be modeled. 
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Fig. 1. Geometrical model of two-dimensional fluid flow in a duct
2. Numerical model
Please give the details of how you modelled the problem, e.g. how the geometry and mesh were created, which functions did you use in ANSYS modules and which; you can show this with the use of print screens in a form of instructions with titled figures and short comments. The details of the numerical model should be given (e.g. turbulence model used, simulation type, etc.).

In this section one should describe the initial and boundary conditions, provide pictures of the meshes used, their type and number of elements (all what has been done during the classes)
Exemplary equations
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Exemplary figure
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Fig. 2. Non-uniform numerical mesh used in calculations
Exemplary tables
	Tab. 1. Thermophysical properties of water
ρ

kg/m3
	cp
J/kg/K
	η

Pa s
	λ

W/m/K

	997.0
	4181.7
	0.0008899
	0.6069


Tab. 2. Boundary conditions applied in calculations
	Surface
	Boundary condition type
	Value
	Unit

	Inlet
Outlet
Walls
Orifice
Side surfaces
	Inlet

Outlet

Wall

Wall

Symmetry
	1

105

0

0

-
	m/s

Pa

m/s

m/s

-


3. Results and discussion
With the use of tables and figures we present the results and provide their physical interpretation. If possible, the results should be compared with analytical or experimental data. An example of discussion is shown below.

Fig. 3 shows the distribution of velocity vectors at time t = 0.1 s. At the inlet to the channel an even velocity distribution resulting from the boundary condition of the constant velocity of 1 m/s is visible. As a result of the sudden narrowing of the channel, the streamlines are curved in the direction of the channel axis and there is an increase in velocity just before the narrowing. In the place of the smallest geometric cross-section, the speed is about twice as high as at the inlet, but there is no maximum speed at this point. The largest velocity zone begins around one channel diameter behind the narrowing and extends further along the length of about two channel diameters. Fig. 3b shows exactly the phenomenon of stream contraction, i.e. the occurrence of its narrowing after geometric constraint and the associated increase in velocity. In the part of the channel behind the orifice, in its axis, the velocity, however, continues to grow, which is not justified in any way, because energy does not flow from the outside and no further narrowing of the stream takes place. This is due to numerical errors and the assumption that the flow is laminar, while it is turbulent (Re ≈ 20,000). Fig. 4 shows a more realistic speed distribution obtained using the k-ε turbulence model. The recirculation zones characteristic for this type of flow are visible, forming behind a geometric obstacle in the upper and lower part of the channel.
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Fig. 3. Distribution of velocity vectors in a channel assuming that the flow is laminar;

a) general view, b) detailed view of the narrowing
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Rys. 4. Distribution of velocity vectors in a channel assuming that the flow is turbulent (turbulence model k-ε); a) general view, b) detailed view of the narrowing
4. Conclusions
We summarize the work and in the form of points we give the main findings from the exercise. An example is shown below.


The exercise involved numerical analysis of two-dimensional water flow in a straight channel. Based on the given geometry, the numerical model of the problem was set up and the boundary and initial conditions were determined. The calculations were made with the assumption of laminar flow, however, the results turned out to be unrealistic due to the unexpected acceleration of the stream in the channel axis at a large distance after the orifice. For this reason, calculations have been corrected assuming that the flow is turbulent. The k-ε turbulence model was used for the calculations. The following conclusions can be drawn from the exercise:

1. The standard workflow in the ANSYS CFX program includes: description of the problem, preparation of a geometric model, creation of a numerical mesh, preparation of a numerical model, setting up material features, assigning boundary and initial conditions, solving the problem, developing and interpreting the results.
2. Before starting the calculations, it is very important to estimate the type of flow (laminar, transitional, turbulent). Poor selection of the turbulence model may result in large numerical errors and in receiving erroneous results that deviate significantly from reality.
3. The laminar model is not suitable for calculations in the case of turbulent flows due to the significant over-estimation of velocity results.
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