DWE 2305 Fluid mechanics (3,2,1,2) :
Designation as a ‘required’ or ‘elective’ course:
This is a required course for the D.W.R Engineering Program.

Course Description:

Fundamental concepts. Properties of fluids. Fluid Statics. Momentum and
energy equations, applications. Bernoulli equation, applications. Dimensional
analysis and similitude. Introduction to viscous flows. Internal flows, laminar
and turbulent flows. Head loss and friction factor. Flow over immersed bodies
(external flow).

Textbook:
Fluid Mechanics,
STFEEICE ... ... v oo oo e e e e e e e e e e e

Prerequisites:
DWE 1203 Physics 1
DWE 1202 Calculus-II

Course Topics:

Introduction,

Properties of fluids

Fluid in static pressure

Hydrostatic force on submerged surface
Acceleration fluids mass

Liquid in motion

Rate of change of momentum,
Energy and hydraulic grade lines

9. Pipes flow .

10.Losses in flow of fluid

11.Friction factor in pipes

12.Simple pipe problems

13.Pipes in series and in parallel
14.Branch of pipes lines
15.Dimensional analysis and simulated

0N N N~

Program and Course Qutcomes:

The students should be able to define and describe the following basic properties of
fluid such as relative density or specific density, viscosity, surface tension,
atmospheric pressure as well as Newtonion and Non-Newtonion fluids.

2. The students will be able describe and define the hydrostatic forces on submerged
surface, and calculate it.

8. The student will be able to identify the laminar and turbulent flow .



3. The students should demonstrate an understanding of the following concepts
relating to fluid in motion: Quntiuity equation, Bernolli equation, Momentume
concept

4. The student will be able to apply the fundemental concepts to problems of flow in
pipes.

3. The student will be able to determine the losses of flow in pipes.

6. The students will learn the differences and similarities between pipe flow systems
like, pipes in series, pipe in parallel and brach pipes and how solve these problems,
10. The student will be able to draw energy and hydraulic grade lines.

I1. The students will be able to use the principales of simulation and dimentional
analysis in design of model studies..

Lab.:

Lab 1 Fluid Properties

L.ab 2 Fluid Statics

Lab 3 Bernoulli Equation

Lab 4 Velocity Profiles

Lab 5 Sluice Gate

Lab 6 Conservation of Momentum
Lab 7 Drag Force

Lab 8 Weir Flow
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2 1000 Solved Problems in Fluid Mechanics

The specific weight yof u fluid is its weight per unit
volume. Thus,

| 7 = pg (in units of N/m’) |

The standard value of aceeleration due 10 gravity 1s 9.806
m's” and is usually wken as 9.8} mis’. At standard tem-
perature (20°C) and pressure (1 .ltmusphcm pressure ut
760 mm of mercury), the density of water is 998 I:glm
Thus. the specific weight of water (at 20°C and 1 almo
spheric prchurc) is y=998 x 9.81 = 9790 Nim' =
9,79 kN/m'".

Relative Density (RD) of a fluid is the ratio of its density
to that of pure water at standard conditions. Hence 1
dimensiontess, Thus,

__ Densityof substance
Density of pure water at standard
temperature and pressure

RD =

lknsm of the \uhhl.u)tc (ketm')
l)‘mkglm )

The term specific gravity used in CGS and FPS units is
the sume as relative density.

If the relative density of a liguid is 0. 8§0 it means that ity
density is L850 x 998 = 848.3 kglm a 200C.
Commonly used values of approximate relative densities
in Muid flow caleulations ure 1,0 and 13,6 for water and
mercury respectively. When no other infoemation is
avaifable, the following standard values (corresponding
10 20°C and standard amospherie pressure) are used:

at 20°C

Ttem waler Air

Dessity p 098 k' 1.208 kg/m'

Relative density (RD) 1.0 1204 % 10

Specilic weight ¥ 9790 Nim® 1182 Nim®
(= 9.79 KNfm")

(Unless otherwise stated the ubove standard values for p
and ¢ will be used in this hook),

[Note: For approximate/quick calculations for water.
p= 1000 kghn' and y= 9.8 kNfm' can be ssed].

1.3 PRESSURE

Pressure s the compressive stress on the fluid and s
given by

Pressure p = Ij\l[“T:‘/I\: for uniform pressure
i’
= ::- for vaniuhle pressure

The units are Nim® = Pa.
Other commonly used uniis are

kPa = kilo pascals = 1000 Nfm*

bar = 100 kPa = 10" Nfm*
Sometimes the pressure s expressed i lerms of the
height t of un equivalent column of Nuid of density p.
Thus.

L p=pgh=yh L

p_P IN/m’)
pe " 7 (N/m')

In such cases Jr 15 catled the pressure head.
For example: (i) A pressure head of 5 m of water is
equivalent to a pressure of

5.0 % 9790 = 8950 Pa = 48.95 kPa

and i (meteres of fluid) =

{ii) A pressure head of 3 cm of mercury = hy

3
B — 3
106 % (13,6 x 9790) Pa
= 3994 Py = 3.994 KPa

1.4 SHEAR STRESS AND VISCOSITY

While the pressure, o normal stress, is encountered in
both fluid static and dynamic situations, the shear stress
(1) is encountered in the motion of ull real fluids. The
unit of shear stress is N/m” and is designated in Pa or kPa
depending on the magnitinde.

1.4.1 Viscosity

Viscosity is the resisting property of a fluid to shearing
force. The shear stress Tis related to the deformation rate
by the Newton's law of viscosiy, as

-
| -;cd' l (L2

L |
where j" = velocity gradient in the v direction and
f

g = cocllicient of viscosity.

‘The fluids which obey Newton's law of viscosity are
known as Newzonian fluids.

The coefficient of viscosity g (also known variously as
coelficient of dynamic viscosily, absolute viscosity or
simply viscosity) has the units

us= Mu:d\') l:'/ml = Na/m® = Pas
(i m]

The ratio of the coefficient of dynamic viscasity to the
density of the Muid is designated by Greek letter (nud v.
Henee,



g Nstm® _ kgm s
= 6. 5hs - |
P kglm Kg.m™
This tesm vhas the dimensions of [L3T Land s known is
kimemate viscosity of the fluid.

Sometimes the coetlicient of dynamic viscosity [
designated by poise tabbreviated as P) or centipaise
(abbreviated as CP) where

=ms

y=

RO LR il
om.s om”
10° Ns 1

s e

| L‘Cﬂll'l)i.u‘ = l(l]) pm,‘: o l(;_[’ Pas

The kinematic viscosity v is sometimes expressed in
stoke or centl stoke where
-

:
2 )
|swhe=1" P m

s 5

= 1 (107 =107 ms

1 centistoke = stoke = 107" mhs

|
100
The coefficient of viscosily g depends upon the
temperature. Generally. for liquids the value of u

Table 1.2 Properties of Some Common Fluids at 20°C and 1 atm Pressure

Flaids Density Dynamic
phgim') viscosity
N
@) Liquids
Water 995 10 x 1o’
Sex water 1025 L x!
Petrol 6580 202 x 10t
Kerosene %04 19210’
Glveenne 1260 149
Mervury 13450 136 < 10"
SALE 10 ol 917 10810’
SAE 30 oud 97 290 x 10!
Caster vil U6l 080 % 1
p(kglm')
() Guses
A 1.208
Carhon dioxule 1840
Hydrogen 0084
Nitrogen L6
Methane 0,668
Oxygen 1330
Waler vapout 0,747

Properties of Flulds 3

decreases with an inerease in the temperature, and for
gases the value of p increases with an increase in the
temperature.

Table 1.2 gives the viscosities of some commonly used
fuids at 20°C and stndard presssurc.

1.5 SURFACE TENSION

A liquid forms an interface with a second liquid or gas,
The surfuce energy per unit arca of interfuce is known as
surface tenxion o coefficient of wurface temsion 6. The
most comon interfuces and values of @. for clean
surface at 20°C, are:

a = 0073 N/m
and o » (L4580 N/m

for gir-water interface.
for air-mercury interlace.

Note that the surface tension @ has the dimension of
force/unit length (N/m).

When a liquid interface interacts with a solid surface, &
contact ungle @ is formed. For water-clean glass surface
8 = 0° und for mercury-clean glass @ = 1307

Due o surface tension, pressure changes occur ucross 4
curved interface. The pressure difference between inside
and outside of 4 curved surface Ap is related to the radius
of curvature & and surface tension O as:

S

Kinematic Surfuce
piscoxity rension moduliey
vk AN} K (Niw')
Loo % 10" 1M % 10° 200 < 1
104 x 10° 728 x 00’ 228 % 107
1209 x 107 216 x 107 958 x 10°
29 x 10t 280 % 107 143 x 10"
s x o’ 6 x 107 438 10"
L1sx 1’ 384 x W' 285 < 10"
LIy <! 300 % 107 131 x 10"
ex10! 1300% 0t 138 x 100
102 x 10 392 % 107 1441t
Je(Nstm') vim'sl Specific heat
ratio, & = CJC,
Lsnx 10t 14K x 10° 1,40
pas x 0! 0804 ¢ 107 128
090 % 107 10714 x 1 140
176 % 007 1817 x 107 140
134 = 07 2000 % 107 130
200 % 107 1,508 x 107 1.40
1ol % 10° 13sax 0t 1.33
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With respect to the centroid of the plane :

I+ Ay? = ’

Y = =+ Y

4 A
4- Curved Surface:
There are two components or two forces exerted by water (or any other liquids) on the curved surface that
is submerged in it;
1- the horizontal component of the total pressure force,

F,=m'A

h=is the distance from free surface of water or liquid to the centre of projection of the surface.
A=area of the projection of the surface.

The centre of pressure force
2-the vertical component;

Fo=W
V=is the volume of water or liquid on the surface.
Cases of Curved Surface:
Case(l):

F,='d=y-(h/2)-(Rx1)

F=p =75
Case(2):

4

F =}I1‘A=r-(h+§)-(Rxl)

2
F, =7V=y-(%’-'-+k-h)-l
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Case(3):

g ]

R? I R !
Water e iy :
N :

F, ='A=y-(RI2)-(Rx1)

F, =W=r-(R;”)-l

Case(4):

R2 R E

Water Fh — E
|

]

Fy=iA=p-(h+2)-(Rx)

RZ
Fo=p =7

+R-h)-1

Case(5):
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Case(d):

|
|
Water Fh ——b ‘X]i
|
|

Fy= =75 (RxD

2
Fo = =7 ®-R-ED):1
Case(6):
Water

F, :7h'A=7-(h+§)-(Rx1)
2
F = =y-{R(R+h)—¥}-1

For all above cases the resultant of force can be determined by :
F, =NFv* + Fi®
The direction of resultant is:

9=tan"(ﬂ)
Fh
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@ Pump and Turbine:

elevation to high elevation.,

2 2
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elevation to low elevation,
when turbine is used the Bernoulli equation becomes:

2 2
2 : 2
L e r=p‘+zz+—’—

7 2g b4 2g

P2y
Section (2) /
VL

when the pump is used the Bernoulli equation becomes:

Ply
\ Section (1)
\

Pump: is a device used to provide (increase) energy and we can use to discharge the liquid from low

l

Turbine: is a device used to convert the fluid energy to electrical energy, when liquid flows from high

There are two types of losses with flow of fluid:

© Minor losses can be determine by the equation:
1. for fittings

iosioe = —\
2g 2

e Major losses due to friction between fluid and boundary of conduit.
e Minor losses due to fittings and changes in cross section (expansion and contraction).
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1. Energy Conversion
1.1 Energy Transfer in Pumps and Turbines
Pumps and turbines are energy conversion devices:
pumps tum electrical or mechanical energy into fluid energy;

turbines turn fluid energy into electrical or mechanical energy.

The energy per unit weight is the head, H:

V!

= z4—

rg 2g

The first two terms on the RHS comprise the piezometric head. The last term is the dynamic
head.

1.2 Power

Power = rate of conversion of energy.

If a mass m is raised through a height A it gains energy mgh. If it does so in time ¢ then the
rate of conversion is mgH/t.

For a fluid in motion the mass flow rate (m/r) is pQ. The rate of conversion to or from fluid
energy when the total head is changed by H is, therefore, pOxgH, or

power = pgOH

1.3 Efficiency

Efficiency. n, is given by
pO‘m.ulll

power,,
where “power,,” refers to the useful power; i.e. excluding losses.

r':

pO“’EI'" %
For turbines: n= :
PgOH
Forpumps: 1= PEOH
power,,
Example.

A pump lifts water from a large tank at a rate of 30 L s™". If the input power is 10 kW and the

pump is operating at an efficiency of 40%, find:

(2)  the head developed across the pump;

{b)  the maximum height to which it can raise water if the delivery pipe is vertical, with
diameter 100 mm and friction factor & = 0,015,

Answer: (a) 13.6m; (b)12.2m

Hydraulics 2 T4-2 David Apsley
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This analysis assumed that the inlet and outlet velocities were in the same direction - i.e. a one
dimensional system. What happens when this is not the case?

Consider the two dimensional system in the figure below: Yty

At the inlet the velocity vector, v;, makes an angle, 6; , with the x-axis, while at the outlet v;
make an angle 8:. In this case we consider the forces bz resolving _—1‘1:’ the directions of the
coordinate axes.
The force in the x-direction
Fy= Rate of change of momentum in x — direction

= R_ate of change of mass X change in velocity in x — direction

=pQ(vax—Vix) = pQ(v2cos8; —v;cosb)

And the force in the y-direction
Fy =pQ(vay=vyy) = pQ(v2sin6; — v, sin 6,)
We then find the resultant force by combining these vectorially:

= JFXZ +F}’2 Frasutant
F

L | 4
tan (Fx )
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4.4Application of the Momentum Equation

4.4.1The forces due the flow around a pipe bend

Consider a pipe bend with a constant cross section lying in the horizontal plane and turning
through an angle of (6)

\/_‘j UZ

[n summary we can say:
The total force exerted on the fluid = rate of change of momentum through the control volume

F=pQ (Vout ~Vin)

Steps to analysis:

1. Draw a control volume

2. Decide on co-ordinate axis system
3. Calculate the total force

4. Calculate the pressure force

5. Calculate the body force

6. Calculate the resultant force

1. Draw a control volume

The control volume is draw in the above figure, with faces at the inlet and outlet of the bend and
encompassing the pipe walls.




FLUTD MECHANICS : e,

2. Decide on co-ordinate axis system

It is convenient to choose the co-ordinate axis so that one is pointing in the direction of the inlet
velocity. In the above figure the x-axis points in the direction of the inlet velocity.

3. Calculate the total force

In the x-direction:
Fr, =p Q(Vax— Vix)
Vix=W
Vax = V2 €08 8
@g (vicoso=vy) J
In the y-direction:

Fy, =pQ(vay—vyy)
Viy=Vvysing=0

Vay= V3 Sin @

__Fy=pQnsing
i A
4. Calculate the pressure force
Fp = pressure force at 1- pressure force at 2

Fp, =piAycos0 — paA;cosd = .iplAI — paA;cosf J’

———————

-

Fp, =piA;sin0 — pyA;sing ='— p,4, s 6 Mi
3. Calculate the body force
There are no body forces in the x or y directions. The only body force is that exerted by gravity

(which acts into the paper in this example - a direction we do not need to consider).

Fp = Force exerted on the fluid body (e.g. gravity)
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6. Calculate the resultant force

— h‘h."; \“", >4
Fr,= Fp, + Fp + Fp, TR

FT, = FR, + pr+ ng
FR; = FT; - pr -0=p Q(Vz cos E-V])_pgﬂl +podzcosh
FR’= FT,.- pr-():pQ(Vz Sin6)+pzAzs(n8

FResultant
And the resultant force on the fluid is given by

R= ’FR} + Fp?

And the direction of application is

The force on the bend is the same magnitude but in the opposite direction.

4.4.2 Force on a pipe nozzle

Force on the nozzle at the outlet of a pipe. Because the fluid is contracted at the nozzle forces are
induced in the nozzle. Anything holding the nozzle (e.g. a fireman) must be strong enough to
withstand these forces.

The analysis takes the same procedure as above:
1. Draw a control volume

2. Decide on co-ordinate axis system

3. Calculate the total force

4, Calculate the pressure force

5., Calculate the body force

6. Calculate the resultant force
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1 & 2 Control volume and Co-ordinate axis are shown in the figure.\
Notice how this is a one dimensional system which greatly simplifies matters.

3. Caleulate the total force
Fr=Fr,=pQ(v2—v1)

By continuity, Q = Av; = Aava, So Frx =p Q2 s Ai
2 1

4. Calculate the pressure force
Fp = Fp, = pressure force at - pressure force at 2

We use the Bernoulli equation to calculate the pressure

B V& | P WV 7{ 2 6V:—u,l~

o A e o Ru-y
)/-*-Zg/‘Zl 7 T 2g £ S 3

The nozzle is horizontal, 2;=2;  , and the pressure outside is atmospheric, p; =0,
And with continuity gives

= e [% 20 lz
2 U 4
3. Calculate the body force
The only body force is the weight due to gravity in the y-direction - but we need not consider
this as the only forces we are considering are in the x-direction.

Fp = Force exerted on the fluid body (e.g. gravity)

6. Calculate the resultant force
F-rx - FR: + pr +_ ng
FR‘= FTX— Fp "0

x

i pifEa e v
Fy=Fa,= pQ L H-5E-3

2
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