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Theoretical Questions
| Statics

Derive the equation required to calculate the capillary rise in a capillary tube Prove
Derive the equation required to calculate the pressure inside a water drop Prove
Define Newtonian and Non-Newtonian fluids .

Define gauge and absolute pressure, use a sketch to illustrate their relation.

‘Write short notes on:

a) Mercury barometer b) Aneroid Barometer ¢) Bourdon gage
What is the difference between:-
a) Piezometer b) Manometer c) Differential manometer

What is the pressure head? How pressure can be expressed in terms of
height of a liquid column?

What are the disadvantages of using a piezometer
When do we use an inverted differential manometer

Prove that the intensity of pressure at aﬁy point in a fluid at rest, is the same Prove
in all directions -_

What is meant by the intensity of pressure? How does it vary with the depth Prove
of fluid.

For a submerged inclined plane surface, determine the resultant hydrostatic Prove
force due to the liquid acting on one side of the surface and its line of action ~ al&

Explain clearly how do you calculate the resultant force acting on a concave
cylindrical surface submerged in 2 liquid

Apply the basic hydrostatics equation to determine the pressure variation in Prove
the horizontal and vertical directions and the slope of the surface of constant "*
pressure for any body fluid in rigid body motion.

State Archimedes Principle

Define the following:- :
a) Center of Buoyancy b) Metecenter ) Metacentric Height

State the types of Equilibrium-of floating bodies.
Define each one using a neat sketch
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{ Derive the equation 'requifred to calcﬁia_te the capillary yise in a
capillary tube | '
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- Derive the equation required to calculate the pressure inside a

water drop
Water dyoplet
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3. Define Newtonian and Non-Newtonian fluids
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o Viscosity of these fluids changes with velocity
o Shear Stress is not linearly dependant on the velocity gra(hem




Define gauge and abselute pressure,
their relation. -
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5. Write short notes on: |
a) Mercury barometer b) Aneroid Barometer  €) Bourdon gage
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6- What is the difference between:- _
c) Differential manometer

a) Piezometer b) Manometer
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Manowmeters
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4. What is the pressure head? How piéssure_ can be expressed in
terms of height of 2 liquid column? | el S

Pressure head
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When & Piezometer is inserted in a tube the height
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8- What are the disadvantages of using a piezometer
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0- When do we use an inverted differential manqmeter
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the intensity of pressure at any point in a fluid at
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11- What is meant by the mtensrry of pressure" How does it vary

with the depth of fiuid.
Thtensity of Pressure means-
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e surface, determine the

12- For a submerged inclined plan
resultant hydrostatic force due to the liquid acting on one side of
the surface and its line of action ' :
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' 13- Explain clearly how do you calculate the resultant force acting ||
on a concave cylindrical surface submerged in a liquid |
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14- Apply the basic hydrostatics equation to 'detérﬁlinle the
pressuxre yariation in the horizontal and vertical directions and the
slope of the surface of constant pressure for any body fluid in

rigid body motion.
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15- State Archimedes Prinéiple

Archimedes principle

Any weight, floating Of
buoyant force equal to the weight of
through the centet of gravity of the displaced liguid.

—Weight of liquid displaced |

bva

submerged in @ liquid, is acted upon
the liquid displaced, and acts

\Weight of floating body

£
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& Define the following:- _ i |
a) Center of Buoyancy b) Metecenter c) Metacentric Height

Center of Buoyancy

o It is the point of application of the force of '
buoyancy on the body. ‘ m h,
o Tt is always the cenfer of gravity of the 3 #
volume of fluid displaced —

Metacentre

o The metacentre 18 the point of intersection of
the axis of the body passing through the center
of gravity (G) with the original centre of
buoyancy (B) and a vertical line passing

~ through the centre of buoyancy (B of the tilted
position of the body.

o The position of > metacentre (M) remains
practically constant for the small angle of tilt ©.

Metacentric Height:
o It is the distance between the centre of

gravity of a floating body and the

metacentre.
e GM=BM-BG

l
\
1
!

!

17- State the types of Equilibrium of floating bodies.
Define each one using a neat sketch

Types of equilibrium of Floating bodies
1 Stable equilibrium,
2 Unstable equilibrium and
3 Neutral equilibriurm.




Stable Equilibrium : ‘ o
o Tt occurs when a body is tilted slightly by some

external force, and then it returns back to its

original position due to the weight and the
upthrust. e

e The position of metacentre M is higher than the
center of gravity G. '

Unstable Equilibrium
o Tt occurs when a body does not return to its

original position from the slightly displaced
angular position.
e The position of metacentre M is lower than G.

Neutral Equilibrium
o It occurs when a body, when given a small
angular displacement, occupies a new position

and remains at rest. |
e The position of metacentre M coincidés with G.

R\s\\tiﬁg Couple




B Theoretical Questions
—Dvyianiics

lbg

Define the following expressions

a) Steady flow & Unsteady flow b)Uniform & Nonuniform flow
¢) Laminar flow & Turblent flow d)Rotational & Irrotational flow
e) Compressible & incompressible flow £)1 Dimensional flow & 2-D flow
g) Streamlines & Streamtubes. = h) Ideal and Real Fluids

i) Viscous and inviscid flow j) Mean velocity and Discharge

5. For aliquid in motion, what is meant by
i) Potential head i) Pressure head iii) Velocity head iv) Total head

3.  Derive the equation of continuity for an incompressible fluid. ' Prove

4.  Derive the Euler’s equation of motion along a streamline for ideal fluid flow, and deduce Prove
from that Bernoulli’s equation.

Derive the equation of motion along 2 streamline for real fluid flow. Prove
Explain the theory of the Pitot tube.

7. What is the Venturimeter? Explain its workjﬁg principle. ; , Prove
(Show sketches and derive equations). ' A

What is meant by cavitation? Explain and give examples.
What is meant by i) Vena-Contracta ii) Vapour pressure
10.  Derive a formula to calculate the coefficient of velocity of water jet passing through an orifice Prove

13- Derive a formula for the discharge through
a) Large orifice D) Submerged orifice  ¢€) Partially submerged orifice

12. Whatis meant by a mouthpiece? Prove
Derive an equation to calculate the headloss through a mouthpiece.

13. Derive an expression for the time required for emptying 2 tank of constant cross sectional FProve
area A and liquid height H through an orifice in the side of the tank of cross sectional
area a and coefficient of discharge Cd.

14. Obtain a formula for the discharge over a rectangular notch. o \Prove

15. Obtain a formula for the discharge over a triangular notch. What does this become if the Prove
angle of the notch is 90

16. Derive the Impulse - momentum equation in the z- and x- directions.

17.  Develop an expression for the force exerted by a jet of liquid, which strikes
normally a stationary flat plate
b) a fixed curved plate
¢) normally a moving plate
d) normally a moving plate in the opposite direction
e) a moving inclined vane

18.  Sketch the velocity distribution for a fluid moving in a pipe in case of
i) Laminar flow  ii) Turblent flow

19. Sketch Moody Chart
29. Derive an expression for head loss due to friction in pipe for laminar flow Prove
21. Derive an expression for velocity distribution for viscous flow ' Prove

37, Derive an expression for the shear stress in pipe flow ‘ Prove
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2) Steady flow & Unsteady flow
ar flow & Turblent flow . d)Rotational & Irrotational flow
1 flow & 2-D flow

; ¢) Laminar _
e) Compressible & incompressible flow )1 Djmensiona
o) Streamlines & Streamtubes. h) Ideal and Real Fluids
j) Mean velocity and Discharge

i) Viscous and inviscid flow

1- Steady and unsteady flow -

a- Steady flow
It occurs when velocity, acceleration,.. etC doesn't change with time

AN =
--T,EE’O

b- Unsteady flow
cceleration,.. €tC changes W

It occurs when velocity or & ith time

e.g. flowina pipe whose yalve is opening Of closing

N
T

2-Uniform and Non-uniform flow .

a- Unif()l‘m ﬂO W
ns Constant over a - g
: =

It occurs when velocity and cross-section remal

given length
Ay 05 = =0C A
- ot A, : ~{f
L Ny = VQ_
— A=Az

b- Non-uniform flow

. It occurs when velocity of cross-section

é;_- -# 5 i ‘ ‘ Vi Ve

aS: g
e i AL i
—%  A#E A2

changes over a given length

1

e




a- Laminar flow
It occurs when fluid particles in p

e.g. flow through capillary tubes, ground

water, and blood in veins.
| | )

R, <2000

arallel paths and do not intersect
‘ SEyeam LS

b- Turblent flow

Tt occurs when fluid particles move in random motion

e.g. Nearly in all flow in pipes

R, > 4000

4- Rotati_onal and Irrotational flow

a- Retational flow

Tt occurs when fluid particles have a

rotation about an axis

b- Irrotational flow
particles don’t have a rotation about an axis .

5- Compressible and incompressible flow

Tt occurs when fluid

a- Compressible flow
Tt occurs when the density of the fluid changes from poirt to point .

e.g. Flow of gases through orifices and nozzles

b- Incompressible flow

s when the density is constant for fl
ed flowing incompressibly

It occur uid flow

e.z. Liquids are generally considere




§- One. two three dimensional flow
"a—’(’)rre'—"dinreﬁsim‘rﬂﬂw—'—'
It occurs when the velocity 1s a function of time and one co-ordinate.

o

V——'E(X,t) ' ' 3,{\ e

e.g. Flow through a straight ' 3

-7 X
uniform diameter pipe A e >

Clr
T
P
2 ™

]

The flow is never truly 1 dimensional, because viscosity causes the

Auid velocity to be zero at the boundaries.

b- Two dimensional flow

Tt occurs when the velocity is a function of time and two co-ordinates

v=F(7Y1)
e.g. Flow in the main stream of a wide river

£,

¢~ Three dimensional flow

It occurs when the velocity 1s afun_ction of time and three co-ordinates
v=£(x 7,2 1) |

e.g. Flowina converging or diverging pipe

::’/*

-
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-
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—7—S“cr€ﬂ’ﬂrhrres_and streamtubes

a- Streamlines

® Streamlmes are imaginary Curves drawn

velocity direction

b- Streamtubes

o A stream tube is a fluid mass |
bounded by a group of streamlines ’ 5

8- Ideal and Real Fluids
a- Ideal Fluids

o Tt is a fluid that has no viscosity, and incompressible

e Shear resistance is considered zero ,
: 1l
o Ideal fluid does not exist in nature

e.g. Water and air are assumed ideal

b- Real Fluids

o Tt is a fluid that has viscosity, and compressible

s It offers resistance to its flow

e.g. All fluids in nature

to show the direction of fluid ﬂow - i K .
o The tangent at any point gives the / .

S
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—g-Viscous and inviscid flow

a- Viscous flow
o Tt occurs for fluids that have viscosity which offers shear

resistance to the flow

o A part of the total energy is lost in tlow

b- Inviscid flow

- o Tt occurs for fluids that have no viscosity
o No shear resistance to the flow

e The total energy remains constant.

10- Mean velocity and Discharge

a- Mean velocity

It is the average velbeity passing a Vavetast

given section

b- Discharge
It is the rate of Volume of liquid passing a given cross-section




| 2- For a liquid in motion, what is meant by

i) Potential h,eft ii) Pressure head iif) Veloc

: Q) ?oteﬂtfﬂ\ \"!Ech = Pleﬁt‘-“‘ Qh{(ﬁg

ityhead- iv) Total head
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er’s equation of motion along 2 streamline for ideal fluid

from that Bernouﬂl S equatmn

4i- Derive the Eul
flow, and deduce
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5- Dexv vethe equation of motion along a streamline for real fluid flow. - = -
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6- Explain the theory of the Pitot tube.
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jts working principle. e —

7- What is the Venturimeter? Explain
(Show sketches and derive equations).

The Venturimeter 1S o device Fox _measMahg
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8- What is meant by _cavitation? Explain and give examples. 5 , |

’
Cavitafioxi Sl ] : — a
wWhen a liquid ﬂowé into a region _whére its pressure 18 reduced to e
yapour pressure, the liquid boils and bubbles are formed that collapse near
4 solid boundary causing explosion and the flow stops 'diséharging. . \
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i) Vena-Contracta

_ii) Vapour pressure

r—f-— Veva Conbracta.

W
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Ehe 7

\ena Con tracta
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Vapour Pressure
yapowl - _———— .
Tt is the pressure at which

PVapour {abs) = PV . ? = .

= (Patm—PV)

the liquid begins 10 boil then vaporizes

Papour (gauge) Nagows _ Pressure
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i1- Denve a fﬁrmula for the discharge through

a) Large orifice . b) Submerged orifice €) Partnally submerged orifice
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15- Obtain a formula for the discharge over a triangular notchﬂha.t does
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16- Derive the Impulse - momentun equation in the z- and x~directions,——
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~ 17- Develop an ypress
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18- Sketch the velocity distribu'ﬁdn for a fluid moﬁng.in a pipe in case of

i) Laminar flow ii) Turblent flow
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| 20- Derive an exprc;ssion for head los$ due to friction in pipe for laminar flow

Head Hoss  in piPes (Lqm_ihqf)
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' 21- Derive an expression for velocity distribution for viscous flow
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