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Abdusselam Altunkaynak




1. Unit systems

Natural events are independent on units.

The unit to be used in a certain variable is related to the advantage that we get from it.

In Newtonian Mechanics,




There are different types of unit systems

A. The Sl unit system

In this system,
Distance is given in meter (M), mass is given in Kilogram (Kg) and time is given in Second (S).

Therefore, in this system, the unit of force is as:

TABLE 1-2

Standard prefixes in S| units

Multiple Prefix

yotta, Y
zetta, Z
This unit is termed as Newton (N). exa, E
peta, P
tera, T
giga, G
mega, M
TABLE 1-1 kilo, k
hecto, h
deka, da
deci, d
centi, ¢
milli, m
micro, w
nano, n
pico, p
femto, f
atto, a
zepto, z
yocto, y

The seven fundamental (or primary)
dimensions and their units in Sl

Length meter (m)

Mass kilogram (kg)
Time second (s)
Temperature kelvin (K)
Electric current ampere (A)
Amount of light candela (cd)
Amount of matter mole (mol)




B. The CGS system

In this system,
Distance is given in centimeter (cm) mass is given in grams (g) and time is given in second.

Therefore, the unit of force in this system is given as:

This unit is termed as Din.

C. The MKI{S system

In this system,
Distance is given in meter and time is given in seconds.
However, force is given in the form of kilogram force (Kdf). In this regard, the unit if mass will have the

following form.




D. The British (English) system

Here,
Distance is given in Foot (F), Force is given in Pound (Lb) and time is given in Minute (min).

Therefore,

The English system is not considered as a good system.
This Is because Force (Weight) is selected as basic dimension.
| However,
weight is not a single variable that explains a bod
y as it is related to gravitational acceleration.
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Remarks:

1

« If we do not know the unit of a variable, we can develop its unit from the units of variables
involved in defining the variable.

« The unit of any dimension is determined after selecting the unit system and with the help of the
definition of the variable.



Equation can be based on the physical basis that they are called Rational Mechanical Equations.

In Engineering, there also popular equations called Empirical Equations.

If the coefficient(s) in the equation are non-dimensional, the equations are called Homogeneous.




For example, the of flow from orifices is given by (Considering Bernoulli’s equation and ideal flow condition):

Voo

Orifice

Orifice

However, the actual velocity of flow in the flow is smaller than the ideal case
because of energy loss as a result of the effect of frictional forces.

V=C\2gh. Asaresult, C<1.

However, [V]

This implies that

[Cl=M°L°T° =1

This shows that the coefficient is unit less and, therefore, the relationship is homogeneous.

« In homogeneous equations, the coefficients are independent from unit systems.
« In hydraulic and water structures, equations generally have empirical nature and, therefore, they are not homogeneous.

« Because of this, the value of the coefficient to be used in a certain unit system should be explained initially.



Specific mass is defined as the mass (M) per unit volume of a body and it has a unit.

The units of the specific mass and specific weight are related to the unit system used.

The density of a body (d) could be dimensional or non-dimensional depending on the definition used to describe it.

It is known that weight is the product of mass and gravity. Therefore,
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If we draw and see the relationship between the specific mass and the number of molecules,
we will find out that the specific mass tends to remain constant after a certain number of molecules.
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Fig.8: The relationship of specific mass and number of molecules



Definition:

Fluid is contentious, flowing material that, under a very small force,
Is deformed, changes its shape and, therefore, does not have its own shape.

In fluids, a decrease in the force the slowdown in rate of deformation or change of shape.

Actually, in solids, the force required to result is change the shape is very huge.

This relationship is shown by Hook’s law that show force and deformation to be directly proportional.

Relative Extensions

The Hook’s law



The most important properties of fluids.

A. Isotropic: the values of physical parameters are not related to direction

anisotropic

[sotropic

Anisotropic space

Isotropic Glass Fiber
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The behavior of a flowing fluid depends on various fluid properties. Viscosity, one of the important properties,
Is responsible for the shear force produced in a moving fluid. Although the two fluids shown look alike (both
are clear liquids and have a specific gravity of 1), they behave very differently when set into motion. The
very viscous silicone oil is approximately 10,000 times more viscous than the water.




- YT Y YT Y YTy ™ 20040
| A .uc SaReaR e
c n«f ‘

AR AR R A A A R A R R A A R R A A 3 LRy
R T R TR R A R L R
(S SRR AR B B s s a s R A A e T EEERE LY
A R R R A R L M ARY
R L T R A R O R R R TR R R R Y - AAELEALL)
R R R R R R AR R A NN N AR AR R R R R A AR RN R RN AR R R AR R R R R AR AR R AR RN AR RN RN AR AR AR PR
R L e L T ﬂﬂ ERAREELLLY
L AR AR R AAR AR AN R RN RN AR RN R AR RN T IR R AR R AR R AR AR R AR AR AR R AR AR AR AR AR DO OO
ERER R R R R R R R R R R R R R s s v vy
O R R L s ) AREER RS
I I Ty TSI LA AR RN RN AR E AR RAENARRARA NI B AR RARS
AR AR A L A A R R A A L L Ll AR AL L LR L LR L ASAARAN R AN RN RN RRARARRRRARARARRAR A | LAY
(R ssssnrnnnrann rr R RN R R R R L A L L -f—— -
e R R R R AR R R L R L e TALAALELY
B R R R R R R R ISR P RAR AR RN AN ARR AR RNN AN AARN AR A AR AR AR AR Y
SRR AR R RN LY A AR R R R R R R R R R R R R TR R O oo oy oy
R T T R R T LT R T T ey f AEARERY)
R R R R R Y R Y e LT UL
MAR AR R A A A A A AR R L EAAR R LR L .Y AAAR AL L L A A A A A A A A A A A A AR R AL L L BRARERLEE
LR AR AR AR T Y TR T IllNNNHNNNNNHHHNNﬂ#ﬂNNF¢ L
LA AR R A R R N R R A A R A R R A R R R R R R R R R R R SRR R ' ARA R R R R R R R A A AR AR R R AR AR AR ) J L
Tl I T TN TT T T Ty I ey L AR ARRARNRRARERARAR AN p ..
S s sssrannnnnn R R R R R R L 2EEE AL X %v
AR R A A R L R R TR E . "
R L L L X TR
AAR AR R R R R R AR R R R AR R R R R R R ER R R AN
(SRR asrr AN . AR LR ..
R LR TR
(R AR AR RN RN R R R AR Th L TR AR R AR AR R LY
LB A AR ARRRARERARRRRRAR R R
AMAAAEREAE L LR R AL R R L LA SRR AR R R R L
A R L R EERE R R R
MAAAAA R AL A 2 A A A A A L A Ll L L EREEEEE L LR
AR L R R R R R L L
LAAALR L LA L R R LA R A A A AL R RN ARARLEE R LR LR L EREE RN x
LA AR RN AR RN AR NN RN AR AR R ARy TR TR X
(SRRt snssnsnnnrrn X LR R 2R
AR AR AR R R R AR R AL EEEE R R R RER R R R EERRTEEE R X . AR R R R LR R R R R R R R R R AR AR A R A RN R
EAAAA A AL LA AR R A A R L LR AR LR L AR R TR R R N T Ty
AR R R R R N EREERRERE LR R L , AR R R R R R R R R R R A
I N N R R T R T R T R R AT Y R R R R R R RN N
AR R R R AR R R R L A R A N
(B R R R R R R R A R R AR R AR AR AR AR AR RN R R ™y T*ELEr R T TN T Y I T R
AR R R L R LA R A R TEEERRE Y , 4 . ) R R R R R i
R A AR e R A R R R R R R R R R R TEEERE R " TEEREERR LR R RN AAAREALARERRL LA RAR AR L)
AR A A A A A AL A L R R Al 2R LR 2 A AR . A AR R R R R R R R AAAAAAL L AL AR L L A A
R R R R R LN 2R EEEEE LN EERERRE R R AR AARE L R L R R R LA R A TR Y
L R A R x TR Y AR RN A A R R R R R R R Y
R L R A LR . LA L ARE R IR R ALY TR AR R R R R R R L
R R R TR EEEERERRE R R R R R
LR A P A R R R R R R R R R R A R R R R R R R R ERAR A N TR R R R T R N N R R R R R R P R R RN
WﬂHﬂ!ﬂﬂINNHI!INl!lllﬂﬂlillilllllli b 4 EEREREE ;- FARRARRRARAAEANY AAAAARL L R AR AR A A R A A Y
AR A R A A L A R A R A A R R A R A R R L L R R R R R R R R R L A R R R R R R R R s
O Y R R R R AR L R A A RN
LR R R R R R AR LR R R R R R R R R R LR
TN TN I I T T TOEETENETTTITYTETETETEEEETETETEET LR AR RN AR RN AR R R R R R R R T R NI RN Y
R L b o AR AR R R A L L L AR R AR R R R AR L AL LR L)
AR R R R R R . EAEREE R R R R N AR R L A R R AR A )
AR A L R R R R R R A A R A R AL . o AR R RRR AR AE N AR R R A R R R R R A R R R AR AR R
AR A L A A R A A R R A A 2R EREEREL L . 4 AR AATTARRRRRRRRRART AR I Y
M A R A A R A A A R A A R R A L ;o RARER AR AR AR AL EREALAEARER LR R AR R R R )
L R L L R R L 4 AR ALY AR R R R R R R R R R
| R e R R . TR EE IR T R R R TR NN NN R T I T FEOETTTITYNOT
¢WWWWMWWMWNNNHl!!!ﬂﬂ!!ll!illli!ﬂllﬂlll YA 2L R L R R R AR i T
| SRR R R R R AR R R R R AR AR Al R R R R R R R AEEAELELE LR ERR LR R R R R LR R R R R R R R Y
S R L R R L A L A A AL 2R LD TR LY ARALERLL LR RLARAA AL )
AL L R R R TR EY T R R R A R R L R
N L T N N T R L E R TN 4 LR AR AR R AR AR AR AN r AR AR RRRARRART AR LY
R R R R R F AR AR AR RR N AR RREARI AN AR AR AR R R R R L Y
O e T EE TR R
T R R R L R L TR L R L L T N NN TN NN e
R L N AR R A L R A R R L R R e
A R A R R ' " EALERRERRER R R L L
AR A R A A R R R R R R R R R R R R R . ) T Y RS s
S e R R A R R R R R ARERAE AR R R R R R R R R R R R R L R R R R L R R R
AR R L Rl L TR TELE TR R LR R R R R LR N Y
e e A L R AR R R R R R R L Y AR R R R R R R R
2 A L A L R A AR R .. R R R R R R R R R
R R R L L R R R R R L L R R R R R Y
A R L A L L AR AR R R R R R R L R AR
S R R R R R R R R A A R R A R R R R R R R L L
O R R R L 2l R AR R R L R R R R R R
AL A A A A R A R A R A AL AL R L 1 2R ERER AR » ) AR AR R R A R R R A R
A R R L AR R R R R R R R R R
R L . 4 AR ALY AR R T R R T
SRA R ER LR R AR R A 2 2 RR EAER R L ;" AEARERRERERLR AR R R R R R R R R R
AR R L A L L . 4 RELEL RN TLLEREEE AR AR R R R R R L L
A L R R R R R Ty .. e RN T T N
A A R R R R R LR TR TEEELIE Y AR R R R R R R R R LT
AR L L L L R R L LY R R R R R R

R L R R A R L R R A R A A A

W fﬂﬂ L R R R LR R L R L LY

b » A I AR A A R R AR AR R R R R N AR A R R A R R R R R AR R R RN AR NN AR R RAR AR R AR AR AR RRRARRR RN

: ~4uum AR e R R R R R R R R R R A SRR RRRL R R R R

A AA LS R L R R R R L

! DL R SRR AT AR R R R A L

:ﬁx.:)f Nilq R L e R A R R R A R R A
. . Fo iy T
Oy 1:..‘

T YT w-o
5

: : A
TN Aﬁua ex)
AL AA R AR Ranan.
AARRAR LRt n ey

A M

RLALEN . .,r_.d
vy —~ Mﬂt jﬁq A .
R
L X SN PO

v .
) DR
LU

—n-.... Ty ™ Y,

A R A S S Y TN S
e NN e e -v-. ...-J../.



C. Mobility: Fluids do not have their own shape. They take the shape of the
containers.
This effect of property shows acceleration
and it is the cause for the existence of the non-linear term of acceleration.

If we divide both sides of the above A ﬂ - ?K e éa_V_ - ﬂ YW /e

equation by dt, we will find: R T




Notes: Py 73
V—® : : w :
o« The term <Xl /s called convective acceleration and it is the non-linear therm.

This term is not found in Solid mechanics.

e Here, it should be noted that

In mathematics:

A _Definition of Linear term: In any term, if the coefficient of the dependent variable in the
problem and/or the coefficient of the derivative is constant, the term is called

If the coefficient is only related to the dependent variable of the problem, the term
IS called

If the coefficient is also related to the dependent variable of the problem, the term
Is called non-linear.



B Physical interpretation of exact differential:

If we have a certain cubic volume as an example:

Fig.12: A cubic volume and its dimensions

the total change in Volume

dV =dV +dV +dV, =ﬂ.dx+ﬂ.dy+ﬂ.dz

0x 0y 0z







If we consider a certain body having a certain volume and mass under a certain exerted force,

considering Newtonian mechanics, we will have that:

Fig.12: The external force acting on a spherical body

= o is called Normal stress and = 7°is called Shear stress.

N
4




In addition,
The volumetric force which is the result of the weight of the body itself

is taken as another external force acting on the body.

These kinds of expressions represent volumetric or Body forces.

Remark:

There are types of external forces in analysis
« Volumetric (body) forces as a result of the presence of a body and

« External forces exerted on the body: normal( perpendicular) to the surface and tangential to the Surface

« According to the above explanations: z F=ma=NF +FF + BF

BF is the volumetric (body) force, Nﬁ’ is pressure force acting normal to the surface and FFis the

frictional (shear) force acting tangential to the surface.




1. Static analysis

In static condition, there is no motion, i.e. We know that the shear stress is a function of
velocity given as:

dv Since velocity is zero, the shear stress becomes zero.
dy Therefore, in static problems, only normal stress is available.

2. Kinematic Analysis

In this analysis, However, the forces that caused the motion and the
forces created as a result of the motion (shear/frictional) forces are not considered.



3. Dynamic analysis

Here again, there is motion, but as opposed to Kinematic analysis,
the forces that caused the motion and forces created as a result of the motion are considered.

Therefore, all external forces (volumetric, normal and tangential forces) are considered.

The difficult thing in dealing with hydraulics is the determination of the tangential (shear) force.

Dynamic analysis is done under two categories:

1. The dynamics of Ideal fluids

In this fluids, there is no shear stress.

2. The dynamics of real fluids

In this condition, shear stress is not ignored.



Fig.13: Stress acting at a point

If we consider a certain cubic control volume, normal and shear stresses act on all the
surfaces of the control volume. In general, there are 9 components of stress acting at a
point, and stress can be taken as a tensor written in the following form.




Tyx = Tyy Tzx = Tyz @aNAT,, =T

A4




A. Behavior against shear stress:

Viscosity:

If we consider a flow in a certain channel, there is velocity variation as we move far from the wall of the
channel. Obviously, the velocity decreases as we approach the wall.

Fig.14: The velocity distribution along depth of flow



As a result of the difference in the velocity of layers of fluid,
friction (shear stress) should be created. In simple terms,

and It'1s given only for laminar flow conditions.

In the above equation:

refers to the shear stress created as a result of the friction between neighboring layers having
different velocities

refers to velocity gradient.

This means, if ‘du’ is the change in velocity for the change in location up to ‘dy’, the change in velocity for

a unit change in location becomes ;
dy

du

As a result, d_ is a velocity gradient that shows the change in the ‘u’ component of the velocity of the
fluid that occurs as a result of a unit change in location ‘y’ in the y direction.

In the same manner, is a pressure gradient that shows the change in ‘P’ as a result of a unit change
in location ‘y’ in the y direction.






N Ot e: Fig.15: The relationship between viscosity and temperature

In this course, we will only deal with Newtonian fluids.



In a Newtonian fluid, the force required for deformation is very small and
the rate of deformation is directly proportional to force applied .

THERE IS NO IN IDEAL FLUIDS






Corn starch is a shear thickening non-Newtonian fluid meaning
that it becomes more viscous when it is disturbed.
When it's hit repeatedly by something like a speaker cone it forms weird tendrils.




B. Behavior against normal stress:

Compressibility behavior:

Compressibility is a very important behavior. We know that elastic compressibility under pressure is given by:

=2x10° Kef / cm®

8 water

e. =2x10°Kgf /cm”

is very small

gass

This shows that £, >>E >> £

walter







In general, liquids are taken as incompressible fluids.

In this course, Liquids will be considered as incompressible fluids.

A pressure of 210 atm causes the density of
liguid water at 1 atm to change by just 1 percent

Taking compressibility into consideration and based on the behavior of fluids

against normal stress, fluids can be divided into two classes:

Compressible fluids (gasses) and Incompressible fluids (Liquids).
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2 Statics of Fluids: Hydrostatics

Pressure is defined as a normal force exerted by a fluid per unit area.

it has the unit of newtons per square meter (N/m2), which is called a pascal (Pa)

“Ah 150 pounds ) - 300 pounds
|

We speak of pressure only when
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we deal with a gas or a liquid.
The counterpart of pressure in

solids is normal stress.




2ﬁ=m.&'=Nﬁ+Fﬁ+Bﬁ=o

as hydrostatic c_onditioh is being a_nal'yZed.;

In addition, as there is no motion that can cause frictional force.

Therefore, we are only left with normal force and volumetric (body) force.

NF +BF =0



1. P = Py =P _= P.Itis not a function of direction making it scalar

2. This scalar pressure is the normal stress acting perpendicular to a plane
3. P = P(dirction), but P = P(point) = P(x, y,z)

Pressure is a scalar quantity, not a
vector; the pressure at a point in a fluid
is the same in all directions.




The law of Hydrostatic pressure

We earlier saw that P = P(point) = P(x, y, z). But, in reality, the most encountered condition is:

P = P(z),and P = P(x,y).We will use this principle to analyze the change in hydrostatic pressure
with depth.

Absolute
Pressure

Gage
Pressure

Fig.21: a cubic prism and pressures acting on it



Note:

 Pressure increases with depth.

 The pressure, P, Is termed as absolute pressure. If we ignore the
atmospheric pressure, we will only be remained with.

 The remaining pressure Is called gauge pressure. Therefore, gauge
pressure Is the difference between the absolute pressure and
atmospheric pressure. In practical applications, gauge pressure Is
generally used.

p=Absolute pressure

Atmospheric pressure

2
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p-p.= Gauge pressure




* The equation of hydrostatic pressure shows that
pressure, P, increases linearly with depth, h.

* The surfaces where the pressure remains
constant Is termed as Neo-pressure surface.

If the specific weight Is also constant, and since P Is
constant on neo-pressure surfaces, the depth, h,
remains constant. This shows that points at the
same depth are under the same hydrostatic
pressure.



For a fluid at rest a = 0

atm

(hydrostatio pressure distribution)

Pbelow = Patm + pgh



P,=Py=Po=Py=Pp=Ppr=Po=P, +pgh Mercury
Py#* Py ) ' H

Under hydrostatic conditions, the pressure is the same at all points on a
horizontal plane in a given fluid regardless of geometry, provided that
the points are interconnected by the same fluid.




2.3.1 Pressure difference between two points

Considering the given figure, we can write the hydrostatic pressure equation as point A and B.




Let’s consider to li

uids which do not mix having specific weights and . The figure shows the relative pressure

diagram for the two liquids.

e D B

L ¥,-h, E

el -

L &:-h;

| Gage Pressure Diagram

Layers of two fluids one up on the other

fluids as different surfaces.

Oil

Water




