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CHAPTER 1

UNITS AND DIMENSIONS & FLUID PROPERTIES

1.1 Fluids g/ s/t

Fluid can be defined as a substance which can deform continuously when

being subjected to shear stress at any magnitude. This includes any liquid

or gas.
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1.2 Fluid mechanics plsalf LSuilSia

Fluid mechanics is a division in applied mechanics related to the behaviour

of liquids or gases which is either in rest or in motion.

LeWla aaan 8 ol 3Ll g 5 puad) i Aabiaall adl gl Al 5oy algy 63 aladl (e g dll clld 5
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The study related to a fluid in rest or stationary is referred to “fluid
statics™ @) sall \Suilin), otherwise it is referred to as “fluid dynamics” Salisn
&l sall
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1.3 Applications Of Fluid Mechanics In Civil Engineering

« Water pipelines:
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« Water distribution systems and Sewer systems:
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« Dams and water control structures:
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 RIivers and manmade canals:
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e Coastal and Harbour structures:
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1.4 Units And Dimensions slas¥/s <ids ol -

a- Dimensions:

Length

Time

Mass

Force

L

T

M

Mass: is the property of a body of fluid that is a measure of its inertia or
resistance to a change in motion. It is also a measure of the quantity of
fluid.
Force (Weight): is the amount that a body weights, that is, the force with

which a body is attracted towards the earth by gravitation.

- Types of Dimensions:
M—L—T System

F—L-T System
Force (F) = Mass (M) x Acceleration (L/T?)
F=MLT?
b- Units:
System Quantity
Length (L) | Time (T) | Mass (M) | Force (F)
International (SI) M sec Kg N
French (c.g.s) Cm sec gm dyne
British (English) Foot (ft) sec slug Pound (Ib)
Kilogram weigth M sec Kg Kdw
1N=1Kgx1m/s’
1 dyne =1 gmx 1 cm/s®
11b=1slugx 1 ft/s*
- Some conversion factors:
a- Length (L):
1ft=12 inch 1inch =254 cm 1ft=0.3048 m
b- Mass (M):

1 slug = 14.59 Kg

Dr. Amir M. Mobasher
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c- Force (F):
1Kg,=9.81N 1 gm,, = 981 dyne 1 N =10’ dyne
11b=4.44 N 1 Kgy, = 2.205 Ib 1 1b = 453.60 gm

Note: Acceleration due to gravity, g = 9.81 m/s* = 32.20 ft/s°.

Example 1-1
Convert the following:

a) A discharge of 20 f#'/min. to lit/sec.

20 (30.48)
601000

20 ¥ /min= =9.439 lit/sec.

b) A pressure of 30 Ib/inch’ to gm/cm”.

30x453.6

(2.54)°

30 Ib/inch™= =2109.24 gm/cm’.

¢) A specific weight of 62.4 1b/ft’ to kg/lit.

o 62.4x 453, o
62.4 To/ft= 0247 493-6x1000 _ 569 1 ket

1000 x (30.48)°

1.5 Main Water properties:
1- Density (p) 43U :
Density (p): mass per unit volume a sl sas ¢ 4L,
p=M/V=ML" (Dimension)
p = Kg/m*= gm/cm? = slug/ft® (units)
Pwater = 1000 Kg/m*= 1 gm/cm® = 1.94 slug/ft*

2- The specific weight (y) (&£ 3 &igd:
The specific weight (y) = weight per unit volume asaall 3as 5 ¢ 55
y=W/V=FL? (Dimension)

Dr. Amir M. Mobasher 6
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Y=pP9
y = Kgy/m®= N/m®= dyne/cm® = Ib/ft’ (units)
Y water = 9810 N/m?® = 981 dyne/cm® = 62.42 Ib/ft’

Water reaches a maximum density at 4°C. It becomes less dense when
heated.
Boloall s o gl Jity oy gie 43 ya Aa 0 e oball e gill ¢ 5l A uadl als

Density of sea water about 4% more than that of fresh water. Thus, when
fresh water meets sea water without sufficient mixing, salinity increases
with depth.

Y% 4 S sn @dall clall S (e Aed ) slue A8l

Temperature (°C) | Density (p , kg/m ) | Specific Weight (y, N/m )

0°(ice) 017 8996
0° (water) 999 9800
4° 1000 9810
10° 999 9800
20° 098 9790
30° 996 9771
40° 092 9732
50° 088 9692
60° 083 9643
70° 978 0594
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80° 972 9535

90° 965 9467

100° 958 9398
Example 1-2

A cylindrical water tank (see the figure) is suspended vertically by its
sides. The tank has a 2-m diameter and is filled with 40°C water to 1 m in
height. Determine the force exerted on the tank bottom.

SIS PP

Solution
The force exerted on the tank bottom is equal to the weight of the water body.

F=W=m-g = [p- (Volume)] - (g)

,)1

= [t)t)z kg/m" : ( ”4; x | m? J] (9.81 m/sec?)

= 30, 572 kg-m/sec* = 30,572 N

3- Specific gravity (S.G), Relative density (R.D) duwwsil) 48UigY):

Specific gravity (S.G): the ratio of the specific weight of any liquid
to that of water at 4°C.

8,loa da 0 die elall e paall Gadi )5 (A dilad) (e (ame a5 O Al (A
Aisad
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S.G=R.D-= Piquid | Pwater = Y Iquid /Y water (no units)
(for example S.G 14 = 13.60)

Example 1-3

Determine the specific weight, density and specific gravity of a liquid that
occupies a volume of 200 lit. , and weighs 178 kg. Will this fluid float on
the surface of an oil of specific gravity (0.8)? Provide results in SI units.

Solution

Density(p): % =890 kg/m’.

o«
Specific weight(y): 178x );z)i)x 1000 =8730.9 N/m’.

C
890 =0.89>0.80
1000

. This fluid will not float on the surface of an o1l

Specific gravity (S.G):

4- Surface Tension Akl A&

Surface tension (o): A liquid’s ability to resist tension.

Asdan e adll cilalea) daslia e Bl (<3 Al daalal) s
The surface tension (o) of a liquid is usually expressed in the units of force
per unit length.

At the interface between a liquid and a gas, i.e., at the liquid surface, and at
the interface between two immiscible (not mix-able) liquids, the out-of-
balance attraction force between molecules forms an imaginary surface
film, which exerts a tension force in the surface. This liquid property is
known as surface tension.

) sell ekl QL) pebans i (15 5 in 5 samy Ly Lad il Jiladl iy S e
Guedli e 5 (LAY Jilu (e alidig) A jie e Jiul ey el g Qiladll (558 oSS
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Air 7
- >
Water
Y
A
- @ >
Molecule 1n balance
Y

Molecular forces <ibia jadl .68
Cohesion <iai:Cohesion enables a liquid to resist tensile stress (inner

force between liquid molecules) ) lgaany Jiludl Sy o G OS5 QAN (5 8,
Adhesion (@<=l adhesion enables it to adhere to another body (attraction

force between liquids, and a solid surface).

Surface Tension of Water

Temperature ("C) 0° 10° 20° 30° 40°
o(x 107*N/m) 7416 7.279 7.132 6.975 6.818
o(dyn/cm) 74.16 72.79 71.32 69.75 68.18

Temperature ("C) 50° 60° 70° 80° 90°
O(x 10°N/m) 6.786 6.611 6.436 6.260 6.071
O(dyn/cm) 67.86 66.11 64.36 62.60 60.71

Dr. Amir M. Mobasher 10
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4-1 Capillarity 4 a&d dualdly:

Capillary effect is the rise or fall of a liquid in a small-diameter tube. It
is caused by surface tension. 4 il canll) (8 Jil gud) (lisi) ol o)) duala

_4ocosd

/D

h

Adhesion —

Cohesion__

T Adhesion

e B Cohesion — |,

"""" 1 I = i
— 2R —
Adhesion > Cohesion Cohesion > Adhesion
4-2 \Water droplets
nR?Ap
4
AP =22
D

2nRO
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Example 1-4

Calculate the capillary effect in millimeters in a glass tube of 5 mm diam.,
when immersed in (i) water and (ii) in mercury (S.G. = 13.6). The
temperature of liquid is 20° C and the values of surface tension of water
and mercury at this temperature in contact with air are 0.0075 kg/m and
0.052 kg/m respectively. The contact angle for water = 0 and for mercury
= 130°.

Solution

4% 00075 x9.81xcos(0) _ 3
In water: P, = P p—— =6x 10 "m = 6 mm.

4% 0.052 % 3.81% cos(130) _

h = -y ~3
In mercury: A, 13.65810 X5x10-" 1.97 X 107" m = -1.97 mm.

Example 1-5

Calculate the internal pressure of a 25 mm diameter soap bubble if the
tension in the soap film is 0.5N/m.

Solution

7xD?
=2xoxnaxD

pPX

p=160 N/m"

Dr. Amir M. Mobasher 12
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5- Viscosity 42 3l;

Consider that oil fills the space between two parallel plates at a distance
“y” a part. A horizontal force “F” is applied to the upper plate and moves
it to the right at velocity “v” while the lower plate remains stationary. The
shear force “F” is applied to overcome the oil resistance “t”, and it must
be equal to ““t” because there is no acceleration involved in the process.

F 1".;'
—
& I
F F Fj
rd
A e
Y s
I*I\ },
Y e
Y Ve
e
\ /
e
Ve
#
— ,
. -y |
Y & A = constants v & A = constants y & v = constants
Foxv F o i FoAd
y

% v
F o A4— - F=ud—
y “y

The proportionally constant, p , is called “dynamic viscosity of the fluid”
“the absolute viscosity of the fluid”.
F v 1

— =l rT=f—
y, !y > !y
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M=

Force /\-‘elocity Force X Time Mass

Distance Area LengthxTime

Area

The perviouse equation is commonly known at Newton's law of viscosity.
Most liquids abide by this relationship and are called Newtonian fluids.
Liquids that do not abide by this linear relationship are known as non-
Newtonian fluids. These include most house paints and blood.

A

Non-Newtonian fluid
Newtonian fluid

<

7(due tovis cosity)

E Non-Newtonian fluid
(non-linear relationship)

>

dv/ dy

The absolute viscosity has the dimension of “force per unit area (stress)
times the time interval considered”. It is usually measured in the unit of

“poise”.
1 poise = 0.1 N » sec/m*
6- Kinematic viscosity:

Kinematic viscosity, v, is obtained by dividing the absolute viscosity by
the mass density of the fluid at the same temperature;

v=p/p=ML'TY ML =T

The kinematic viscosity unit is cm*/sec “Stoke”

Dr. Amir M. Mobasher 14
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The absolute viscosities and the kinematic viscosities of pure water and air

are shown as functions of temperature in the next table.

) ae zsia (Sl 5 5 all da jn gl ae oy J3l gl A g5l Jalae o JasDy

8 Lein ¢ gl Jl g Blaily) soals JI il gudl 8 5 ) all da ) saly) Y &lidg
Aol ML 5 a0 ol a3 Ul 5 iy Sl e s 2y 35 il

Water Air
Temperature Absolute Kinematic Absolute Kinematic
(°C) Viscosity Viscosity Viscosity Viscosity
2 2 2 2
N e sec/m cm /sec N *sec/m cm /sec
0 1.781x10- | .785x10- | 1.717x10-5 | 329x10-
5 1518x10- | 519x10-6 | 1741x10- 371 x10-"
3 6 5 5
10 1.307 x 10- .306 X 10- 1.767x 10- 417 X 10-
3 6 5 5
15 1.139 x 10- 1.139 x 10- 1.793 x 10- 463 X 10-
3 6 5 5
20 1.002 x 10- 1.003 x 10- 1.817 x 10- 509 x 10-
25 3 6 5 5
0.890 x 10- 3.893 x 10- 1.840 x 10- 555 x10-
30 0798 x lo-> | 3.800x10-6 | 1.864 x 10-' 601 x 10->
40 0.653x 10- | 3.658x10-6 | 1910x10- | .695x 10-
3 6 5 5
50 0.547 x 10- 1553 x 10- 1.954 x 10- 794 X 10-
60 0466 x 10-- | 3.474x10-6 | 2.001x10-5 886 x 10->
3 6 5 5
70 0.404 x 10- 3.413 x 10- 2.044 x 10- 1986 X 10-
3 6 5 5
80 0.354 x 10- 3.364 x 10- 2.088 x 10- -.087 x 10-

Dr. Amir M. Mobasher
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3 6 5 5
90 0.315 x 10- 3.326 x 10- 2.131 x 10- 2.193 x 10-
3 6 5 5
100 0.282 x 10- 1294 x 10- 2.174 x 10- -.302 x 10-
Example 1-6

A thin plate weighting 125gm takes 3.3 sec. to fall a distance of one meter
in a liquid with a specific gravity of 0.9 between two vertical boundaries
0.5 cm apart, the plate moves at a distance of 0.2 cm from one of them. If
the surface area of the plate is 1.5 m* What are the dynamic viscosity of
the liquid in poise and the kinematic viscosity in stokes.

0.2

03

i
-

-
-

=
(2]

Solution

t=3.3sec, d=100cm, y1=0.9, A=1.5 m?

assume acceleration =0

d 100
V= — =
r 3.3

Ax (TH+T)=W

= 30.3 cm/sec

Dynamic viscosity = L= 32.4 x10™ poise

Kinematic viscosity = —

,,O

o 324x107

0.9

—36x107 (cm*/sec)

Dr. Amir M. Mobasher
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7- Compressibility of liguids b Ji) gud) 4LE:
Compressibility (change in volume due to change in pressure) is inversely
proportional to its volume modulus of elasticity (Bulk Modulus of
Elasticity “K”). bazall & jadll dads aasll & sl 20408

K=— units 1b/in®, or N/m*

Compressibility = £ :iK (m*/N, or ft*/Ib)

F o ‘
- ™~
1 N o A
Ry 7<) AH
7 )
& 4 f
H
Low compressibility
X R ATeA S
RQURARXA, UHRRARRAXS —
- 00 e Pressure

Water is often considered incompressible, but it does have a finite, low
compressibility. bl BB je Jils Llee clall iiag

Dr. Amir M. Mobasher 17
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CHAPTER 2

FLUID PRESSURE AND HYDROSTATIC FORCE

2.1 Hydrostatic Pressure:

Force = weight of fluid, W —
W =p=y(dxh) —

Pressure = Force / area

_K_j/(/lxh)
R
p=h v

For liquids at rest, the pressure at all points in a horizontal plane is the

same. baall (udi led 2l g Jilu (8 as) 5 88 (5 ghsa A a8 Al alail) xaes

2.2 Absolute and Gage Pressures
If the water body has a free surface that is

. : . A
exposed to atmospheric pressure, Pym,. Point A is L
positioned on the free surface such that Pa= Pum B
h
B
(PB )abS: PA +yh= Patm + y h = absolute pressure
Dr. Amir M. Mobasher 20
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The difference in pressure heads at two points in liquid at rest is always
equal to the difference in elevation between the two points.

(P, )~ (P, ) = A(h)

Gage pressure: is the pressure measured with respect to atmospheric
pressure (using atmospheric pressure as a base).
Atmospheric pressure:
Pam = 10.33m high column of water = 10.33 y, = 10.33 x 1 x 9810 =
= 0.76m high column of Hg = 0.76 yuy = 0.76 x 13.60 X 9810 =
=101.3 x 10° N/m* (Pa) = 1 x 10° N/m* (Pa) =~ 1 bar
= 14.70 Ib/in = 2116 Ib/ft* .

Absolute pressure: Pps = Pgage + Pamm

If “Pas” IS negative it is called “Vacum Pressure”.
the water body has a free surface that is exposed to
atmospheric pressure, Pym. Point A is positioned on
the free surface such that Pa= P

Pressure head, h=P/ y

Point A A = any point above Py,
L E = any point below Py,
Atmospheric Atmospheric
pressure ! ' pressure
P
vac .
Pabs Fatm Patm 3 Paint B
F
Pahs
Absolute Absolute
Paps =0
vacuum e vacuum
P,ps = absolute pressure Pyac = vacuum pressure
Py = atmospheric pressure Pﬂ = gauge pressure

Dr. Amir M. Mobasher 21
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2.3 Pascal's law :

Pascal's law states that the pressure intensity at a point in a fluid at rest is

the same in all directions.
Clalai¥l aan 8 4 slusia (SLu Jilus 8 dipme Adad vie Sl 5 yagl) Jazuall 305 A8

Consider a small prism of fluid of unit thickness in the z-direction
contained in the bulk of the fluid as shown below. Since the cross-section
of the prism is equilateral triangle, P3 is at an angle of 45° with the x-axis.
If the pressure intensities normal to the three surfaces are Py, P,, P, as
shown then since:-
P
Force = Pressure x Area A l B
Force on face AB =P, X (AB x |)
BC =P, x (BCx 1)
AC =P, x (ACx 1) «— b
Resolving forces vertically:
P, x AB=P3xACcos 6
But ACcos0=AB Therefore P, =P;
Resolving forces horizontally:
P, x BC=P3x ACsin©
But ACsin0=BC Therefore P, = Py
Hence P, = P, = P,,
In words: the pressure at any point is equal in all directions.

P;

Pressure Variation in A static fluid

For a static fluid, pressure varies only with elevation within the fluid. This
can be shown by consideration of equilibrium of forces on a fluid element

Dr. Amir M. Mobasher 22
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ZA (p+ P dz)dxdy
z

A
C

p9dxdydz

X

Newton's law (momentum principle) applied to a static fluid
>F=ma=0 for a static fluid
le, ZFy=2F,=2F,=0
XF,=0
op
pdxdy — (p + Edz)dxdy — pgdxdydz =0

op__
o7 pg=—Y
Basic equation for pressure variation with elevation
Z Fy = O Z FX = 0
op op
pdxdz — (p+ —dy)dxdz =0 pdydz — (p + —dx)dydz =0
oy OX
@ =0 @ =0
oy OX

For a static fluid, the pressure only varies with elevation z and is constant

in horizontal xy planes.

5 sisall 8 AN () <8 Laiy Jadd l H) oladY) 8 daracall Aad pati ASL) ) gud) Al
<28y

Dr. Amir M. Mobasher 23
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Pressure Variation for a Uniform-Density Fluid

op
5, = PI=-7 p = constant for liquid ‘| {
p2 - p1 = _Y(ZZ _Zl)
p=-yz

Alternate forms:
P, +7Z, =P, +7YZ, = constant

P +YZ = constant (piezometric pressure)
p(z=0)=0  gage
ie., P=—YZ increase linearly with depth
P +Z = constant (piezometric head)
Y

Pascal's Application:

A  small force F, applied to a piston with a small
area produces a much larger force F, on the larger
piston. This allows a hydraulic jack to lift heavy objects.

Dr. Amir M. Mobasher 24
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Piston Brake pad
Ay i

cvlinder

Rotor
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Example 2-1

The diameters of cylindrical pistons A and B are 3 cm and 20 cm,
respectively. The faces of the pistons are at the same elevation and the
intervening passages are filled with an incompressible hydraulic oil. A
force “P” of 100 N is applied at the end of the lever, as shown in the
figure. What weight “W” can the hydraulic jack support?

P
A N "’:E

A

[ )| A ETTTTLS,]

ot—— N~

Measurements in cm

Solution
Balancing the moments produced by P and F, we obtain for the
equilibrium condition.

P-(80+20) = F-(20)
100-(100) = F-(20)
Thus,

F = 500 N

From Pascal's law, the pressure P applied at A should be the same as that
of Pg applied at B. We may write

Py = 1 4 > Pg = ——l .4
Z(n'- 32) Z(It- 20%)
500 _ W
1 1
z(’t' 3%) Z(ﬂ" 20%)
202

oW = 500x—37 = 22,222N

Dr. Amir M. Mobasher 26
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2.4 Free Surface of Water

Free surface of liquid in a vessel may be subjected to:
- atmospheric pressure (open vessel) or,
- any other pressure that is exerted in the vessel (closed vessel).

2.5 Surface of Equal Pressure

- The hydrostatic pressure in a body of liquid varies with the vertical
distance measured from the free surface of the water body.
All points on a horizontal surface in the liquid have the same pressure.

ES = equal pressure surface
NES = nonequal pressure surface

v v v, v
' ' v \V, oil
1517 eTNes 4l e-L NES
i E— -+-4-ES 9 10
] 4 8
A3 H;0
\Valvr.
closed
@) ) (c)

2.6 Manometers:

A manometer: Is a tube bent in the form of a U containing a fluid of
known specific gravity. The difference in elevations of the liquid surfaces
under pressure indicates the difference in pressure at the two ends.

The liquid used in a manometer is usually heavier than the fluids to be
measured. It must not mix with the adjacent liquids (i.e., immiscible
liquids).

Dr. Amir M. Mobasher 27



FLUID MECHANICS - CT 104 HIGHER TECHNOLOGICAL INSTITUTE

The most used liquids are:
- Mercury (specific gravity = 13.6),
- Water (sp. gr. = 1.00),
- Alcohol (sp. gr. = 0.9), and
- Other commercial manometer oils of various specific gravities.

Two types of manometers:
1. An open manometer: has one end open to atmospheric pressure and

Is capable of measuring the gage pressure in a vessel.

Py =P \
:/M'h = :/W'y-l- PA Water A —; )

Atmosphere

ST
Pa= 7m0 - vy i g
Liquid M

2. A differential manometer: connects each end to a different pressure
vessel and is capable of measuring the pressure difference between the two
vessels.

Inverted U-tube manometer is used when there is a small pressure
difference or a light liquid such as oil is used.

Water A

P, =P,
mh =+ (v-h)+Pg=n,y+ PAy

AP =Ppa—Pg=h (m- 1w ) i i
iqui
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Example 2-2

Determine the pressure difference AP

-
!
=
|
|
i

NNNNNNNNNAN

NNNNNNY

Solution
P3 - P.;

PA - P} - Pg
The pressures at points 3 and 4 are, respectively,

Py = P+ ¥y-(21 cm) = P, + Yw- (27 cm)
Py = Pg+}'w*(|35¢lﬂ}+fn*(l§ﬂl‘l‘l)
So that,
Py=Pi+Yw-(27cm) = Py = Pg+ Yw- (135 cm) + 7y - (15 cm)
and,
AP = PA*—PH = W*(l35 cm-—27 Cﬂl)'l"fy(]j CI'I'.I)
= ¥Yw- [108 + (13.6)(15)] cm
= (9800 Nhn"'){3.l2 m) = 30,600 N/m? or 30.6 kN/m?
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2.7 Hydrostatic Force on a plane Surface

-, Liguid Surface 5

For a strip at depth h below the free surface:
P=yh=vyysin0
The differential force dF acting on the element dA is:

dF =y ysin6.dA
Integrate both sides and note that y and # are constants,

F = IdF =ysin ej ydA=vy sin G.AS/ “first moment of area about point S”
A A

F=vy.Ah

L_ocation of Total Hydrostatic Force (Centre of Pressure)

From the figure above, S is the intersection of the prolongation of the
submerged area to the free liquid surface. Taking moment about point S.

F.ye =Ide
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Where,
dF =yysin6.dA
F=v.Ah

[v(sin0)Alyy = [ yl2(ysing)da]
(vsinf)Ayy, = (ysind) [y:’ffA

Ajyp = / y dA

Again from Calculus, ./”_d is called moment of inertia denoted by

I. Since our reference point is S,

Ayy, =1Ig

Thus, I

By transfer formula for moment of inertia Is = I, + Ay> the formula

for v, will become (-2 Or
Yo 1, + Ay

From the figure y, = y + ¢ above,, thus, the distance between

“Cg” and “Cp” iS

Eccentricit = Iﬁ
P =
y.i' !!;'

31
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Properties of areas

Location of

Shape Sketch Area Centroid Ic
—b—
B h 3
bxh vV, =— L= ﬂ
e Pils 2 12
Ye |
i i
.
h bh h bh’
[ _ J"!C = — I -
v 2 3 ° 36
D’ , D D’
4 ) ° 64
D’ , Y 2
8 37 128
L
2bh s 72k
3 h 7
Ve = E
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Example 2-3

Determine F and yp

Solution

where

Therefore,

From Table

Therefore,

F=624- (sin 45°)(8.77)(25.1) = 9710 Ibs.

Y,

F=1vy-5smn0-y-A

& 1= %(1-42) = 25.1 fi2

4-4

¥y =S5sec45°+— = 877 ft

3n

I

)
90
=
4

28.10

= 25.13(8.77)

+8.77 = 890 ft

Dr. Amir M. Mobasher
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2.8 Hydrostatic Forces on Curved Surfaces

For a curved surface, the pressure forces, being normal to the local area
element, vary in direction along the surface and thus cannot be added
numerically. The figure shows pressure distribution on a semi-cylindrical

gate.

0 K0 b P dlasdl e bl mhadl GS 13 chull e Lo gee hariall g
Jiad) z 5 5a o) (5S4 curved surface ) (8 i 2 g g (i) Aasall oladl 48 jal

Al AV 4l ) (S e ) Aliand) Jilad a5 Alasall olad) s
The resultant hydrostatic force is computed by considering the free-body
diagram of a body of fluid in contact with the curved surface, as illustrated

below. Fes

)’ >/

A
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The steps involved in calculating the horizontal and vertical components of
the hydrostatic force F are as follows:

= Summation of forces in the horizontal direction “Fy” gives
Fr = Fac
where Fac Is the hydrostatic force on plane surface AC. It acts
through the center of pressure of side AC.
curved surface 4 a3 i5all s 8l e 3 ke oo “Fy” 48y 4 )
il (5 e e
= Summation of forces in the vertical direction “F,,” gives
Fv = W + Fep
where W is the weight of the fluid (acting through the center of

gravity) of the free-body diagram and Fcg is the hydrostatic force
(acting through the centroid) on the surface CB.

curved ) Gx o seasall Bl &5 e 3ke A “Fy” Al I A8 4l
free surface ! e 4dasuwa g surface

= The line of action of “F\,” is obtained by summing the moments
about any convenient axis.

= The overall resultant force is found by combining the vertical and
horizontal components vectorialy:

F=JF?+F

= The angle the resultant force makes to the horizontal is:

Q:tm1{fi)
F,

= The position of “F” is the point of intersection of the horizontal
line of action of “Fy” and the vertical line of action of “F\,” .
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Example 2-4

Determine the total hydrostatic pressure and the center of pressure on the 3
m long, 2m high quadrant gate in the shown figure.

y__2 | 5

A A

Solution
The horizontal component is equal to the hydrostatic pressure force on the

projection plane A'B.
Fa=7h-A= 98!0(%-2)(2’3) = 58,860 N
The location of the horizontal component is ¥, = I/Aj + 7 , where A = 6m’ (projected area)
and Jo= [(3)2))/12=2m", ¥, =26(1) + 1 = 1.33 m below the free surface. The vertical compo-

nent is equal to the weight of water in the volume AOB. The direction of this pressure component
is downward.

Fo=yW= 9310[}»(22)](3) = 92,160 N
The pressure center is located at 4(2)/3x = 0.85 m. The resultant force of water on AB is
F = J(58,860)% + (92,460)* = 109,600 N

H y
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CHAPTER 3

FLUID MASSES SUBJECTED TO ACCELERATION

3.1 Fluid Mass Subjected to Horizontal Acceleration:

—..F

@] @] @] @

[a) Before acceleration (b) After acceleration [c) Pressure on sides

e Consider a tank felled with liquid moves towards the right side with
a uniform acceleration “a”.

e As the tank stats moving under the action of acceleration force, the
liquid does not remain in horizontal level.

e The liquid surface falls down on the direction of motion and rise up
on the back side of the tank, the liquid surface makes angle “0” with
the horizontal.

e Consider the equilibrium of a fluid particle a lying on the inclined
free surface as shown in the figure.

The force acting on the liquid particle ~
are weight of the particle “W = mg” i
acting vertically downwards, RN S
accelerating force “F” acting toward
right and normal pressure “P” exerted
by the liquid.

> F
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Acceleration force F=ma
Resolving horizontally P sin 6 =F =ma (i)
Resolving vertically Pcos =W =mg (i)

Dividing Equation (i) to (ii)
PsinO/Pcos®=ma/mg=alg

tan 0 = a/g

é uniform velocity dekiie de yu & iy Jilall IS 5 4880 ddac dsa g axe Al
Ll Ll el () 605 8 oladY) b daiall 3 jioa g Y

Now consider the equilibrium of the entire mass of the liquid. Let P, and

P, are the hydrostatic pressure on the back side and front side of the tank.

Net force P = P4- P,

By Newton’s second law of motion,

P=ma
(P1-P2) =ma
Example 3-1

An open rectangular tank 3m long. 2.5m wide and 1.25m deep is
completely filled with water. If the tank is moved with an acceleration of
1.5m/s?, find the slope of the free surface of water and the quantity of
water which will spill out of the tank.

A
12%5m|
—>
\ SN J \ SN J
4+— Im ——P < 3m >
(a) Before acceleration (b) After acceleration
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Solution
Slope of the free surface of water

a 1.5
tanf = — = = 1.53 — 0
g 981 = 0 = 8.7

Quantity of water which will spill out of the tank

From the above figure we can see that the depth of water on the front side,
h=3tanf =3 x 0.153 = 0.459 m

. Quantity of water which will spill out of the tank,

1 :
V = 3 x 3 x 2.5 x 0.459 = 1.72 m® = 1720 litres

3.2 Fluid Mass Subjected to Vertical Acceleration :

Consider a tank containing liquid and moving vertically upwards with a
uniform acceleration. Since the tank is subjected t an acceleration in the
vertical direction only, therefore the liquid surface will remain horizontal.

Now consider a small column of liquid of height h and area dA as shown
in the figure.

Free surface
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The force acting on the liquid column s the weight of liquid column W
acting vertically downwards, acceleration force F and pressure force
exerted by the liquid on the column.

Applying Newton’s second law of motion,

XF,=ma,
P-W=ma,
p.dA -yhdA =vyhdA/g. a
p.dA =yhdA /g .a+yhdA
p=vh (1 +2a/g)

La ke 2o Jaaecall (o ¢ g dadaiic ddaay e ) Ll ) Jila de Lgiag o) 38 & jat 13
A el o yay al Le Ll L) edass Jhay g Gl ) dlaall 300 ) e

If the liquid is moving vertically downward with a uniform acceleration,
the pressure will be,

p=vh (1-a/g)

Example 3-2

An open rectangular tank 4m long and 2.5m wide contains an oil of
specific gravity 0.85 up to a depth of 1.5m. Determine the total pressure on
the bottom of the tank, when the tank is moving with an acceleration of
“gl2” m/s* (i) vertically upwards (i) vertically downwards.

Solution
(i) Total pressure on the bottom of the tank, when it is vertically upwards:

voir = 0.85 X 9810 = 8.34 KN/m®

p=vh (1 +a/g)=8.34 x 1.50 (1 + g/2g) = 18.765 KN/m*
Total pressure force on the bottom of the tank,

P = 18.765 x (4 x 2.50) = 187.65 KN
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(ii) Total pressure on the bottom of the tank, when it is vertically
downwards:

p=vh (1 -a/g) =8.34 x 1.50 (1 - g/2g) = 6.255 KN/m*
Total pressure force on the bottom of the tank,
P =6.255 x (4 x 2.50) = 62.55 KN

3.3 Accelerated along inclined plane:

Consider a tank open at top, containing a liquid and moving upwards along
inclined plane with a uniform acceleration as shown in the figure.

(2) Before acceleration (b) After acceleration

We know that when the tank starts moving, the liquid surface falls down
on the front side and rises up on the back side of the tank as shown in the

figure.
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Let,
¢ = Inclination of the plane with the horizontal
6 = Angle, which the liquid surface makes with the horizontal, and

a = Acceleration of the tank

Acceleration force F =ma

Resolving horizontally P sin 6 = Fy = F cos¢ = m a cos¢ (i)

Resolving vertically Pcos =W+ F,=mg+masing (i)

Dividing Equation (i) to (ii)
Psin0/Pcos®=macosp/mg+masing
tan O =acos¢/g+asing

tan 0 = a,/(g+ay)

If the liquid is moving downward,

tan 0 = a/(g-ay)

where,
ay = horizontal component of the acceleration
ay = vertical component of the acceleration

Example 3-3

A rectangular box containing water is accelerated at 3 m/s* upwards on an
inclined plane 30 degree to the horizontal. Find the slope of the free liquid
surface.

Solution
ay = 3 cos 30 = 2.598 m/s®
ay = 3sin 30 =1.50 m/s’

tan 0 = 2.598/(9.81+1.50) = 0.2297
0=12.94°
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3.4 Uniform Rotation about VVertical Axis:

When at rest, the surface of mass of liquid is horizontal at PQ as shown in
the figure. When this mass of liquid is rotated about a vertical axis at
constant angular velocity o radian per second, it will assume the surface
ABC which is parabolic. Every particle is subjected to centripetal force or
centrifugal force “4: Sy 332, 38 CF = mw*x which produces centripetal
acceleration towards the center of rotation. Other forces that acts are
gravity force W = mg and normal force N.

tan# CF
ant = ——
W
tan § — MW" T
mg
N
. w
we T
tanf =
q
s oF

Where tan 0 is the slope at the surface of paraboloid at any distance x from
the axis of rotation.

From Calculus, y’ = slope, thus

dy
— = tan#
dr
dy w?r
dr ¢

#3
dy = —ux dr

4
w?
/ﬂ'y = —f.r dr
. 9
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.
W -.r

Y= g

For cylindrical vessel of radius “r” revolved about its vertical axis, the
height “h” of paraboloid is:

w? =

2g

&MJY\ x dac\al) Aaliw 14 = u—'\‘)ﬁj‘ Lgts.d\ cksj\ S
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CHAPTER 4

EQUILIBRIUM OF FLOATING BODIES

4.1 Principle of Buoyancy

The general principle of buoyancy is expressed in the Archimedes’
principle, which is stated as follows:

“For an object partially or completely submerged in a fluid, there 1S a net
upward force (buoyant force) equal to the weight of the displaced fluid”.
A o5 e $20 (1 9S pila A Lilin 9 LIS padal] aiad] G Ao pali udsadi ) Bas
Ao b o dll pilall aaa (5 g Jlad 598l 08 g ¢ "aygrilf 598" gf 1V gdbal) 548" i o]
sl Ao Liiia gf LS aa))

Weight of floating body (W) = Weight of liquid displaced (Fy)
W = Fb

W
Yo Vb ="Yw- Vsub ' Vi
SG.Yu.LBD=Yu.LBhy D | ]
hsyy=S.G. D (in this example) A / |
Fy

| B |

The length L is perpendicular to the drqwing

Where Vg, is the displaced volume (see the figures below).
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Dc

B

Body is completely submerged in
the fluid. The displaced volume is
equal to the volume of the body, 1.e.
volume ABCDA.

4.2 Stability of Floating Bodies

Body is partially submerged in the
fluid. The displaced wvolume 1is
equal to volume ABCA.

Any floating body is subjected by two opposing vertical forces. One is the
body's weight “W” which is downward, and the other is the buoyant force
“Fy” which is upward. The weight is acting at the center of gravity “G”
and the buoyant force is acting at the center of buoyancy “B”.

S5 EFy AR el 85 5 ek« 4G A S 50 3 W el 035
sl S s panis B ) sarall auadl cuaigll

Center of Bouyancy "a:gill" gihal) 3S ya:

W

Upright Position

Dr. Amir M. Mobasher

46



FLUID MECHANICS - CT 104 HIGHER TECHNOLOGICAL INSTITUTE

> It is the point of application of the force of buoyancy on the body.
> It is always the center of gravity of the volume of fluid displaced.

“W” and “Fy” are always equal and if these forces are collinear, the body
will be in upright position as shown below.

The body may tilt from many causes like wind or wave action causing the
center of buoyancy to shift to a new position“B” as shown below.

M is above G: Stable Position M is below G: Unstable Position

Metacenter “M”: is the intersection point of the axis of the body and the
line of action of the buoyant force.

> If “M” is above “G”, “Fy,” and “W” will produce a righting moment
“RM” which causes the body to return to its neutral position, thus
the body is “stable”. o) 3 Ala & aal) (5

> If “M” is below “G”, the body becomes “unstable” because of the
overturning moment “OM” made by “W” and “Fp”. & sl 58
O Re

» If “M” coincides with “G”, the body is said to be just stable which
simply means critical “neutral”. Jilzis awall o 5S
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duadAl
SA G 3V 0585 G Adaiall duilly M ddatill aa g e aaing Gl g Y () 3 aaa g
- AU VLS & Al
axe Fp s W Uisill algi cua (G dkadill (558 M ddatill culS 1) ;i ol 5 >
Sl 3 e Jamy 7152
S el O s (Ml s (o Al o jall ol (uds (8 Jamy ) 53 ) 0 5e
Fp s W QU a5 aa (G adaiil) e dadaie M Adaiil) il 1) Jalatia ¢ 3Y) 3
e s Lo e (S all iy L5 ¢ piall U gl GuSlaall o 5all Jasms 5230 250
A8y LVl a3 Y

The value of righting moment or overturning moment is given by

RM or OM = Wz =W (MGsin#)

The distance “MG” is called “metacentric height”.

Metacentric hight “MG”: is the distance between the centre of gravity of
a floating body ant the metacenter.

Metacentric height, MG = M B + GB

Use (-) if “G” is above “B” and (+) if “G” is below “B”.

Note that: “M” is always above “B”.

Value of “MB”:
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Assume that the body is rectangular at the top view and measures “B” by
“L” at the waterline when in upright position.

The moment due to the shifting of the buoyant force is equal to the
moment due to shifting of wedne

Fh.z:Fﬁ

Af‘%uh (411.3 sin H) = ("]"U)H
Vsup M Bsinfl = vs

MB= — ”_ '
VoupSinf L g =
The length is L perpendicular to the drawing
MB = [%(%B)(%Btamﬂ).{,][gg)
- Vsup siné
VB = LB tan®
| - Vigp Sin e

For small value of 6, tan 0 = sin 0 and note that 1/12 LB® =1, thus,

Isind
Viub sin #

MB =

MB =

r
sub
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The formula above can be applied to any section.
Where
v = volume of the wedge either immersion or emersion
s = horizontal distance between the center of gravity of the wedges
0 = angle of tilting
| = moment of inertia of the waterline section of the body

Some remarks about the weight of an object

» The weight of an object in a fluid medium refers to the tension in the
spring when the object is attached to a spring balance.

» The weight (of the object) registered by the spring balance depends on
the medium in which it is measured. [See the illustration below.]

» The weight commonly referred to in daily use is the weight in air.

Fy
Body in air

Body in water
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CHAPTERS

KINEMATICS OF FLUID FLOW

5.1 Kinematics :

Kinematics of fluid describes the fluid motion and its consequences
without consideration of the nature of forces causing the motion.

Dlie ) (8 22V (50 bV b ghad g cile ) dua (e il sall A 2 gy (52l alad) a
(3l A8 jall ale) adde Sllay o Sy s 8 S

5.2 Difference between open-channel flow and the pipe flow:
Pipe flow 4alall cuuli¥) B ol )
» The pipe is completely filled with the fluid being transported.

» The main driving force is likely to be a pressure gradient along the pipe.
A o daall g FU hara Caisale Gl pall Sasy

Py *+ p,

Q

2)
Open-channel flow 4a gidal) <) gl A Gl pudl):

> Fluid flows without completely filling the pipe.
» Gravity alone is the driving force, the fluid flows down a hill.

A Y Al il

Q™" T2)
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5.3 Types of Flow gk £/5iF
Q Steady and Unsteady flow Aiwall & ¢ Siwall bl
The flow parameters such as velocity (v), pressure (P) and density (r) of a

fluid flow are independent of time in a steady flow. In unsteady flow they
are independent.

For a steady flow (@V/ 5’[) =0

XO1yO’ZO

For an unsteady flow (av/at)x oo 0
Q Uniform and non-uniform flow aliiiadl & g aliiiall ol el

A flow is uniform if the flow characteristics at any given instant remain
the same at different points in the direction of flow, otherwise it is termed
as non-uniform flow.

For a uniform flow (5v/83)t =0

For a non-uniform flow ((3V/(3S)t #0

Steady = time independent
Uniform = constant section

(el g Baxse Ak die Jazazall ol Ao yudl i Y ) Ol sl (S
AT ) Ak (e Glped) JS8 g de puall i Y alatiall ol jud)

Examples of flow types:

Steady uniform flow: Steady non-uniform flow:
flowrate (Q) and section area (A) Q = constant, A = A(x).
are constant

E+ 8 Q=comst.

Steady uniform flow

Steady non-uniform flow
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Unsteady uniform flow: Unsteady non-uniform flow:
Q = Q(t), A = constant Q= Q(t), A=A(x).
Unsteady

uniform flow Flood wave in channel

O Laminar and turbulent flow qbaal) gl sl s (7 35) (Audal) Gl pud):
Laminar flow (z ) Audall g )

The fluid particles move along smooth well defined path or streamlines
that are parallel, thus particles move in laminas or layers, smoothly gliding
over each other

Turbulent flow sl b pud)

The fluid particles do not move in orderly manner and they occupy
different relative positions in successive cross-sections.

There is a small fluctuation in magnitude and direction of the velocity of
the fluid particles

Transitional flow (A& b pd)

The flow occurs between laminar and turbulent flow

o b g da ) g g e aaing e liall 8 8 G dlenal) Clail) (e an 5 A
S ol iy ol sl L (ol 55 2385 6 ylarias
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[ Laminar Flow

Transitional

Increasing
flow

velocity ' Teanaitionsl
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a Reynolds Experiment:

Reynold performed a very carefully prepared pipe flow experiment.
Reynold found that transition from laminar to turbulent flow in a pipe
depends not only on the velocity, but only on the pipe diameter and the
viscosity of the fluid.

Reynolds’ apparatus.

Reynolds number is used to check whether the flow is laminar or
turbulent. It is denoted by “R,”. This number got by comparing inertial
force with viscous force.

R — pVD VD  Inertial Forces
" v Viscous Forces
Where
V: mean velocity in the pipe aw siall Ayl [L/T]
D: pipe diameter 3 puilall o [L]

p: density of flowing fluid Jldlais MUY
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w: dynamic viscosity Sl da g 31 [M/LT]
v: kinematic viscosity ~ ASslasSllda U [LY/T]
b 2y o) (B Ol g s st e A Gl dalsadl od JS Al )" e
Ol Al e ) e JSH"AL g ) o8 )M emay Sl Ml g ) A8 )" slam g
The Kind of flow depends on value of “R,”
If R,, <2000 the flow is Laminar
If R,, > 4000 the flow is turbulent

If 2000 < R,, <4000 it is called transition flow.

Laminar Vs. Turbulent flows

Laminar flows characterized by:  Turbulent flows characterized by
* low velocities « high velocities

small length scales large length scales
high kinematic viscosities low kinematic viscosities
Rn < Critical Rn Rn > Critical Rn

Inertial forces are dominant

Viscous forces are dominant

Paraboloid in
revolution (laminar)

Logarithmic curve in
revolution (turbulent)

7.
Velocity profiles of laminar and turbulent flows in circular pipes

Couaiiall die Ao yu (oaadl 55 Gaall Ol jall Ala 340l Gl pud) a3 55 Finde (e il
uSA...\Su)M\ u\ﬁ)&d\ubuﬁui M%}L&A‘SAJSJ}»LA}\ )\hm&cﬂdﬂj
"Alghy ) W8 M ) WSy ) plaa) ddlate g A ) Aduhal) dAslaie popihaia ) Gl pd) asnd

(phie &) 59) Jalatsall JSEI (e Gile i) &y ) 68 o 58I LS
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Example 5-1

40 mm diameter circular pipe carries water at 20°C. Calculate the largest
flow rate (Q) which laminar flow can be expected.

Solution

D =0.04m

y=1x10"° at T =20°C

R, =2 _ 2000 = ¥ (009

Ty 1x10°

2000 =V =0.05m/sec

Q=V.A= 0.05><%(o.04)2 = 6.28x10°m°/sec
L Streamlines and Streamtubes:
Streamline " @™ ol ) b

A curve that is drawn in such a way that it is tangential to the velocity
vector at any point along the curve. A curve that is representing the
direction of flow at a given time. No flow across a stream line.

Alma ey ddaad S aile 30 ea gall Gl dall A4S a oladil e ey (6201 dadd) Sl ga

/U/ streamline

/
Streamtube" @™ ¢l peud) gl -

A set of streamlines arranged to form an [ —
imaginary tube. Ex: The internal surface of a \/'/

pipeline. \//

il L Lad i Gl puall Ja sl (g0 de sane

el

. g S
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d Compressible And Incompressible Flows:

Incompressible Flow is a type of flow in which the density (p) is constant
in the flow field.

Compressible Flow is the type of flow in which the density of the fluid
changes in the flow field.

O Ideal and Real Fluids:
a- ldeal Fluids

> lItis a fluid that has no viscosity, and incompressible

» Shear resistance is considered zero

> lIdeal fluid does not exist in nature e.g. Water and air are assumed ideal
b- Real Fluids

> lItis a fluid that has viscosity, and compressible

> It offers resistance to its flow e.g. All fluids in nature

A (5 8 Jagd g e g blacaidl JE e Jiladl o)) atas Jilad Wil jo die
DoY) 8 lay) o 8 AN elld ey Lganaiai 25 o ddagun O¥alzs e Jsaall A
O Rotational And Irrotational Flows:

Rotational flow is the type of flow in which the
fluid particles while flowing along stream-lines also
rotate about their own axis.

Ir-rotational flow is the type of flow in which the
fluid particles while flowing along stream-lines do
not rotate about their own axis.

d One, Two And Three Dimensional Flows:

One-dimensional flow is the type of flow in which flow parameters (such
as velocity, pressure, depth etc.) are a function of time and one space
coordinate only.

v = f(x, t)
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e.g. Flow through a straight uniform diameter pipe

The flow is never truly 1 dimensional, because viscosity causes the fluid
velocity to be zero at the boundaries.

FYYYVYY

ann!i

YYY

Pipe Ideal flow  Real flow

One dimensional flow in a pipe.

Two-dimensional flow is the type of flow in which flow parameters
describing the flow vary in two space coordinates and time.
v="1(x,y,t)

Streamlines in two-dimensional flow are curved lines on a plane and are
the same on all parallel planes. An example is flow over a weir which
typical streamlines can be seen in the figure below.

Two-dimensional flow over a weir.

Three-dimensional flow is the type of flow in which the flow parameters
describing the flow vary in three space coordinates and time.

v=1(x,y, z1)

Although in general all fluids flow three-dimensionally, with pressures and
velocities and other flow properties varying in all directions, in many cases
the greatest changes only occur in two directions or even only in one.
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5.4 VVolume flow rate — Discharqge :

The discharge is the volume of fluid passing a given cross-section per unit
time.

volume of fluid

discharge, Q = -
ime

5.5 Mean Velocity:

It is the average velocity passing a given cection.

The velocity in the pipe is not constant across the cross section. Crossing
the centreline of the pipe, the velocity is zero at the walls increasing to a
maximum at the centre then decreasing symmetrically to the other wall.
This variation across the section is known as the velocity profile or
distribution.

m

| Q

=

Vo Vmax

A typical velocity profile across a pipe

5.6 Continuity equation for Incompressible Steady flow /¥ {les
Sl Gyl

Cross section and elevation of the pipe are varied along the axial direction

of the flow.
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|
|
i
|

Ko 5 H

General description of flow in pipes

Conservation law of mass

p.dvol,_,. = p.dVol,_,. =mass flux( fluid mass)

/ AN

Mass enters the Mass leaves the
control volume control volume
dt dt

ds ds
pAF=p R 5= p AN =p AN, = pQ

Continuity equation for —> Ai'Vl — AZ'VZ — Q

Incompressible Steady flow
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OB adiall 5 prie o) dakatia b ) gulae ) 8LE Jia Lo Sle (5 pme JOMA 4ixi & LW e 13
‘.JAJctg).;d\d%&\sw\@A;m%jwojﬁwj\ﬁhjdxﬁjw\dﬂu\a_wms

Apply Newton’s Second Law:

ZF:Ma:I\/I dVv :I\/IVZ—I\/IV1
dt At

ZFX = F)lAl_PZAZ_Fx+Wx
F. is the axial direction force exerted on the control volume by the wall of
the pipe.

but M /At = p.Q = mass flow rate
Z |:x = p'Q(\/x2 _Vxl)

Z Fy = p.Q(\/y2 _Vyl) Z F=p.Q(V:2-V1)
Z F, = P-Q(sz _Vzl) Conservation of

moment equation

5.7 Enerqy Head in Pipe Flow

Water flow in pipes may contain energy in three basic forms:
1- Kinetic energy 4S jall 4ala,
2- potential energy g s 43,
3- pressure energy bl 4dla |

« Consider the control volume:
 In time interval dt:
> Water particles at sec.1-1 move to sec. 1°-1" with velocity V.
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» Water particles at sec.2-2 move to sec. 2°-2" with velocity V..

To satisfy continuity equation:
AV, dt=AV,.dt

The work done by the pressure force:

P.A.ds, = P.AV,.dt
—P,.A,ds, =—P,.AV,.dt

....... on section 1-1

....... on section 2-2

-ve sign because P, is in the opposite direction to distance traveled ds,

The work done by the gravity force:

pg'Ai'\/ldt'(Zl _Zz)

The Kinetic energy:

% M -Vz2 _% M -V12 \ %p'Ai'Vl'dt(\/Zz _V12)

The total work done by all forces is equal to the change in kinetic enerqy:

1
P.Q.dt—P,.Q.dt + pg.Q.dt.(z, — 2,) = > p.Q.At(V.2-V,)

Dividing both sides by pgQdt

Bernoulli Equation

P2 Energy per unit weight of water
+—+Z,| OR: Energy Head
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Vl
Z,y
SRR S
b T e o
Energy head and Head loss In pipe tlow
H Vo \( B 7
2 2
29
Energy _ Kinetic , Pressure  Elevation
head head head head
V> P
H, = 2# +—++427
Notice that: J /

> In reality, certain amount of energy loss (h,) occurs when the water
mass flow from one section to another.

» The energy relationship between two sections can be written as:

2 2
VL+E+21=V2 +—=%+2z,+h
29 7y 29 7y
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Calculation of Head (Energy) L osses 3 gidall 43Ual)

When a fluid is flowing through a pipe, the fluid experiences some
resistance due to which some of energy (head) of fluid is lost.

Energy Losses
(Head losses)
\

| |
( Major Losses J ( Minor losses J

loss of head due to pipe Loss due to the change of
friction and to viscous the velocity of the flowing
dissipation in flowing fluid in the magnitude or in
water direction as it moves
through fitting like Valves,
Tees, Bends and Reducers.

e ST e Aatl Ay 315 a5 1Y) e 58 D R Lall 8 8 s
JSG i Aai Sl oaall (B Gile apa oo Aatl A5l A1 Al (el b
5l
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5.8 Applications of Bernoulli's Equation:

- Discharge through a Venturimeter cs_sddd (wbia;

The Venturi meter is a device for measuring discharge in a pipe. It
consists of a rapidly converging section which increases the velocity of
flow and hence reduces the pressure. It then returns to the original
dimensions of the pipe by a gently diverging “diffuser” section. By
measuring the pressure differences the discharge can be calculated.

el (g Jaraall (358 4 e Gab e i) (A el Gl Gal aadin Sles s

Inlet T \ Throat

II"‘\ )||II ___.-'""-'## E ______-____'——_____ Il'l\..lllll
x I

Let d1 = diameter at the inlet (section 1)
Py = pressure at section 1
v, = velocity at section 1
A= area at sectionl
d,, po, Vo, A, are the corresponding values at the throat (section 2)

Applying Bernoulli’s equations at sections 1 and 2, we get

pg 2¢ ' pg 2g
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As pipe is horizontal z,=2z,
PP vy
P8 28

v,” —v
=>h=—1

2g

~
i

Where “h = ( p;-p,)/ pg?” difference of pressure heads at sections 1 and 2.

From the continuity equation at sections 1 and 2, we obtain

Av,
Av,=Ay, = v =——
V) A
Hence = v,o | A __AE
29 A’
A ,
=V, = ——=———=1/2gh
AIL_ >

Discharge Q= Alpl — Azh,

A A,
= (0= ——/2gh

Al — A

Note that the above expression is for ideal condition and is known as
theoretical discharge. Actual discharge will be less than theoretical
discharge

AA,
Q{J{'fia‘(f — C{ I = 2(211

Cyq is the coefficient of venturimeter and its value is always less then 1
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Expression of ‘h’ given by differential U-tube manometer:

Case 1: The liquid in the manometer is heavier than the liquid flowing
through the pipe:

h=x S, S, Specific gravity of the heavier liquid,
-7 S,: Specific gravity of the flowing liquid.

LS'U

Case 2. The liquid in the manometer is lighter than the liquid flowing
through the pipe:

h=x ol S, : Specific gravity of the lighter liquid.
S, X: difference of the liquid columns in U-tube

- Orifice meter 4aidll (uliis
Orifice meter: is a device used for measuring the rate of flow of a fluid
flowing through a pipe.

> It is a cheaper device as compared to venturimeter. This also works on
the same principle as that of venturimeter.

> It consists of flat circular plate which has a circular hole, in concentric
with the pipe. This is called “orifice”.

» The diameter of orifice is generally 0.5 times the diameter of the pipe
(D), although it may vary from 0.4 to 0.8 times the pipe diameter.

oD D2 Vena contracta
Orltlce 2
\ g// 4 \
|—> - -
\ ] i| T~ U
Direction - [
of flow X

Differential manometer
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Let d1 = diameter at the inlet (section 1)

p1 = pressure at section 1

v, = velocity at section 1

A= area at sectionl
d,, po, Vo, A, are the corresponding values at the throat (section 2)
Applying Bernoulli’s equations at sections 1 and 2, we get

.

P + Vi P

vg=L24 o
pg 2g pg 2g
::>‘—+~\H—'f P +zq\5=1’?;l
peg ) \pg ) 2g
111_112
> h=——21
2g

= v, =42gh+V]

where his the differential head.

Let A, is the area of the orifice.

Coefficient of contraction, C.=
B . : Ay, = Ay,
y continuity equation, w
A C.
=V = V,
Al
Hence 2032
v, = |2gh+ &l L
A
A 2¢h
= v,= 8
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Thus, discharge,
A,C.\J2gh

|- C?
Al

If Cq is the co-efficient of discharge for orifice meter, which is defined as

A
AE
C,=C, —
\/l—i‘;(ﬁf
1
2
\/l—igcj
=C, =C, '

A
Al

Q=Ay, =v,AC. =

Hence,

The coefficient of discharge of the orifice meter is much smaller than that
of a venturimeter.
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- Pitot tube :

Orifice meter: is a device used for measuring the velocity of flow at any
point in a pipe or a channel.

» Principle: If the velocity at any point decreases, the pressure at that point
increases due to the conservation of the kinetic energy into pressure
energy.

» In simplest form, the pitot tube consists of a glass tube, bent at right
angles.

Adasi ) e ) e o Gl aadion & g sl

|
Let p, = pressure at section 1 | h
P, = pressure at section 2 =
v, = velocity at section 1 H
v, = velocity at section 2 T ;—

H = depth of tube in the liquid

h = rise of liquid in the tube

Point 2 is just at the inlet of the Pitot-tube
above the free surface Point 1 is far away from the tube

Applying Bernoulli’s equations at sections 1 and 2, we get

) )

Pov 2
+—+z=—+—+2z,
pg 2% Pg 28
But U4 =2 and Vy = 0.
)
P _ pressure head at 1=H
P8
2
P2 _ Ppressure head at 2=h+H
P8 )
Substituting these values, we get H + ;‘ =h+H
29
= v, =+/2gh
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This is theoretical velocity. Actual velocity is given by

(v, )m =C J2gh

C, is the coefficient of pitot-tube.

Dr. Amir M. Mobasher 72



FLUID MECHANICS - CT 104 HIGHER TECHNOLOGICAL INSTITUTE

SOLVED PROBLEMS
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CHAPTER 1

UNITS AND DIMENSIONS & FLUID PROPERTIES

Problem 1-1: Identify the dimensions and units for the following
engineering quantities and terms (in British, and SI units): Density (p),
specific weight (y), specific gravity (S.G.), discharge (Q), surface tension
(o), shear stress (t), pressure intensity (p), pressure head (p/y), dynamic
viscosity (w), kinematic viscosity (v), Linear momentum, angular velocity
(w),Reynolds number (R,= pVD/p), Froude number (F,= V/\gY).

Solution
: : . . Units
Physical Quantity Dimension British SI
Density (p) ML"] Shig/ft’ Kg/m’
Specific Weight (y) [FLJOR[ML”T7] b/t N/m’ OR Kg/m’ .sec’
Specific Gravity (5.G.) ML’ T Unitless
Discharge (Q) [L°T] ft'/sec m’/sec

Surface Tension (o)

[FL']OR [M T7]

1b/ft OR slug/sec”

N/m OR kg/sec”

Shear Stress (1)

[FL']OR[ML'T?]

Ib/ft” OR slug.ft/sec”

N/m” OR kg/m.sec”

Pressure Intensity (P)

[FL?]OR[ML'T7]

Ib/ft” OR slug ft/sec’

N/m” OR kg/m.sec’

Pressure Head (P/y) [L] ft m
Dynamic Viscosity (1) | [ETL?JOR[MLTT'] | Ib.sec/ft” OR slug/ft.sec | N.sec/m” OR kg/m.sec
Kinematic Viscosity (v) [L°T] ft'/sec m’/sec
Linear Momentum (M) [MLT'] Slug ft/sec Kg.m/sec
Angular Velocity (m) [T 1/sec 1/sec
Reynold’s Number (R,) [M°L° T Unitless
Froude’s Number (F,) M°L° T Unitless

Problem 1-2: Convert the following:
a) A discharge of 20 ft*/min. to lit/sec.

b) A force of 10 poundals to dynes.

c) A pressure of 30 Ib / inch® to gm/cm?.

d) A specific weight of 62.4 Ib / ft to kg/lit.
e) A density of 7 gm / cm® to slug / ft°.

f) A dynamic viscosity of 25 dyne.sec/ cm® to Ib.sec/ ft° .
g) A dynamic viscosity of 10 gm / cm.sec to slug / ft.sec

Dr. Amir M. Mobasher

74



FLUID MECHANICS - CT 104 HIGHER TECHNOLOGICAL INSTITUTE

Solution

(3048)° lit lit

a) 20ft’/min =20 * 2220 x — = 9 44—
(S10] sec sec

b) 10 Poundals =1022% -1t _ 10 x

453.6+30.48 gm . cm

sec? 1 sec?
) 302 =30 #2238 9m _ 5109.24 9™
c) 30 in2 30+ (2.54)2 cm2 210124(?}112
453.6
o4 o4, /1000 kg _ kg
d) 62.4 ft3 —_ (_)2.4 * 30‘.48.}3 lit —_ _]_ lit

1000 -

1 1
&) 7 gm _ o, (m}"(ﬁ)““g = 13.575“1‘9

3 = 1 .3 3 3
cm t t
(G548 f f

30

1y, 1
f) 2K dyne . sec _ 25 4 (ﬁ)*‘(%&b—)lb. sec _ 0.052 b .sec

cm?2 Gozs 0:.148 )2 fr2 ft2
1), 1o
i cm . sec (m) ft. sec ft . sec

= 138257.28dynes

Problem 1-3: Determine the specific weight, density and specific gravity
of a liquid that occupies a volume of 200 lit., and weighs 178 kg. Will this
liquid float on the surface of an oil of specific gravity (0.8)? Provide

results in SI units.

Solution
W =178 kgs
=178 x 9.81
=1746.18 N
A% =200 lit
=200/1000
=0.20 m’
N _ W 1746.18 ;
Specific Weight y = v = o020 8730.9 N/m’
_ 8730.9 s
Density p=—= =890 kg/m’
’ g 9.81

_ yfluid _ P fluid

Yy water o water
=8730.9/9810 or 890/1000
=0.89

S.G.

Dr. Amir M. Mobasher
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Since S.G of fluid (0.89) is higher than SG of oil (0.80) so the fluid will
not float over the oil (Higher S.G. means denser fluid)

Problem 1-4: Calculate the capillary rise in mm in a glass tube of 6 mm
diameter when immersed in (a) water, and (b) mercury, both liquids being
at C° 20. Assume o to be 73x10~° N/m for water and 0.5 N/m for mercury.
The contact angle for water and mercury are zero and 130° respectively.

Solution

a) Water:
_40y, cos8,, _ 4+73+1073+cos0

H = + 1000 = 4.96 mm
W Yw D 9810%6x10~3
b) Mercury:
4op, cosly 4+0.5*cos130 .
H gy, —= = + 1000 = —1.61mm
He™ ™, D (13.6+9810)+6x10-3 ’

Problem 1-5: Calculate the internal pressure of a 25 mm diameter soap
bubble if the surface tension in the soap filmis 0.5 N/m.

Solution

8¢ _ 8+05 _ 9
P > = Jex105 = 160N /m

Problem 1-6: The velocity distribution of a viscous liquid (u = 0.9 N.s
/m?) over a fixed boundary is approximately given by: v = 0.68y - y2 in
which y is the vertical distance in meters, measured from the boundary and
v is the velocity in m/s. Determine the shear stress at the boundary and at
the surface (at y = 0.34m), sketch the velocity and shear stress profiles for
the given flow.
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Solution

u=0.9 I\I.s.-fl}ll

V=0.68y-y"

= dv/dy= 0.9x(0.68 —2y)

At surface y=0, 7=0.9%(0.68 —2x 0) = 0.612 N/m"
Aty=034,1=0.9x(0.68—2x0.34) =0 N/m’

y 0 0.17 0.34
V(y) 0 0.0867 | 0.1156
() 0.612 0.306 0

0.3 1 /

025-‘ / ~
T — 0.25 -
E 2]« £
5 s 02
% 0.15 - < .%
O 0.1 2 014

0.05 - 0.05 4 \

0 T 1) 0 1 L)
0 0.05 01 0 0.2 04 0.6
velocity (m/sec) Shear stress( Nmz2)

Problem 1-7: A square plate of 60 cm side slides down a plane inclined at
30° to the horizontal at a uniform speed of 10 cm/s. The plate weighs 3 kg
and a thin oil film of thickness 1.5 mm fills the spacing between the plate
and the plane. Find the viscosity of the filling oil and the shear at both
surfaces.

Solution
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For a body moving with a uniform velocity
dv 0

dt

Then ) F = ma =0

Driving Force — Friction Force =0
Wsin(0)-Fs=0

W sin(0) = Fy

W sin(0) = T x Area of plate

dv
W sin(0) = p = x Area of plate

dy

_ dv

3x9.38l xsm(30)=pd—x({}.6x0.6) 60 o
y
Assuming linear velocity distribution
dv _v2z-v1  10-0 s el
dy Y2-Y1 1-?(}‘”
= 66.67 sec”

L = (3x9.81xs1n(30))/(66.67x0.6x0.6)

= 0.613125 N.sec/m>

Shear stress is uniform as long as the velocity is
linearly distributed

Shear stresses 1s equal at both surface of the oil
. dv

2 dy
= 1.631 x 66.67
= 40.875 N/m’

T

Linear Velocity Distribution
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Problem 1-8: A 25 mm diameter steel cylinder falls under its own weight
at a uniform rate of 0.1 m/s inside a tube of slightly larger diameter. Castor
oil of viscosity 0.25N.s/m* fills the spacing between the tube and the
cylinder. Find the diameter of the tube. (specific weight of steel = 7.8
t/m°).

Solution

D=25mm
1u=0.25 N.S/m*
V=0.1lm/sec

V steel = 7.8 t/m’

> F=ma
V =const. a=0
X F=0 W =Fs

Assume linear velocity distribution
dv
*rV=urx—=xA
14 H*%
25 4

(7.8 % 1000) + 9.81 + —1000°_, ; _ o5, 2 (25) L
| 4 > T (Tooo

v=0.052mm

D type = D+2y =25+2%0.052 =25.105 mm

Problem 1-9: A rotating-cylinder viscometer consists of two concentric
cylinders of diameters 5.0 cm and 5.04 cm, respectively. Find the viscosity
of the tested oil which fills the gap between both cylinders to a height of
4.0 cm when a torque of 2 x 10° dyne.cm is required to rotate the inner
cylinder at 2000 rpm.
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Solution
r=25cm
T =2x10’ dyne.cm s
® = 2000 rpm __1Ar._ & 2000k
A =(5.04-5.0)/2 =0.02 cm P i~
<> ¢
TE ;
o(rpm) XE = m(rad/sec) é
=2000 x 27/60 shan
V(velocity) =or 7
=2000 x 2n/60 x 2.5 Zn]
=523.6 cm/sec \‘1—/ é
T Y
Torque = Force x Displacement |5
le-D=504 cm -
2F=ma=20
Driving Force — Friction Force = 0
T dv |
T “dy Area=0 (1)

Assuming linear velocity distribution
dv V2-V1 _523.6—0

=26180sec”  (2)

dy ~ Y2=Y1 0.02—0
Area = Surface area under friction
=2mr.L
=21 (2.5) (4.0)
=62.832 cm” (3)

Substituting with (2) and (3) in the equation (1)
(2x105/2.5) —nux 26180x62.832=0

Linear Welocity Distribution

1L =0.0486 poise
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Problem 1-10: A flat circular disk of radius 1.0 m is rotated at an angular
velocity of 0.65 rad/s over a fixed surface. Find the power required to
rotate the disk if an oil film of viscosity 0.15 poise and thickness 0.5 mm
separates the disk from the surface. Sketch (with values) the shear stress
distribution along a radius of the disk.

Solution

work

power = = Ffﬂ,

time ® =0.65 rad. /sec
Assume linear velocity distribution i =0.15 poise

dv =0.5 mm

dv
dp = dFr.v = dFr. wr = u — .dA.
p eV T = [ - wr

y
dP = . == . 2nrd
—u.d_y. mrdr. wr
L
- iii dy (T’ ' r)
, 100
2w 3
Power = u J’ rodr
dy
0
2w [rt 100
H dy [T]g
- 2m(0.65)*[(100)*]
Power = 0.15 = 199098434.4 dyne .cm/sec
0.05 4

Shear stress distribution along the radius of the disk:

dv wr
T = 1. = U
[ dy [ dy
w 0.65
= — — = F — = 97
,udy.r 0.15 505 | 1.95r
R (cm) 0 20 40 60 &0 100

T 0 39 78 117 156 195
(dyne/cm”)
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Problem 1-11: The pressure exerted on a liquid increases from 500 to
1000 kpa. The volume decreases by 1%. Determine the bulk modulus of
the liquid.

Solution

P1=500 KPa

P2=1000 KPa

AV | . |
~ -0.01 (decrease in volume)

- 47
v
= - [(1000-500)/(-0.01)]

= 50,000 KPa (KN/m?)

K
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CHAPTER 2

FLUID PRESSURE AND HYDROSTATIC FORCE

Problem 2-1: For the tank shown in Fig. (1), calculate the pressure in KPa
at points A, B, C, and D.

\ Air A / Air
m—¢ g C

— =

1 S

E

Water =

Figure (1)

Solution

P;=0

P,=P;-0.8*y_=0-0.8%9810=-7848 N/m?*=-7.848 Kpa
Pg=P;+0.5%y_=0+0.5%9810=4905 N/ m? =4.905 Kpa
Pp=Pc

(Neglecting height of air)

Pp=P + 2.4*y_,=4905+2.4*(0.9*9810)=26094.6 N/ m”
=26.0946 KPa
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Problem 2-2: The pressure gage in the tank shown in Fig. reads 1.5 KPa.
Determine the elevations of the liquid levels in the open piezometer tubes
B and C.

Solution
P.=P; 1.5 KPa
]..5 = Vgﬂs HB
=(0.95x9.81) Hp
Hg =0.161 m B
Elevation (B) = (1+1.5) + 0.161 = 2.661 ; EE ,
P3:P4 ) HC
P + Y gas (L5)= YGly Hc GasollneLO.Q} 3}{ A _4__j:HC
1.5+(095x981)x1.5=(1.2x981)H G g )
C | Glycerin (1.2) e

Hc =1.315m
Elevation (C) =1+ 1.315=2.315

Problem 2-3: For the pipes shown in Fig. (3), determine the absolute and
gage pressures at the center of each pipe (A) in N /m% Find the pressure
head in each the pipe expressed in terms of meters of water.

Air

| Water

7.30 m

&

Figure (3-a) Figure (3-b) Figure (3-¢)
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Solution

a) PA(abs):YW Hy*Pam
=9810*7.3+10°=1.716x10° N/m? | water

g
PA(gage)ZW{W HWZQS1'[)"‘7.327'1613N/m2 r?: :
Paitono -
H= Algage) =7.3 m of water
Y‘N
Figure (3-a)
b) P,=P;

PA(gage) +Yw(0- 9):YHg (0-05)

P A (gage) 9810 (0.9)=13.6%9810%0.05
P A (gage) = 2158.2N/m*
P s a09)=P A gage) Pam=-2185.2+10°= 07841 8N /m?

Figure (3-b)

C-) Pl = Pz
y(03) =P,
P,=3%9810%(0.3)=8829 N/m?
P;=P,-v,,(0.3)=8829-9810*0.3=5886 N/m?  ~ 77\

PgZPq_ (air)
Pa(gage) = P1 + V4 (0.6) = 5886 + 9810 * 0.6
= 11772 N/m?>

o Paage) _ 11772

C030m | 030m |

Gage fluid

= = 1.2 m of water s |
Yw 9810

Figure (3-¢)
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Problem 2-4: Determine the pressure difference between pipes A and B in
the setup shown in the Fig.

Solution

Plng
PA + YW(X) +1.2 YHe = PB -2 Yw + Yw (K + 12)
PA + 1.2 YHg — PB —0.8 Vw

AP  =Pg—P,
=1.2yn, + 0.8y
=1.2x9810x 13.6 + 0.8 x 9810
=167947.2 N/m*

Problem 2-5: Gate AB in Fig. (5) is 6 m wide and weighs 2 tons. It is
hinged at B and rests against a smooth wall at A. Determine the water
level h at which the gate will start to open.
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Solution
Use pressure distribution method since the gate is rectangular shape.

Fi=(57,%10)*6=(5*1*10)*6=300t

8y, F10\ /8*1%10y
Fy=(—5— 6=( = )6=240t

Fy=(y,, h*10)*6=(1*h*10)*6=60h t

8 _35110 8:5:1:5:10
F4=(L)*6=( . )*6=240t

3 m

2 2

LA

(]_: 1 -].:3) *S5+w*3=0
(300-60h)*5+2*3=0
h=5.02 m

Problem 2-6: Find the minimum value of Z for which the gate shown in
Fig. will rotates counterclockwise if the gate is (a) rectangular, 1.2 by 1.2
m; (b) triangular, 1.2 m base as axis of motion, height 1.2 m.

27.6 KPa

B Q@
]Gas
A

1.2 m

(a) (b)
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Solution
a. The gate is Rectangular
Use pressure distribution method since the gate is of a planar rectangular
shape.
For the gate to rotate at B, then the reaction at A is equal to zero

B
{ " Y
s r2 rg
= 2/ F i . Fs
-—
’E_
; D
¥ ¥ A 27 6 KPa
Force (KN) Arm (m)
Fi=y(Z-1.2)x 1.2x 1.2 r1=1.2/2=0.60m

=981(Z-1.2)x 1.2x 1.2
=14.1264 (Z-1.2)

F=12(1.2yv)x12x12 1,=1.2x2/3=0.80m
=1/2(12x981)x1.2x1.2
=8.4758

Feasm™27.6x 1.2x 1.2 1,=1.2/2=0.60m
=30.744

>Mg=0
Fixn+F X1 —Fgpx1r,=0

14.1264(Z-1.2) x 0.60 + 8.4758 x 0.80 —39.744 x 0.60 =0

/Z=3213m
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b. The gate is Traiangular
Use general law method.
For the gate to rotate at B, then the reaction at A is equal to zero

_i._ — ‘_s,; E.q
5 yo Y 27.6 KPa
B @ *4
Fw | X3 8 * F§ qT
ch 12 g
r Water * Of
o A
=Yep-Y = :
ETEPTE Ty i
A=»x12x12=072m"
I=bh’/36=1.2x1.2°/36=0.0576 m"
Y =Z-08
00576 Force (KN) Arm (m)
x=c— :Z:{}g Fw=981x0.72x(Z-0.8) |r=x+04
72(Z-08) — 7.0632 (Z-0.8)
Fgas=12X 12X 1.2X27.6 | 145, =0.40
= 19.872 KN
>Mp=0

:Fu-'x I - :Fgar:_ X Ig — G

7.0632(Z-0.8) x (#ZEB) +0.4)-19.872x04=0
Z=34135m

Dr. Amir M. Mobasher 89



FLUID MECHANICS - CT 104 HIGHER TECHNOLOGICAL INSTITUTE

Problem 2-7: (a) A circular butterfly gate pivoted about a horizontal axis
passing through its centroid is subjected to hydrostatic thrust and
counterbalanced by a force F, applied at the bottom as shown in Fig. (7). If
the diameter of the gate is 4 m and the water depth is 1 m above the gate.
Determine the force F, required to keep the gate in position.

(b) If the gate is to retain water to its top level on the other side also,
determine the net hydrostatic thrust on the gate and suggest the new
condition for the gate to be in equilibrium.

Solution
I
Fp,=y A h=1*Z (4)‘*“ 37.7 ton = E d
I 4)* a
X =9 — 64(' = 0.333m

Ay 3(4)% 3

Wat =
> My~ | pe

*X P*’} 0

37.7*0.33 F*2=( F=6.283 ton ~——F
If water from two sides

Fpi=37.7t X;1=0.33m

g 5 _ Figure (7)
Fpo=y A fip=1%5(4)?%2=25.13 ¢

L, =&
Xo=—— an 5.5 05m

Ay, H#)*2
Fuet=1?p1 -F,,=12.17 ton
Fop X -Fp ¥X,=F e X

XO

The resultant force passing through the pivot and the gate is in
equilibrium.
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Problem 2-8: Find the magnitude and location of the resultant force on the
cylindrical arc shown in the Fig. if Pg = 120.11 KPa (abs) and the arc is
25m long (normal to the paper).

Pg(abs) =120.11 KPa

Solution
a) Pg=120.11 KPa (abs)

Pg sange = 120.11-101.325

=18.785 KPa

Pg gauge
Hw eq. —B8%F
Yw

=18.785/9.81=1.915m

Fy =vAh =9.81 x (25x4) x (1.915+7+2)

=10707.615 KN
Fv =yV =vAL

For calculating area
A=12915x4-"am (4)j =39.094 m~
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EFv =9.81 X (39.094) x 25

=9587.7T KN

1
Yep=Y + —
P AY

A =25%x4 =100 m’

I'=bh’/36 =25x4°/12 = 400/3 m*

Y =10915m

&
z

T

2.915

e

Yep=11.037m ] L
- 4w
Using first moment of Area, then Iy S
A X-A Xa=AX,
(12.915x4)x2 — ¥ m(4)” x 1.698 = 39.094 x X,
Xep =2.097m
Fu
Free S?urface N
g 1.%15
N
ez
AL Koz
7 7.0
o
/ *
% Fu 4.0
Vater
R =V Fh2+Fv?2
= SQ[T(IO?O?.615'+9587.72) = 14372.79 KN
0 = tan’! Fy/Fg
= tan"' (9587.7/10707.615)
=41.84 °
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Problem 2-9: The cylindrical dome shown in the Fig. is 10 m long and is
secured to the top of a tank by bolts. If the pressure gauge reads 2.42 bar,
and the tank is full of oil (0.86), calculate the total tension force carried by
the bolts. Neglect own weight of dome.

Solution

P=y " H

2.42x10°=(0.86%9810)*H

H=28.685m

TF=Y,; *V=(0.86*1) | (H-0.75)*20-Z00? | ¥10=3453.94 ¢

The tension force in bolts =3453.94 ton

Problem 2-10: The cylinder shown in the Fig. retains oil from one side
and water from the other side. Determine the resultant hydrostatic thrust on
the cylinder per unit length and its inclination to the vertical.

4 m

Oil

(0.90)

Solution
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Part ab

FI-] ah = I::I )\@
Fvin =0 T Water — \;/

Frne =vARLT 4.
=00x(Ixhx03

o
n
=

C. b ,
—0451 Fre I 1\ 27 o= >
| ) 5 Ew o 19

Fine =7yV=vyAL )
=00x%¥a(l)yxl

=0.707t
Part adc
Frae =yAh™
=1xi{2x1)x 3
=6t
Fvaee =y V=v7AL_ Foue
Fyage =1Xx127n(1) x1 A
=1.5708 t o

_}FHmtal = _yFHadc - FH-IJC<_

=6-0.45=5551 +% —

TFVIDI:{].:TFV adc + TFVIJC d
=1.5708 +0.707 =2.278 t

o

i

N
=

'l'l-q\\

Yad

R =+vFh2+Fv? For calculating area
= sqrt(5.55"+2.278%) =6 t

6 =tan" Fu/Fy (angle with vertical)
=tan' (2.278/5.55)
=223°
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Problem 2-11: The log shown in the Fig. retains oil and water. Determine
the resultant hydrostatic thrust pushing the log against the wall per unit
length. Also find the specific gravity of the log material, assuming the
reaction of the wall is normal to the log surface.

Solution

F;{abrﬂ{ml A h=0.8%(0.5*%1)*0.25=0.1t
Frpea=0

Fy =Fp;,=0.1 t (the force pushing the log against the wall)
W=F,

- s 2 -
[F o=V, -V=0.8%[0.5%0.5-2%(0.5)| *1=0.043 t
1Fubea=Yoq Vail Ty Vo= |0.8%(1%0.5)+1%((0.5))] *1=0.792 t

T Ft::Fvbcd'Fvab:O-?S ton
W=0.751
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CHAPTER 3

FLUID MASSES SUBJECTED TO ACCELERATION

Problem 3-1: An open rectangular tank is 2m long, 1m wide, and 1.5m
deep. If the tank contains gasoline to a depth of 1m, calculate the
maximum horizontal acceleration with which the tank can move without
spilling any gasoline. Find the amount of gasoline retained in the tank
when it is accelerated at double the previous value.

Solution

A

\,’;/@'

For an open tank and no spilling

X=1m
Tan0=X/L

L

1/2=a,/9.81 /}’ L=2m /||/
A, =05x 981 =4905 m/sec”

If the acceleration is doubled

A

\’/

X=2m NN N
Tan6=X/L=2/2=1m 050 | \W6=45

9 =45 Se N - ax

Amount of gasoline=05x15x15x1

=1.125m ¥ 1T
/]I/ L=2m QI/ l[LE}
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Problem 3-2: A closed rectangular tank 1.2 m high, 2.5 m long, and 1.5
wide is filled with water. The pressure at the top of the tank is raised to 60
KN/m?. Calculate the pressure at the corners of this tank when it is
decelerated horizontally along the direction of its length at 5 m/s”.
Calculate the forces on both ends of the tank and check their difference by
Newton's law.

Solution
Tan 6 =ax/g =5/9.81 =h/2.5 B -
h=1.274m o Psurfoee™ |
P =P quface +vw “H E | E
P, =60+9.81*0 =60 KN/m? — —
P, =60+9.81%1.2=71.77 KN/m" : F Fe 5 J
P, =60+9.81%1 274 =72.50 KN /m’ —— [——

P4 =60+9.81%2 474 =84.27 KN/m® "
Force on the rear side =1.2*(60+71.77)/2 *1.5

F;=118.593 KN _—
Force on the front side = 1.2%(72.50+84.27)/2 *1.5

Fz =141.093 KN |:::>

> F=m. ax
m. ax =1%1.2%2 5%1.5%5 =22 5 KN
F,—-F,=141.093 - 118.593 =225 KN
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Problem 3-3: A closed rectangular tank 6m long, 2m wide and 2m deep is
partially filled with oil (0.9) to a depth of 1.5 m under a pressure of 0.4
bar. Determine the maximum acceleration with which the tank can move
in the direction of its length if a safety valve that withstands a maximum
pressure of 60 KN/m? is fitted at the center of its rear end.

Ve

: -k
60 KN/m2 - Pair=04 bar 050
ﬂr 1.50
1JDD 0il (0.90) AL
¥ 6.00 ¥
Solution
Pa max = 60 KN/m’
=von H+ 0.4x10°
=0.9x H+ 40
H=2265m
h  H-1 1265
Tan 8 = X X x (1)

Volume of air before motion =
Volume of air after motion

BxLx2=(X.Y/2)x?2
05x6x2=XYx?2 (2)

Using equation (1) and (2) -
X=346m
Y=173m

TanB=a,/g
1.73/3.46 = ay pax / 9.81

=

; 2
Ay max — 4.905 nv/sec
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Problem 3-4: A closed cubic box of side 2.0 m contains water to a depth
of 1.0 in. calculate the pressure force on the top and the bottom sides of the
tank if it moves with horizontal acceleration of 19.6 m/s®. Sketch the water

surface and the pressure distributions on the four sides.

Solution
Tan6=X/L=ax/g=19.6/981=2
0=6343°
X=2L=2x2=4m

Before motion
Volume of Water =2x1x2 =4 m’
Volume of Air =2x1x2 =4 m’
Volume of water = Volume of Air

After Motion
Tan6=2/X1=2
Xl=10m

Then dimensions are as the opposite figure.
Y1=10m

For the top side of the tank
Pl=yyl=10*1=1tm’
F=%»*1*05*2m=0.5t

For the bottom side
P2 =v (yl+2m) = 1.0 * (1+2) =3 t/m"

F=%*3*15%2m=45¢ "

o
o
LLI
— N

Y (y1+2)

=

—0.504X1=1 :nﬁk

Dimensions After Motion

1
vyl

Y (y1+2)
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Problem 3-5: Find the force on the bottom side of the tank in problem 3-4,
when the tank moves with the same acceleration, but in the vertical
direction: 1) upwards, 2) downwards.

Solution

ay=19.6 m/sec’
Case (1) moves up ward:

ay o 19.62 4
P=vyH (1+—) =9.81%1 (1——) =29 .43KN/m~
g 9.81

Force =PA =29.43%(2%2) =117.72 KN

Case (2) moves down ward:
ay .

19.62 ;
P=yH (1-—) =9.81*1 (1—) =-9.81KN/m
g 9.81

Force =PA =-9.81%(2%2) =-39.24 KN

Problem 3-6: A 375 mm high opened cylinder, 150 mm diameter is filled
with water and rotated about its vertical axis at an angular speed of 33.5
rad/s. Determine the depth of water in the cylinder when brought to rest.
Find the volume of water that remains in the cylinder if the speed is
doubled.

Solution
a) ®=33.5 rad./sec

wiR?  (335)« (332 N

H = = = 0.321 L
29 2 +9.81 " vl (N I R

The volume of air 1s const N\ e Lh
l»E*(n::-153|2»=4::|321=h=«£»=(n::u15)2 © o i
2 4 ' ' 4 '

h=0.1605 m
At rest the depth =0.375 — 0.1605 =0.2145 m
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b) ©=33.5%2 =67 rad./sec

A

|
0.15 S
GJZRE (6?)2 * (T 2 \ ‘ i
H= = =1.287m > 0375m \ i
29 2 +9.81 v /T
h=1287-0.375=0.912m i
" . F ! +
" w?r?  (67)% *1? 0917 ’
~ 29  2+981 M
=0.0631 m

The volume of air

- %’*‘%*L’D.l5)2:5:1.28?-%*:1([}.'063ljz:i:D.E}lE:S.ﬁﬁBxlﬂ's m’

The volume retained = i*(ﬂ 15)%*0.375-5.668x10~
=0.59x10"* m’

Problem 3-7: A cylindrical tank of 1.0 m diameter, 2.0 m height contains
water to a depth of 1.5 in. if the tank is to rotate around its vertical axis,
what is the range of the angular velocity (») would cause spilling of water
but would not uncover the base.

Solution

D=10m
No spilling i

H=2%05=1.0m T D_E:: |
H ___%

2z
2 v 150
1.0=wm" *0.57/(2%9.81) |
o = 8.86 rad /sec =L |
100 —f
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Spilling but not uncover the base CMA
22 T g
o R |
H="3 o
2.0=0"*0.5°/(2%9.81) H
= 12.53 rad /sec
The range of the angular spead 15 L

8.86 rad/sec < w= 12.53 rad/sec

Problem 3-8: A closed cylindrical tank 2-m long, 1-m diameter is parti

ally

filled with water to 1.5 m depth. The pressure at the water surface is 40

KN/mZ. If the tank is rotated about its vertical axis with an angular velo

city

of 12 rad/s, determine the pressure at the bottom of the tank; at its center,

and edge. Also calculate the force on the top of the tank.

Solution

o= 12 rad. /sec

¥ W ¥ 3 . _L 1_
H=o’ R’ 2g=(12)% (0.5 / (2%0.81)=1.835m > |\ |
h=o’1r" 2g........... (1) \ T

. . ";’; .‘:

The volume of air is const. £ \\ /S
Lemr?ah=05%m*(0.5)% oo (2) "

By solving 1 & 2

h=1.355m r=0.43 m
yv=H-h=1.835-1355=048 m
Pz =P curface 77 w ¥(2 - h) =40+9.81%(2-1.355) =46.33KN
Pb="P auface T 7w ¥(2+y) =40+9.81%(2+0.48) =64.33 KN
The force on the top of the tank

=P qutice * 1 + (P surtace * ¥ w *(/2))*(R’ - mr?)

=40* 1 (0.43)* + (40+9.81*%(0.48/2))*(x (0.5)* — 1 (0.43)%) =31.9 KN
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Problem 3-9: A closed cylindrical tank 2m high and 1 m diameter is filled
with glycerin (1.25) under pressure of 2 t/m?. The tank is rotated about its
vertical axis at a rate of 2000 rpm. If the top plate of the tank is connected
to the cylinder by means of rivets that withstand a force of 50 KN, find the
number of rivers required to hold the top plate to the cylinder.

Solution
000 a0 094 ot
= 2000 * 2a/60 = 209.4 rad/sec N [
P =2 t/m’ = 19.62 KN/m’ A
T sivere = 50 KN T =
H= R _ 200.4° % 0,57 / (2%0.81) = 558.72 m T |
o ) Gly{4.25}|

Force on top plate of the tank = (P + vz H/2) * 7R™ %

=(19.62 + 1.25%0.81*558.72/2) * n(0.5)’

=2705.91 KN

No. of Rivets = Force / T fuees = 2705.91 /50 =54.11 = 55 Rivets
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CHAPTER 4

EQUILIBRIUM OF FLOATING BODIES

Problem 4-1: A body is weighed twice while suspended in two different
fluids of specific gravities 0.85 and 1.6. If the balance readings are 30 and
18 kg. Determine the density of the body.

Solution

4T1=30 kg £T2=18 kg

4W W

(0.85) T (16) 'Fe
W=Fg+T; V\fr:]_:B-i-Tz
W=y V+30 W=yV+18
= (0.85x1000)V + 30 = (1.6x1000)V + 18
= 850V + 30 (1) = 1600V + 18 (2)

Equating both (1) and (2)

850 V+30=1600V + 18
V=00l6m>

W =850%0.016 + 30
=43.6 Kgs

W , _ 3
Y=y~ 43.6/0.016 =2725 Kgym’

p=2725Kg/m’
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Problem 4-2: A cylinder of specific gravity 0.95 and length 80 cm floats
with its axis vertical in a vessel containing oil of specific gravity 0.84 and
water. If it is required that the cylinder become totally immersed, what
should he the minimum depth of oil required to satisfy this condition.

Solution
W=F Bo T F Bw ’ -
v EV =y, * Vo +yw ¥V "
0.95%A* 0.8 =0.84*A*L+1*A*(0.8-L) 1
0.76=0.84L +0.8-L by
L=0.25m Nl
o i
o
P

Problem 4-3: A rectangular tank has dimensions 120 x 66 x 60-cm and
weighs 1410 N. If the tank is allowed to float in fresh water, will the
equilibrium be stable when the 60 cm edge is vertical?

Solution

W=1410N

For a floating body in equilibrium

W =Fg T

1410 =¥ Vi M A
=0810x (0.66x1.2)xH AL 1.20

#—088 —f y\/

H=0.18m
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GB=0.60/2-0.18/2=0.21m
Vi =0.66x 1.2x 0.18 =0.14256 m®

I, =bh’/12 T
. 30m 4 ﬂ
=1.2x0.66/12 = 0.02875 m T 3 B:U =

- J_ H
MG = —2 _GB < T 1
Vimm
=0.02875/0.14256 — 0.21 = -0.0083 (-ve)

Unstable

Problem 4-4: A hollow wooden cylinder of specific gravity 0.60 has an
outer diameter 0.80 m. an inner diameter 0.40 m, and opened at its ends. It
IS required to float in oil of specific gravity 0.85, calculate the maximum
height of the cylinder keep it floating with its axis vertical.

Solution

W=Fg
0.6%* ; #((0.8)%-(0.4)%)*H=0.85* g #((0.8)*-(0.4)%)*h
0.6H=0.85h ......... (1)

Illll n

MG= -BG

Vi 111m

*(0.8)*-(0.4)* |
Lnin™ ( 35 4( ) =0.01885 m”

Vimm ™ 4 ((0 8) (0 4)2)
005 (H h)

MG=——

Solwng 1&2
H=0.69 m
h=0.49 m
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Problem 4-5: Check the stability of the floating unit in the shown fig.

Y
w641
Water
Sec. Elev.
| I
| |
g | |
< | I
| |
| I
2m 6|m 2m
Top Veiw
Solution
W = 64 ton ¢ G
For a floating body 1n equilibrium
I-[i v =
W=Fp e
64=yV X
64=1x2x (2x4)H T / | ,
e gl | Bl X
H=4m 1 | 7
Viisp = 2 X (2x4) x 4 = 64m3 + 2 k-3 —

GB =2+3=5m
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I, = (4“- +(4x2)x(4)7) = 261.33 m*
I,=2 (ZT;‘ ) = 2133 m’*
T =2133m"
MG = = . GB
Vimm
=21.33/64 — 5 =-4.667 (-ve) Unstable

Problem 4-6: A rectangular pontoon 10.3m long, 7.3m wide, and 2.4 m
deep has a displacement weight of 74 tons. If an empty cylindrical boiler
of 5.5m diameter and 10.3m long is mounted on its deck, check the
stability of the system while floating in sea water (1.03), when the boiler's
axis is: a) horizontal (parallel to pontoon axis), b) vertical. The boiler

weighs 70 lons.

Solution

Case (1) "the boiler axis // to pontoon axis"

Wi +W, =Fg
74+70=1.03*10.3*7.3*h
h=1.86 m
74%1.2+70*5.15=144*0G
OG=3.12m

BG =0G -OB =2.19 m
Iin =10.3(7.3)°/12 =333.91 m*

Vg =10.3%7.3 #1.86 =139.85 m’
MG =TI in / V immersed - BG =0.197 m
MG (H)ve ............. Stable

Dr. Amir M. Mobasher
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Case (2) "the boiler axis 1s vertical"

W, +W, =Fp
74+70=1.03*10.3*7.3%h

h=1.86 m 02
W1 *0OG; + W3 *OG; = (W1 +W2)*OG Lve
74%1.2+70%7.55=144*0G

OG=429m o
OB =0G -OB =3.36 m b

[0 =10.3(7.3)° /12 =333.91 m*

V immersed =10.3%7.3 *1.86 =139.85 m’
MG =T min/ V immersed - BG =-0.99 m
MG@G-)ve ..o Unstable
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CHAPTERS

KINEMATICS OF FLUID FLOW

Problem 5-1: Determine the type of flow in a 305 mm diameter pipe when
a) Water flows at average velocity of 1.0 m/sec and v=1.13 x 10° m%/sec.

b) Glycerin flows at a rate of 1.8 lit/min having p = 1260 kg/m’ and
n=0.9 N.s/m°.

Solution
a) D=305mm & v=lm/sec & v=1.13% 10° m*/sec
R n=vD/v=1%0.305/1.13*10°=269911.5 >4000
The flow 1s turbulent
b) D=305mm & Q=18Ilit'sec & p=1260 Kg:"m3 &
11=0.9N.s/ m”
V=Q/A=1.8% 107/ (m/4(0.305)2) =2.46* 10™ m/sec
R n=p v D/u=1260*2.46%* 107°#0.305/0.9=10.5 <2000

The flow 1s laminar
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Problem 5-2: Oil of specific gravity 0.9 flows through a vertical pipe of

diameter 5 cm. A pressure gauge reads 6 kg/cm? while another gauge 20 m

higher reads 2 kg/cm®. Find the direction of flow and the head losses.
Solution PR=2kg/eZ

| /"' "\“I .
| .|-— # —
\&_J

T.E;=0+6%*104/900 +v*/2g = 66.67 + v*/2g

T.E;=20+2*104/900 +v*/2g =42.22 + v*/2g

TE =TE,

E
N
the flow direction 1s upwards (from 1 to 2) P1=6 Kg/dm2
(=1 L
hf= TE -T.E;=2444m N

Problem 5-3: A tank where the water level is 25.0 m above an arbitrary
datum feeds a pipeline AB ending at B with a nozzle 4.0 cm diameter. Pipe
AB is 15.0 cm diameter with point A being 20.0 m above datum and point
B at datum. Find:

1) The discharge through the pipeline, the pressures and water velocities

at A & B.
i) If friction losses in the nozzle are 0.5 m, and between A & B are 5.0
m, resolve (i) and plot the hydraulic gradient and total energy lines.
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Solution

(25.00) y¢

(20.00)

H=25m

Datum (0.00) B__ >2< -
i) Ideal flow
Apply BE bet. 1 & 2
Zi+ vit /2 g+Pi1/y=2Zr+ va' /2 g+ Paly

25+0+-0=0+0~+ 1;33 [2g=2v;=22.147 m/sec

Q= Ay v2=7/4 (0.04)" * 22.147 = 0.0278 m"/sec
Q=Asva=Apvp =14 (0.15) * v4 = 0.0278 m/sec

vy = vg = 1.575 m/sec

Apply BEDbet. 1 & B

Zi+ vio /2 g+Py/y=Zg+ v /2 g+Ps/y

25+0+0= 0+ 1;33 /2g+Pg/vy =2 Pp=24.873 m of water
ApplvBEDbet. 1 & A

Zi+ vio/2g+Py/

om
-

25+0+0=20+wva /2

f=Zy T vf [2g+Paly
“/2g+Pa/y—=2Pa=4873 m of water
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ii) Real flow
1
(25.00) s
(20000  ——TEL
A H.G.L L
Ve’i2g
{
[}
H=25m
Psly . V22/2g
Datum (0.00) B2

hlyorge = 0.5 m

hlag=5m

Apply B.E bet. 1 & 2

Z1+ '.;-_J [2g+P1/y=Z+ 1‘_}_2 /2 g+ Pa/vy+hl
25+0+0=0+0+ 1;31 [2g+55 =2 v;=19.56 m/sec

Q=Ay vy =/4(0.04)" * 19.56 = 0.02458 m’/sec
Q=Axva=Apve=m/4(0.15) * va=0.02458 m’/sec

va= vg=1.391 m/sec

Apply BEbet. 1 & B

Zi+ vt /2 g+ Py /y=Zz+ . g+ Pg/v+hl
25+0+0=0+ YBJ /2g+Pg/y+5 =2 Pg=19.9m of water
ApplyBEDbet. 1 & A

Zy+ vt /2g+Py/y=Za+ va'/2g+Paly

25+0+0=20+va /2g+Pa/y=2Pa=4901 m of water

A

k
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Problem 5-4: Water (assumed frictionless and incompressible) flows
steadily from a large tank and exits through a vertical constant diameter
pipe as shown in Fig. (1). Air in the tank is pressurized to 50 kN/m®.
Determine: (i) the height (h) to which water rises, (ii) the water velocity in
the pipe, and (iii) the pressure in the horizontal part of the pipe.

A
Fig (1)
50
T I KN/m’
y O
A' .
4m| 11
Water I
2m
. Y
Solution
Apply B.E bet. 1 & 2
Zy+ v /2 g+P/y=2Z,+ vy’ /2 g+Pyly
2+3500981+0=h+0+0 7 “
h=7.097Tm
Applv B.E bet. 1 & 3 50
Apply B.E bet. 1 & : . y
7 . , h @ KN/
L+ v/ 2g+Pily=Z3+ vi/2g+tPily Air 1
s dm
2730081 +0=4+0+ vi"/2¢g Water 2m
. 2
vy = 7.795 m/sec
Apply BE bet. 1 & 4
Zi+ vt 2g+ P/ y=Zy+ vy [ 2g+Pyly

2+50/981+0=0+ (?.TEIFJ‘} '2g+ Pyly

Ps = 4 m of water
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Problem 5-5: Water flows through the pipe contraction shown in the Fig.
For the given difference in peizometer levels, determine the flow rate as a
function of the diameter of the small pipe, D.

Solution
Apply B.E bet. 1 & 2
Zy+ v /2g+Py/y=2y+ v, /2g+P, Him |
2 2 c
R I Y o= P /v=02
vy /2g-viT/2g=(P;-Py)/v=0 h —-I—Q Hlren

[
|
—
=
4
v,
Fet
p—
]
=
i
2
]
[ ]
Fan
n.
e
—
=
—t
L
£ I.-.-"
T
I L=
I
]
| -
ﬁ |
=]
B

Problem 5-6: A siphon filled with oil of specific gravity 0.8 discharges
220 lit/s to the atmosphere at an elevation of 3.0 m below oil level. The
siphon is 0.2 m in diameter and its invert is 5.0 m above oil level. Find the
losses in the siphon in terms of the velocity head. Find the pressure at the
invert if two thirds of the losses occur in the first leg.
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Solution

v=0Q/A=022/(n/4(0.2)2) =7 m/sec

Apply BE bet. 1 & 2

Z1+ v12/2g+Pl/y=22+ v22/2
5+0+0=0+0+(7)2/2g+1hl
h1=0.50m

Apply BEbet. 1 & 3

Z1+ v12/2g+Pl/y=23+ v32/2
5+0+0=8+(7)22g +P3/y+2/3*

P3/v=-7.833m
P3 =-7.833 m of oil = -61474.6 N/m°

=

|
o
]

'v+hl

fv+hl 5m

1

* — —

0il(0.80)

Problem 5-7: A 5.0-cm diameter orifice (C4 = 0.6) discharges water from
tank A to tank B as shown in the Fig. The vacuum gauge in tank B reads
0.65 Kg/cm® below atmospheric pressure, while the air pressure above oil
in tank A is 70 KN/m?, find the discharge from the orifice and the distance

(L).
Air
L
Oil
2m -0.65
0.8 B
¢ L8 @ Kg/em”
. Water 2m
Sm
| Im
L
—»

Dr. Amir M. Mobasher
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Solution
P; = Psurface + yp ho Air
! Ol
=T70+0.8%9081 %2 2m | oa ;ﬂ.ﬁi
= 85.696 KN/m’ 2
_ - ) A 4 5m Water

P;=-0.65kg/em™ =-0.65*% 10" kg/m”
Apply B.E bet. 1 & 2 (Ideal) |

21+ v_J [2g+P1/y=Zr+ 'f;_‘}' [2g+Paly
5+0+85.696/9.81=3+v2" /2 g+ (-0.65*10")/1000
vy = 18.35 m/sec

Quet = Cd Aosiice vam = 0.6 * /4 (0.05) * 18.35 =0.0216 m’/sec
d=v,t+%at

In Y — dir. 2=0+%gt > t=0.630sec

In X — dir. L=vyxt+0

Assume Cv=0.95 2  vie=Cv ¥ vy

L=095%18.35%0.639=11.13m

Problem 5-8: The velocity of water in a pipe 10.0 m diameter is 3.0 m/s.
At the end of the pipe there is a nozzle the velocity coefficient of which is
0.98. If the pressure in the pipe is 0.7 kg/cm?, find the jet diameter, the rate
of flow, and the power lost due to friction in the nozzle.

Solution
V1=3m/s
Q | -
— D=10cm ®1 ®

Cv=0.98
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P; =0.7 kg/em” = 0.7 * 10* kg/m’
Apply B.E bet. 1 & 2 (Ideal)

i+ vil2g+Pi/y=Zy+ v [2g+Paly

0+ (3)2g+0.7*10*/1000=0+v," /2 g+ 0

van = 12.1 m/sec

Viget = Cv ¥ vy = 11.86 m/sec

Q=A,v;=a/4(0.1) *3=0.024 m’/sec
Q=Arvr=w4d>*11.86 =0.024 m’/sec

d=0.05m

Apply B.E bet. 1 & 2 (Real)

Zi+ vt/ 2g+Pi/y=Zr+ v 2g+Py /vy

0+ (3)/2g+0.7*10*/1000=0+0+ (11.86)° /2 g+ hl

hl1=03m

Power Lost due to friction =y Q h1=9810 * 0.024 * 0.3 = 70.632 watt

Problem 5-9: Water issues from a 10.0-cm diameter circular sharp edged
orifice under a head of 12.0 m. If a volume of 13.6 m® is collected in 3
minutes, what is the coefficient of discharge? If the diameter of the jet at
the venacontracta is 8.0-cm what are the values for Cv & Cc?

Solution
Qact=V/t=13.6/(3%60)=0.07756 m3/sec
Qth= vth* aorifice
=4 (0.1)2v2%*9.81*1222.147=0.121m3/sec
Qact= Cd * Qth = Cd =0.627

aact= Cc¢ * ath
/4 (0.08)2 =Cc /4 (0.1)2 - Cec=0.64

Cd=Cec*Cv = Cv=0.098
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Problem 5-10: A horizontal venturi-meter carries a liquid (S.G.= 0.8) and
has an inlet to throat diameters of 15/ 7.5 cm. If the actual discharge is 40

I/s, and Cd = 0.96, find:

I)the pressure difference between the inlet and the throat, ii) the deflection
in the mercury U-tube manometer connecting these points, and iii) the
energy lost between the inlet and the throat. Also sketch the H.G.L. and

the T.E.L. for the system.

Solution

Al= 7/4(0.15)2=0.01767 m2

A2 = /4 (0.075)2=4.418 * 10-3 m2

Cd=10.96

Q=0.04d m3/sec

Q=Cd (A1 A2)/V(A12-A22)"2¢H
= 0.04 m3/sec

H=425m
VH=(Z1+P1/v)-(Z2+P2/v)
H=(0+P1/v)-(0+P2/v)=425m
AP=4.25 m of o1l

H=d(y /v-1)=d(13.6/08-1)=4.25

1) d=0.266 m

mj)vl=0Q/Al=2264m/sec &v2=0Q/A2=9.054 m/sec

Apply BEbet. 1 &2

Z1+ v12/2g+Pl/y=22+ v22/2g+P2/y+hl

hl =(Z1+P1/v)-(Z2+P2 /vy )+ (v12-v22)/2¢g
=425+(2.264)2 -(9.054)2)/2¢g=0.333 m

Dr. Amir M. Mobasher
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Problem 5-11: A venturi-meter is installed in a 30 cm diameter vertical
pipe conveying oil of S.G. = 0.9. The throat diameter is 15.0 cm and the
flow being upward. The difference in elevation between the throat and
inlet is 30.0 cm. A mercury manometer connected to the venturi registers a
deflection of 20.0 cm. If C4 = 0.96, calculate the discharge and the
pressure difference between the inlet and throat. If the discharge remains
constant while the pipe is shifted to the horizontal position, how will the

reading of the manometer be affected?

Solution

Ay = /4 (0.3)° = 0.07069 m’

Ar= /4 (0.157 =0.01767 m"

Cd=0.9a
H=d (v /v-1)=02(13.6/09-1)
=282 m

Q=Cd (A A)) /(A —AY ) 2¢gH
=0.1358 1113.-"2.&#:

(Z1+Pi/v)-(Z2+P2/v)=H
(0+P ) —(0.30+ P, ) =2.82
(P1-P2)/v=282+030=3.12m

AP=3.12 m of o1l

—oil—— 30cm

(0.9)

— 15cm

o2

30
L N _
0:2

B (13.6)
la

When the pipe is shifted to the horizontal position with the same discharge
the reading of the manometer will not be affected.

Dr. Amir M. Mobasher
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Problem 5-12: An orifice-meter having a 0.15/0.075 m pipe to orifice
diameters and C4 = 0.65 is used in measuring the flow of water in a pipe. If
a U-tube mercury differential manometer gives 0.31 m deflection when
connected to the meter, find the rate of flow. What is the maximum
possible rate of flow of water if the pressure at inlet to the meter is
maintained at 3.6 KN/m? and its vapor pressure is 1.8 KN/m? abs.

Solution
Q (44 : > L @
0.31
P; = 3.6 KN/m" (13.6)

A= 7/4(0.157 =0.01767 m’

A= 7/4(0.075) =4.418 % 10° m’

H=d(y /y-1)
=0.31(13.6/1-1)=3.906 m

Q=Cd (A1 A)) /(A - Ay )V 2g H=0.026 m"/sec
Qmax results when P becomes minimum (Py = Ppo)

Py = Pyapor = 1.8 KN/m” (abs)

Py =Pam + 3.6 = 101.3 + 3.6 = 104.9 KN/m” (abs)

Huee = (Z1 +P1/7) - (Za+ P2/ y)
—(0+104.9/9.81 )—(0+1.8/9.81)=10.51 m
Quax=Cd (A1 A2)/V (A"~ Ar") W 2g Huax = 0.043 m’/sec
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Problem 5-13: A pitot-tube is placed in a pipe carrying water. A mercury
differential pressure gauge reads 10.0 cm. Assuming C, = 0.99, what is the
velocity of water in the pipe? If the problem is reversed and mercury is
flowing in the pipe and water is used in the inverted differential gauge
with the same reading, what would be the velocity of mercury in the pipe?

Solution

(a) water 1s flowing in the pipe
Apply B.E bet. 1 & 2

Zy+ v [ 2g+P/y=I+ v’ /2
Pyl

vi"/2g=(P1-P2) y=d(y/y-1)

+

y (=]

Water

42F

=0.1(13.6/1-1)=1.26 L)

MY
|

-
o
A

Q| T
v, =V 2 %081 *1.26=497 m'sec

Vact = Cv ¥ vy =0.99 * 407 =492 m/sec

a) mercury is flowing in the pipe
Apply BE bet. 1 & 2

), . 7,
Lyt v/ 2g+Pi/y=24a+ va /2

+P2

=}

!y
]

M3
|

Q
/2 5Py -B) 1= d (17 /7 (R

-
(3]
v

=0.1(1-1/13.6)=10.0926
v =% 2 *0.81 ¥0.0926 =1.348 m/sec

ok

_*.

13.6
Vaer = Cv #F vy, = 0.99 % 1.348=1.335 m/sec

Dr. Amir M. Mobasher
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ASSIGNMENT 1

UNITS AND DIMENSIONS & FLUID PROPERTIES

Q1: Using dimensional analysis, put down the dimensions and units in the
engineering systems {pound (Ib), foot (ft), second (s)} and
{kilogram (kg), meter (m), second (s)} for the following engineering
guantities:

e Density (p), specific weight (y), surface tension (o), pressure
intensity (p), dynamic viscosity (), kinematic viscosity (v),
energy per unit weight, power, liner momentum, angular
momentum, shear stress (7).

Q2: Show that the following terms are dimensionless:

v.y pv.y v p L.v?
v ' p ' Jgzy’'pv? 'hgd

Q3: Find the dimensions for the following terms:

dp T

,p.1° VY3 § ,p.-Q.v,y.Q.L

»

2
g

==

Q4: Convert the following terms:

e v=1000 kg/m® to Ib/ft®

e g =09.81 m/sec? to ft/sec?

e p=7kg/lcm? to N/m?

e y=710dyne/cm® to Ib/ft3, N/m®

e L =4640.84 poise to Ib.sec/ft?, Pa.sec

Q5: What is the diameter of a spherical water drop if the inside pressure is
15 N/m? and the surface tension is 0.074 N/m.
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0Q6: The pressure within a bubble of soapy water of 0.05 cm diameter is

5.75 gm/cm® greater than that of the atmosphere. Calculate the
surface tension in the soapy water in S.1. units.

Q7: Calculate the capillary effect in millimeters in a glass tube of 4 mm
diam., when immersed in (i) water and (ii) in mercury. The
temperature of liquid is 20° C and the values of surface tension of
water and mercury at this temperature in contact with air are 0.0075

kg/m and 0.052 kg/m respectively. The contact angle for water = 0
and for mercury = 130°.

08: To what height will water rise in a glass tube if its diameter is (o =
0.072 N/m)

a) 1.50 cm b) 2.0 mm

0Q9: The space between a square smooth flat plate (50 x 50) cm? and a
smooth inclined plane (1:100) is filled with an oil film (S.G. = 0.9)
of 0.01 cm thickness. Determine the kinematic viscosity in stokes if
the plate is 2.3 kg. The velocity of the plate = 9 cm/sec.

0o

Q10: For the shown figure, Calculate the friction force if the plate area is
(2m x3m) and the viscosity is 0.07 poise.

r f VPP NTRL T BT NEEY

0 5o :'_::,_TL_:.':_: v

ol
ST ST \1mfs

il g

25mem| = =-- 22T

Lt

/FF R AL
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Q11: A piston 11.96 cm diameter and 14 cm long works in a cylinder 12
cm diameter. A lubricating oil which fills the space between them
has a viscosity 0.65 poise. Calculate the speed at which the piston
will move through the cylinder when an axial load of 0.86 kg is

applied. Neglect the inertia of the piston.

]
A
LN AN B
A 1
Y e ::I‘.' 0 .
. 1 :i"-
£ it [ R
F .

Q12: A piece of pipe 30 cm long weighting 1.5 kg and having internal
diameter of 5.125 cm is slipped over a vertical shaft 5.0 cm in
diameter and allowed to fall under its own weight. Calculate the
maximum velocity attained by the falling pipe if a film of oil having
viscosity equals 0.5 Ib.s/ft’> is maintained between the pipe and the

shaft.

5 cm

e 51425 Cm L

21
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0Q13: A cylinder of 0.12 m radius rotates concentrically inside of a fixed
cylinder of 0.122 m radius. Both cylinders are 0.30 m long.
Determine the viscosity of the liquid which fills the space between
the cylinders if a torque of 1 N.m is required to maintain an angular

velocity of 2 rad/s.

!
|

>_I[

l;', ! r'

by
@

kK]

|
(
[
<

L NN AN NN A AR S S N
ARSI B ARTTITETREEWY

Q14: The thrust of a shaft is taken by a collar bearing provided with a
forced lubrication system. The lubrication system maintains a film of
oil of uniform thickness between the surface of the collar and the
bearing. The external and internal diameters of collar are 16 and 12
cms. respectively. The thickness of oil film is 0.02 cms. and
coefficient of viscosity is 0.91 poise. Find the horse-power lost in
overcoming friction when the shaft is rotated at a speed of 350 r.p.m.

Shaef—_\} O‘___m Cm
i
i/ D,_,:NCW\ '
Y002 === | [—=
em K T R V. o ar o aesd
|
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ASSIGNMENT 2

FLUID PRESSURE AND HYDROSTATIC FORCE

Q1: Atank full of water as shown below. Find the maximum pressure, and h.

4 1 7
TN ]
h -
10 ft
7L :\:23
1fi 2 1

f

Q2: A tank full of water and oil (S.G = 0.80), as shown. Find the pressure at
the oil/water interface and the bottom of the tank.

f

0.9 m Qil

|

|

2.1m

L

Water
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Q3: For the shown figure, find the pressure (P1) if the pressure (P2) = 60

KPa (abs)?
fa
&)
Air ¥
ol Sﬂ =08 - \'Sm
‘j‘
water im
{ S3 -3¢ Toz
& Hs i)

Q4: If the pressure at point (B) = 300 KPa as shown in figure, find the
followings:

a) The height (h) b) The pressure at point (A)?

Air 80 Kfa
= o
Water h
= o+
Hg 0-3
N .@»‘-
8 A

Q5: For the shown figure, where is the maximum pressure (Pag Or Pgc)?

= - ! ﬂ\rz

- a - 4
T 6'\3\33\\&% o
C

gt

Fd p—
~

1

4

i

7
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Q6: For the shown figure, what is the difference in pressure between points

1,2?

N S, e Y

§ N

N N

j:|2 cm N

& L\Jate\’ ~Dp

X e

& O @

Q7: Pressure gage B is to measure the pressure at point A in a water flow. If
the pressure at B is 9 t/m?, estimate the pressure at A.

o1l (5.G=10.90) --"'_’*\
\/ GageB
|

11 cm

—_—

Q8: For the shown figure, what is the difference in pressure between points
A, B?

. $.9. = 0.92
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Q9: For the shown figure, what is the pressure at gauge dial P4?

@gage

oil Q.82

270 m

I

A
4

S.G=i36

o
.HI.——-
o

|¢

Q10: For the shown hydraulic press, find the force (F) required to keep the
system in equilibrium.

Gocm F 40‘2"_1

A @_ﬂ:hc?«e
| z2ocm
—— ;—' ;5::'??_ B --c??a’:f S-G=-80
L
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Q11: A vertical triangular gate with water on one side is shown in the figure.
Calculate the total resultant force acting on the gate, and locate the
center of pressure.

Q12: In the shown figure, the gate holding back the oil is 80 cm high by 120
cm long. If it is held in place only along the bottom edge. What is the
necessary resisting moment at that edge.

Wall

. 040 m
Oil

S.G.=0.90

0.8 m

Q13: In the shown figure, the gate holding back the water is 6 ft wide. If it is
held in place only along the bottom edge. What is the necessary
resisting moment at that edge.
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Wall

13 & Gate 6 ft wide

6ft

Q14: (A) Find the magnitude and line of action of force on each side of the
gate. (B) Find the resultant force due to the liquid on both sides of the
gate. (C) Determine F to open the gate if it is uniform and
weighs 6000 Ib.

—-1—

Gate 6 ft wide

MR

Q15: Find the value of “P” which make the gate in the shown figure just
rotate clockwise, the gate is 0.80 m wide.

Water
2.0m

i 0.80 m
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Q16: Determine the value and location of the horizontal and vertical
components of the force due to water acting on curved surface per 3
meter length.

Q17: Determine the horizontal and vertical components of the force acting on
radial gate ABC in the shown figure and their lines of action. What F is
required to open the gate. Take the weight of the gate W = 2000 kg
acting on 1m from O?

Gate 2 m wide

Q18: A cylinder barrier (0.30 m) long and (0.60 m) diameter as shown in
figure. Determine the magnitude of horizontal and vertical components
of the force due to water pressure exerted against the wall.

o\
39 =08 .30 m

water

Dr. Amir M. Mobasher 134



FLUID MECHANICS - CT 104 HIGHER TECHNOLOGICAL INSTITUTE

Q19: Compute the horizontal and wvertical components of the hydrostatic
force on the hemispherical dome at the bottom of the shown tank.

av4

J—

Water
10 ft

21t

Q20: The hemispherical dome in the figure weighs 30 kN, is filled with
water, and is attached to the floor by six equally spaced bolts. What is
the force on each bolt required to hold the dome down.
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ASSIGNMENT 3

FLUID MASSES SUBJECTED TO ACCELERATION

Q1: Calculate the total forces on the sides and bottom of the container shown
in Figure 1 while at rest and when being accelerated vertically upward
at 3 m/s’>. The container is 2.0 m wide. Repeat your calculations for a
downward acceleration of 6 m/s®.

= /
g
~ watcr
— 600
[ i
Figure 1

Q2: For the shown container in Figure 2, determine the pressure at points A,
B, and C if:

e The container moves vertically with a constant linear
acceleration of 9.81 m/s%.

e The container moves horizontally with a constant linear
acceleration of 9.81 m/s’.

g% A
o
Sy —
g water
+ B @
1 .3 m l
Figure 2

Q3: A tank containing water moves horizontally with a constant linear
acceleration of 3.5 m/s®. The tank is 2.5 m long, 25 m high and the
depth of water when the tank is at rest is 2.0 m. Calculate:

a) The angle of the water surface to the horizontal.

b)  The volume of spilled water when the acceleration is increased
by 25%.

c¢) The force acting on each side if (ax =12 m/s?).
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Q4: An open cylindrical tank 2.0 m high and 1.0 m diameter contains 1.5 m
of water. If the cylinder rotates about its geometric axis, find the
constant angular velocity that can be applied when:

a) The water just starts spilling over.
b) The point at the center of the base is just uncovered and the
percentage of water left in the tank in this case.

Q5: An open cylindrical tank 1.9 m high and 0.9 m diameter contains 1.45 m
of oil (5.G =0.9). If the cylinder rotates about its geometric axis,
a)  What constant angular velocity can be attained without spilling
the oil?
b) What are the pressure at the center and corner points of the tank
bottom  when (0 = 5.0 rad/s).

Q6: An open cylindrical tank 2.0 m high and 1.0 m diameter is full of water.
If the cylinder is rotated with an angular velocity of 2.5 rev/s, how
much of the bottom of the tank is uncovered?

Q7: A closed cylindrical container, 0.4 m diameter and 0.8 m high, two third
of its height is filled with oil (S.G = 0.85). The container is rotated
about its vertical axis. Determine the speed of rotation when:

a) The oil just starts touching the lid.
b) The point at the center of the base is just clear of oil.

08: A closed cylindrical tank with the air space subjected to a pressure of
14.8 psi. The tank is 1.9 m high and 0.9 m diameter, contains 1.45 m of
oil (5.G =0.9). If the cylinder rotates about its geometric axis,

a)  When the angular velocity is 10 rad/s, what are the pressure in
bar at the center and corner points of the tank bottom.

b) At what speed must the tank be rotated in order that the center of
the bottom has zero depth?

0Q9: A closed cylindrical tank 2 ft diameter is completely filled with water. If
the tank is rotated at 1200 rpm, what increase in pressure would occur
at the top of the tank at that case?
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ASSIGNMENT 4

EQUILIBRIUM OF FLOATING BODIES

Q1l: Will a beam of S.G. = 0.65 and length 1500 mm long with a cross
section 136 mm wide and 96 mm height float in stable equilibrium in
water with two sides horizontal?

Q2: A floating body 100 m wide and 150 m long has a gross weight of
60,000 ton. Its center of gravity is 0.5 m above the water surface. Find
the metacentric height and the restoring couple when the body is given
a tilt as shown 0.5m.

Q3: A ship displacing 1000 ton has a horizontal cross-section at water-line as
shown in the figure, its center of bouyancy is 6 ft below water surface
and its center of gravity is 1 ft below the water surface. Determine its
metacentric height for rolling (about y-axis) and for pitching (about x-
axis).

|

p

Lo [ . ]
x |80 (VP SR 1Ft_
X S ] EEtJ, X ﬁt— 5FI: X

30 e S % \l/'w' \oo Lon
\“‘ 2 Elevation
N 7
Plan

Q4: An empty tank rectangular in plan (with all sides closed) is 12.5m
long, and its cross section 0.70 m width x 0.60 m height. If the sheet
metal weights 363 N/m? of the surface, and the tank is allowed to
float in fresh water (Specific weight 9.81 KN/m® with the 0.60m
wedge vertical. Show, whether the tank is stable or not?
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Q5: A cylindrical buoy 1.8 m diam., 1.2 m high and weighing 10 KN is in
sea water of density 1025 kg/m®. Its center of gravity is 0.45 m from
the bottom. If a load of 2 KN is placed on the top; find the maximum
height of the C.G. of this load above the bottom if the buoy is to
remain in stable equilibrium.

Q6: A spherical Buoy 3,5y (floating ball) has a 0.50 m in diameter,
weights 500 N, and is anchored to the seafloor with a cable. Although
the buoy normally floats on the surface, at certain times the water
depth increases so that the buoy is completely immersed. What is the
tension on the cable?

0.5

FbT T

Q7: A wooden cylinder 60 cm in diameter, S.G. = 0.50 has a concrete
cylinder 60 cm long of the same diameter, S.G. = 2.50, attached to
one end. Determine the length of wooden cylinder for the system to
float in stable equilibrium with its axis vertical.

0Q8: A right solid cone with apex angle equal to 60° is of density k relative
to that of the liquid in which it floats with apex downwards.
Determine what range of k is compatible with stable equilibrium.

0Q9: A cylindrical buoy is 5 feet diameter and 6 feet high. It weighs 1500
Ib and its C.G. is 2.5 feet above the base and is on the axis. Show that
the buoy will not float with its axis vertical in sea water. If one end of
a vertical chain is fastened to the centre of the base, find the tension
in the chain in order that the buoy may just float with its axis vertical.
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ASSIGNMENT 4

KINEMATICS OF FLUID FLOW

Q1: Determine the type of flow in a 400 mm diameter pipe when
a) Water flows at average velocity of 1.2 m/sec and v =1.13 x 10 m%/sec.
b) Glycerin flows at a rate of 2.0 lit/min having p = 1260 kg/m’® and
1= 0.9 N.s/m’.

Q2: An inclined pipe carrying water gradually changes from 10 cm at A to 40
cm at B which is 5.00 m vertically above A. If the pressure at A and B
are respectively 0.70 kg/cm® and 0.5 kg/cm® and the discharge is 150
liters/sec. Determine a) the direction of flow b) the head loss between
the sections.

Q3: A cylindrical tank contains air, oil, and water as shown. A pressure of 6
Ib/in® is maintained on the oil surface. What is the velocity of the water
leaving the 1.0-inch diameter pipe (neglect the kinetic energy of the
fluids in the tank above elevation A).

@ 6 Eb,lrl'ﬁ

z
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Q5: A tank where the water level is 30.0 m above an arbitrary datum feeds a
pipeline AB ending at B with a nozzle 5.0 cm diameter. Pipe AB is 20.0
cm diameter with point A being 23.0 m above datum and point B at
datum. Find:

I- The discharge through the pipeline, the pressures and water velocities
at A & B.

li- If friction losses in the nozzle are 0.5 m, and between A & B are 5.0 m,
resolve (i) and plot the hydraulic gradient and total energy lines.

Q6: The losses in the shown figure equals 3(V%/2g)ft, when H is 20 ft. What
IS the discharge passing in the pipe? Draw the TEL and the HGL.

H=20ft

Q7: A siphon filled with oil of specific gravity 0.9 discharges 300 lit/s to the
atmosphere at an elevation of 4.0 m below oil level. The siphon is 0.2 m
in diameter and its invert is 5.0 m above oil level. Find the losses in the
siphon in terms of the velocity head. Find the pressure at the invert if
two thirds of the losses occur in the first leg.

0Q8: A horizontal venturi-meter carries a liquid (S.G.= 0.9) and has an inlet to
throat diameters of 18 / 9 cm. If the actual discharge is 45 I/s, and Cd =
0.94, find:
I)the pressure difference between the inlet and the throat, ii) the
deflection in the mercury U-tube manometer connecting these points,
and iii) the energy lost between the inlet and the throat. Also sketch the
H.G.L. and the T.E.L. for the system.
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Q9: An orifice-meter having a 0.15/0.075 m pipe to orifice diameters and Cgq
= 0.65 is used in measuring the flow of water in a pipe. If a U-tube
mercury differential manometer gives 0.35 m deflection when
connected to the meter, find the rate of flow. What is the maximum
possible rate of flow of water if the pressure at inlet to the meter is
maintained at 4 KN/m? and its vapor pressure is 2 KN/m? abs.

Q10: To what height will water rise in tubes A and B? (P =25 Kpa, Q = 60)
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