Fluid Mechanics 1/ 2nd Year/ Dept. of Petroleum and Refining Engineering

Lilgall silSia 1 ) Rall pnsd alall Sadly Al astadl) 5
. - i \ p . a-ds .' - b
bl Jalll [ 6 rolaagl s Ctatlly ) Aesin A5/ b pal] daals

.. - . a - _‘ -
P 2 tEeE 2 clkeldias oSilly kil Lk pudd gia ibishe

Al gl (Gl : sRall &ad Al i)l als )

Week No. Subject
1 Dimensions and units analysis-concept of fluid
5 Fluid and their properties-difference between solids. liquids and gases. Ideal and
- real fluids
3 Capillanty, surface tension
< Cavitation 1ssue and it's solution
5 Compressibility and bulk modulus. Newtonian and non-Newtonian fluids
6 Viscosity. newton law of viscosity, dynamic viscosity. units of viscosity
B Effects of temperature and pressure on viscosity. velocity and shear stress
through pipes
8 Fluid static. concept of pressure. pascal's law and its application. action of fluid
pressure on a plane (horizontal Vertical. and inclined)
9 submerged surface. resultant force and center of pressure. force on a curved
surface
10 Buoyancy and flotation. stability of floating and submerged bodies. metacentric
height
11 pressure distribution 1n a liquid subjected to constant horizontal/ vertical
acceleration. rotation of liquid in a cylindrical container.
12 Fluid kinematics, Classification of fluid flows. velocity and acceleration of fluid
2= particle. local and convective acceleration
13 normal and tangential acceleration. streamline, path line and streak line. flow
rate and discharge mean velocity
continuity equation in Cartesian and cylindnical, polar coordinates.
14 Rotational flows. rotation velocity and circulation. stream and velocity
potential functions. flow net.
15 Fluid dynamic. Euler’s equation, Bernoulli’s equation and steady flow energy
equation; representation of energy changes in fluid system,
16 impulse momentum equation, kinetic energy and momentum correction factors,
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Conservation of Ener gy

The energy of the fluid flowing in any system remains constant, unless a certain amount of energy
is added to or subtracted from the fluid. But the energy (or a part of it) can be changed from one
form to another.

Flow of Steady | ncompressible One-Dimension | deal Flow

Euler’s equation:

Consider a flow along the stream line ‘S’ and consider a cylindrical fluid element of length ‘ds’ and
cross-sectional area ‘dA’.

pHdp

Appling Newton’s 2" law along the streamline.

Zsz dm. a

PdA — (P + dP)dA — dwsinf = dm.a

da

—dPdA — dwsin® = dm.a — — — —(1)

But dm = d(pV) = pdV + Vdp

p = const.dp = 0 Incompressible fluid
horizontal datum plane ¥

dm = pdv=pdAdds - — - - —-—-—-—-——————— (2a)
dw = gdm = gpdV= gpdAds X  sinB
dw sin@ = gpdAds sin® = gpdAdz — — — — — — — — — (2b)

_dv._av ds_VdV )
“T4 T ds dt ' ds (26)
Substituting equations 2a, 2b, and 2c, in equ. 1.

dv
—dPdA — gpdAdz = pdAds VE +~ pgdA
dP vdv

—+——+dz=0 By integretin
v g y Integ g

dP vdv
f 7 + ? + f dz = 0 Eulers equation for steady flow along stream line

For incompressible flow p = cons.

P V2 _ )
—+—+2z = cons. Bernoullis equation
Yy 29

P, V,? P, V,°

ST L= 242 4 Z,
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Bernoulli’s equation:
It statesasfollow: inanideal incompressible fluid when the flow is steady and continuous, the sum
of pressure energy, kinetic energy and potential or (datum) energy is constant along a stream line

where
P
|~ pressure energy or pressure head (m)
h 4
2 — fn R
v — Vi 1L

E — Kinetic energy or velocity head (m)

Z — datum or elevation energy elevation head (m)

The elevation term, z, is related to the potential
energy of the particle and is called the elevation head.
The pressure term, is caled the pressure head and
represents the height of a column of the fluid that is
needed to produce the pressure p. The velocity term,
is the velocity head and represents the vertical
distance needed for the fluid to fall freely (neglecting 7
friction) if it is to reach velocity V from rest. The Wyt

Bernoulli equation states that the sum of the pressure
head, the velocity head, and the elevation head is
constant along a streamline.

BERNOULLI’S EQUATION

Bernoulli’s equation states as follows:

“In an idcal incompressible fluid when the flow is stcady and continuous, the sum of
pressure energy, RKinetic energy and poleniial (or datum) encrgy Is constant along a stream line.™
Mathemancally,

B 27— 43 = constant ' whate NOT YORW

Vi B T T "1
Total energy line {T.E.L) — Line represents the sum of pressure % T |’ i . TeL ’
head, potential head, and velocity head. 2 v ‘ hy
=+ T o = ‘
2g W o i )
M NG“ 2
Hydraulic Grade Line H.G.L represents the sum of pressure head W 2z, > ‘ ~ |‘ :.f,‘
and potential head P = Vi~ “-’w'..;‘,‘:l. A o, oS e
W - - —~ B Ly, ’ A
K = 777 : P
’ ';’-'"7,7,’ g s S ‘-;ﬂ“: | . ”
,,/',77,_‘»» s jLA <
In ideal condition, the T.E.L is Horizontal {(means that . . B e
there is NO Losses) o R, T~
< —T/,‘;—, V
Hydraulic Grade Line (H.G.L) zs
Total Energy Line (T.E.L) Or Energy Grade Line (E.G.L) ‘ :
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Hydraulic and Enerqy Grade Lines:

Energy grade line

A useful visual interpretation of Bernoulli’s equation is to

sketch two grade lines of aflow. The energy gradeline ‘ ‘_g

(EGL) shows the height of the total Bernoulli constant V2 Ly ik e S ==
°y v +z=h
vy 2zg" T

In frictionless flow with no work or heat transfer, the EGL
has constant height. The hydraulic grade line (HGL)
shows the height corresponding to elevation and pressure
head z+p/y that is the EGL minus

the velocity head VV?/(2g). The HGL isthe height to which
liquid would risein a piezometer tube attached to the flow.
In an open-channel flow the HGL is identical to the free

Con
Bernoulli
head

stant

surface of the water.

Figureillustratesthe EGL and HGL for frictionlessflow at sections 1 and 2 of aduct. The piezometer
tubes measure the static pressure head z+p/y and thus outline the HGL. The pitot stagnation-velocity

2
tubes measure the total head 5 + :—g + z , which corresponds to the EGL. In this particular case the EGL
Is constant, and the HGL rises due to adrop in velocity.

In more genera flow conditions, the EGL will drop slowly due to friction losses and will drop
sharply dueto a substantial loss (avalve or obstruction) or due to work extraction (to aturbine). The EGL
can rise only if there is work addition (as from a pump or propeller). The HGL generaly follows the
behavior of the EGL with respect to losses or work transfer, and it rises and/or falls if the velocity
decreases and/or increases.

Basic assumption:

1. Steady incompressible fluid.

2. Inviscid flow.

3. No losses between any two points in the flow.
4. No energy added or removed in the flow.

T
Arbitrary datum (z =0)

Example 1. In a pipe of 20 mm diameter water is flowing with a mean velocity of 2 m/s and
2 : iy : SR 3 SHANE 2
at a gauge pressure of 350 kKN/m~. Derermiine the total head, if the pipe is 8 metres above the datn

line. Neglect friction.

Solution. Diameter of the pipe = 90 mun

Pressure, p = 350 kN/m”
Velocity of water, V' = 2 m/s
Datum head, =z = 8 m
Specific weight of water, w = 9.81 kN/m’
Total head of water, H:
2 P
H -+ +
2g “
2 350
= 8+ + =43.88 m
2x9.81 981

H 43.88 m
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Example « o Water flows in a circular pipe. At one section the diameter is 0.3 m, the stafic
pressure is 260 kPa gauge, the velocity is 3 m/s and the elevation is 10 m above ground level.
The elevation at a section downstream is 0 m, and the pipe diameter is 0.15 m. Find out the gauge
pressure at the downstream section. Frictional effects may be neglected. density of water to be 999 ke/n’.

From continuity equation, 4; ¥V, = 4,V,, P\ =260 kPa
~ (gauge)
Solution. Refer to Fig. 6.7. D, = 0.3 m: D, = 0.15 m; z, = 0; z, = 10 m; p, = 260 kPa, ¥, = 3 nv/s; p = 999 kg/m’. i
V= Axt =| 2= | T
E 4, T 2
A g0
10m

2 2
D 0.3 !
= [F;) xp’lz(m] x3=12m/s

Weight density of water, w = pg = 999 « 9.81 = 9800.19 N/m’

From Bernoulli’s equation between sections 1 and 2 (neglecting friction effects as given). we
have:

2 *
B B oo PR B
+2_g+" w+2g+-3
260 x 1000 3)* Pa 12)? P
4= +10 = 2 _ - 2653 +0.459+10 = —E22 __ +734
9800.19 2 x9.81 9800.19 " 2x9.81 " ° : 9800.19

H.W. 7. The water is flowing through a tapering pipe having diameters 300 mm and 1350
mm at sections 1 and 2 respectively. The discharge through the pipe is 40 litres/sec. The section 1
is 10 m above datum and seciion 2 is 6 m above datum. Find the intensiiy of pressure at section 2 if

R . 2
that at section I is 400 kN/w-.
Solution. At Section 1:

Diameter. D

2 > 3(\0
.D, = 300mm=0.3m \v.v‘
Area, 4, % < 0.3 = 0.0707 m’
Pressure. p, = 400 kN/m”
Height of upper end above the datum. z; = 10 m i
At Section 2: p~,

Diameter, D, = 150 mm=0.15m

Area, 4, — % % 0.15% = 0.01767 m*

Datum line
Height of lower end above the datum, z, =6 m

3
Rate of flow (7.e., discharge), Q@ = 40 litres/sec = 40x 107

P = 0.04 m’/s

Example 3 5 A pipe line carrving oil (sp. gr. 0.8) changes in diameter from 300 mm at position
1 to 600 mm diameter at position 2 which is 5 metres ar a higher level. If the pressures at positions
Iand 2 ave 100 kN/m* and 60 kN/m? respectively and the discharge is 300 litres/sec., determine:

() Loss of head, and (if) Direction of flow.
Solution. Discharge, @ = 3;)g‘}]|n-esxsec $p. gr. of oil = 0.8
= Joop 3 w’ Weight of oil, w = 0.8 = 2.81 = 7.85 kN/m’

el

Diameter of pipe. Dy, = 300 mm=0.3m
Area of pipe. 4, = } < 0.32=0.0707 m’

Pressure. p; — 100 kN/m” f
If the datum line passes through section | (Fig. 6.16) then datum. =, = 0 D

< 0.3 - :
Velocity. ¥, = £ =424 m/s
iy, ¥, : ; m's P
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Example 4 In a simooth inclined pipe of uniforin diameter 250 nnn, a pressurve of 30 kPa
was observed ar section I which was ar elevarion 10 m. Ar another section 2 ar elevation 12 m, the
pressure was 20 kPa and the velociiy was 1.25 mi's. Determine the divection of flow and the head
loss befween these two sections, The fluid in the pipe is water. The density of water at 200C and 760
mmn Hg is 008 kg.xm‘l_ (FTL)

250 mm

TN
2‘p:=3ﬂk]}a

Solution. Given:
D= 250 mm = 0.25 m.
py; = 50kPa=50x 10° N/m™;

1
7y = 10m; == 12m; p=50kPa zZ=12m
Py = 20kPa=20x 10° N/m’, r N
V, = V,=125m/s, p=998 kg/m>. = 3 ';’ =’
i) * - S T i T T
Refer to Fie. 6.15.

Total energy at secrion I—1, 3 P
2 50 =10 1.25"

ik F10= 15187 m
- = 998 = 2. 81 2=98l1

" =k
Total energy of secfion 2-2
2 3 =2
o=, o 20x1D 125 | —qairm
= w 2g = 938 x DBl 2x59.81
Loss of head. hy = E,—E; =15187 -14.122 = 1.065 m

Divection of Mow:

Since E, = E, direction aof flow is from section 1-1 to section 2-2.

Application of Bernoulli’s equation: T 1 r'y 2
1. Torricelli’s theorem - .
Aas-surface area of liquid at ‘1’ A>>Ar 7,
Points ‘1’ and ‘2’ are both exposed to atmospheric pressure 2
i.e. pr=p2=0 oo -_-T
applying Bernoulli’s equation between points 1 and 2 e | L
. }
%+%+zl=%+\%§+zz * 2L
V1=0- largetank Py and P> =0 atmospheric pressure
Vi
2—g=21—22 Z1—Z; =h

V, = /2gh Torricellis equation
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2. Siphon: Y
Conditions for siphon performance:
- Z1>2Z3 . ; LI 1
- Initialy the fluid must be forced to flow.
Z,
(ZZ - Zl)y < Patm. A Liquid
3. closed duct or pipe: i,
F Y
In this case p1 and p2 not equal zero ; Z1=2; DL Z, v
v . ¥
PV P, V,°
—+—+z;==4+—"—+z
y 28 Ty 28 77
Applying continuity equation ; AV, = AV,

WORK — ENERGY EQUATIONS
Energy: 1. Added mechanicaly —» (pump)
2. Removed: a. mechanically —¥turbine)
b. frictional resistance (losses)
1) Vaves 2) elbows 3) reducers
- Bernoulli’s equation may be modified to account for energy added or energy removed between any
two pointsin the flow.
Bernoulli’s equation with pump:

P, VP P, V7
—+—+z+E,=—+-=+7
Yy 29 Y 29
Bernoulli’s equation with turbine:
P, V? P, Vi
— itz =24+ 2t +
Y 29 Y 29
For real flow with losses:
P, VE P, V%
Stttz =24+ 242,44,

vy 29 ' v 29
Where, Ep— pump head (m)
Er — turbine head (m)
H. — head losses (m)
Pump power:
Ppump = )/QEp
Turbine power:
Pryrpine = YQET

FLoad X S = work []]

S
Power = F XE E] or watt
Power = PAV = PQ but P =YE,
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o Pp = VQEp

Output power from the pump which is less than the electrical

power input to the pump.

Problem (1) : Calculate the pump power, assuming that the divergent tube flow full.

P, = YthHg
P, = —13570 x 9.81 x 0.25 = —33280 Pa
Applying Bernoulli’s equation between 2&3

@:su mmHe(vac)

PZ V22 P3 V32 T —— —I—' 3'ir
7 + Z_g t7z; = 7 + Z_g + 23 ) | 125mmd -
ZZ = Z3 P3 = 0 atm. :
—33280 V- V? | Lem
9810  2g %
VZ-V=—6656———————————————— (1) & T 2 v
A3 1502 I water -
V2A2 - V3A3 - V2 = V3A_2 - ﬁv:g == 14‘4‘V3 _ - (2)
From equation 1& 2
V2 — 1.442V2 = —66.56  V,; = 7.87m/s
Q = VaA; = 7.87 X % x 0.15% = 0.139m3/s
Applying Bernoulli’s equation between 1&3
UM S S V=0, P, =0, P,=0
Y ' 2g Zy p—y 28 Z3 1 =Y 1=V, K=
E—V32+ e + 1.5 = 4.66
PT g B TAT Ixogr 0T M
Poump = YQE, = 9810 X 0.139 X 4.66 = 6.35kW
L 1
Problem (2) : Calculate the height h that will produce a = T
flowrate of 85 L/s and aturbine output power of 15 kW. . EL
Solution:
Prarbine = YQET — 15000 = 0.085E; — Ex = 18m D —
Turbine — — Y. — oy — — — —|-T
QuVA v, Q_0085x4 oo (T ) Lo
= e d =" = .om/S
T A X 0.12
Applying Bernoulli’s equation between 1& 2
131+Vlz+ Pz+sz+ +E; V,=0, P,=0, P,=0
—_— - 71 = — _— YA = , = , =
Y zg 1 Y Zgz 2 T 1 1 2
0+0+h=0+-——-—+0+18 -  h=24m

2 x9.81
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Problem (3) : Calculate the pump power. 200mmmd ey
Solution: P; = Py — yugh — v X 0.6 5

175mm

P, _18570x981 0175 — 0.6 — —2.075 2.4m
Y 9810 ' 0= —ad/om v

Applying Bernoulli’s equation between 0&1

|
|
|
|
I
+
P, VZ P, V2 '

Yy 2g
04+04+0=-2975+

He(rd=13.57)

+ 2.4 - V; =3.36 m/s

Q=V,A, = 3.36 X g x 0.22 = 0.1055m3/s
Q  0.1055x4

A, %0152
Q _ 0.1055 x 4

A3 1% 0.075°
Applying Bernoulli’s equation between 0&3
P, V¢ P, V?
—t—+zg+E,=—+—=+12;

Y 28 Y 28

2
0+0+0+E,=0

Q=V,A;, >V, = =5.97m/s

Q=V3A3 > V3 = = 23.88m/s

to o oat(24+09) - E,=3238m

Poump = YQEp = 9810 X 0.1055 X 32.38 = 33.508 kW
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‘Exan/(/a/e .
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ey re a/ -g/ﬁ.e .gume'/‘. +he Prichon o ctor (€ 0-02
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leng thof Saf}w‘mL - GoomMm heoh o £ summie,h =3 m
o Lengtho F-syphon wp ko summid =100/ (L)
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,ﬁ.Lj
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Problem (H.W.): Consider the water siphon shown in figure.

Assuming that Bernoulli’s equation is valid, () find an expression
for the velocity V exiting the siphon tube. (b) If thetubeislcmin 7]
diameter and Z; =60 cm, Z, =25cm, Z3=90cm, and Z4 = 35 cm, —_
estimatethe flow ratein cm?/s.
Solution:  Note that the velocity is approximately zero at z,
and a streamline goes from z to z. Note further that p. and p2
are both atmospheric, p = pam, and therefore cancel. z=1
Py +—+z _&+—+z
ry 29 y 29

V, =4/29(z,-2,) = /2x9.81x (0.6 - (-0.25)) =4.08m /s

Q,=V,A, = 4.08x % x (0.01)? = 0.0003m?/ s
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Flow siphoned:

Water at 60 °F is siphoned from a large tank through a constant diameter hose as shown in
Fig. E3.10. Determine the maximum height of the hill. H, over which the water can be si-
phoned without cavitation occurring. The end of the siphon is 5 ft below the bottom of the
tank. Atmospheric pressure is 14.7 psia.

2y

(3}

B FIGURE E3.10

SovLuTion

If the flow is steady, inviscid. and incompressible we can apply the Bemoulh equation along
the streamline from (1) to (2} to (3) as follows:

pi+30Vi+yn =p+ Vit vy =pa+10Vi+ vz (1)
With the tank bottom as the datum, we have z; = 15 ft.z = H,and z; = —5 fi. Also. V, = 0
(large tank), p; = 0 (open tank). p; = 0 (free jet). and from the continuity equation
AV, = A,V,, or because the hose is constant diameter, V5 = V5. Thus, the speed of the fluid
in the hose is determined from Eq. | to be

Via= V2e(z; — ) = V2(322 ft/sH)[15 — (—5)] f
= 359ft/s =V,
Use of Eq. | between points (1) and (2) then gives the pressure p, at the top of the hill as
P2 =py +3pVi + vz — 30V3 — v = ¥(z — ) — 30V3 (2)

From Table B.1, the vapor pressure of water at 60 °F is 0.256 psia. Hence, for incipi-
ent cavitation the lowest pressure in the system will be p = 0.256 psia. Careful consider-
ation of Eq. 2 and Fig. E3.10 will show that this lowest pressure will occur at the top of the
hill. Since we have used gage pressure at point (1) {p; = 0}, we must use gage pressure at

point (2) also. Thus, p; = 0.256 — 14.7 = —14.4 psi and Eq. 2 gives
(—14.4 Ib/in.?){(144 in*/f) = (62.4 Ib/fC)(15 — H)ft — %[IEH slugs/ft*)(35.9 fi/s)’
or

H=282#f 1Ans)
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Week No. Subjects
17 flow along a curved streamline free and forced vortex motions.
18 Conservation of mass (mass balance)
19 Rayleigh’s and Buckingham'’s Pi method for dimensional analysis.
20 Dimensionless numbers and their significance, geometric, kinematic and
5 dynamic similanity, model studies
21 Flow regimes and Renlods number. flow classification
o critical velocity and critical Reynolds number. laminar flow 1n circular cross
= section pipes
23 Turbulent flows and flow losses in pipes, Darcy equation
24 munor head losses in pipes and pipe fittings
25 hydraulic and energy gradient lines.
26 Water hammering and it's solution
27 Fluid measurements devices
28 Fluid measurements devices
29 Problems solutions
30 Review

Text Book:

Elementary Fluid Mechanics/ Vennard and Street. 6"edition, 1982.
Refer ences:
Fluid Mechanics/ 5™ edition / Frank M. White. 1999.
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CONCEPT OF FLUID MECHANICS

Definition :

Fluid mechanics is that branch of science, which deal with the behavior of the fluid (liquids or gases) at rest as
well as at motion. Thus, this branch of science deal with the static, kinematic and dynamic aspect of fluid. The
study of fluid at rest is called fluid statics. The study of fluid in motion where pressureforcesare not considered
is caled fluid kinematics, and if the pressure forces are considered in fluid motion that branch of science is
called fluid dynamics.

The fluid mechanics may be divided into three parts:
% Fluid Statics: The study of incompressible fluids under static conditionsiscalled hydrostatics, and
that dealing with the compressible static gases is termed as aerostatics.
% Fluid Dynamics: It deals with the relations between velocities, accelerations of fluid with the forces or
energy causing them.
% Fluid Kinematics: It deals with the velocities, accelerations and the patterns of flow only. Forces or
energy causing velocity and acceleration are not dealt under this heading.

Fluid is defined as a substance that deforms continuously when subjected to a shear stress, no matter how small
that shear stress may be. It is either gas or liquid.

Shear forceisthe force component tangent to surface.

Shear stress (force per unit area) is the shear force divided by the area of the surface.

Fluid:
v’ gasses
v liquids
Fluid statics:
v" Fuid at rest.
v Fluid with constant linear acceleration.
v Fluid with constant angular acceleration.

Type of fluid:

1. Ideal fluid: A fluid which isincompressible and is having no viscosity.
2. Real fluid: A fluid whichis having viscosity.

Anideal fluidisonewhich hasno viscosity and surface
tension and is incompressible. In true sense no such fluid
exists in nature. However fluids which have low viscosities

. . ) o Non-Newtoni
such as water and air can be treated as ideal fluids under @ fluid
certain conditions. The assumption of ideal fluids helps in z
simplifying the mathematical analysis. E

¥
3. Newtonian fluid: A redl fluid in which the shear stressis Newtonian flui

directly proportiona to the velocity gradient.

4. Non- Newtonian fluid: A rea fluid in which the shear
stressis not directly proportional to the velocity gradient.

Fluids for which the rate of deformation is linearly Velocity gradient

proportional to the shear stress are called Newtonian fluids.
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Most common fluids such as water, air, gasoline, and oilsare
Newtonian fluids. Blood and liquid plastics are examples of
non-Newtonian fluid

Fluid dynamics:

v" Ideal flow.
v Readl flow.
Flow:

v" Internal flow (pipelines, ducts...).
v’ External flow (ships, wings, airplanes...).

Fundamental equations.
v" Conservation of mass.
v Conservation of momentum.
v' Conservation of energy.

Type of fluid flow:
v" Viscous or non-viscous flow (ideal).
v’ Steady or non-steady flow.

v Compressible or incompressible flow. - e ﬁ

v" Uniform or non-uniform flow.

e

Solid and Fluid (liquid & gas) LIQUID

In solids, the molecules are very closely spaced whereasin liquids (such aswater, oil, and gasoline)
the spacing between the different moleculesisrelatively largeand in gases (such as CO2 and methane)
the spacing between the moleculesis still large.

= A substance exists in three primary phases: solid, liquid.
and gas. A substance in the liquid or gas phase is referred
to as a fFluid.

= Diistinction between a solid and a fluid is made on the basis
of the substance’s ability to resist an applied shear (or
tangential) stress that tends to change its shape.

= A solid can resist an applied shear stress by deforming,
wherecas a fluid deforms continuously under the influence
of shear stress, no matter how small.

= In solids stress is proportional to srrairr, bur in fluids stress
is proportional 1O strain rate.
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Differ ence between liquid and gases

Liguid (rascs
Ditficult to compress and Easily to compress — changes of
often regarded as volume is large, cannot normally
incompressible be neglected and are related to

tcemperaturc

Occupies a fixed volume Mo fixed volume. it changes
and will take the shape of volume to expand to fill the
the container containing vessels
M free surface is formed if Completely fill the vessel so that
the volume of container is no free surface is formed.

greater than the liguid.

Dimensions and Units:
A standard unit for length might be a (meter or foot), for time might be (hour or second),

and for mass a (slug or kilogram). Such standards are called units, and several systems of units
are in common use as described in the following section. The qualitative description is
conveniently given in terms of certain primary quantities, such as length, (L), time, (T), mass,
(M), and temperature, (0). These primary quantities can then be used to provide a qualitative
description of any other secondary quantity: for example, Area=L2, Velocity=LT-1,
Density=ML -3 and so on, where the symbol is used to indicate the dimensions of the secondary
guantity interms of the primary quantities. Thus, to describequalitatively avelocity, V, wewould
write V =LT-1 and say that “the dimensions of a velocity equal length divided by time.” The
primary quantities are also referred to as basic dimensions.

For awide variety of problemsinvolving fluid mechanics, only the three basic dimensions,
(L, T, and M) are required. Alternatively, (L, T, and F) could be used, where F is the basic
dimensions of force. Since Newton’s law states that force is equal to mass times acceleration, it
followsthat F=MLT-2

For the SI system there are four basic dimensions through which fluid properties are expressed.
* Basic Dimensions are:

» Mass (M)
» Length (L)
> Time (T)
> Force (F)
There are two systems of dimensions:
1. M-L-T systems
2. F -L-T systems

quantity dimension units
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Derived units:

length (L) Meter (m)
mass (M) Kilogram (kg)
Time (t) Second ()
Temperature (T) Kelvin (°k)

Force = mass X acceleration =F = M X a = kg X 522 = N=M L T2 (Newton’s second law)

Velocity = distance/time=m/s=V = Length/Time=L /T

OR VvV=LT?

OQuantity Dimmension S1I Umnits English Units
Area A rz m* fi?
Volume®  %& I3 m? or L (liter) fit?
Welocity L LT = flu'sec
Acceleration a rrre mfs= fifsec®
Angular velocity L2 ! s~ sec!
Force F MIST? kg - mfs® or N slug - fifsec® or 1b
Density o MALR kgfm* slug/ it
Specific weight 3 MILET? NS sl o
Frequency i 51 soc
Pressure o MILT® MN/m* or Pa b/
Siress T MALT? MN/m* or Pa 1b/fit”
Surface tension o MITE M 1b/Fi
Work W AT NM.-m or ft - 1b
Energy E MEAIT? MN.-m or ft - Ib
Heat rate Q MEAITS Ifs Biufsec
Torgue T AT i B ft - Ib
Povier W5 ME2ST? Ws or W ft - Ibisec
Mass Aux sz AT kg/s slugfsec
Flow rate () F o mifs fit'fsec
Specific heat ¢ ILATre Jke - K Buw'slug - °R
Wiscosity o MILT ™ - sfm* b - sec/ft*
Kincmatic viscosity w LAT mZis ftifsec
=We use the special symbol % 1o denote volame and V o denote velocity.

Fluid properties:

Density (p) isdefined asthe ratio of mass of fluid to its volume. ( mass per unit volume at a

standard temperature and pressure). The value of density of water is 1000kg/m?

mass of fluid

: =

> Specific weight (weight density) the ratio of fluid weight to its volume. weight per unit

~ Volume of fluid

volume, at a standard tempe. and pressure. It is denoted by ()) Mathematically is (pg)

weight of fluid mg [ N
=35 — P8 —3]
m

Y = Volume of fluid 9
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> Specific gravity (relative density): Theratio of the density of fluid to the density of water.(
ratio of the specific weight of the liquid to the specific weight of a standard fluid). t is
usually denoted by s.g or sp.gr or r.d) , It is dimensionless and has no units.

Specificweightofliquid ~ Wiiguia
Specificweightof purewater  u

Specific gravity =

s
warter

d _ density of liquid (di ionless]

(r- Diiguia = density of water tmenstoniess
density of gas . .

(r.d)ges = [dimensionless]

density of air

> Specific volume: is defined as the volume of fluid per unit mass, volume per unit mass,
It is usually denoted by 19, mathematically is (1/p)
_ volume of fluid m® 1

mass of fluid ~ kg ~ kg

m3

Table(1.1)
Quantity FLT system MLT system
Acceleration LT LT
Angular acceleration T2 T?
Angular velocity T?! T?!
Area L2 L2
Density FLAT? ML3
Energy FL ML2T2
Force F MLT?
Heat FL ML2T2
Length L L
Mass FLIT? M
Modulus of elasticity FL? ML T2
Moment of force FL ML2T2
Moment of inertia L? L?
Momentum FT MLT?
Power FLT? ML2T3
Pressure FL? ML T2
Specific weight FL3 ML2T2
Strain 1 1
Stress FL? MLIT2
Surface tension FL! MT2
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Temperature (S (S
Torque FL ML2T2
Velocity LT? LT!
Dynamic viscosity FL2T MLT2
Kinematic viscosity LT LT
Work FL ML2T2

Problem 1: calculate the specific weight, density and relative density of 1 liter of liquid which
weights 7 N.

Solution:
i 1liter = ——m?, weight = 7N
1000
fic weighty = S8t _ 7 _ 500N ANS
SPECHIC WEIBEY = Solume — 1/1000 m3 '
specific weight 7000 k
Density = P sy = = 713.5—g ANS.
g 9.81 m3

density of liquid _ 713.5
density of water 1000

relative density(r.d) = =0.713 ANS.

Problem?2: Calculate the density, specific weight and weight of one liter of petrol of specific
gravity = 0.7.

Solution: 1 liter = ——m?
1000
(r. d) = Sensity of liquid d x 0.7 x 1000 = 7005 ANS
.d) = - p=Tr. = 0. = — :
d density of water p=r Pwater m3
P N
specific weighty = pg = 700 X 9.81 = 6867E ANS.
. _ weight _
specific weighty = — weight = y X V= 6867 X = 6.867N ANS.

volume 1000
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1.1 Verify the dimensions, in both the FLT and MLT systems,

of the following quantities which appear in Table 1.1: (a) vol-
ume, (b) acceleration, (¢) mass, (d) moment of inertia (area),
and (e) work.

5
fﬂJ Va)"amg = L
(b) acceleration = Ltime rale of change oF velocits
= L7 e i
__J__ — —_ —
() mass = M
or with F=rMLT73
mass = 7 i

(A) moment +F 1aertia (area) = 5€cond toment of Area
=2 s LY

(e) work = toree x distance
s EL
or with :MLT'Z
work: ML2T 2

1.2 Determine the dimensions, in both the FLT system and
MLT system, for (a) the product of force times volume, (b) the
product of pressure times mass divided by area, and (¢) moment
of a force divided by velocity.

(%) forco x wolume = (F)(1D) = EL
Jince F 2 MLT™*
, ¢~
Loree x vilume = (MLT‘Z)(LBJ‘_‘ M_z

e e—r—

(FLra(m) . RN,

Préssure X MmAass .

(6] avrea L% L2
. ZL‘st
L (mLT
L?-
" M;_L-BT—Z
- moment of a force = f_é_ &
) relocity =1 *_—*_T_

» Compressbility

All fluids may be compressed by application of pressure. Elastic energy is stored in the compressed fluids and
the fluids return to their original volumes when the pressure is released. This show us that the fluid is ‘elastic’. In
engineering, thisis summarized by ‘bulk modulus of elasticity E’.

l:n Mpa (200 atm)

L
-

dv= 0.1% — dp~0

lzo Mpa (200 atm)

dp#0

- ‘
=

=4l
Stainy¥,

1 Fluid is
incompressible.

Fluid is
compressible
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where dp isthe differential pressure change, dV isthe differential volume change, and V isthe volume of fluid.
Because is negative for a positive dp, a negative sign is used in the definition to yield a positive E. The elasticity
is often called the compressibility of the fluid. The fractional change in volume can be related to the change in

material density using m = pVv ; Sincethe massis constant

d dv + vd 0 dv= —vd dp dv . dp Change of pressure dp E
m=p P P P P \4 dp  Fractional change of density dp p
p
m dV¥ d¥v dp dVv . dp
OR m=jpycdp=d (--V— ): it g i -—,;:—':>--—p—— == By

Elasticity is a measure of liquid incompressibility. The bulk modulus of elasticity of water is
approximately 2.2GN/m? which corresponds to a 0.05% change in volume for a change of 1IMN/m? in pressure.
Obvioudly, the term incompressible isjustifiably applied to water because it has such a small change in volume
for avery large change in pressure.

Problem 1: Determine the bulk modulus of easticity of aliquid, if the pressure of the liquid isincreased from
70 N/cm? to 130 N/cm?. The volume of the liquid decreases by 0.15 per cent.
Solution: ___Initial pressure = 70 N/cm?  * Final pressure = 130 N/cm?

=~ dp = increase of pressure = 130 — 70 = 60N /cm? (Decreasein volume=0.15% )
dv N 15 . dp 60 6000 4 % 10* N ANS
—_——_—= _— > oo = = = = R —— .
v 100 —dv 015 0.15 cm?
v 100

Problem 2: What is the bulk modulus of elasticity of a liquid which is compressed in a cylinder from a volume
of 0.0125 m? at 80 N/cn? pressure to a volume of 0.0124 m? at 150 N/cr? pressure?
Solution:  Initial volume=0.0125m®  Final pressure =0.0124 m?

dv 0.0001

-~ dv= decrease in volume = 0.0125 — 0.0124 = 0.0001m3> —-— . v 00125
Initial pressure=80 N/cm? ‘ Final pressure=150 N/cm? .. dp = increase of pressure = 150 — 80 = 70N /cm?

E=—® _ 70 70125 = 8.75 x 103 ANS
= Tdv 00001 0 e> = oo x T :
v 00125

» Vapor Pressure: It isacommon observation that liquids such as water and gasoline will evaporate if they
are simply placed in acontainer open to the atmosphere. Evaporation takes place because some liquid molecules
a the surface have sufficient momentum to overcome the intermolecular cohesive forces and escape into the
atmosphere. If the container is closed with a small air space left above the surface, and this space evacuated to
form a vacuum, a pressure will develop in the space as a result of the vapor that is formed by the escaping
molecules. When an equilibrium condition is reached so that the number of molecules leaving the surface is
equal to the number entering, the vapor issaid to be saturated and the pressure that the vapor exerts on theliquid
surface is termed the vapor pressure. Ex., water of 20C has vapor pressure of 2.451K pa absol ute.

» Cohesion: Cohesion means intermolecular attraction between molecules of the same liquid. Cohesion is a
tendency of the liquid to remain as one assemblage of particles.

» Adhesion: Adhesion means attraction between the molecul es of aliquid and the molecul es of asolid boundary
surface in contact with the liquid. This property enables aliquid to stick to another body.
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> Surface tension: At the interface between aliquid and a ¢, ¢ruce Molecule
gas, or between two different liquids, forces develop in the liquid - - :
surface which causes the surface to behave as a “skin” stretched

over the fluid mass. it is caused by the force of cohesion at
the free surface. At liquid-air interfaces, surface tension
results from the greater attraction of liquid moleculesto
each other (due to cohesion) than to the moleculesin the
air (due to adhesion).

,Pressure Inside a Water Droplet, Soap Bubble and a Liquid Jet

Case L. Water droplet:

Let, p = Pressure inside the droplet above outside pressure (i.e, Ap = p - 0 = p above
atmospheric pressure)

d = Diameter of the droplet and
¢ = Surface tension of the liquid. % \
I g
J/
|
From free body diagram (Fig. 1.19 ), we have: /

2 m ;2 _
(i) Pressure force= p x Zd . =Fp  and (a) Water droplet (b) Pressure forces () Surface tension
(i) Surface tension force acting around the circumference =6 x 7 d. Atmospheric
pressure _T_
Under equilibrium conditions these two forces will be equal and opposite,
. 1 2
ie., pXIdZ =oxnd
— a’)Freehodv diagram
i T dz i 7 Fig. 1.19. Pressure inside a water droplet.
4
1 N u ot
The equation above shows that, P DEE N’/ "\ /
Case II. Soap (or hollow) bubble: - — g
Soap bubbles have two surfaces on which *—
surface tension o acts —
4—
From the free body diagram (Fig. 1.20). we d *—
have «——
<——.
— <
pxgd*‘:@x(;xnd) e A _—_kg
= 2 20 x nd J 3T (1.18) Free body diagram
%d 2 d : Fig. 1.20. Pressure inside a soap bubble.
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Case IIL. A Liquid jet:

¥

3%
Lef us consider a cylindrical liquid jet of diameter 4 and length [. r /\
l
Fig. shows a semi-jet. t’/ /
Pressure force = p = [ % d d d
AN
Surface tension force = o = 27 ¥
- _— ”?i' T Semi-jet
prxixd=qgx2l ED’H_ 7 (7
OR
P. _g_ d? = ond :>p=4% bl sl faplae = hadll 5

PAdL=0(2)(L+d) CO>>PdL=2LESP=2 b <<<L JJ o g,
8a
e =2 ddal Jsb haall o550 S, L A er Olmade lamban Sl M. Lolaall,

Example 1 soap bubbie 62.5 mm diameter has an internal pressire in excess of the
outside pressure of 20 Nim’. What is iension in the soap film?

Solution. Given: Diameter of the bubble. =625 mm =625« 107" m:

Internal pressure in excess of the outside pressure, p = 20 N'm’

Surface tension, ¢: % %
Rade o i i O N — =< 1625%10"° 2
Usmgdernon.  p=7 0> M=ot B 0=0x————=015%Nm

“s Capillarity is o« phenomenon by which a liquid (depending upon its specific gravity) rises into o thin glass
tube above or below its general level. This phenomenon is due fo the combined effect of Cohesion and

Adhesion of liquid particles.


https://classroom.google.com/c/MjEwMjUyNzQ4NTY3

Fluid Mechanics 1/ 2nd Year/ Dept. of Petroleum and Refining Engineering

Figure shows the phenomenon of rising water in the tube of smaller diameters.

Let, g = Diameter of the capillary tube, ¢ ¢

8] Angle of contact of the water surface,
o = Surface tension force for unit length, and
w = Weight density (pg).

Now, upward surface tension force (lifting
force) = weight of the water column i the tube )
(gravity force)

i= Ca;iilhw fsef

nd. .o cos 6 :(w ....... : ey
o ’Y e A A A Ay

h = 4&&3_36 usually use the symbol y A Water
" to refer to the weight density .:;;.-,;;4/
For water and glass: 0 = 0 gl
Hence the capillary rise of water in the glass 1 ‘
tube. Adhesion > Cohesion
- (Miniseys conceve)
wd
: = . t ui Es A=
yn — h =gcos nd - r
4 (N/m)  ahlielh., |
I Y (N/m®) LY eyl 530 o g
degly dall o Al %550 0
s 4 cos )
od

For water =t ¢ very small == Cosf= 12> b = f;g—
For Mercury =54 — 129

; }— "
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Example A clean tube of diameter 2.5 mm is immersed in a liquid with a
co¢fficient of surface rension = 0.4 N'm. The angle of contact of the liguid with the

glass can be assumed to be 135°. The densin: of the lquid = 13600 kg/m”
What would be the level of the liquud tn the rube relative ro the free surface of the liquid
inside the tube
Solution. Given: d = 2.5 mm ; o =4 N/m, 6 = 135°; p = 13600 kg/m’
Level of the liguid in the tube, /i
The liquid 1n the rube rises (or falls) due to capillarity. The capillary nise (or fall),
40 cos
wd
4 % 0.4 xcos 1357 .
=3 TW=Epg)

(9.81x13600)=2.5x10
=-339 % 10”mor- 339 mm

h

]

|
-

Negative sign indicates that there is a capillary depression (fall) of 3.39 mm.

» VISCOSITY (n)
» Viscosity may be defined as the property of a fluid which determinesits resistance to shearing stresses.
« It is a measure of the internal fluid friction which causes resistance to flow (shearing of fluid)
* Viscosity of fluids is due to cohesion and interaction between particles.

shear stress

* An ideal fluid has no viscosity. —

Ideal Fluid Non-ViscousFluid, p=0

Real Fluid  ViscousFluid ,p#0 ——


https://classroom.google.com/c/MjEwMjUyNzQ4NTY3

Fluid Mechanics 1/ 2nd Year/ Dept. of Petroleum and Refining Engineering

Factors Effecting Viscosity (pn) x10° x10->

200 2.2

v Viscosity and temperature: /

-
\

The liquid molecules are closely spaced, with strong cohesive P B . N
forces between molecules, and the resistance to relative / \\{'@re\,
motion between adjacent layers of fluid is related to these " "‘“*-1 5

intermolecul ar forces. 0 20 40 60 8 100
Temperature (°*C)

2.1

T T=ud  forliquid
TT=uT  for gases

[
=

140

A

The viscosity of liquids decreases with temperature, whereas
the viscosity of gases increases with temperature.

©
Viscosity of air, u(Pas)

100

Viscosity of water, p(Pas)

)
oo

As the temperature increases, these cohesive forces are reduced with a corresponding reduction in resistance to
motion. Since viscosity is an index of this resistance, it follows that the viscosity is reduced by an increase in
temperature.

In gases, however, the molecules are widely spaced and intermolecular forces negligible. In this case, resistance
to relative motion arises due to the exchange of momentum of gas molecul es between adjacent layers.

v Pressure
 The viscosity under ordinary conditions is not noticeably affected by the changes in pressure. however, the
viscosity of some oils has been found to increase with increase in pressure.

To obtain arelation for viscosity, consider a fluid layer between two very large parallel plates (or equivalently,
two parallel plates immersed in a large body of a fluid) separated by a distance h, as shown in Figure. Now a
constant parallel force F is applied to the upper plate while the lower plate is held fixed.

Dynamic Viscosity or (Absoluteviscosity): The viscosity can be defined as the fluid resistance to move
(flow) under any magnitude of shear stress. When afluid isflowing, it beginsto move at astrain rate proportional
to shear stress, and the constant of proportionality is called coefficient of viscosity u. Consider a fluid element
sheared in one plane by a single shear stress (t), as shown in Fig. (1.1).The velocity su will continuously grow
along the normal distance between the fluid layers dy as long as the stress 1 is maintained constant. The upper
surface is moving at speed sularger than the lower surface. Such common fluids as water, oil, and air show a

linear relation between applied shear stress and resulting strain rate, ra% . Where, % is caled velocity

gradient or strain rate. Then the constant of proportionality is called viscosity as shown as

Equation (7 = y%) is dimensionally consistent; therefore p has dimensions of (shear stress xtime) which means

{F.T/L% or {M/(L.T)}. The BG unit is (slugs /footxsecond), and the S| unit is (kilograms /meterxsecond). The
linear fluids which called Newtonian fluids, after Sir Issac Newton, who first postulated this resistance law in
1687.

The second form of viscosity that theratio of dynamic viscosity to mass density which it hasthe name of
(kinematic viscosity), v: The ratio between the dynamic viscosity p and the density.
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. . . . _p_Ns/m* Ns _ md _ m?
Kinematic viscosity unit:_9 = o = kg3 —mz X XM=

A common unit for kinematic viscosity is Stoke = 10 m?/s

It is called kinematic because the mass units cancel, having the units of {n?/s} in Sl unit and {ft?/s} in BG unit
It has another units such as (poises, and stokes). Each 1 poise = (N/m?)*10L. Each 1 stoke (cm?/s)=10*m?/s.

T N/ m? N
H dv/dy = m/s  Tm® ‘% T Pa.s = 10 Poisés
m
G = B S e R e
me m2. s2 m. s LI '
T‘é
2 = |
| Pz b = |
4 | .
F’lml’dl > 3
e S
= rxe<l
Trhe flwd rmn +he avea abed Flocws +6 + e reeo
paSl:{“j'om a‘olc/cl— ’
Ve/aCI’

‘ocl-l/o\o/gl'r-\? o P evo et +72 = :Mh’&—ha«.r‘a quuf'z
Lo L) o1 4+ = uf/ﬂdr- /ola'f‘e

= = _Ax ﬁ}i 2 ¢ e A veo o £~ ofgo/oer—/ola"‘e

__,_————I: = _L—J—— - LS S e e el v— l/e.loc,.'4-<_t)a-\f‘ ot =
o~ ot i © £ o caldot i ol e fForirtec 27
A e = = Slhecay S+ reS3§
5 % s NS
Fd Sl 2 veScesity oF £Llotd. € =27 )

i P et SE
= i erc vl )
& ’ ZLg_- __a_/_f’_‘_ 7 bk %Mh’e—\/\m /\/ewfm £ ocee > = £
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VISCOSITY (n)

* Viscosity may be defined as the property of a fluid

which determines its resistance to shearing stresses.

» It is a measure of the internal fluid friction which
causes resistance to flow (shearing stresses between

the moving layers of fluid)

* Viscosity of fluids is due to cohesion and interaction

between particles.

Ideal Plastic Fluid.
A fluid, in which shear . IDEAL SOUID vus«-‘o‘u =

stress 1s more than the

A
. Ideal Fluid
yleld \falue and Shear E Non-Viscous Flud
Siress 18 proportlonal § @\)o 9)’ n=0

to the rate of shear d‘ﬂ‘ -
strain (or velocity ==t

—

gradient), is known as /'OEAL FLUD T
ideal plastic fluid. Viscous Fluid
VELOCITY GRADIENT (—gl'-) w=o

Factors Effecting Viscosity (p)
Temperature

* The ViS?OSi’[y of liq‘uids (Myiquias) decreases with increase in temperature (T). But, the viscosity of gases
(Mgases) Increases with increase in temperature (T).

This 1s due to the reason that in /iguids the shear stress 1s due to the inter-molecular cohesion which

decreases with increase of temperature. AsT f Cohasive force‘ then Pyquie ‘

* In gases the inter-molecular cohesion is negligible and the shear stress is due to exchange of
momentum of the molecules. The molecular activity increases with rise in temperature and so does the

viscosity of gas.
* AsT . Cohesive force (Negligible), Exchange of momentum of the molecules fthen Moases ‘
Pressure

* The viscosity under ordinary conditions is not noticeably affected by the
changes in pressure. however, the viscosity of some oils has been found to

increase with 1ncrease in pressure.
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Unit of Viscosity.
The unit of viscosity is obtained by putting the dimension of the quantities

. Shear stress Force/Area _ Force/(length)® _ Force x Time
"= Change of velocity - (.l,—m!’_')x o A (Length)’
Change of distance Time Length Time

: . . Newtonsecond Ns
SI unit of viscosity= =

Kinematic Viscosity.

2 2

» It is defined as the ratio between the dynamic viscosity and
density of fluid.lt is denoted by the Greek symbol (v) called
'nu’ . Thus, mathematically,

~ Viscosity  u

v
Density Yo,

 The SI unit of kinematic viscosity is m?2/s.

Example : The viscosity of a fluid is to be measured by a viscometer
constructed of two 40-cm-long concentric cylindersas shown. The outer
diameter of the inner cylinder is 12 cm, and the gap between the two
cylindersis 0.15 cm. Theinner cylinder isrotated at 300 rpm, and the
torqueismeasured to be 1.8 N.m. Deter minethe viscosity of the fluid.

Solution :

L=40cm,R=6cm,dy=0.15cm,

N=300r.p.m, T=18N.m
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_2mN 27 x 300

= =31.4s71 = =31.4x0.06 =1.
w 60 50 31.4s " > v=wR=31.4%x0.06=1.88m/s

A =2nRL = 21 X 0.06 X 0.40 = 0.15m?

dv F T T-dy 1.8 x 0.0015
= l—=—=— > u= =
Tl TATRATY TR Adv 0.06x015x1.88

EXAMPLE A plate 0.05 mm distant from a fixed plate moves at 1.2 m/s and requires a force of 22/
\/m? to maintain this speed. Find the viscosity of the fluid between the plates.

=0.159Pa.s

Solution: Velocity of the moving plate, u= 1.2 m/s
Distance between the plates, dy = 0.05 mm=0.05 x 10 m
' PR )
Force on the moving vlate. F=22Nm"

Moving plate
fccosity of { u=12ms
Viscosity of the fluid, : ey

, di - = chear stress of for f e e
We know, 1=, au  where t= shear stress or foxce’per .....................
unit area = 2.2 N'm”,

dy
du= change of velocity

=u-0=1.2m'sand
dy = change of distance
= 0,05 % 10°m,

22= 1

Fixed plate

1.2 ) 3
X 22%0.05x10 .
0.05%1073 = v =9.16x107N.s/m

-——
—
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Example A4 plate having an area of 0.6 m* is sliding down the inclined plane at 30° to the
horizontal with a velocity of 0.36 m/s. There is a cushion of fluid 1.8 mm thick between the plane
and the plate. Find the viscosity of the fluid if the weight of the plate is 280 N.

Solution:  Area of plate, 4 =0.6m"

Weight of plate, =280 N
Velocity of plate, u =0.36 /s
Thickness of film, ¢=dy=18mm=18x10"m
Viscosity of the fluid, p:
Component of /7 along the plate = /¥sin 6 = 280 sin 30° = 140 N

) du
1= £=@:233.33N/m“ Weknow, T = Wl.
4 06 &y
Where, du = change of velocity = u—0=0.36 m/sedy = t=1.8 107
‘\ 11 =3
23333 = px—=° Lol -1.166N.s/’m2
1.8x107 03

-
¥

Vapor pressure Pv

=
(=]
[=]

Isthat pressure at which theliquid startsto boil (vaporize).

(=]
=

Note: {boiling can initiadled at a giving pressure acting on
the liquid by rising the temperature or at given fluid
temperature by lowering the pressure} .

Vapor pressure (kPa)

For water: . . | . L
20 40 &0 80 100
Psatura[i on =101.325 kPaat 100 CO temperature C
Tsat ation = 100 Co at101.325 kPa Dependence of vapor pressure with temperature for water
uration — , .

Cavitation: is the phenomenon of formation of vapor bubbles of a flowing liquid in aregion where the pressure
of the liquid fals below the vapor pressure and sudden collapsing of these vapor bubbles in a region of higher
pressure. When the vapor bubbles collapse, a very high pressure is created. The metallic surfaces, above which
the liquid is flowing, is subjected to these high pressures, which causing damage to pipes or parts of machinery.
This phenomenon is a common cause for drop in performance and even the erosion of impeller blades.

Sur face tension Surface tension ¢ (Sigma) is the measure of energy stored in the free face (or an interface).

Surface tension is defined as the tensile force acting on the surface of aliquid in contact with gas. It has unit of

ener er unit area. G—L—w—ﬁ
ayp T mZ m
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The phenomenon of surface tension is explained by Free surface
Figure. Consider three molecules A, B, C of aliquid in amass
of liquid. The molecule A is attracted in all directions equally C
by the surrounding molecules of the liquid. Thus the resultant
force acting on the molecule A is zero. But the molecule B,
which issituated near the free surface, is acted upon by upward @
and downward forces which are unbal anced. -

Thus anet resultant force on molecule B is acting in the downward direction. The molecule C, situated on
the free surface of liquid does experience a resultant downward force. All die molecules on the free surface
experience a downward force. Thus the free surface of the liquid acts like a very thin film under tension of the
surface of the liquid act as though it is an elastic membrane under tension.

Cohesion: it meansintermolecular attraction between molecules of the same liquid.
Adhesion: it means attraction between the molecules of the fluid and the molecules of a solid boundary surface
in contact with liquid.
Surface tension caused by the force of cohesion at the free surface (rain drop...).
Capillarity, action is due to both cohesion and adhesion forces.

1. SurfaceTension on Liquid Droplet. Consider asmall spherical droplet of aliquid of radiusR. Ontheentire
surface of the droplet, the tensile force due to surface tension will be acting.

Let o = Surface tension of theliquid. ; R=radius of droplet.
P = Pressure intensity inside the droplet (in excess of the outside pressure intensity)
Let thedroplet iscut into two halves.

The forces acting on one half (say left half) will be tensile for ce due to surface
tension acting around the circumference of the cut portion as shown in Figure
and thisis equal to:

= ¢ X circumference = 62TtR
Pressure force on the area = P X R*mw

These two forces will be equal and opposite under equilibrium conditions:

021mR = P X R?1t - P=?
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2. Surfacetension on a bubble: A bubble has two surfacesin contact with air,
one inside and the other outside. These two surfaces subjected to surface
tension.

(2nRo) X 2 = R*mP
40

P=—
R

3. Surfacetension on aliquid jet: consider aliquid jet of diameter
2R and length L as shown in figure.

2RLP = 2Lo

P_O'
"R

Problem 1: The surface tension of water in contact with air is0.0725 N/m. The pressure inside adroplet of water
isto be 0.02 N/cm? greater than the outside pressure. Calculate the diameter of the droplet of water.

6 =0.0725 N/m, P =0.02 N/ cm? = 0.02x10* N/m?

20 2 0.0725

Problem 2: Find the surface tension in a soap bubble of 40 mm diameter when the inside pressure is 2.5 N/m?
above atmospheric pressure.

40
R = 7 = 20mm = 0.02m
b 40 PR 2.5x0.02 0.0125N
=—>D>0=—=—=00.
R °" 7% 4 /m

Problem 3:  The pressure outside the droplet of water of diameter 0.04 mm is 10.32 N/cm? (atmospheric
pressure). Calculate the pressure within the droplet if surface tension is given as 0:0725 N/m of water.

D 0.04
R= 2= 5 = 0.02mm = 0.02x 103m ; P

_20_2x00725_7250N _ ..,
SR T002x108 . mz - 0725N/em

Pressure inside the droplet =p + Pressure outside the droplet =0.725 + 10.32 = 11.045 N/cm?

Capillarity: is defined a a phenomenon of rise or fadl of a liquid surface in a
small tube relative to the adjacent general level of liquid when the tube is held vertically in the liquid. The rise of
liquid surface is known as capillary rise while the fall of the liquid surface is known as capillary depression. It is
expressed in terms of cm or mm of liquid. It is value depends upon the specific weight of the liquid, diameter of the
tube and surface tension of the liquid.
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Fig. shows the phenomenon of rising water in the tube of smaller diameters.
Let. & = Diameter of the capillary tube. & o
6 = Angle of contact of the water surface.
o = Surface tension force for unit length. and
Weight density (pg). = ]
g y(pg)=vy 0.7 6cni2

I

w

Now, upward surface tension force (lifting
force) = weight of the water column in the tube
{ f. .
(gravity force) = Capillary rise
LY o '—*:'_'__ —-
nd.ccos B = -;i-d: x I % we=W =Y ===
usually use the symbaol ¢

P Capillary tube

p = do C.ESB to refer to the weight density "___ s _______:!/
8 le—a —»!
For water and glass: 8 = 0. Adhesion > Cohesion
Hence the capillary rise of water in the glass tbe, h = ‘1:’ (Miniscus concave)
s ~ > . . . ] ]
In case of mercury there is a capillary depression
5 i 4 s jlass b
as shown in Figure . and the angle of depression is P o
0 = 140°. (It may be noted that here cos 6 = cos 140°
> “ g _—
=cos (180 —-40°) =—cos 40°, therefore, / is negative h -rzmmm- Mercury
indicating capillary depression). Y gzl ‘j
0 0>n2
: o AT X / \
cos(180° — &) = — cos(.x) // \'\\
Pl P4 R
Surface '!"ension and Capillarity P Mete o
. / Cohesion > Adhesion
”"‘/ﬂ 2 (Miniscus convex)
Ad- 7. -cC L”V- — Cohesion > Adhesion
1. Expression for Capillary Rise: Consider a glass tube of small diameter —")
R opened at both ends and isinserted in aliquid, say water. The liquid will 2
rise in the tube above the level of theliquid. 5\19( yg
Let h = height of the liquid in the tube. Under a state of equilibrium, the \l'/
weight of liquid of height h is balanced by the force at the surface of the h
liquid in the tube. But the force at the surface of the liquid in the tubeis due ~
to surface tension. p <

W = o X 2mRcos0
mg = o X 2mRcosO — pgV= o X 2mRcosO
YR?1th = 6 X 2mRcos0
20cos0
YR
For circular tube R < 2.5 mm

Value of 6 for water and glass tubeis 0°.
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2. Expression for Capillary Fall: If the glass tube is dipped in mercury,
the level of mercury in the tube will be lower than the general level of the
outside liquid as shown in Figure.

glass tube

Let h = Height of depression in tube. Then in equilibrium, two forces are
acting on the mercury inside the tube. First one is due to surface
tension acting in the downward direction and is equal to:

o X 2mRcos0

Second force is due to hydrostatic force acting upward and is equal to
intensity of pressure at adepth h x Area.

TR?*P = tR?*pgh P = pgh
2mRocosd = tR?*pgh
_ 20cosB
=—%

Value of @ for mercury and glasstubeis 129°.

3. Capillary rise between two vertical paralle plats at a distanced
apart:

Surface tension force = weight of column of water

0cosO X 2L = yV

ocosf X 2L = yLdh

_ 20cos6
= d

Problem1: Calculate the capillary risein a glass tube of 2.5 mm diameter when immersed verticaly in (a) water
and (b) mercury. Take surface tensions o = 0.0725 N/m for water and ¢ = 0.52 N/m for mercury in contact with
air. The specific gravity for mercury is given as 13.6 and angle of contact 130°.
a- Capillary rise of water 6 = 0°:
2ccos6 2x0.0725 x 1
YR 9810 x 1.25 x 10-3
b- Capillary fall of mercury 6 = 130°:
2ocos6 2 X 0.52 X cos130
YR 136 x 1000 X981 x 1.25 x 103~ 0:0040m = ~04cm
The negative sign indicates the capillary depression.

= 0.0118m = 1.18cm



https://classroom.google.com/c/MjEwMjUyNzQ4NTY3

Fluid Mechanics 1/ 2nd Year/ Dept. of Petroleum and Refining Engineering

Problem 2: Calculate the capillary effect in millimetersin a glass tube of 4 mm diameter, when immersed in (i)
water, and (ii) mercury. The temperature of the liquid is 20°C and the value of the surface tension of water and
mercury at 20°C in contact with air are 0.073575 N/m and 0.51 N/m respectively. The angle of contact for water
is zero that for mercury 130°. Take density of water at 20°C as equal to 998 kg/m?®.

a- Capillary rise of water 6 = 0°:
_20cos6  2x0.073575x 1
h= YR 998x9.81 x2x 1073
b- Capillary fall of mercury 8 = 130°

2cocos6 2 X 0.51 X cos130
YR 13.6x 1000 X981 x 2 x 103~ 0:00245m = —2.45mm

= 0.00751m = 7.51mm

Problem 3: The capillary rise in the glass tube is not to exceed 0.2 mm of water. Determine its minimum size,
given that surface tension for water in contact with air = 0.0725 N/m.

20cosH 20coso 2X0.0725%x 1

YR yh 9810 x 0.2 x 10-3

= 0.074m = 7.4cm

~ D=2R=2X7.4=14.8cm

Problem 4: Find out the minimum size of glass tube that can be used to measure water level if the capillary rise
in the tube is to be restricted to 2 mm. Consider surface tension of water in contact with air as 0.073575 N/m.

20cos0 20cos® 2 x0.073575x 1

R Th - 9810 x 2 x 107 = 0.0075m = 0.75cm

~ D=2R=2x0.75=1.5cm

Problem 5: A soup bubble 50 mm in diameter contain a pressure (in excess of atmospheric) of 20 Pa. Calculate
thetension in in the soap film.

(2mRo) X 2 = R?mP

p_to PR_20x25x107
= — = —_—= = ().
R %71 4 /m
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Example A clean tube of diameter 2.5 mm is immersed in a liquid with a

coefficient of surface tension = 0.4 N/m. The angle of contact of the liquid with the glass
can be assumed to be 135°. The density of the liquid = 13600 F; g/m What would be the

level of the liquid in the tube relative to the free surface of the liquid inside the tube.
Solution. Given: d =2.5mm; ¢ =4 N/m, 6 = 135° p = 13600 kg/m’

Level of the liquid in the tube, /:
The liquid in the tube rises (or falls) due to capillarity. The capillary rise (or fall),

0 %
4ocosf _ _ 4x04xcosl3s - =-3.39 x 10”m or - 3.39 mm
wd (9.81x13600) x 2.5x 10 (" w=pg)

Negative sign indicates that there is a capillary depression (fall) of 3.39 mm.

h =
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Fluid statics: isthe study of fluid problemsin which there is no relative motion between fluid elements.

T . C _F
Pressure Variation in Static Fluids: P = - £ pesdB P2
+TZF=O 55  —(P+Pd)A—dw+PA=0 g 2
‘1 e l X Qz

~ —AdP =yAdz -- . —dP=vydz *vy=cons. ‘ <

r—”l‘ aw
2 2 o ‘
[-dp=y[dz or (p,-p)=-7(2-2) W .
1 1 . 73 VY
h=z>-z1 since his positive downwards (pressure head) ﬁ:l P,

~(p,—-p)=—n infinal form: .. p=p,+/h Or p,=p -

If P2considered atmospheric pressure and taken as zero
- py =/ (gauge pressure)
The equation can be written as the ordinary differential equation Z—P =—y ,itisoneimportant principle of the
z

hydrostatic, or shear-free, these equations show that the pressure does not depend on x or y (which means pressure
don’t varied horizontally). Since p depends only on z. The pressureisvaried with vertical depth.

| ncompressible Fluid: Sincethe specific weight isequal to the product of fluid density and acceleration of gravity
(7 = p.g) changes in are caused either by a change in p or g. For most engineering applications the variation in
g is negligible, so our main concern is with the possible variation in the fluid density (which it called
compressible). For liquids the variation in density is usually negligible (which it called incompressible), so that

the assumption of constant specific weight when dealing with liquids. For this instance, Eq. (% =—y) can be
directly integrated:

P2 %
[dp=-y[dzor (p,—P)=-7(z,~2) OR infind form: (p,~p,) =7(z,-2)
P

4

The reference pressure p,would correspond to the pressure , T soine
acting on the free surface (which would frequently be : . o
atmospheric pressure), and thus if we let p, = p,in above e —

Equation it follows that the pressure p at any depth h below the
free surfaceis given by the equation: p=h+p,

where p,and p,are pressures at the vertical elevations as is o
illustrated in Fig. (2). Equation can be written in the compact -~ Fig. (2).
form: (pl - pz) = 7’h ,
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Equation shows that in an incompressible fluid at rest the pressure varies linearly with depth and (h_is called

pressure head) which has units of length (m) or (ft). When one works with liquids there is often afree surface, as
isillustrated in Fig. (2), and it is convenient to use this surface as areference plane

Pressure head of aliquid:
when fluid is contained in avessel it exertsforceat all pointson side, bottom and top.

h- height of liquid in cylinder ; A- areaof cylinder cylindar
7 - specific weight ; P- pressure of liquid; F-force S vessel
Liomid

Now, T

h

- e
p | .
— i

Problem 1: find the pressure at a depth of 15m below the free surface of water in areservaoir.

total pressureforce on the base of the cylinder
=weight of liquid in the cylinder

PA = mg = pvVg = yAh —--> P =vh

P = pgh = 1000 x 9.81 x 15 = 147.1kPa

Pascal’s law: the pressure at any point in theliquid at vessel isthe samein all direction.
Proof: let usconsider a very small wedge shaped L
element LMN of aliquid. Pz

Px —horizontal pressure ; Py-—vertical pressure

Pz —pressureon LM ; a—angle of element fluid

Fx, Fy, Fz - pressureforceson LN, NM, ML respectively. ‘i —
Asthe element of fluid at rest, therefore: a

z F, = 0 - F, = F,sina M N
P,LN = P,LMsinaq, but LMsina = LN I

P,LN = P,LN - P,=P,————-(1)

2 F,=0-F,=F,cosa+w, w=0 verysmall element ; _

P,MN = P,LMcosa  but LMcosa = MN Fig.1

P,MN=P,MN - P,=P,———(2)

From equations 1& 2 P,=P,=P,

OR (i)

Pressure at Point: oo Flement weight
Figure 1 shows a small wedge of fluid at rest of size Ax by Az A\ _dW=ppi=bArA;
by As and depth b into the paper. There is no shear by definition _ A '
when fluid at rest), but we suppose that the pressures px, pz, '’ e
and pn may bedifferent on each face. Theweight of the element A I

also may be important. Summation of forces must equal zero < > e £
(no acceleration) in both the x and z directions. \

> F,=0= p,bAz— p bAssng A
D F, =0= p,bAx— p,bAscosé — (1/ 2)1pbAxAz

Width b into paper

(1)
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But weknow that: ASSING =AZ ang ASCOSH = AX
Then by substituting in Eq. (1), and re-arrangement:
px = pn, and

P, =P+ MAZ . (2b)
In the limit as the fluid wedge shrinks to a “point,”” Az — 0 and Eqs. (2) becomes:
Pk=P, =P, =P 3)

Theserelationsillustrate one important principle of the hydrostatic, or shear-free, condition:

Thereis no pressure change in the horizontal direction. We conclude that the pressure p at a point in a
static fluid is independent of direction as long as there are no shearing stresses present, This important
result is known as Pascal’s law named in honor of Blasé Pascal 11623-16622, a French mathematician who
madeimportant contributionsin thefield of hydrostaticsor (the pressureat point insidestatic fluid isequal
from all sides).

Variation of pressurevertically in fluid under gravity

As shown in figure, an element of fluid which is a vertical column
of constant cross-sectional area A surrounding by the samefluid of
mass density p. The pressure at the bottom of cylinder is P1 at level

Z1,and at thetop Pz at level Z2. Thefluid at rest and in equilibrium,
s0 all theforcesin thevertical direction sum is zero.
ZF=0 - PLA—P,A-w=0 lv
kS L2

PjA—P,A-vyA(z;—2;)=0 +Ay - T

ff A
P P r
_1—_2— Zy +Z1 =0
Yy v pia | &
Py P, . 4
—+1z, =—+Z, = cons. L A A A
Y Y
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Absolute, gage, vacuum and atmospheric pressure

Pabs. = Patm. + Pgage 1

Pabs. = Patm. — Pvac.

Pressure

Example:

age pressure

Patm.

P, = 75kPa(gage)

P; = 40 kPa(Vacuum)

Pytm. = 100kPa, Pqps, Ppaps.?
Pgaps. =75+ 100 = 175kPa

zero gage

Pgaps = 100 — 40 = 60kPa

zero Pahbs.

Absolute pressure is measured relative to a perfect vacuum (absolute zero pressure), whereas gage
pressureis measured relativeto thelocal atmospheric pressure. Thus, a gage pressure of zer o corresponds
to a pressure that is equal to the local atmospheric pressure. Absolute pressures are always positive, but
gage pressures can be either positive or negative depending on whether the pressure is above atmospheric
pressure (a positive value) or below atmospheric pressure (a negative value). A negative gage pressureis

alsoreferred to asa suction or vacuum pressure.

Problem 1: Calculate the pressure due to a column of 0.3m of (a) water (b) an oil of r.d =0.8 and
(c) mercury of r.d = 13.6. Take density of water 1000 kg/m?®.

Solution:
For water
For oil

For mercury

P = pgh = 1000 X 9.81 x 0.3 = 2943 N/m?
P = pgh = 1000 X 0.8 x 9.81 x 0.3 = 2354.4 N/m?

P = pgh = 1000 x 13.6 X 9.81 x 0.3 = 40025 N/m?

Problem 2: The pressure intensity at a point in afluid is given 3.924 N/cm?. Find the corresponding height of

fluid when the fluid is: (a) water, and (b) oil of r.d =0.9.
Solution: For water: P=pgh->h-=
For oil: P=pgh—>h=pﬂ_

P 3.924x10%
= =4m
9810

Pg

3.924x10%

————— = 4.44m
0.8x1000%9.81

Problem 3: Anoail of r.d=0.9iscontained in avessel. At apoint the height of oil is40 m, Find the corresponding

height of water at the point.

Solution:
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For ail: P =pgh=0.9x1000x9.81 x40 = 353160 Pa
. . _ P _ 353160 _
For water: P=pgh->h= s o810 - 36m
Problem 4: An open tank contains water up to adepth of 2 m and above it I -
an oil of r.d = 0.9 for adepth of | m. Find the pressure intensity (i) at the Im 0Oil
interface of the two liquids A, and (ii) at the bottom of the tank B. I .4.
Solution: At theinterface point A:
P = pgh = 0.9 x 1000 x 9.81 x 1 = 8829 N/m? 2m Water
At the bottom of the tank B:
B
i

P = (pgh)eu + (Pgh)water Y
=0.9%x1000x9.81x1+4+9810 x 2 28449N/m2

Pressur e M easur ements

Generally, pressureismeasured by: 1. Barometers ; 2. Manometers

3. Mechanical and electronics measuring device, e.g. a. Burdon pressure gage ; b. Pressure transducer

1.Barometer: Aninstrument that is used to measure atmospheric e Pressare

pressure is called a barometer. The most common types are the  __ ] of He

mercury barometer and the aneroid barometer. A mercury barometer Colummn of

is made by inverting a mercury-filled tube in a container of mercury __.//_ ey rises

as shown in Figure. The pressure at the top of the mercury barometer h

will be the vapor pressure of mercury, which is very small: Atmospheric

Pyap.= 2.4*10° atm. at 20°C. I'L/ prossure

Poytm. = Yth + Pvap. = Yth i by down.

2.Manometers

Manometers. Manometers are defined as the devices used for measuring the pressure at i- point in a fluid by
bal ancing the column of fluid by the same or another column of the fluid.

They classified as: (&) Simple Manometers, (b) Differential Manometers.
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2.1 Manometer equation
1. Start from any point given.
2. Move from that point:
a If you move downwards you add (+) the pressure reading.
b- If you move upwards you subtract (-) the pressure reading.
3. Continuetill the other end reached.
4. Equate all pressure reading to the pressure at the other end.
Py+vyihy —y2h; =Pp =Pgy =0

2.2 Smple Type of Manometers

A simple manometer consists of a glass tube having one of its ends connected to a point where pressure isto be
measured and another end remains open to atmosphere. Common types of simple manometers are:

1. Piezometer,

2. Inclined piezometer

3. U-tube Manometer, and.

4. Differential Manometer.

1. Piezometer =
It is the simplest form of manometer used for

measuring gauge pressures. One end of this

manometer is connected to the point where pressure h
is to be measured and other end is open to the
atmosphere as shown in Figure. The rise of liquid
gives the pressure head at that point.

Pg =Py —Yh =Py =0

2. Inclined-Tube M anometer
Usually used when more accurate reading is required.

h = LsinO

3. U Tube Manometer

It consists of glass tube bent in U-shape, one end of
which is connected to a point at which pressure is to
be measured and another end remains open to the
atmosphere as shown in Fig. The tube generally
contains mercury or any other liquid whose specific
gravity isgreater than the specific gravity of theliquid
whose pressure is to be measured.



https://classroom.google.com/c/MjEwMjUyNzQ4NTY3

Fluid Mechanics 1/ 2nd Year/ Dept. of Petroleum and Refining Engineering

4. Differential manometer

The U-tube manometer is also widely used to measure

the difference in pressure between two containers or 5]
two points in a given system. Consider a manometer

connected between containers A and B as is shown in

Figure. The difference in pressure between A and B can

be found by again starting at one end of the system and

working around to the other end.

Py +yihy —y2h; —ysh; =Py

P, —Pg = —y1hy + y2h; +y3hs \/:@1
by Bt

Problem1: With the manometer reading as shown, calculate P.

(]

H . oil
Solution: 0.5

Yoit =pPg=r.dXxXpy, Xg

T60mm

Yoir = 0.85 X 1000 x 9.81 = 8338.5 N/m3

|
.

Yg = 13.57 x 1000 x 9.81 = 133121.7N/m?

1520mm

YHg X 0.760 + Yoir X 1.52 =P

%

P, = 13.85 kPa

Problem2: Barometric (absolute) pressure is 91 kPa. ) Vapor
Calculate the vapor pressure of the liquid and the gage T

reading.

Solution: _f | Liquid r.d =0.9

Pvap. + Yiig. X 1.22 + YHg X 0.203 — Pytm. = Paps.

Pap. = 91000 — 900 x9.81 x 1.22 — 13570 X 9.81
X 0.203 = 53.2kPa

Gage reading = 203mmHg vacuum
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Problem3: Calculate Px— Py for thisinverted U-

%, 0ilrd=09

tube manometer.
Solution:
Py = P, — Yyar (1.625 — 0.5 — 0.25) — vy
X 0.25 + Yoar X 1.625 1625 mm|

P, — Py, = —9810 X 0.875 — 8829 x 0.25

+9810 x 1.625 = 5.15 kPa @
¥ p.

Problem 4: Calculate the gage reading Px.
Solution:

Py = —Yug X 0.2 + Yyue X3

P,=-133121x%x0.2 +9810 x 3 = 2.8kPa

Im Water

Problem 5: Calculate the gage reading. Relative density of
the oil is0.85 and barometric pressure is 755 mm of mercury.
Paps. = YHg X 0.5+ vy X 1.5

P,ps = 133121 x 0.5 + 8338.5 x 1.5 = 79kPa f

P,m = 0.755 x 133121 = 100. 5kPa 15m

il
b, — Patm. = 79 — 100.5 = —21.5 kPa @—i
21500

133121

Pgag =

Gage reading = = 161.5mmHg

H.W. : The pressure difference / _"\
between an oil pipe and water Lo I
pipe is measured by a double- .
fluid manometer, as shown in  Water Clycerin (rd=1.26)
Figure. For the given fluid
heights and specific gravities, 55 om (r.d— 0.88)
calculate the pressure difference N
AP = Py — P,.
PB_PA=YWX0'55+YHg 1
x 0.2 {

—v6(0.2 g
+0.12+0.1) e J,
+ Yoi1 X 0.1 (r.d=13.5 .

=

ao
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= 9810 x 0.55 + 13500
X 9.81 x 0.2
— 1260 x9.81
x 0.42 + 880
X 9.81 x0.1

PB - PA = 27.6kPa

Fluid static, concept of pressure, pascal'slaw and itsapplication, action of fluid pressure on a plane (horizontal. Vertical, and inclined)

Hydrostatic Forceson Surfaces

Total Pressureand Centreof Pressure

* Total pressure. It is defined as the force exerted by static fluid on a surface (either plane or curved) when the
fluid comes in contact with the surface. Thisforce is always at right angle ( or normal) to the surface.
 Centreof pressure. It isdefined as the point of application of the total pressure on the surface.

The immer sed surfaces may be:

1. Horizontal plane surface;

2. Vertical plane surface;

3. Inclined plane surface;

4. Curved surface.

Horizontally immersed surface @~  ———===—= A,

Total Pressure (P): XL L E X LT T
Refer to Fig.Consider a plane horizontal surfaceimmersed in a liquid.
Let, 4 = Area of the immersed surface, &

. - X
x = Depth of horizontal surface from the liquid, and
w = Specific weight of the liquid.
The total pressure on the surface, Total Force
P = Weight of the liquid above the immersed surface X

= Specific weight of liquid x volume of liquid

Specific weight of liquid x area of surface x depth of liquid [
Fig.Horizontally immersed surface.

=hdx
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VERTICALLY IMMERSED SURFACE

Consider a plane vertical surface of arbitrary shape
immersed in a liquid as shown in Fig. |
Let,

Liquid surface
A = Total area of the surface.

G = Centre of the area of the surface,
x = Depth of centre of area,

0O = Free surface of liquid. and

7 = Distance of centre of pressure from free
surface of liquid.

(@) Total pressure (P):

Consider a thin horizontal strip of the surface of

h
thickness dx and breadth b. Let the depth of the strip be x.
Let the intensity of pressure on strip be p: this may be taken
as uniform as the strip is extremely small. Then, y
| p.= 11:\‘| Pressure
where, w = specific weight of the liquid.
Total pressure on the strip = p.b.dx.

Fig. Vertically immersed surface.
Force
=wx . bdx Note that
The Intensity of Pressure = Pressure, (KN/m?)
Total pressure on the whole area, P = j wx . bdx = J- bdx . x| Force  Total Pressure = Total Force, (KN)
But, I bdx . x |= Moment of the surface area about the liquid level [=A4X
P = w.l?l? |

...[ same as in Art. 3.3] Force
VERTICALLY IMMERSED SURFACE

But, .[ x?.b.dx = I, = Moment of inertia of the surface about the free surface OO
(or second moment of area)
M = wl, (1)
The sum of the moments of the pressure is also equal to P x h ...(i7)
Now equating eqns. (7) and (ii). we get:
i
— (" P=wAx) ST
wAx x h = “-[0 Fig. 3.2. Vertically immersed surface.
.. (i)
Also.
where,

(Theorem of parallel axis)
I, = Moment of inertia of the figure about horizontal axis through its centre of gravity. and
Thus rearranging equation (7ii), we have

A= Distance between the fiee liauid surface and the centre of gravity of the figure (x\in this case)
% Ig + Ax I

= - I
— =—ZL +% : - 16 . = |
A Hence, centre of pressure, | h — + X

Ax
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Geometrical Figures:

B 8 A T
1
S.No. | Name of figure | C.G. from the Area I about an axis passing | [about base A G T
base through C.G. and 4 v/
parallel to the base ; ' ‘L
- r ! 1
1. Triangle % biy b i ———— 7 —>
Fig. 33 = ra B 0
: 3 2 36 12 Fig.3.4
2. Rectangle Z je—a-
Fig 34 W g bd bd’ b’ / [A’(\
= 2 12 3 / ‘-.\
A S /
N | -d =’ d* = i LY W
Fig. 35 R e o 7 \
= A 4 64 x f \
: e | 5 SN S
4 g’“"f’;‘“" =] 20+ blh a+b s a* +4ab+ b 2 Ale— b —
e " a+b |3 2 [ W(ath) | f19:3.8

Hydrostatic Forces on Submerged Plane surfaces

S
b
Fg = [Py + pg(s + bi2)]ab
(b) Vertical plate

Po

FR = (Po + pg'\)d)

Fr = [Py + pa(s + b/2)]ab

4
Q

(c) Horizontal plate

Fa = (P, + pgh)ab
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