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UNIT- I
FLUID PROPERTIES AND FLOW CHARACTERISTICS
PART - A
1. Define fluids.
Fluid may be defined as a substance which is capable of flowing. It has no definite shape
of its own, but confirms to the shape of the containing vessel.

2. What are the properties of ideal fluid?
Ideal fluids have following properties
1)It is incompressible
il) It has zero viscosity
iii) Shear force is zero

3. What are the properties of real fluid?
Real fluids have following properties
1)It is compressible
i) They are viscous in nature
iii) Shear force exists always in such fluids.

4. Explain the Density
Density or mass density is defined as the ratio of the mass of the fluid to its
volume. Thus mass per unit volume of a fluid is called density. It is denoted by the
symbol (p).
Density = Mass of the fluid (kg)
Volume of the fluid (m3)

5. Explain the Specific weight or weight density
Specific weight or weight density of a fluid is the ratio between the weight of a fluid
to its volume. Thus weight per uint volume of a fluid is called weight density and is
denoted by the symbol (W).

(W) = Weight of the fluid = Mass x Acceleration due to gravity
Volume of fluid Volume of fluid

W =pg

6. Explain the Specific volume
Specific volume of a fluid is defined as the volume of the fluid occupied by a

unit Mass or volume per unit mass of a fluid is called specific volume.
Specific volume =Volume = m3 = 1

Mass kg P

7. Explain the Specific gravity
Specific gravity is defined as the ratio of weight density of a fluid to the weight
density of a standard fluid. For liquid, standard fluid is water and for gases, it is
air.
Specific gravity = Weight density of any liquid or gas
Weight density of standard liquid or gas
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8.Define Viscosity.
It is defined as the property of a liquid due to which it offers resistance to the movement of
one layer of liquid over another adjacent layer.

9. Define kinematic viscosity.
It is defined as the ratio of dynamic viscosity to mass density. (m?3/sec)

10. Define Relative or Specific viscosity.
It is the ratio of dynamic viscosity of fluid to dynamic viscosity of water at
20°C.

11. State Newton's law of viscosity and give examples.

Newton's law states that the shear stress () on a fluid element layer is directly
proportional to the rate of shear strain. The constant of proportionality is called co-
efficient of viscosity.

r=pdu_
dy

12. Give the importance of viscosity on fluid motion and its effect on temperature.
Viscosity is the property of a fluid which offers resistance to the movement of one
layer of fluid over another adjacent layer of the fluid. The viscosity is an important
property which offers the fluid motion.

The viscosity of liquid decreases with increase in temperature and for gas
it Increases with increase in temperature.

13. Explain the Newtonian fluid
The fluid which obeys the Newton's law of viscosity i.e., the shear stress is directly
proportional to the rate of shear strain, is called Newtonian fluid.
r=p  du
dy

14. Explain the Non-Newtonian fluid
The fluids which does not obey the Newton's law of viscosity i.e., the shear stress is
not directly proportional to the ratio of shear strain, is called non-Newtonian fluid.

15. Define compressibility.
Compressibility is the reciprocal of bulk modulus of elasticity, k which is defined
as the ratio of compressive stress to volume strain.

k = Increase of pressure
Volume strain
Compressibilityl = Volume of strain
k Increase of pressure

16. Define surface tension.
Surface tension is defined as the tensile force acting on the surface of a liquid
in Contact with a gas or on the surface between two immiscible liquids such
that contact surface behaves like a membrane under tension.
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17. Define Capillarity.
Capillary is a phenomenon of rise or fall of liquid surface relative to the
adjacent general level of liquid.

18. What is cohesion and adhesion in fluids?
Cohesion is due to the force of attraction between the molecules of the same liquid.
Adhesion is due to the force of attraction between the molecules of two different
Liquids or between the molecules of the liquid and molecules of the solid boundary
surface.

19. State momentum of momentum equation?
It states that the resulting torque acting on a rotating fluid is equal to the rate of
change of moment of momentum.

20. What is momentum equation
It is based on the law of conservation of momentum or on the momentum principle
It states that,the net force acting on a fluid mass is equal to the change in
momentum of flow per unit time in that direction.

21. What is Euler's equation of motion
This is the equation of motion in which forces due to gravity and pressure are taken into
consideration. This is derived by considering the motion of a fluid element along a stream line.

22. What is venturi meter?

Venturi meter is a device for measuring the rate of fluid flow of a flowing fluid through a
pipe. It consisits of three parts.

a. A short converging part  b. Throat c.Diverging part.

It is based on the principle of Bernoalli's equation.

23. What is an orifice meter?

Orifice meter is the device used for measuring the rate of flow of a fluid through a pipe. it
is a cheaper device as compared to venturi meter. it also works on the priniciple as that of venturi
meter. It consists of a flat circular plate which has a circular sharp edged hole called orifice.

24. What is a pitot tube?

Pitot tube is a device for measuring the velocity of a flow at any point in a pipe or a
channel. It is based on the principle that if the velocity of flow at a point becomes zero, the pressure
there is increased due to the conversion of Kinetic energy into pressure energy.

. What are the types of fluid flow?
Steady & unsteady fluid flow
Uniform & Non-uniform flow
One dimensional, two-dimensional & three-dimensional
flows Rotational & Irrotational flow

25. State the application of Bernouillie’s equation ?
It has the application on the following measuring devices.
1.Orifice meter.
2.Venturimeter.
3.Pitot tube.
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UNIT -1
FLUID PROPERTIES AND FLOW CHARACTERISTICS

PART - B
1. A Liquid has a specific gravity of 0.72. Find its density, specific weight and also the weight
per liter of the liquid. If the above liquid is used for lubrication between a shaft and a sleeve, find
the power lost in liquid for a sleeve length of 100 mm. The diameter of the shaft is 0.5 m and the
thickness of the liquid film is 1 mm. Take the viscosity of fluid as 0.5 N-s/mz2and the speed of the
shaft as 200rpm.[N/D-14]

Sol:  Volume V =1 litre = 0.001 m3

Specific gravity S = 0.72
(i) Density p=3S*1000 =0.72 * 1000 = 720 kg/m3
(ii) Specific weight W = p*g =720 * 9.81 = 7063.2 N/m3
(iii) Weight w = W*V = 7063.2 * 0.001 = 7.063 N
(iv) g = 0.5 Ns/m2
Diameter D=0.5m
Speed of shaft N =200 rpm0
Sleeve length L = 100 mm
Thickness of oil flmt =1 mm
u = (mDN) /60 = (1r*0.5*100)/60 = 2.62 m/s
du=2.62 m/s
dy =1mm=0.001 m
T=y (du/dy) = 0.5* (2.62/0.001) = 1310 N/mm2
F=1*A=1310*nDL =205.77N
Torque T=F * D/2 = 205.77 * 0.5/2 =51.44 Nm

Power lost = 2N T/60 = (2*m*100*51.44)/60 = 538.68 W
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2. If the velocity distribution over a plate is given by u = 2/3 y - y2 in which u is the velocity in metre
per second at a distance y metre above the plate, determine the shear stress aty =0 andy = 0.15m.
Take dynamic viscosity of fluid as 8.63 poise. [N/D-14]
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3. A 150mm diameter vertical cylinder rotates contacted to the another cylinder of diameter 151
mm. Both the cylinder are 250mm high. If the torque of 12 Nm is required to rotate the inner
cylinder at 100 r.p.m. determine the viscosity of the fluid in the space between the above two
cylinders.[A/M-15]
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5. (a) (i) Differentiate
(1) Real fluids and ideal fluids
(2) Newtonian and non-Newtonian fluids
(4)
(ii) What is the difference between U - tube differential manometer and inverted U- tube
differential manometer?

(4)

(1) Real Fluid:
A fluid, which possesses viscosity, is known as real fluid. All fluids, in
actual practice, are real fluids.

Ideal Fluid:
A fluid, which is incompressible and is having no viscosity, is known as an ideal
fluid. Ideal fluid is only an imaginary fluid as all the fluids, which exist, have
some viscosity.

(2) Newtonian fluids

A Newtonian fluid's viscosity remains constant, no matter the amount of shear applied for a
constant temperature.. These fluids have a linear relationship between viscosity and shear stress.

Non-Newtonian fluids

You can probably guess that non-Newtonian fluids are the opposite of Newtonian fluids. When shear is
applied to non-Newtonian fluids, the viscosity of the fluid changes.

(3) U-Tube Manometer:
It consist a U — shaped bend whose one end is attached to the gauge point ‘A’ and other end is open to the
atmosphere. It can measure both positive and negative (suction) pressures. It contains liquid of specific
gravity greater than that of a liquid of which the pressure is to be measured.

Inverted U-Tube Manometer:
Inverted U-Tube manometer consists of an inverted U — Tube containing a light liquid. This is used to
measure the differences of low pressures between two points where where better accuracy is required. It
generally consists of an air cock at top of manometric fluid type.
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6. If the velocity profile of a liquid over a plate is a parabolic with the vertex 20 cm from the plate,

where the velocity is 120 cm/sec. calculate the velocity gradients and shear stress at a distance of
0, 10 and 20 cm from the plate, if the viscosity of the fluid is 8.5 poise.
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In a two - two dimensional incompressible flow, the fluid velocity components are given by u = x -
4y and v= - y — 4x. Show that velocity potential exists and determine its form. Find also the stream
function. [N/D-14]

Solution. Given:

u=x-4yandv=-y-4x
Gu/ox)=1& v/ ay)=-1.
(Su/ Ix) H O Iy) =0
hence flow is continwous and velocity potential exists.

Let % = Velocity potennal.

Let the veloaty components m terms of velocity potential is Ziven by
of /ox=-u=-(x-4)=-x+4y 1)
9/dy=-v=-(-y-4)=y+4x @

Integrating equation(), we get =-(x"/2) +4xy+C— (3)
Where C is a constant of Integration. which is independent of “x”.
This constant can be a function of °y’.
Differentiating the above equation, 12., equaton (3) with respect to “y’, we get
o%® /9y =0+4&x+aC/oy
But from equation (3). wehne g @ /'Oy =y+4x
Equatng the two values of 9 £/ 9y, we gat
x+90C/gy=y+4x oraC/oy=y
Integrating the above equation, we 2et
C=(y/2) +C..
Where C, is a constant of integration. which 1s independent of “x” and “y".
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Taking it equal to zero, we gat C=v/2
Substohming the value of C in equation (3], we get
&= (x2) + dxy + v

Walne of stream fonctions
IletSywax=v= -y-4x {4
Letowady=-u = -(x—dy)=x+4y —3)
Intesrating eqguation (4)wrt 'x° we get

F=-yx—H4x"2)+k (4}
Where k is a constant of intesration which iy mdependent of “x” but can be a
fumction *y.

Drifferenfiating equation (&) w.rto. v we gst,

oo = - X — 0+ okiay

Baxt fromn equation (5). we have ohyrsy = -x + 4y
Equating the values of ohyicry, we get - x + Sk'oy or o'y = 4y,
Insegrating the above equation, we getr k=4v" /2= Iy
Substitusing the value of k in egquation (&), we Zat.

F=-yx—2x +2vy

A ventrimeter of inlet diameter 300 mm and throat diameter 150 mm is inserted in vertical pipe
carrying water flowing in the upward direction. A differential mercury manometer connected to the
inlet and throat gives a reading of 200 mm. Find the discharge if the co-efficient of discharge of
meter is 0.98. [N/D-14]
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An oil of specific gravity 0.8 is flowing through a horizontal venturimeter having a inlet diameter
200 mm and throat diameter 100 mm. The oil - mercury differential manometer shows a reading of
250 mm, calculate the discharge of oil through the venturimeter. Take Ca = 0.98.

[A/IM-15]
Solution, Given : n
Sp. gr. of oil. 5,=08
Sp. gr. of mercury, Sy=136
Reading of differential manometer, x =25 cm
< Dafference of pressure head. h = x [-:gsi'- - ]
136 : >
=25 W—l cmofoil= 2517 — 1] =400 cm of oil.
D:ia. at inlet, d, =20 cm
I 2 e 2 - 2
a, = 7 d,” = 3 ® 20" =314.16 cm”
dz =10 cm
oo a, = % % 10" = 78.54 cm’®
- Cy=0.98
The discharge Q is given by equation (6.8)
or ' Q=C,——22__ x [2gh
aj —Ta; :
314,
= 0.98 x SX7854 _ x [Ax9BIxa00

%
y(314.16)* - (78.54)°
2142137568  21421375.68

~ /98696 - 5168 304
= 70465 cm’/s = T0.465 litres/s. Ans.

cm'fs
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Water flows through a pipe AB 1.2m diameter at 3m/s and then passes through a pipe BC 1.5m
diameter. At C, the pipe branches. Branch CD is 0.8m in diameter and carries one- third of the flow in
AB. The flow velocity in branch CE is 2.5m/s. Find the volume rate of flow in AB, the velocity in

BC, the velocity in CD and diameter of CE. [M/J-16
Solution. Gaven:
Dismeter of Pipe AB. Din=12m
Velocity of flow through AB Vaiaa=30m's
Daa of Pipe BC, Dyc=15m
Dia of Branched pipe CD, Dy, =0.8m
Velociry of floww in pipe CE, Ve =2 Sm's
Let the rate of flow in pipe AB=Qm'/'s
Velociry of flow in pipe BC=Vy.m''s
Velociry of flow i pipe CD= Vepm''s.
Diameter of pipe CE=Du»
Then flow rate through CD=Q '3
Axnd flow rate through CE=Q-Q3=2Q73

(1). Now the flow mte through AB=Q =V, X Area of AB
=3IXNE AAXDE)Yy=3XE/ 99X
=3393m''s
(13) Applying the connmury equanion to pipe AB and pipe BC
Vs X Area of pipe AB =V, X Area of Pipe BC
IXE DXOuY=VecX=m 99X D )
3IXAAD® =VacXQd*
Vae = (3X12%15=102ms.
(111). The flow rate thxrough pipe
COD=Q,=Q3=3303 3=1131m'"s
Q) = Vi, X Area of pipe Crn, X (/' 4) (Cerd)’
1.13l =V, X (x/4) X (08’
Ven =1.131/0.5026=225m's
(1v) Flow through CE,
Q:=0Q-y,=3383-1.131=2262m''s
O = Vs X Area of pipe EE=1-'¢E_I{{J:J'4].{D_~F-J-:
2263 =25 X (w4 (D)

Ehep = Lll.rnr_m—xapm=1.u:ﬁ5m

Driameter of pipe CE = 1.0735m
Downloaded From : www.EasyEngineering.net
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State Bernoulli’s theorem for steady flow of an incompressible fluid. Derive an expression for
Bernoulli’s equation from first principle and state the assumptions made for such a derivation.
[M/J-16]

This is equation of motion in which the forces due to gravity and pressure are taken into considera-
tion. This is derived by considering the motion of a fluid element along a siream-line as :

Consider a stream-line in which flow is taking place in s-direction as shown in Fig.6.1. Consider a
cylindrical element of cross-section 44 and length 4S. The forces acting on the cylindrical clement are :

1. Pressure force pdA in the direction of flow, :

2. Pressure force ( p+ -gg- dx) dA opposite to the direction of flow.

3. Weight of clement pgdAds.

Let 8 is the angle between the direction of flow and the line of action of the weight of element.
The resultant force on the fluid element in the direction of s must be equal to the mass of fluid
clement X acceleration in the direction s.

5 S
N pdA-(pi-%st)dA—pgdAdsoosB
5
St Rges = pdAds X a, ..46.2)
where @, is the acceleration in the direction of s.
Now @, = %v;. where v is a function of s and z.

dvds B _vdv v {”d.‘;‘ V}
C %t As o |

If the flow is steady, %L =10 <.
/i

vy A

. L | £
o B g/ 1 .

Substituting the value of a, in equation (6.2) and simplifying

the equation, we get PIc s
dp vay - = ®
= dsdA - pg dAds cos B = pdads x v Fig. 6.1 Forces on a fliid clement,
AT dp vav
Dividing by pdsdA, — —— —g¢cos 0= —
widingby p 5o 8 e
or %+gcose+v%af=0 :
But from Fig. 6.1 (b), we have cos 6 = 55
£
1 dp . dr  wov dp
- et e Fe— =0 Or = 4odr+vdv=0 v
o ap gds = O 5 84T + ¢ Y
or - ap_? + pdz + vdv =0 ..(6.3)
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» 6.4 BERNOULLI'S EQUATION FROM EULER’'S EQUATION

Hemoulli's eguation is obiained by integrating the Euler's equation of motion (G.3) as
Id—p + Jgd: + Ivdv = constant
o

If flow is incompressible. p is constant and

2

£+g:+——2—- = constant

P
f i v’
or = 4 T % =Cconstant
pg 2z
e
or = 4 —— 4 I = constant
P2 2z

Equution (6.4} is & Bernoulli’s equation in which

L= pressure energy per unit weighs of fluid or pressure head.
PR
v*12g = Kinetic energy per unit weight or kinetic heacl.
= = potential cnergy per unit weight or potential head.

» 6.5 ASSUMPTIONS

The following are the a.ssumpuons made in the derivation of Bernoulli™s eguation :
(i) The fluid is ideal, i.e., viscosity is zero. {if) The flow is steady
(iif) The flow is incompressibie (¢v) The flow is irrotational,

Find the displacement thickness and the momentum thickness for the velocity distribution in the
boundary layer given by u/U = 2(y/5)-(y/d)2. [AIM-15]

Se&n
| ve,umua ML%
b L%
& wimu ? )

o] (15 ag

o

2 j 2%)"@;)’"])2‘;

Downloaded From : www.EasyEngineering.net


http://easyengineering.net
http://easyengineering.net

Downloaded From : www.EasyEngineering.net

Ji ) Yt
- zeeel ]

L= .:_S-:52“+53
" 5 325

= 5—.}—#‘5.
:_3'\
P

5 25/2 S o .
L oy _
o - j Ir—u)duvj = = —Z—;_)

B 9—3-—-'3’1]4}

fi

2
j[ﬂ-‘i——(? JE’—P—A% 3&3
7_ —+ ‘?___(ﬂq d?
i 29> -9 2 T o5
j &3 & 5
[9«'3' __'?Z, »{-A"UB 'dtd(jjd?
_ 2y ~-£iz’_3 w2yt -y T
S 4 38 Ld ssT e ;__-4
= $% g3 RN S A
< 25> L= 5
= S-55 —;-.S_‘:—-sf..
3 . 52
=158 —258 415586 —-25 _ 3oS -2eg
I | s ] 75 ‘

Downloaded From : www.EasyEngineering.net


http://easyengineering.net
http://easyengineering.net

Downloaded From : www.EasyEngineering.net

Downloaded From : www.EasyEngineering.net


http://easyengineering.net
http://easyengineering.net

Downloaded From : www.EasyEngineering.net

Unit — 2 FLOW THROUGH CIRCULAR CONDUITS
PART - A

1. Define viscosity (u).
Viscosity is defined as the property of a fluid which offers resistance to the movement
of one layer of fluid over another adjacent layer of the fluid.Viscosity is
also defined as the shear stress required to produce unit rate of shear strain.

2. Define kinematic viscosity.
Kniematic viscosity is defined as the ratio between the dynamic viscosity
and density of fluid. It is denoted by p.

3. What is minor energy loss in pipes?

The loss of head or energy due to friction in a pipe is known as major loss while loss of
energy due to change of velocity of fluid in magnitude or direction is called minor loss of
energy. These include,

a. Loss of head due to sudden enlargement.

b. Loss of head due to sudden contraction.

c. Loss of head at entrance to a pipe.

d. Loss of head at exit of a pipe.

e. Loss of head due to an obstruction in a pipe.
f. Loss of head due to bend in a pipe.

g. Loss of head in various pipe fittings.

4. What is total energy line?

Total energy line is defined as the line which gives the sum of pressure head, datum head
and kinetic head of a flowing fluid in a pipe with respect to some reference line. It is also defined
as the line which is obtained by joining the tops of all vertical ordinates showing sum of the
pressure head and kinetic head from the centre of the pipe.

5. What is hydraulic gradient line?
Hydraulic gradient line gives the sum of (p/w+z) with reference to datum line. Hence
hydraulic gradient line is obtained by subtracting v2 / 2g from total energy line.

6. What is meant by pipes in series?
When pipes of different lengths and different diameters are connected end to end, pipes are
called in series or compound pipe. The rate of flow through each pipe connected in series is same.

7. What is meant by pipes in parallel?
When the pipes are connected in parallel, the loss of head in each pipe is same. The rate of
flow in main pipe is equal to the sum of rate of flow in each pipe, connected in parallel.

8. What is boundary layer and boundary layer theory?

When a solid body immersed in the flowing fluid, the variation of velocity from zero to
free stream velocity in the direction normal to boundary takes place in a narrow region in the
vicinity of solid boundary. This narrow region of fluid is called boundary layer. The theory dealing
with boundary layer flow is called boundary layer theory.

9. What is turbulent boundary layer?

If the length of the plate is more then the distance x, the thickness of boundary layer will
go on increasing in the downstream direction. Then laminar boundary becomes unstable and
motion of fluid within it, is disturbed and irregular which leads to a transition from laminar to
turbulent boundary layer.

10. What is boundary layer thickness?
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Boundary layer thickness (S) is defined as the distance from boundary of the solid body measured
in y-direction to the point where the velocity of fluid is approximately equal to 0.99 times the free
steam (V) velocity of fluid.
11. Define displacement thickness

Displacement thickness (S*) is defined as the distances, measured perpendicular to
the boundary of the solid body, by which the boundary should be displaced to compensate for
the reduction inflow rate on account of boundary layer formation.

12. What is momentum thickness?

Momentum thickness (0) is defined as the distance, measured perpendicular to the boundary
of the solid body, by which the boundary should be displaced to compensate for the reduction in
momentum of flowing fluid on account of boundary layer formation.

13.Mention the general characteristics of laminar flow.
» There is a shear stress between fluid layers
*  ‘Noslip’ at the boundary
» The flow is rotational
» There is a continuous dissipation of energy due to viscous shear
14. What is Hagen poiseuille’s formula ?
P1-P2/ Pg=hr=32p UL/ _gp?
The expression is known as Hagen poiseuille formula .
Where P1-P2 / _g = Loss of pressure head U = Average velocity
p = Coefficient of viscosity D = Diameter of pipe
L = Length of pipe

15.What are the factors influencing the frictional loss in pipe flow ?
Frictional resistance for the turbulent flow is
i. Proportional to vn where v varies from 1.5t0 2.0 . ii.
Proportional to the density of fluid .
iii. Proportional to the area of surface in contact .
iv. Independent of pressure .
v. Depend on the nature of the surface in contact .
16. What is the expression for head loss due to friction in Darcy formula

2 he = 4fLV2 [ 29D
Where f = Coefficient of friction in pipe L = Length of the pipe
D = Diameter of pipe V = velocity of the fluid

17. What do you understand by the terms
a) major energy losses , b) minor energy
losses Major energy losses : -
This loss due to friction and it is calculated by Darcy weis bach formula
and chezy’s formula .
Minor energy losses :- This is
due to
I. Sudden expansion in pipe .ii. Sudden contraction in pipe .
iii. Bend in pipe .iv. Due to obstruction in pipe .
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18. Give an expression for loss of head due to sudden enlargement of the pipe :

2
he = (V1-V2) /2g
Wherehe = Loss of head due to sudden enlargement of pipe .
V1 = Velocity of flow at section 1-1
V2 = Velocity of flow at section 2-2

19.Give an expression for loss of head due to sudden contraction :

hc=0.5V /2g
Where hc = Loss of head due to sudden contraction .
V = Velocity at outlet of pipe.

20. Give an expression for loss of head at the entrance of the pipe
hi =0.5V2/2¢
where hi = Loss of head at entrance of pipe .
V = Velocity of liquid at inlet and outlet of the pipe .

21. What is sypon ? Where it is used: _
Sypon is along bend pipe which is used to transfer liquid from a reservoir at a
higher elevation to another reservoir at a lower level . Uses of sypon : -

1. To carry water from one reservoir to another reservoir separated by a hill ridge .
2. To empty a channel not provided with any outlet sluice .
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