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Fluid Mechanics in Civil/Structural Engineering
Every civil/structural engineering graduate needs to have a thorough understanding of
fluids!!!

o Drainage for developments

o Attenuation of surface water for city centre sites

o Sea and river (flood) defences

o Water distribution/sewerage (sanitation) networks

o Hydraulic design of water/sewage treatment works

o Dams

o Irrigation

o Pumps and Turbines

o Water retaining structures

o Flow of air in / around buildings

o Bridge piers in rivers

o Ground-water flow





One of the first questions we need to explore is – what is a fluid?
What is the difference between a solid and a fluid?

BOTH LIQUIDS AND GASES ARE FLUIDS



https://www.ase.org.uk/resources/solids-liquids-and-gases



What is the difference between a solid and a fluid?

SOLID
• „hard” and not to easily deformed

• densely spaced molecules with large
intermolecular cohesive forces (steel,
concrete, etc.)

• SHAPE

• not to be easily deformed

FLUID
• „soft” and easily deformed

• Liquids: molecules are spaced farther
apart, the intermolecular forces are
smaller than for solids; the molecules
have more freedom of movement; can
be easily deformed, but not easily
compressed!!!

• Gases: greater molecular spacing and
freedom of motion with negligible
cohesive intermolecular forces; easily
deformed and compressed;
completely fill the volume of any
container in which they are placed



https://www.schoolsofkingedwardvi.co.uk/ks2-science-year-4-3-states-matter-solids-liquids-gases/



https://www.grc.nasa.gov/WWW/K-12/BGP/state.html



https://www.chemistrytutorials.org/content/matters-and-properties-of-matters/matters-and-
properties-of-matters-cheat-sheet/7-phases-states-of-matter



https://www.chemistrytutorials.org/content/matters-and-properties-of-matters/matters-and-
properties-of-matters-cheat-sheet/7-phases-states-of-matter



Some Characteristics of Gases, Liquids and Solids and the Microscopic Explanation for the Behavior

gas liquid solid

assumes the shape and volume 
of its container

particles can move past one 
another

assumes the shape of the part of 
the container which it occupies
particles can move/slide past 

one another

retains a fixed volume and shape
rigid - particles locked into place

compressible
lots of free space between 

particles

not easily compressible
little free space between 

particles

not easily compressible
little free space between 

particles

flows easily
particles can move past one 

another

flows easily
particles can move/slide past 

one another

does not flow easily
rigid - particles cannot 

move/slide past one another



Properties of Gases

 A collection of widely separated molecules

 The kinetic energy of the molecules is greater than any attractive 
forces between the molecules

 The lack of any significant attractive force between molecules 
allows a gas to expand to fill its container

 If attractive forces become large enough, then the gases exhibit 
non-ideal behavior



Properties of Liquids

 The intermolecular attractive forces are strong enough to hold
molecules close together

 Liquids are more dense and less compressible than gasses

 Liquids have a definite volume, independent of the size and shape of
their container

 The attractive forces are not strong enough, however, to keep
neighboring molecules in a fixed position and molecules are free to
move past or slide over one another



Properties of Solids

 The intermolecular forces between neighboring molecules are strong 
enough to keep them locked in position

 Solids (like liquids) are not very compressible due to the lack of space 
between molecules

 If the molecules in a solid adopt a highly ordered packing 
arrangement, the structures are said to be crystalline



Fluid is defined as a…..

• Fluid is defined as a substance that deforms continuously when
acted on by a shearing stress of any magnitude

• A shearing stress (force per unit area) is created whenever a 
tangential force acts on a surface



System of Units – INTERNATIONAL SYSTEM (SI)

• SI as the accepted standard

• widely adopted worldwide and widely used in the United States

• in SI the unit of length is the meter (m); the time unit is the second
(s); the mass unit is the kilogram (kg); and the temperature unit is 
kelvin (K)

• The kelvin temperature scale is an absolute scale and is related to the
Celcius scale (°C) through the relationship



UNITS

• The force unit, called the Newton (N), is defined from Newton’s
second law [F=m x a] → 1 N = (1 kg) x (1 m/s2)

• Unit of work is the joule → 1 J = 1 N x m

• Unit of power is the watt → 1 W = 1 J/s = 1 N x m/s  [P = W / t]





Converting Quantities

27 000 cm = ..................................................................................dm 

30 000 m2 = ………………………………………………..........cm2

2750 s = ……………………… min = ………………………….h 

4.7 km = …………………………………………………………m 

3.2 h = ………………………….min = …………………………s 

304 km/h = ………………………………………………………m/s 

370 K = ………………………………………………………… °C 

12.5 m/s = ……………………………………………………… km/h 

3 L = ……………………….. dm3 = …………………………... m3

1570 mL = ………………… dL = …………………………….. L 

0.25 g / cm3 = ………………………………………………….. kg/m3

5 mol = ……………………………………………………….. number of particles 



6300 kJ = ………………………………………………………. J 

150 dm2= ………………………………………………………. m2

94 °C = ………………………………………………………… K 

35600 m = …………………………………………………...….km 

15 cm3 = ………………………………………………………...dm3

35 N/cm2= ………………………………………………………Pa 

15800 Pa = …………………………………………………….. kPa 

740 N/m2 = …………………………………………………. …Pa 

4,3 t = …………………………kg =………………………...…dkg 

5200 mg = ……………………………………………………… g 

3,745 kJ = ……………………………………………………….J 



35500 kW = ……………………………………………………W
4.55 m3= ……………………………………………………….dm3

13600 kg/m3 = ……………………………………………….. g/cm3

30 x 1023 particles = ………………………………………… mol
5 N/m3 = …………………………………………………. …N/dm3

2 m3/s = ………………………………………………………m3/h
12770 N = …………………………………………………… kN
15.67 kN/m3 = ………………………………………………..N/m3

457.43 m3= ……………………………………………………cm3

3 MN/m2 = ……………………………………………………Pa
10000 cm2 = …………………………………………………..m2

23970 mm3 = …………………………………………………cm3

2.43 GPa = ……………………………………………………Pa



2.2. What is the definition of the fluid? 

A) a substance that doesn’t permanently resist distortion 

B) has shear stress

C) a substance that does permanently resist distortion 

D) shear stress magnitudes depend on the volume of the fluid 

2.3. True or false? 

1. The principal difference between liquids and gases is in the compressibility 

2. Fluids have a preferred shape 

3. Gases can fill the container fully 

4. Macroscopic properties of gases: pressure, temperature, viscosity, thermal 

conductivity, volume 

5. Gases can be dissolved in the liquid 

6. The most obvious property of fluids, their ability to flow and change their volume 

7. The most obvious property of gases, their ability to flow and change their shape 

8. Gases have a preferred shape 

9. The interface forms between the liquid and the surrounding gas called a free surface 

10. Gases are compressible



11. The pressure of a gas depends on its temperature
12. The pressure of a gas depends on its volume
13. Incompressible Flow – the volume of the fluid has a constant value throughout
the fluid
14. Gas molecules are monatomic, diatomic and polyatomic
molecules
15. Gases have mass
16. Fluids have mass
17. Gases diffuse through each other very rapidly
18. The kinetic energy of the gas molecules decreases with added temperature
19. Particles in a liquid are attracted to each other
20. Gases are highly sensitive to changes in temperature and pressure
21. Macroscopic properties of gases: volume, pressure, temperature, mass
22. The density of the fluid can change under pressure
23. In real fluids: shear forces oppose motion of one particle past another
24. An ideal fluid is incompressible, the density is constant



Comparison liquids and gases - Fill up the missing spots in the table below!





https://www.bioexplorer.net/greenhouse-gases.html/https://climate.nasa.gov/faq/



























Shear stress (N/m2) 

Velocity gradient or the rate of deformation (rad/s)

Coefficient of dynamic or absolute viscosity (N s/m2)



• Kinematic viscosity (ν) is the ratio of dynamic viscosity to mass
density expressed in metres squared per second




































