Fluid Mechanic: Dr. Abdulkareem Abdulwahab
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Chapter One

Properties of Fluids

1.1 / Introduction:

Fluid mechanics is that branch of science which deals with the behavior of
the fluids (liquids or gases) at rest as well as in motion.

1.2 / Properties of fluids:
1. Mass density (p)(ro):

It is defined as the ratio of the mass of the fluid to its volume.

- 3
= \ p= — | kg/m (1.1)
in which

m  mass (kg).
v voiume (m3).
p of water is 1 gm/cm? or 1000 kg/ m°.
=5y TSN
2. Specific weight or Weight density (v ) (gama):

It is defining as the ratio of a weight of the fluid to its volume.

{ y=3'5-'~ N /m® (1.2)

In which,
W  weight N (Newton)

V  volume m’

AN s\ o
From Second Iav/TcQ)f ewton}(F = mail),\m which
F - Force (N), m—mass (kg), 2= acceleration (m/s?),

If the force is weight (W), the acceleration (a) becomes (g),
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= b
g‘/ gravity acceleration[(ltjsz),)thercfore from second law of Newton

L(w = n‘1'g)1l substituting this value in eq. (1.2),

(1) ,
o N r\/\/

r% , fromeq.(1.1)( p=")
\éd«kw

e

NN
Wt (131 - .
Therefore , if the value of gis 9.81 m /5?2, yof water is 1000 * 2.81 @ﬂmf/.

3. Specific volume (v.):
It is defined as the volume of a fluid occupied by a unit mass or volume

per unit mass of a fluid.

_volume 1

4. Specific gravity or Relative density (S):
¥ R pescit
It is defined as the ratio of the weight density or mass density of a fluid
to the weight density or mass density of water (for liquids), and for gases

to the weight density or mass density of air.

_— yof liquid | pof liquid v
S ( for liquids ) p of water (1.5)

S ( for gases) ii’;if = e (1.6)

° |
ﬁ\i
2

3|8

(S is without units)

5. Viscosity{ ¢ )(mu ) :
Viscosity is defined as the property of a fluid which offers resistance to
the movement of one layer of fluid over another adjacent layer of the fluid.

- -

R \xo\ L (,.»M-D
When two layers "of a fluid, a distance (dy) apart, move one over the other
at dlfferent véﬁ:ltles say uand u + du du as shown I%F’Lghg_!),,ﬂl_e_f_\ﬁgéjg__,—s? uus
n._) \,MX)

together with relative velocity causes a]shear stress/acting between the fluid
layers. This shear stress is proportional to the rate of change of velocity with %( V5

respect to y. It is denoted by symbo! 7 called Tau.
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du
T ¢ —
dy

_du
L T = ud—y(Newton's law of viscosity)J (1.7)

4 T ; . . .
Where , p (called mu ) is the constant of proportionality and is known as

e rate of shear deformation or velocity
— N

8 s § d
dynamic viscosity , d—u represents th
v ekt i

gradient.

From eq. ( 1,7) (1.8)

Unit of viscosity in SI unit is (N s / m?) or (Pa. s).

The unit of viscosity in (C G S) ( centimeter — Gram — Second ) is called
dyne—secon;i— N

[Poiselwhich is equal to =725
i cmé

(One poise = 0.1 N. s/ m?) and (one poise = 100 centipoise)

Kinematic Viscosity (v)(nu)is defined as the ratio between the dynamic

_—
viscosity and mass density of fluid:

(1.9)

__viscosity _ p
densit

and in (CGS unit) is Stoke,

The unit of kinematic viscosity in SI unit is
one Stoke is one cm?/ s and equal 104 m%/s.

(One Stoke = 100 centistoke).

Variation of Viscosity with temperature:
ecreases with increase of temperature. /

1. The viscosity of liquid d
2. The viscosity of gases increases with increase of temperature.
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1.3/ Thermodynamic properties:

nd hence thermodynamic properties play
1 temperature, the gases

tween absolute
gas is given by the

I 4

Gases are compressible fluids a
an importnn;t‘i'(jlfc,’ with the change of pressure anc
undergo large variation in llCllS;liyi. The relationship be
pressure, specific volume, absolute temperature (T)of a

)\=N 'A s\te equation of state as, (R is gas constant):
- - BV aSatd 7 \}\I Q)\j

& W \ :

_) ( 1.10)
- <——

~ ¢ P _
e =RT a.11)

—
Units of R in SI unit (J /kg. k) \(R for air 287 J/kg. k

1. isothermal process:

If the change in density occurs at constant temperature, then process
is called isothermal process and relationship between pressure and

density is given by :

P — constant (1.12)

2. Adiabatic ¥rocess:

If the change in density occurs with no heat exchange to and from gas

, the process is called adiabatic .

;’{- = constant (1.13)
where,

p is pressure.

k is ratio of specific heat of a ias at constant pressure ( ¢p) and
\

_constant volume (¢v) . (k for air is 1.4). Q=
- 1 s, Q)
1.4/ Compressibility and Bulk Modulus:
L)-‘) . .
Compressibility is the recil%igal of the bulk modulus of elasticity (K)

which is defined as the ratio of compl:qssive stress to volumetric

MY sle
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CYUNDER
Fig.(1.2)
Consider a eylinder fitted with a piston as shown in Fig. (1.2),

Let V is volume of gas enclosed in the cylinder.

> Y T - ‘
P is pressure of gas when volume is V.

Let th - D 22 NIPRVIVIPIPRIPS IS e
¢t the pressure is increased tQp+ dp% the volume of $as decrease from V

toV—-dVv

l Volumetric strain = - g

Bulk modulus ( K increase of pregsure] dp _ —dp
(K) volumetric strbww (1.14)
Compressibility = % (1.15)

r? For Isothermal process,

K = F (P is pressure

For Adiabatic process,
S, L

( where k is ratio of specific he

%ﬂft" 2ok
i illarity:
1.5/ Surface Tension and Capi aAtL L .
SO\ 553 6 6y
O\ Surface te sion is de,f"{,)rl‘ed as the tensile force acting on the surface of a.
& liquid irf)c\gn)éét with a )gas' or on the surface between two/immiscible\liquids. It

. L2\ N i
is denoted by Greek letter ¢ (called sigma). ?_\/*")9 AN
L_/——T

The phenomenon of surface tension is explained by Fig. (1. 3).
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Fig. (1.3) Surface tension
e e Ko\

Consider three molecules A, B, C of a liquid in a mass of liquid, The
molecule A is attracted in all directions equally by the surrounding molecules
of the liquid. Thus the resultant force acting on the molecule A is(zero, But the
molecule B, which is situated near the free surface, is acted upon by upward
and downward forces whfcvlgiﬁﬁbf@ﬁ;ccd. Thus a net resultant force on
molccule B is acting ina dowmvn\r:l\ii)ircction. The molecule C, situated on the

free surface of liquid, does experience a resultant M(ﬂgﬁe. All the
molecules on the free surface experience ii(’)wnward force. Thus the free
-~ ) -~

—

surface of the liquid acts like a very thin flﬁn under a tension of the surface of

the liquid act as though it is an elastic membrane under tension.

Tvpes of Surface tensions

1. Surface tension on liquid dropiet:

Consider a small spherical droplet of a liquid of radius r , let the

droplet is cut into two halves , as shown in Fig.(1.4).
( 1) tensile force due io surface tension acting around ihe circumference

of cut portion as shown in Fig.(1.4), and this is equal to :

Tensile foree = ¢. Circumference = 6. 7 d

Pressure foree = p. gdz
These forces will be equal and opposite under equilibrium conditions, i.

e.,

P.§d2=a.nd

Then,

L4

6= ZoN/m (1.16)
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(a) DROPLET URFACE TENSION
(¢) PRESSURE FOMCES

Fig. (1.4) Forces on droplet

2. Surface tension on a hollow Bubble:

A hollow bubble like a soap bubble in air has two surfaces in contact

with air, one inside and other outside. Thus two surfaces are subjected
to surface tension. In such case, we have,

114
P'Zd2=2'ond

_Pd
¢ =35 N/m (1.17)

3. Surface Tension on a liquid Jet:

Consider a liguid jet of diameter (d) and iength (L) as shown in Fig.

1.5),
isure § 1
1 1 P
it
g po
-
s
L o 2
2
-
-~
-
1 PLE
Q
)

Fig. (1.5) Forces on liquid jet
Consider the equilibrium of the semi jei, we have,
Force due to pressure =P. Ld
Force due to surface tension = ¢. 2L

Equating the two forces,

P.Ld=o0. 2L
c = .”2_" N/m (1.18)
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Capillarity:
i liquid
Capillarity is defined as a phenomcenon of rise or fall ot;a lqof -
i g v 7
surface in a small tube relative to the adjacent genel al leve ’ qrface
) ) . . . . . L] u
when the tube is held vertically in the liquid. The rise of liquid s

i iquid sur i wiIi
is known as capillary rise, while the fall of the liquid surface is kno

as capillary depression. Its value depends upon the specific weight of
the liquid, diameter of the tube and surface tension of liquid.

Expression for capillary Rise:

Fig. (1.6) Capillary rise

Consider a giass tube of smail diameter (d) opened at both ends and inserted in a
liquid(water), as shown in Fig. (1.6). The liquid will rise in the tube above

the level of the liquid.

Let h is height of the liquid in the tube. Under a state of equilibrium,
the weight of liquid of height h is balanced by the force at the surface of the
liquid in the {ube. Bui the force at the surface of the liguid in the tube is

due to surface tension.

The weight of liquid of height h in the tube = Area of tube. h. pg.

Vertical component of the surface tensile force = 6. Circumference.cos o

=¢. d. cos O

For equilibrium, equating two equations:

%dzhpg=c1tdcos6
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P9

iqui s tube.
In which (©) angle of contact petween liquid and glas

iter and clean gla
nes :

ss tube 1S equal to zZero, (cos 0=

The value of © between Wi
1), then , the equation (1.19) becor

and tubc is glass)

h= 46(1 (1.20) (if the liquid is water

Expression for Capillary Fall:

If the glass tube is dipped in mercury, the level of mercury is the

tube will be lower than the general level of the outside as shown in Fig.

(1.7)

prh)

|
- e ——

h
! el g {
! w1

s e i
L s S, S |
MERCURY

Fig.(1.7)

s
e
;

Let h is height of depression in tube.
There are two forces are acting on the mercury inside the tube.

i. Force due to surface tension acting in the downward directicn

=ondcosO
2 . Force due to hydrostatic force acting upward = p. E a2
= T 42
pgh, " d
Then in equilibrium, equating the two forces,

pgh.gd2 = ¢ndcos©

h= 11“)—;‘""1—9 (1.21)

(value of O for mercury and glass tube is 128")
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1.6/ Vapor piessure and Cavitﬁt'ai‘n 5
to the gaseous state is known s vaporization-
sed vessel . et the
sure above

 is confined in clo
atmospheric ; if the pres

this value of reduce
essure , the boiling

is 20°c .

A change from the liquid state
Cousider a liquid (say water) whicl
temperature of liquid is 20% and pressure is
the liquid surface is reduced by vacuuiil blower,
r'cac.h to vapor pressure or less than the vapor pr
liquid will start , though the temperature of the liquid

of pressure
of the

por molecules get
face and top of the vessel ,

Bec: Y
ause , the vaporization takes place , when va
y the liquid surface .

acc :
umulated in the space between the free liquid sur

these acc
: umulatec :

rulated of vapor molecules , exert a pressure 01
id ( at this pressure . the

this pressure i
ST sure is known \V
15 WN as vapor pressure of the liqu

il - L3 3
iquid is converted into vapor )
1 .
ocity of water

If the liguid (s
is in(:reasedq ;he( - wate;:) is flowing in a system , when the vel
reach to the ,Value[:)rfe:bure is decreased , may be this decreasing of pressure
molecules of water cona\l;oz fressure of water , then the water start to boiling {
ert to vapor bubb! : ,
to the region of hi por bubbles ) , if these vapor bubbl i
2 =i 1 = ] g § 5] e :
collapsing of thes1gher pressure , they are sudden collapsiilg when t:l i
e vapor bubbles : ’ B
the metaliic , very high pressure and
fic surfa . . stress are
ces which the liquid is flowing is pitting and P Cl‘e:.;:ed ’
5 ¢ age, is

process is known Cavitation .
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