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Subject objectives

To familiarize students with the basic concepts and laws of fluid mechanics, such as:

- density, viscosity, compressibility, surface tension,

- Static equilibrium equations of fluid, hydrostatic pressure, fluid forces on straight surfaces, etc.
- Continuity equation,

- The principle of momentum conservation,

- Calculation of hydrodynamic forces,

- The principle of conservation of energy for non-viscous fluid, incompressible flow (Bernoulli eq.)
- Basic issues of viscous liquid flow, determination of losses in the flow.

- The concept of the stress tensor in a real (viscous) fluid.

Learning outcomes

Course outcome Subject outcome Method of verification
[K6_WO03] has knowledge of Has knowledge of [SW3] Assessment of knowledge
hydromechanics, hydromechanics necessary to contained in written work and
thermodynamics, machine design, |understand the principles of projects
ecology, materials science construction and operation of
necessary to understand the yachts

principles of construction and
operation of ocean engineering
facilities and equipment

[K6_K02] can work in a team, Working in a team, he is able to [SK5] Assessment of ability to
assuming various roles, can act in |solve more complex fluid solve problems that arise in
a rational and ethical way mechanics tasks and develop practice

results from laboratory exercises
[K6_W02] has knowledge in the Knows basic concepts and [SW3] Assessment of knowledge
field of technical mechanics, fluid [methods in the field of fluid contained in written work and
mechanics, strength of materials, |mechanics, can solve basic FM projects

necessary to understand the basic |tasks
physical phenomena occurring in

ocean engineering
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Subject contents

The course consists of lectures and exercises

Scope of the course:

The main properties of fluids:

- The density, viscosity, compressibility, surface tension,

Basic concepts:

- Particle fluid

- The pressure, shear stress,

- Pascal's law.

Fluid statics:

- The hydrostatic equilibrium equations of fluid

- The hydrostatic pressure formula,

- Pressure force to the flat surface

- - The concept of the center of pressure force,

- - Calculation of the moment of pressure force.

- - Buoyancy, center of buoyancy.

- Stability of floating bodies (ships)

- - Metacentric radius,

- - Metacentric height,

- - Equilibrium conditions.

The main issues of fluid kinematics:

- A description of the motion of fluids:

- - Eulerian method,

- - Lagrangian method

- Determination of position, velocity and acceleration of the fluid,

- The concept of the path of the fluid particles (pathline), streamline, streamsurface, streamtube
The principle of conservation of mass (continuity equation):

- The concept of the mass flow rate the volumetric flow rate,

- The concept of control surface, control volume

- Calculation of the flow velocity at varying cross channel

The principle of conservation of energy for perfect fluid, incompressible flow (Bernoulli's equation):
- Solving one-dimensional flow problems in channels: determination of the flow rate and pressure.
The principle of conservation of momentum,

- The concept of a volume of liquid,

- Guiding principles of conservation of momentum in the form of integral,
- Calculation of hydrodynamic forces,

The concept of the stress tensor in a real(viscous) fluid.

Basic issues of the real fluid flow, determination of loss in the flow:
- Generalized Bernoulli equation,

- Determining the amount of local loss and linear :

- - Types of flow of real fluids:

- - - Laminar flow

- - - Transitional flow,

- - - Turbulent flow.

Prerequisites
and co-requisites

Knowledge of the basic concepts of physics / mechanics:
- Force (force vector)

- Torque,

- The arm of force,

- What is the pressure (?)

- Momentum, potential energy, kinetic energy,

- Knowledge of units related to above concepts,

Knowledge of the basic concepts of calculus / calculus

- Definite integral,

- Derivative of the function,

- Basic ability to apply integrals in problems of physics

- Ordinary differential equations with separated variables
- The surface integral, volume integral

Knowledge of algebra:
- The transformation of algebraic expressions,
- The ability to "take before the parenthesis" (!!!)

Algebra of vectors:

- The scalar product,

- Vector product,

- Vector component,

- The projection of the vector on the direction of the specified unit vector

Knowledge of trigonometric functions
- Sine, cosine, tangent, cotangent

Basic knowledge of stereometry (3D geometry)
- Eg .: calculating the volume of a cylinder, cuboid, and the like.
- Eg .: calculating the area of the cylinder

Knowledge of floating point notation, eg .: * 10 * 6
- Ability to use scientific calculator

Assessment methods
and criteria

Subject passing criteria Passing threshold Percentage of the final grade
Lecture - Colloquium 60.0% 50.0%
Exercises - Colloquia 60.0% 25.0%
Lab exercises - report 70.0% 25.0%
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Recommended reading

Basic literature [1] Bar-Meir, Genick, Basics of Fluid Mechanics, Last modified: Version
0.3.4.0 March

17, 2013, www.potto.org/downloads.php

[2] Yunus A. Cengel, John M. Cimbala: Fluid Mechanics. Fundamentals
and Applications. McGraw Hill Higher Education, Boston, 2006

Supplementary literature [3] Bruce R. Munson, Alric P. Rothmayer, Theodore H. Okiishi, Wade
W. Huebsch: "Fundamentals of Fluid Mechanics, Student Solutions
Manual and Student Study Guide". Wiley, 2012

eResources addresses Adresy na platformie eNauczanie:

Example issues/
example questions/
tasks being completed

LECTURE:

1. Define the basic terms of determining the properties of the fluid:
a) density,

b) specific gravity,

c) viscosity.

2. Enter the formula for the shear stress for Newtonian fluid. Name the individual members of the equation,
draw a sketch illustrating the issue for a simple case.

3. Provide the definition of pressure. Write a basic formula for the pressure, describe occurring in the formula
values.

4. Describe the concept rate of volume/mass flow. Provide definitions (formulas):
a) the mass flow rate
b) the volumetric flow rate

5. Provide and explain the continuity equation in the integral form

6. Derive, on the basis of the second law of Newton's, law of conservation of momentum for the volume of
the fluid. Describe members included in the equation.

7. Provide the general form of the stress tensor of the fluid. Describe the elements of the tensor. Show how
to obtain the stress on the surface of the direction specified wersorem n. What form takes the stress tensor
for an perfect (inviscid) fluid .

8. Formulate energy conservation equation for the perfect (inviscid) fluid and incompressible steady flow
along a streamline. Name the individual members of the equation.

9. Liquid is flowing pipeline. In the section "1" a cross-section area is A1, the height above the base z1, the
liquid velocity is V1, and the pressure is p1. Provide speed v2, and the pressure p2 in the section "2" pipe, if
we know its cross-section area A2 and the height above the baseline z2. The head loss between "1" and "2"
is hs.

10. Derive the formula for the hydromechanical reaction acting on the flowed body.

11. What characterizes (in terms of the most important feature):
a) perfect fluids,
b) real fluids.

12. Give the equation that defines:

a) The streamline,

b) The path of the fluid paricle (pathline, trajectory).

In which case the streamline and the pathline will be the same lines.

13. Calculate the volume and mass flow rate of air through the area A which is an inlet to the building air
conditioning system for the following data:

- normal unit vector to the A surface: n = [1.414; 0; 1.414], the surface area A = 1m2;

- average velocity vector on the surface A: v =[1; 0; 0] [m/ s]

- air density ro = 1.2 kg / m3

EXERCISES:
You should master the tasks solved in the classroom

Work placement

Not applicable
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